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Abstract. Climate records from remote mountain sites and environments, instrumental climate-parameter records are
for century-long periods are usually lacking for most conti- scarce and extend back in time for not more than a few
nents and also for the European Alps. However, detailed reeenturies. The analysis of proxy climate records becomes
constructions of climate parameters for pre-instrumental petherefore essential for studying such climate-sensitive envi-
riods in mountain areas, suffering of glacial retreat causedonments and their evolution (Beniston et al., 1997). Tree
by recent global warming, are needed in the view of a betterings are an excellent source of paleoclimate information, as
comprehension of the environmental dynamics. We presenproven by numerous studies (e.g. Fritts, 1976). In Europe
here the first annually-resolved reconstruction of summerand in the Northern Hemisphere, valuable reconstructions
(JJA) mean temperature for the Adamello—Presanella Groupf past climate variability have been derived from the com-
(Central European Alps), one of the most glaciated mountairbination of tree-ring chronologies and other proxies (Jones
groups of the Italian Central Alps. The reconstruction haset al., 1998; Casty et al., 2005; Mann et al., 1998; Moberg
been based on four larch tree-ring width chronologies de-t al., 2005) and from pure tree-ring networks (Briffa et
rived from living trees sampled in four valleys surrounding al., 2001; D’Arrigo et al., 2006). In the European Alps, the
the Group. The reconstruction spans from 1610 to 2008 anébundance of temperature-sensitive conifer species growing
the statistical verification of the reconstruction demonstratesat the treeline led to the development of several dendro-
the positive skill of the tree-ring dataset in tracking summerclimatic studies and temperature reconstructions. Frank and
temperature variability also in the recent period. Esper (2005) used a large network of ring-width (TRW) and
maximum latewood density (MXD) data from high-elevation
sites across the Central and Western Alps developing June—
August and April-September mean temperature reconstruc-
1 Introduction tions. Buntgen et al. (2005, 2006) published two of the
longest mean summer (June—August and June—September)
High-mountain environments are valuable study areas for clivemperature reconstructions available for the European Alps
mate reconstructions as they respond sensitively to climatif(951_2002 and 755-2004), based on TRW and MXD from
changes. The assessment of climate change effects over tim§yitzerland and Austria. Corona et al. (2010) published a
on high-elevation physical and biological environments in- new reconstruction of summer temperatures over the GAR
volves detailed reconstructions of climate parameters for thgygzsed on a larch/pine composite chronology that provides
pre-instrumental periods. The identification of long-term cli- eyidence of Alpine summer temperature variations back to
mate variation is a key issue for the understanding of re-1000 AD. When performed on a regional scale, these recon-
cent climate dynamics within the natural climate variabil- gtryctions usually include and average a large number of
ity (Houghton et al., 1990, 2001; Bradley and Jones, 19925jte chronologies reflecting specific and local climate char-

Bradley et al., 2003). In the Great Alpine Region (GAR) of acteristics. It is widely recognized, however, that mountain
the European Alps, and in particular in the high-elevation
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climate, and also climate over the central-western Alpine re- 3=
gion, is largely controlled by the specific topographic char-
acteristics and environmental features of the different moun-
tain areas (Beniston et al., 1994; Beniston, 2003; Leonelli
et al., 2009). Therefore, the development of climate recon-
struction from specific mountain groups can help in assessing
the historical climatic trends as well as in understanding the .
climate influence on the environmental dynamics occurring ¢ ) ; )
over specific mountain areas. Environmental changes in thest { G M:";ﬁe:;ne"a
climate-sensitive areas may present different response time: i
and be very quick and dramatic, as well documented for
example by glacier shrinkage and collapse (Haeberli et al., .
2007) and by changes in frequency and intensity of climate- #]
related geomorphological processes (e.g. Stoffel and Huggel
2012). The location and magnitude of biological and physi-
cal processes in high-mountain ecosystems are mainly gov-
erned by climate regimes. Climate warming may directly in-
fluence tree physiology and growth, but it may also drive for-
est dynamics, e.g. causing the upslope migration of species 5
responding to higher temperatures (Beniston, 2005; Pauli el L— ? _
al., 2003; Leonelli et al., 2011) or causing forest ingrowth
also in relation to land-use changes (e.g. Gehrig-Fasel et alFig. 1. Sketch map of the study area. Black asterisks indicate the
2007; Chauchard et al., 2010). In the Alpine region the dendocation of the study sites.
droclimatic reconstructions have been mainly performed on
the northern sector of the Alps, and, at present, tree-ring—
based reconstructions of climate parameters for the mounRhetian Alps, 4854-46°19 N, 10°21-10°53 E), covering
tain group considered in this study are not yet available.an area of more than 1100 kmThe area hosts approxi-
We present here the first tree-ring—based reconstruction ofnately 100 glaciers (CGI-CNR, 1959-1962), primarily in
mean summer (June to August, later JJA) temperature for théne northern and central sectors of the Group, among which
Adamello—Presanella area, in the Italian Central Alps. Larchare the Adamello Glacier, the widest of the whole Italian
tree-ring growth at the treeline forest belt in the Adamello— Alps (Ranzi et al., 2010), and the Lobbia Glacier; both high
Presanella Group is mainly driven by June temperature, a cliplateau glaciers whose active fronts stand at the head of
matic parameter whose relationship with tree-ring widths hasvalleys originating from the summit area (Baroni and Car-
varied over time (Coppola et al., 2012); the same paper identon 1990, 1996; Baroni et al., 2004). The other glaciers are
tifies a more stable signal of seasonal parameters with remainly located in small cirques and at the head of topograph-
spect to monthly parameters, with tree-ring width presentingically protected valleys. The Adamello—Presanella Group
a rather constant response to summer (JJA) temperatures oveinows a well-developed alpine glacial topography character-
time. The study area is characterized by one of the largesized by U-shaped valleys, sharp crests, cirques and horns.
glacial systems of the Italian Alps (CGI-CNR, 1959-1962; Valley floors show a longitudinal profile with overdeep-
Ranzi et al., 2010). As mentioned before, one of the clearestned hollows and steps of glacial shoulder (riegel) represent-
effects of global warming on the Alps is the generalized re-ing inherited Pleistocene morphology, since the Holocene,
duction in glacier extension and thickness (Oerlemans, 2001and presently affected by fluvial processes. Furthermore,
Haeberli et al., 2007). The reconstruction of century-longthe steep slopes show evidence of widespread active mass
climate records represent therefore a strategic issue also favasting processes, underlined by debris flow channels and
modelling glacier responses over time, for understanding thevalanche tracks, dissecting the upper portion of the slopes,
recent glacier dynamics and for better hypothesizing futureand by scree slope, talus, debris flow cones and rock fall at
scenarios of glacier retreat. their feet. The sampling sites involved in this study are lo-
cated at the head of four different glacial valleys surround-
ing the Group (Fig. 1). Vegetation cover at the four sam-
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2 Materials and methods pling sites is quite similar and mainly consists of Norway
spruce Picea abiesL. Karst) woodlands that dominate the
2.1 Study area forest cover and that, above about 1800 ma.s.l., give way to

open European larch érix decidua Mill.)-Norway spruce
The Adamello—Presanella Group belongs to the central{Picea abiesL. Karst) mixed stands. In Val d’Avio and in
southern sector of the Italian Central Alps (namely theVal di Fumo at approximately 2000 ma.s.l., Norway spruce
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Table 1. Description and statistics of the four standard RCS (regional curve standardization) site chronolbgresasciduaMill.

Site Val Presanella Val di Fumo Val d’Avio Val Presena
Code PRL FUM AVI PRS
Lat./Long. 4625/10°40 46°05/10°34  46°10/10°28  46°23/10°38
Elevation (ma.s.l.) 1910 1990 2150 2160
First year of chronology 1550 1710 1550 1645
Last year of chronology 2005 2008 2008 2004
Chronology length (yr) 456 299 459 360
Number of trees 16 13 11 11
Number of radii 32 26 22 22
Mean length of series 257 215 348 179
Mean ring width (mm) 1.16 1,27 0,78 0,99
Mean sensitivity 0.20 0.26 0.24 0.26
Standard deviation 0.30 0.37 0.36 0.30
Serial correlation 0.67 0.63 0.50 0.63
First year with EPS- 0.85 1635(6) 1795(7) 1610 (5) 1875(4)

(min. number of samples)

is replaced by an open mixed association of larch and stonéow-frequency information, we computed the single site
pine (Pinus cembral.) (Andreis et al., 2004; Baroni et al., chronologies and the regional chronology with all samples

2007). by means of the regional curve standardization method (RCS,
Esper et al., 2003) using the program ARSTANwin (Version
2.2 Tree-ring data and chronology development 41 d; www.ldeo.columbia.edu To allow the correct align-

ment of tree-ring series by cambial age, we estimated the
. . . “pith offset” (PO) for each core (Briffa and Melvin, 2011).
This study is based on four European lartlar{x decidua PO is the number of missing years between the innermost

Xlllpl)li%élrrfénvé?;ﬁ]nc:r:\c;i?c%orgfri ﬁi‘e ?r?\?;r;l%n;¥egog?:al?s t(tﬁar_visible ring and the pith of the stem at the breast height (Es-

ized by hiah- ’ holoical ff Ir_)er et al., 2003). All measurement series were aligned ac-
gctenze y high-energy geomorphological processes afiec cording to their cambial age, smoothing the regional curve
ing tr_ee ve_getatlon, which is frequently subjected to dlverseWith a cubic spline of 10 % of the series lengthifBgen et
growing disturbance factors such as avalanches and ma

. ; - %51., 2006). A biweight robust mean was then applied to all
wasting movements (Baroni et al., 2007; Gentili et al., 2010).the series (Cook and Briffa, 1990). The similarity in signal

Therefore, sampling was conducted in the open forest belo‘%etween the four raw chronologies was then checked using

the treeline selecting dominant and undisturbed trees withou, | Gleichiufigkeit index (GLK, year-to-year agreement be-

stem or crown anomalies potentially biasing the climatic Sig'tween interval trends, Schweingruber, 1988), the statistical

n_al (eg. Leobr;e_lll e(; ?I" 2009). The f(lnur trete-rlr:gdcr;ronolo- significance level for the Gleichufigkeit value and the Bail-
gies were obtained from core samples extracted by Mealg, oy opar tyalues (tBP, Baillie and Pilcher, 1973).

of an increment borer and replicated within and between
trees, following standard dendrochronological sampling pro-
cedures (Stokes and Smiley, 1968; Swetnam, 1985). At least-3 Climate data

two cores from each tree were obtained. Samples with evi-

dence of mechanical disturbances were discarded. Thereforéy this study we decided to use monthly homogenized
among about 70 sample trees, 51 trees have been used for thecords of temperature from the gridded HISTALP dataset
development of the four mean site chronologies (Table 1).(Auer et al.,, 2007,http://www.zamg.ac.at/histalp This
Tree-ring widths were measured to the nearest 0.01 mm bylataset is composed by gridded station data with a reso-
means of a LINTAB increment measuring table (RinnTech) lution of 1°latitudex 1° longitude and represents anoma-
and then visually and statistically cross-dated with the TSAP-lies referred to 1961-1990 mean. The last version of the
win software (version 0.53; Rinn, 2005). The correct cross-HISTALP dataset is adjusted to take into account the warm
dating between tree-ring series was then checked using thieias in summer temperature related to the insufficient shelter-
program COFECHA (Holmes, 1983; Grissino-Mayer, 2001). ing of thermometers during thesarly instrumental period
Initially, four different mean site chronologies were devel- prior of 1850 (EIP; Bhm et al., 2010; Frank et al., 2007).
oped to verify the existence of a good synchronization be-All temperature series available in the HISTALP database
tween samples deriving from the four different sampling are currently present in the EIP-bias corrected version. The
sites (Table 1). In order to preserve as best as possiblextension of all the gridded series in this last version is
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uniformed to the same extension that spans from 1780 tgrocedure. The explained varianc?f and the reduction
2008. We used gridded monthly mean temperature anomalgf error statistic (RE) have been performed to measure the
records referring to the grid point 10!, 46° E derived from  association between the series of actual values of monthly
high-elevation stationsx 1500 m a.s.l.) and computing a JJA mean temperature and their estimates. The theoretical limits
mean temperature series. Gridded monthly mean temperder RE values range from a maximum ¢fL to minus infin-

ture anomaly records deriving from low-elevation stations asity, but an RE value greater than 0 has to be considered as a
well as other reconstructions already availalevv.ncdc.  positive skill (Fritts, 1976). Moreover, another statistical test
noaa.gov/pub/data/palpwere used to further check the re- was applied, the coefficient of efficiency (CE). The use of

construction here proposed. this statistic in dendroclimatology was introduced by Briffa
et al. (1988), and, as for RE, its theoretical limits range from
2.4 Data processing and climate reconstruction +1 to minus infinity, any positive values indicating positive

skill, a minus value indicates no agreement. It is a very rig-

The relationships between climate and tree-ring growth fororous test to pass if there are important differences between
the four chronologies were evaluated by means of the stanealibration and verification periods means; similar RE and
dard correlation function (CF) and response function (RF)CE values can be considered indicative of high stability of
analysis (Coppola et al., 2012 for details). As reported inthe calibration and verification periods datasets. The lack of
Coppola et al. (2012), the CF and RF analysis results shovautocorrelation was verified by means of the Durbin—Watson
that larch growth at the treeline in our sampling sites isstatistic (DW, Durbin and Watson, 1951). A DW value of 2
primarily driven by summer temperature. Moving responseindicates no first-order autocorrelation in the residuals.
function analysis performed in Coppola et al. (2012) shows The full overlapping period between instrumental data and
in the last decades decreasing values of correlation coeffithe composite RCS chronology (1780-2008) was then used
cients calculated between tree-ring width chronologies ando produce the time series of reconstructed values.
June mean temperature. However, the response of larch To further verify the reliability of the climate data, a
growth to summer (June to August) temperature is overallnew reconstruction was obtained by scaling of the RCS
stable over time. We then chose summer (JJA) mean temAdaPres chronology against JJA mean temperature from the
perature as the optimum climate predictand for the presenHISTALP low-elevation temperature dataset for the same
reconstruction. grid point.

Both climate (JJA temperature) and the regional chronol-
ogy (the “AdaPres” chronology) were checked for normality
(Kolmogorov—Smirnof test) and the direct relationship be-3 Results
tween the two series verified by means of a linear regression
and some related statistics. The presence of a common signal of the four site chronol-

We performed the reconstruction applying both simple ogy was evidenced by satisfying values of GLK and tBP; the
regression and scaling of the composite AdaPres chronolbest synchronization was found between the AVI and FUM
ogy against instrumental data (Esper et al., 2005). Withinchronologies (GLK=73.3) (Table 2).
the instrumental time span (1780-2008), we chose two Totally, 102 series were used in the composite RCS
subsets (1818-1907 and 1908-1998) to perform calibrachronology covering a time period of 459 yr, spanning from
tion/verification procedures for both the reconstruction 1550 to 2008 (Fig. 2). The signal strength of the chronology
methods. was assessed by means of the interseries correlation (RBAR)

In the first version of the reconstruction obtained by and the “expressed population signal” (EPS; Wigley et al.,
simple regression, the regression assumptions (Ostrom Jr1,984). We assumed the 0.85 EPS value as a threshold limit,
1990) were verified by the analysis of the residuals. Residdimiting our reconstruction to the time period 1610-2008,
uals were visually (histogram) and statistically (Anderson—corresponding to a minimum number series of 8 (Table 3).
Darling test) checked for normality. Both reconstructions obtained with regression and scal-

The second version of the reconstruction was performedng show positive statistical skill (Table 4). The calibra-
by simple scaling of the RCS AdaPres chronology againstion/verification statistics indicate positive skill of the recon-
instrumental records. Scaling allows avoiding reduction of structions and the stability of the relationship over the halves
amplitude due to regression error (Esper et al., 2005), anaf the chosen period (1908-1998 and 1818-1907) (Cook and
was obtained by equalization of the mean and variance of th8riffa, 1990). As expected, the reconstruction based on a
composite RCS chronology to the corresponding values ofcaling method presents wider amplitude and a better per-
the JJA mean temperature series over the calibration periodformance in tracking the long-term variations of temperature

Several statistics were conducted to test the reliability ofrecords (Fig. 3).
the two reconstructions and their long-term skills. Pearson’s The reconstructions performed by scaling over the high-
correlation between instrumental and reconstructed valueglevation (HE) and the low-elevation (LE) temperature
was calculated in each phase of the calibration/verificationHISTALP dataset for the chosen gridpoint are reported in
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Fig. 2. The RCS AdaPres chronology with the expressed population signal (EPS) computed over 50-yr periods and shifted by 25 yr back in
time. Sample depth is on the bottom of the graph.
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Fig. 3. Comparison of the two reconstructions obtained by scaling (Scal., dark blue line) and simple regression (Regr., light blue line). The
two reconstructions were 20-yr low-pass-filtered.
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Fig. 4. The AdaPres JJA temperature reconstructions obtained after scaling against high-elevation (HE, light blue) and low-elevation (LE,
dark blue) HISTALP datasets for the grid point’l9, 46° E. In the table are reported mean, variance and standard deviation of the two time

series.

Fig. 4. The two reconstructions show very similar patterns,instrumental proxy, the underestimation of early warm-
so we decided to consider the HE temperature series as relseason instrumental data is noticeable (Fig. 5). These find-
able for our purposes, even if it is based on a fewer number ofngs are consistent with diverse summer temperature recon-
stations than LE. The ongoing discussion will be then basedstructions based on the HISTALP dataset (e.gntgen et

on the reconstruction obtained by scaling and based on HEl., 2006; Corona et al., 2011). Corona et al. (2011) consider
JJA mean temperature instrumental records. The reconstrudhis result as a consequence of a still inadequate adjustment
tion will be named AdaPres. made on the HISTALP summer temperature dataset to take
into account sheltering-related biases before 1850.

Looking in detail to the AdaPres reconstructed series
(Fig. 6) in the pre-instrumental period (1610-1780), rel-
atively cool conditions are recorded during much of the
Even if the calibration of tree-ring chronology was per- 17th and early 18th centuries, with some decadal and multi-
formed with the latest version of the HISTALP gridded decadal fluctuations. Relatively low temperatures are visible

dataset, on comparing the AdaPres reconstruction witdn the first part of the time series until about 1650; an increase

4 Discussion
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Fig. 5. Comparison of the AdaPres reconstruction of JJA temperatures (black) with the HISTALP JJA mean temperatures (1780-2008, grey)

for unfiltered series (top) and after filtering with a 20-yr low-pass filter (bottom).
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Fig. 6. The unfiltered and smoothed (20-yr low-pass filter) final AdaPres JJA temperature reconstruction.

in JJA mean temperature follows until about 1680. Anotherentire reconstruction temperature corresponds to the year
reduction follows until about 1700 when a regular increasel812. The period after 1821 is characterized by an overall
starts and reaches the mid 1700s, when a progressive déendency to an increase in temperature, particularly evident
crease occurs, with an early summer cooling trend that conafter 1850, which is recognized in this sector of the Alps as
tinues until 1821. In this phase, a little fluctuation centred onthe end of the LIA (Baroni and Carton, 1990, 1996). Fol-
1750 is visible in our reconstruction. The lowest recordedlowing the registered temperature, the JJA tree-ring—based
temperatures of the entire reconstruction are found in theaeconstructed temperature shows a post-LIA warming trend,
1813-1821 period. Actually, this decade is known as one ofwith some minor fluctuations. Actually, the phase that fol-
the coldest phases of the entire Little Ice Age (LIA, Bradley lows the end of the LIA is clearly marked by a sharp rising of
and Jones, 1993; Grove, 1988), characterized by the maxidJA temperatures, but the positive trend goes through a break
mum Holocene extension of the Alpine glaciers (Oerlemansin the early 1870s when a short, relatively cool period cen-
2001; Nicolussi and Patzelt, 2000; Holzhauser et al., 2005)tred on 1885-1890 takes place. After that, the rising trend
which is also verified in the Adamello—Presanella Group (Ba-starts again ceasing in correspondence to a relatively cool
roni and Carton, 1990, 1996). The 1813-1821 period cor{phase centred on about 1970, which brings the reconstructed
responds to the Dalton Minimum in solar activity (Wagner JJA mean temperatures to relatively lower values. This recent
and Zorita, 2005; Wilson, 1998) and follows extensive vol- reduction of summer mean temperatures is well tracked and
canic activity, including the 1815 eruption of the Tambora, has been found in diverse reconstructions of summer temper-
on the Indonesian Sumbawa Island (Crowley, 2000; Oppenatures reported for other sectors of the AlpsiiiByen et al.,
heimer, 2003), resulting in a marked recrudescence of sum2005, 2006; Corona et al., 2011), while it is less apparent in
mer temperatures over the Northern Hemisphere (Briffa ethe large-scale tree-ring—based summer temperature recon-
al., 1998). The year 1816, known as “the year without a sum-structions (e.g. Briffa et al., 2001; D’Arrigo et al., 2006).
mer” at global scale (as consequences of the Tambora erug=rom this last relatively cool phase onwards, the JJA mean
tion occurred in 1815), does not reach the absolute lowetemperature rising trend appears constant, and goes on up to
value JJA temperature in our reconstruction, but is anywaythe end of the time series following the recent and persisting
among the lower values we found. The lowest value of ourwarming trend.
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Table 2. Correlation matrix of the four standard RCS site chronologies, showing Gleifipkeit (GLK, year-to-year agreement between
interval trends, Schweingruber, 1988), the statistical significance level for the Gldiigiieit value (GLKsigF** 99.9 %)and Baillie Pilcher
t-values (tBP).

FUM PRS PRL
PRS 71.9**12.35 GLK GLKsig tBP
PRL 70.8**13.1 67.5**11.16 GLK GLKsig tBP

AVl  73.3***13.6 73.5** 1344 67.5**1241 GLK GLKsigtBP

Table 3. Statistical characteristics of the AdaPres RCS chronology.

EPS
First Last Length Number Number Mean Std. Serial > 0.85
Code year year (year) oftrees ofradii sens. dev. corr.  (Min. no. of trees)
AdaPres 1550 2008 459 51 102 0.20 0.28 0.78 1610 (8)

Table 4. Statistical verification of the two JJA temperature recon- reconstructions of summer mean temperaturdsmtgen06
structions, performed by computation of RE, G& and DW, after  (Biintgen et al., 2006), Bitgen11 (Bintgen et al., 2011),

regression (A) and scaling (B). and Trachsell2 (Trachsel et al., 2012). Thén®en06
reconstruction covers the Eastern Alps and extends back
Calibration Verification (A to 753 AD. The Rintgenll tree ring-based reconstruction
R2 DW R2 RE CE of central European summer temperature covers the past

2500yr (500 BC-2008 AD). The recent multi-proxy based
Trachsell12 reconstruction for the European Alps covers the
period 1053—-1996 AD. Satisfying & 0.6, p < 0.005) Pear-
Callibration Verification (B) son correlation values were obtained after comparison of the
R2  DW R2 RE CE reconstructions over their common period (Table 5, Fig. 7).
The highest correlation between the unfiltered series is ob-
1908-1998 0.28 2.2 1818-1907 025 026 022 (5ined with Bintgenll (0.66p < 0.005). After smoothing
1818-1907 0.25 16 1908-1998 0.28 0.17 015 g50h reconstruction with 10-, 20- and 30-yr Gaussian low-
pass filters, Pearson correlation values increase, reaching the
maximum value for the 30-yr smoothed series where the
The reconstructed JJA temperatures show an overestiAdaPres reconstruction correlates with= 0.76, 0.64 and
mation of the instrumental records in the early 20th cen-0.75 (p < 0.005) for Biintgen06, Bntgen11 and Trachsel12,
tury: This divergence between the reconstructed and actuakespectively.
data is not reported in other Alpine summer temperature re- These results reveal a common signal of the AdaPres re-
constructions and seems to be specific to our sampling are@onstruction with the compared series on a low-frequency
Since 1920 to present the AdaPres reconstruction strictly folscale and the good potential of the European larch tree-
lows actual JJA temperature values. ring chronologies from high-altitude sites in the Adamello—
In our study area and for the selected European larctPresanella Group to be used as a summer temperature proxy
chronologies, we have no evidence of the “divergence probof the region.
lem” (DP; D’Arrigo et al., 2008), concerning the discrepancy
between reconstructed and instrumental temperature in re-
cent times largely reported in numerous studieénen et 5 Conclusions
al., 2006; D’Arrigo et al., 2006; Jacoby et al., 2000; Wilmk-
ing et al., 2004; Wilson et al., 2007). DP led to doubt of The European larch radial increment at the treeline in the
the efficiency of tree-ring—based reconstructions in trackingglacial valleys surrounding the Adamello—Presanella Group
the recent warming trend in summer temperature. As demonis mainly driven by summer temperature. We have here per-
strated in Bintgen et al. (2008), divergence is not a system-formed the first attempt of a tree-ring—based JJA mean tem-
atic issue at temperature-sensitive conifer sites and is likelyperature reconstruction for the Adamello—Presanella area, an
to be addressed at a local to regional levels. Alpine region hosting the largest glacier of the Italian Alps.
The unfiltered and smoothed AdaPres reconstruction isThis reconstruction may be potentially helpful for modeling
directly compared with three other Alpine and Europeanalpine glaciers response to climate changes. The AdaPres

1908-1998 0.15 2.2 1818-1907 0.24 0.23 0.21
1818-1907 0.22 1.6 1908-1998 0.15 0.17 0.10
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Table 5. Results of Pearson correlation valuesc(p005) computed over the overlapping period between AdaPres reconstruction and the
three compared seriesifBtgen et al., 2006 (Entgen06), Bntgen et al., 2011 (@htgenll), Trachsel et al., 2012 (Trachsel12)). Before and
after applying a 10-, 20- and 30-yr Gaussian low-pass filter.

Overlapping 10-yr low- 20-yr low- 30-yr low-
period Unfiltered pass filtered pass filtered pass filtered
Buntgen06  1610-2004 0.51 0.70 0.73 0.76
Blntgenll 1610-2003 0.66 0.63 0.73 0.64
Trachsell2  1610-1996 0.63 0.68 0.71 0.75

— Buntgen06 — Trachsel12
21 — Biintgen11 — AdaPres
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Fig. 7. Comparison between the AdaPres reconstruction and the three compared dantgeriBet al., 2006 (@tgen06), Bintgen et al.,
2011 (Bintgenl11), Trachsel et al., 2012 (Trachsel12)). All the series were smoothed by means of a Gaussian low-pass filter of 10 (top), 20
(middle) and 30 yr (bottom).

tree-ring—based reconstruction of JJA temperature has beesummer temperature in the recent period; there is therefore

calculated by simple scaling over the latest version of theno evidence of the well-known “divergence problem” men-

HISTALP gridded database for the grid point°H), 46> N, tioned in diverse tree-ring—based summer temperature recon-

spanning from 1780 to 2008. As in other recent summer temstructions for the Northern Hemisphere. The good potential

perature reconstructions based on the same climate datasshowed by our tree-ring dataset as a proxy for mean sum-

a divergence is visible between the reconstructed and instrumer temperature encourages an extension of the record fur-

mental data prior to 1850. Therefore, the the warm bias inther back in time, improving sample replication in the earliest

early instrumental period is still present in the adjusted newpart of the chronology; moreover, we underline the impor-

version of the HISTALP dataset. tance of climate reconstructions related to single mountain
The actual temperature variations characterizing the LIAgroups for a better assessment of climate variability and the

are well evident also in the reconstructed data, particularlyrelated glacier dynamics of specific regions.

the coldest years of the 19th century (e.g. 1813, 1816 and

1821 AD). The reconstructed temperature dataset records

the recent warming trend of summer conditions starting

from about 1970, mostly following the measured instrumen-

tal trends. The proposed reconstruction tracks well actual

Clim. Past, 9, 211221, 2013 www.clim-past.net/9/211/2013/



A. Coppola et al.: Tree-ring—based summer mean temperature variations in the Adamello—Presanella Group 219

AcknowledgementsThe research was supported by the MIUR- Bradley, R. S. and Jones, P. D.: Climatic variations over the last 500
PRIN 2008 project “Climate change effects on glaciers, permafrost years, in: Climate Since AD 1500, Routledge, edited by: Bradley,
and derived water resource. Quantification of the ongoing variations R. S. and Jones, P. D., London, 649-665, 1992.

in the Italian Alps, analysis of their impacts and modelling future Bradley, R. S. and Jones P. D.: “Little Ice Age” summer temperature
projections,” national coordinator C. Smiraglia, local coordinators  variations: their nature and relevance to recent global warming

P. R. Federici (Universit di Pisa) and C. Smiraglia (Univeriti trends, The Holocene, 3—-4, 367-376, 1993.

Milano). We wish to thank the three anonymous reviewers for their Bradley, R. S., Briffa, K. R., Cole, J., Hughes, M. K., and Osborn,

helpful comments on previous drafts of this manuscript. T. J.: The climate of the last millennium, in: Paleoclimate, Global
Change and the Future, edited by: Alverson, K. D., Bradley, R.

Edited by: E. Zorita S., and Pedersen, T. F., Springer, Berlin, 105-141, 2003.

Briffa, K. R. and Melvin, T. M.: A closer look at regional curve
standardization of tree-ring records: justification of the need, a
References warning of some pitfalls, and suggested improvements in its ap-
plication, in: Dendroclimatology: Progress and Prospects (De-
Andreis, C., Armiraglio, S., Bortolas, D., Broglia, A., and Cac-  velopments in Paleoenvironmental Research vol. 11), edited

cianiga, M.:Pinus cembra.. nel settore sud-alpino lombardo, by; Hughes, M. K., Swetnam, T. W., and Diaz H. F., Springer,

Natura Bresciana-Annuario del Museo Civico di Scienze Natu- Berlin, 113-146, 2011.

rali di Brescia, 34, 19-39, 2004. Briffa, K. R., Jones, P. D., Pilcher, J. R., and Hughes, M. K.: Recon-
Auer, |., Bohm, R., Jurkovic, A., Lipa, W., Orlik, A., Potzmann, structing Summer Temperatures in Northern Fennoscandinavia

R., Sctoner, W., Ungerstick, M., Matulla, C., Briffa, K., Jones, Back to A.D. 1700 Using Tree-Ring Data from Scots Pine, Arc-

P., Efthymiadis, D., Brunetti, M., Nanni, T., Maugeri, M., Mer- tic Alpine Res., 20, 385-394, 1988.

calli, L., Mestre, O., Moisselin, J.-M., Begert, M., iMer- Briffa, K. R., Jones, P. D., Schweingruber, F. H., and Osborn, T. J.:
Westermeier, G., Kveton, V., Bochnicek, O., Stastny, P., Lapin, Influence of volcanic eruptions on Northern Hemisphere summer
M., Szalai, S., Szentimrey, T., Cegnar, T., Dolinar, M., Gajic-  temperature over the past 600 year, Nature, 393, 450-455, 1998.
Capka, M., Zaninovic, K., Majstorovic, Z., and Nieplova, E.: Briffa, K. R., Osborn, T. J., Schweingruber, F. H., Harris, I. C.,
HISTALP — historical instrumentalclimatological surface time  Jones, P. D., Shiyatov, S. G., and Vaganov, E. A.: Low-frequency
series of the Greater Alpine Region, Int. J. Climatol., 27, 1-46, temperature variations from a northern tree-ring density network,

2007. J. Geophys. Res., 106, 2929-2941, 2001.
Baillie, M. G. L. and Pilcher, J. R.: A simple crossdating program Biintgen, U. J., Esper, D. C., Frank, K., Nicolussi, K., and Schmid-
for tree-ring research, Tree-Ring Bull. 33, 7-14, 1973. halter, M.: A 1052-year tree-ring proxy of Alpine summer tem-

Baroni, C. and Carton, A.: Variazioni oloceniche della Vedretta peratures, Clim. Dynam., 25, 141-153, 2005.
della Lobbia (Gruppo del’Adamello, Alpi Centrali) Geogr. Fis. Biintgen, U., Frankm, D. C., Nievergelt, D., and Esper, J.: Summer
Dinam. Quat., 13, 105-119, 1990. Temperature Variations in the European Alps, A.D. 755-2004, J.
Baroni, C. and Carton, A.: Geomorfologia dell'alta Val di Genova  Climate, 19, 5606-5623, 2006.
(Gruppo dell’Adamello Alpi Centrali), Geogr. Fis. Din. Quat., Biintgen, U., Frank, D., Wilson, R., Carrer, M., Urbinati, C., and
19, 3-17, 1996. Esper, J.: Testing for tree-ring divergence in the European Alps,
Baroni, C., Carton, A., and Seppi, R.: Distribution and Behaviour of ~ Global Change Biol., 14, 2443-2453, 2008.

Rock Glaciers in the Adamello-Presanella Massif (Italian Alps), Biintgen, U., Tegel, W., Nicolussi, K., McCormick, M., Frank, D.,
Permafrost Periglac., 15, 243-259, 2004. Trouet, V., Kaplan, J. O., Herzig, F., Heussner, K.-U., Wanner,
Baroni, C., Armiraglio, S., Gentili, R., and Carton, A.: Landform- H., Luterbacher, J., and Esper, J.: 2500 Years of European Cli-
vegetation units for investigating the dynamics and geomor- mate Variability and Human Susceptibility, Science, 331, 578—

phologic evolution of alpine composite debris cones (Valle 583,d0i:10.1126/science.1197178011.
dell’Avio, Adamello Group, Italy), Geomorphology, 84, 5979, Casty, C., Wanner, H., Luterbacher, J., Esper, J., abtnB

doi:10.1016/j.geomorph.2006.07.Q@D07. R.: Temperature and precipitation variability in the Euro-
Beniston, M.: Climatic change in mountain regions: areview of pos- pean Alps since 1500, Int. J. Climatol., 25, 1855-1880,
sible impacts, Climatic Change, 59, 5-31, 2003. doi:10.1002/joc.121,62005.

Beniston, M.: Mountain Climates and Climatic Change: An CGI-CNR (Comitato Glaciologico Italiano — Consiglio Nazionale
Overview of Processes Focusing on the European Alps, Pure delle Ricerche) 1959-1962 Catasto dei Ghiacciai Italiani (Inven-
Appl. Geophys., 162, 1587-1606j0i:10.1007/s00024-005- tory of Italian glaciers), International Geophysical Year, 1957—
2684-9 2005. 1958, Comitato Glaciologico Italiano, Turin, Italy, Vol. 1-4,

Beniston, M., Rebetez, M., Giorgi, F., and Marinucci, M. R.: Fea-  available athttp://www.glaciologia.it/i-ghiacciai-italiani/?lang=
tures of regional climate change in Switzerland, Theor. Appl. Cli-  en(last access: 10 August 2012), 1959-1962.
matol., 49, 135-159, 1994. Chauchard, S., Beilhe F., Denisand N., and Carcaillet, C.: An in-

Beniston, M., Diaz, H. F,, and Bradley, R. S.: Climatic Change at crease in the upper tree-limit of silver fir (Abies alba Mill.) in
High Elevation Sites; A Review, Climatic Change, 36, 233-251, the Alps since the mid-20th century: A land-use change phe-
1997. nomenon, Forest Ecol. Manag., 259, 1406-1415, 2010.

Bohm, R., Jones, P. D., Hiebl, J., Frank, D., Brunetti, M., and
Maugeri, M.: The early instrumental warm-bias: a solution for
long central European temperature series 1760—-2007, Climatic
Change, 101, 41-67, 2010.

www.clim-past.net/9/211/2013/ Clim. Past, 9, 21221, 2013


http://dx.doi.org/10.1016/j.geomorph.2006.07.002
http://dx.doi.org/10.1007/s00024-005-2684-9
http://dx.doi.org/10.1007/s00024-005-2684-9
http://dx.doi.org/10.1126/science.1197175
http://dx.doi.org/10.1002/joc.1216
http://www. glaciologia.it/i-ghiacciai-italiani/?lang=en
http://www. glaciologia.it/i-ghiacciai-italiani/?lang=en

220 A. Coppola et al.: Tree-ring—based summer mean temperature variations in the Adamello—Presanella Group

Cook, E. R. and Briffa, K. R.: A comparison of some tree-ring stan- Haeberli, W., Hoelzle, M., Paul, F., and Zemp, M.: Integrated mon-
dardization methods, in: Methods of Dendrochronology, edited itoring of mountain glaciers as key indicators of global climate
by: Cook, E. R. and Kairiukstis, L. A., Kluwer, Dordrecht, 104— change: the European Alps, Ann Glaciol., 46, 150-160, 2007.
123, 1990. Holzhauser, H., Magny, M., and Zurabl, H. J.: Glacier and lake

Coppola, A., Leonelli, G., Salvatore, M. C., Pelfini, M., and Baroni,  level variations in west-central Europe over the last 3500 years,
C.: Weakening climatic signal since mid-20th century in Euro-  The Holocene, 15, 789-801, 2005.
pean larch tree-ring chronologies at different altitudes from theHoughton, J. T., Jenkins, G. J., and Ephraums, J. J. (Eds.): Climate
Adamello-Presanella Massif (Italian Alps), Quaternary Res., 77, Change: The IPCC Scientific Assessment Report of IPCC Work-

344-354d0i:10.1016/j.yqres.2012.01.002012. ing Group I, Cambridge University Press, Cambridge, 365 pp.,
Corona, C., Guiot, J., Edouard, J. L., Cleak., Bintgen, U., Nola, 1990.

P., and Urbinati, C.: Millennium-long summer temperature varia- Houghton, J. T., Ding VY., Griggs, D. J., Noguer, M., van der Linden,

tions in the European Alps as reconstructed from tree rings, Clim.  P. J., and Xiaosu, D. (Eds.): Climate Change 2001: The Scientific

Past, 6, 379-40@l0i:10.5194/cp-6-379-201@010. Basis Contribution of Working Group | to the IPCC Third As-
Corona, C., Edouard, J-L., Guibal, F., Guiot, J., Bernard, S., sessment Report, Cambridge University Press, Cambridge, 944

Thomas, A., and Denelle, N.: Long-term summer (AD751-2008) pp., 2001.

temperature fluctuation in the French Alps based on tree-ringJacoby, G., Lovelius, N., Shumilov, O., Raspopov, O., Kurbainov,

data, Boreas, 40, 351-366, 2011. J., and Frank, D.: Long-term temperature trends and tree growth
Crowley, T. J.: Causes of climate change over the past 1000 years, in the Taymir region of northern Siberia,. Quaternary Res., 53,
Science, 289, 270-277, 2000. 312-318, 2000.

D’Arrigo, R. D., Wilson, R., and Jacoby, G.: On the long-term Jones, P. D, Briffa, K. R., Barnett, T. P.,, and Tett, S. F. B.:
context for late 20th century warming, J. Geophys. Res., 111, High-resolution palaeoclimatic records for the past millennium-
D03103,d0i:10.1029/2005JD006352006. interpretation, integration and comparison with general circula-

D’Arrigo, R., Wilson, R., Liepert, B., and Cherubini, P.: On the “di- tion model control-run temperatures, The Holocene, 8, 455-471,
vergence problem” in northern forests: a review of the treering  1998.
evidence and possible causes, Global Planet. Change, 60, 283-eonelli, G., Pelfini, M., Battipaglia, G., and Cherubini, P.: Site-

305, 2008. aspect influence on climate sensitivity over time of a high-
Durbin, J. and Watson, G. S.: Testing for serial correlation in least altitude Pinus cembraree-ring network, Climatic change, 96,
squares regression. Biometrika, 38, 159-178, 1951. 185-201d0i:10.1007/s10584-009-9574-8009.

Esper, J., Cook, E. R., Krusic, P. J., Peters, K., and Schweingrubet,eonelli, G., Pelfini, M., Morra di Cella, U., and Garavaglia, V.:
F. H.: Tests of the RCS method for preserving low-frequency Climate Warming and the Recent Treeline Shift in the Euro-
variability in long tree-ring chronologies, Tree-Ring Res., 59, pean Alps: The Role of Geomorphological Factors in High-
81-98, 2003. Altitude Sites, Ambio, 40, 264—273J0i:10.1007/s13280-010-

Esper, J. B, Frank, D. C., Wilson, R. J. S., and Briffa, K. R.: Effect = 0096-2 2011.
of scaling and regression on reconstructed temperature ampliMann, M. E., Bradley, R. S., and Hughes, M. K.: Global-scale tem-
tude for the past millennium, Geophys. Res. Lett., 32, LO7711, perature patterns and climate forcing over the past six centuries,
doi:10.1029/2004GL02123R005. Nature, 392, 779-787, 1998.

Frank, D. and Esper, J.: Temperature reconstructions and comparMoberg, A., Sonechkin, D., Holmgren, K., Datsenko, N., and
son with instrumental data from a tree-ring network for the Eu-  Karlen, W.: Highly variable Northern Hemisphere temperatures
ropean Alps, Int. J. Climatol., 25, 1437-1454, 2005. reconstructed from low- and high-resolution proxy data, Nature,

Frank, D., Bintgen, U., Bhm, R., Maugeri, M., and Esper, J.: 433, 613-617¢l0i:10.1038/nature03262005.

Warmer early instrumental measurements versus colder reconNicolussi, K. and Patzelt, G.: Discovery of Early Holocene wood
structed temperatures: shooting at a moving target, Quaternary and peat on the forefield of the Pasterze Glacier, Eastern Alps,

Sci. Rev., 26, 3298-3310, 2007. Austria, The Holocene, 10, 191-199, 2000.
Fritts, H. C.: Tree Rings and Climate, Academic Press, New York,Oerlemans, J.: Glaciers and Climate Change, Rotterdam, A.A.
1976. Balkema Publishers, 148 pp., 2001.

Gehrig-Fasel, J., Guisan, A., and Zimmermann, N.: Tree line shiftsOppenheimer, C.: Climatic, environmental and human conse-
in the Swiss Alps: Climate change or land abandonment?, J. Veg. quences of the largest known historic eruption: Tambora volcano
Sci., 18, 571-582, 2007. (Indonesia) 1815, Prog. Phys. Geog., 27, 230-259, 2003.

Gentili, R., Armiraglio, S., Rossi, G., Sgorbati, S., and Ba- Ostrom, C. W. Jr.: Time Series Analysis, Regression Techniques,
roni, C.: Floristic patterns, ecological gradients, and biodiver-  Second Edition: Quantitative Applications in the Social Sciences,
sity in the channels (Central Alps, Italy), Flora, 205, 388—-398, Vol. 07-009: Newbury Park, Sage Publications, 1990.
doi:10.1016/j.flora.2009.12.012010. Pauli, H., Gottfried, M., and Grabherr, G.: Effects of climate change

Grissino-Mayer, H. D.: Evaluating crossdating accuracy: a manual on the alpine and nival vegetation of the Alps, J. Mt. Ecol., 7, 9—
and tutorial for the computer program COFECHA, Tree-Ring 12, 2003.

Res., 57, 205-221, 2001. Ranzi, R., Grossi, G., Gitti, A., and Taschner, S.: Energy and mass
Grove, J. M.: The Little Ice Age, Routledge, London, 498 pp., 1988.  balance of the mandrone glacier (Adamello, Central Alps), Ge-
Holmes, R. L.: Computer-assisted quality control in tree-ring dating  ogr. Fis. Din. Quat., 33, 45-60, 2010.

and measurement, Tree-Ring Bull., 43, 69-78, 1983.

Clim. Past, 9, 211221, 2013 www.clim-past.net/9/211/2013/


http://dx.doi.org/10.1016/j.yqres.2012.01.004
http://dx.doi.org/10.5194/cp-6-379-2010
http://dx.doi.org/10.1029/2005JD006352
http://dx.doi.org/10.1029/2004GL021236
http://dx.doi.org/10.1016/j.flora.2009.12.013
http://dx.doi.org/10.1007/s10584-009-9574-6
http://dx.doi.org/10.1007/s13280-010-0096-2
http://dx.doi.org/10.1007/s13280-010-0096-2
http://dx.doi.org/10.1038/nature03265

A. Coppola et al.: Tree-ring—based summer mean temperature variations in the Adamello—Presanella Group 221

Rinn, F.: TSAPWin — Time Series Analysis and Presentation for Wagner, S. and Zorita, E.: The influence of volcanic, solar and
Dendrochronology and Related Applications, Version 0.53, User CO2 forcing on the temperatures in the Dalton Minimum (1790—

Reference, Heidelberg, 2005. 1830): a model study, Clim. Dynam., 25, 205-218, 2005.
Schweingruber, F. H.: Tree Rings. Basics and Applications of Den-Wigley, T. M. L., Briffa, K. R., and Jones, P. D.: On the average
drochronology, Kluwer, Dordrecht, 1988. value of correlated time series, with applications in dendrocli-
Stokes, M. A. and Smiley, T. L.: An Introduction to Tree-Ring Dat-  matology and hydrometeorology, J. Clim. Appl. Meteorol., 23,
ing, University of Chicago Press, Chicago, IL, 1968. 201-213, 1984.

Stoffel, M. and Huggel, C.: Effects of climate change on massWilmking, M., Juday, G., Barber, V., and Zald, H.: Recent climate
movements in mountain environments, Prog. Phys. Geog., 36, warming forces contrasting growth responses of white spruce at
421-439, 2012. treeline in Alaska through temperature thresholds, Glob. Change

Swetnam, T. W.: Using dendrochronology to measure radial growth  Biol., 10, 1724-1736, 2004.
of defoliated trees, USDA Forest Service, Cooperative State ReWilson, R. J. S., D'Arrigo, R., and Buckley B.: Matter of
search Service, Agriculture Handbook No. 639, 1-39, 1985. divergence: tracking recent warming at hemispheric scales

Trachsel, M., Kamenik, C., Grosjean, M., McCarroll, D., Moberg, using tree-ring data, J. Geophys. Res.-A, 112, D17103,

A., Brazdil, R., Bintgen, U., Dobrovolfy, P., Esper, J., Frank, do0i:10.1029/2006JD008313007.
D. C., Friedrich, M., Glaser, R., Larocque-Tobler, I., Nicolussi, Wilson, R. M.: Volcanism, Cold Temperature, and Paucity of
K., and Riemann, D.: Multi-archive summer temperature recon- Sunspot Observing Days (1818-1858): A Connection? The
struction for the European Alps, AD 1053-1996, Quaternary Sci.  Smithsonian/NASA Astrophysics Data System NASA/TP-1998—
Rev., 46, 66—790i:10.1016/j.quascirev.2012.04.02D12. 208592, 1998.

www.clim-past.net/9/211/2013/ Clim. Past, 9, 21221, 2013


http://dx.doi.org/10.1016/j.quascirev.2012.04.021
http://dx.doi.org/10.1029/2006JD008318

