MULTI-VARIABLE ANALYSIS OF 200 YEARS OF CLIMATE VARIABILITY AND
CHANGE IN THE GREATER ALPINE REGION
Michele Brunetti1, Gianluca Lentini1,2, Maurizio Maugeri2, Teresa Nanni1, Ingeborg Auer3, Reinhard Böhm3, Wolfgang
Schöner3
1

Istituto ISAC-CNR – via Gobetti, 101 – I-40129 Bologna, Italy
Istituto di Fisica Generale Applicata – via Brera, 28 – I-20121 Milan, Italy
3
ZAMG-Central Institute for Meteorology and Geodynamics, Vienna, Austria
E-mail: m.brunetti@isac.cnr.it
2

Abstract :
HISTALP, a large multi-variable dataset consisting of monthly quality-checked and homogenised secular records for
the “Greater Alpine Region” (GAR, 4-19 °E, 43-49 °N, 0-3500m asl), has been set up in the last 10 years within the
frame of a number of projects coordinated by the Austrian Meteorological Central Office. It encompasses 242 sites and
concerns temperature, pressure, precipitation, sunshine, cloudiness, vapour pressure and relative humidity. The climate
information in HISTALP is not only stored in station-mode, but also by means of gridded data and Coarse Resolution
Subregional Mean series (CRSMs), that are available at monthly, seasonal and yearly resolution.
In this context, we are analysing the HISTALP database with the aim at giving a comprehensive picture of secular
climate variability and change in the GAR, by means of the analysis of a wide range of relevant meteorological
variables (temperature, precipitation, pressure, cloudiness, sunshine duration, vapour pressure and relative humidity).
This extended abstract shows some preliminary results of our research; full details will be given in a comprehensive
paper that is currently in preparation.
Keywords: Greater Alpine Region; multi-variable analysis; monthly quality-checked and homogenised secular
records; long-term trends; correlations among variables.

1. INTRODUCTION
The Alpine region, being the most relevant topographic ridge in Europe, is not only interesting because of
its complex geography, but also for its exceptional availability of high-quality secular data records. Past
years' activities have considerably improved the availability and quality of long-term climate data and
metadata for the Alps and their wider surroundings (4-19° E, 43-49° N, an area which will be referred to as
GAR, Greater Alpine Region, covering approximately 724.000 km2, see figure 1); such activities have led to
the construction of a huge multi-variable database, called “HISTALP” (Auer et al., 2007). The HISTALP
database has already been extensively analysed for temperature and precipitation (Böhm et al., 2001; Auer et
al., 2005; Brunetti et al., 2006), whereas only a few very preliminary results have been presented concerning
other important variables (Auer et al., 2007).
In this context, we are analysing the HISTALP database aiming at giving a comprehensive picture of
secular climate variability and change in the GAR, by means of the analysis of a wide range of relevant
meteorological variables (temperature, precipitation, pressure, cloudiness, sunshine duration, vapour pressure
and relative humidity). The simultaneous analysis of such different variables is significant for better
investigating the atmospheric processes which modulate and trigger the variability and trends shown by the
single meteorological variables and for understanding the mutual interactions linking the different variables
(Wang and Gaffen, 2001; Huth and Pokorná, 2005). Moreover, the availability of a multi-variable database
allows to assess the consistency between the behaviour of the different variables, permitting to increase the
confidence in the results of the analyses. A further benefit of the availability of secular records for a wide
range of variables concerns the comparison between models and observations (Matulla et al., 2005).
This extended abstract shows some preliminary results of our HISTALP multi-variable research; full
details will be given in a comprehensive paper that is currently in preparation.
The extended abstract is organized in 3 sections: after the introduction, section 2 will give an overview
about the data and their organization, whereas section 3 will present some methods and discuss some
preliminary results.

2. DATA
The HISTALP database, on which this study is focused, is widely described by Auer at al. (2007), that
give full details on data and metadata availability, time evolution of network density, inhomogeneity and
outlier detection and adjustment, gap-filling, gridding and clustering of the records into climatologicallyhomogeneous subregions. The HISTALP database encompasses 242 sites (Fig. 1) and concerns temperature,
pressure, precipitation, cloudiness, sunshine duration, vapour pressure and relative humidity. Temperature,
pressure and precipitation records have the best data availability both in terms of space and time coverage;
cloudiness and sunshine duration have a lower density and some areas have no data; vapour pressure and
relative humidity have more severe limits and so far cover only few parts of the GAR.
The climate information in HISTALP is not only stored in station-mode, but also by means of gridded
data and Coarse Resolution Subregional Mean series (CRSMs). Both gridded data and the CRSMs consist of
monthly additive (for temperature, pressure, cloudiness, vapour pressure and relative humidity) or
multiplicative (for precipitation and sunshine duration) anomalies with respect to the 1901-2000 averages.
The CRSMs were constructed in order to give a synthetic description of GAR variability and long-term
trends, condensing most of the climatic signal of the 242 sites of the database in a few areal mean records.
The clustering of the GAR records in a few subregions with climatologically-homogeneous behaviour is
discussed in detail by Auer et al. (2007); most variables show a favourable subdivision into four horizontal
subregions of approximately similar size, corresponding to the scheme northwest-northeast-southwestsoutheast (Fig. 1) and an additional cluster of high elevation summit sites. In order to allow a more schematic
description of the results, our analyses are based only on such CRSMs.

Figure 1: The GAR as divided into the four main low-level subregions. In addiction to these subregions, we consider
another cluster, representing the high-level stations.

3. METHODS AND RESULTS
The objective of our multi-variable research is to provide a thorough description of the evolution of the
HISTALP variables, aiming both at giving evidence of the behaviour of the different variables in the various
subregions and at investigating the consistency among all the CRSMs. Such consistency is under
investigation by means of trend and correlation analysis, in order to fully cover the spectrum of possible
consistent behaviour in terms of both long-term trends and year-to-year common variability.

The annual CRSMs of HISTALP variables are firstly analysed together with Gaussian low-pass filters
(GLPFs), superimposed to the records, in order to give evidence of i) decadal variability (GLPF with σ = 3
years, hereinafter GLPF3) and ii) long-term evolution (GLPF with σ = 15-years, hereinafter GLPF15).
Figure 2 shows an example of the procedure, concerning annual temperature CRSMs. The figure also depicts
the curves (the “Res.” plots) obtained subtracting the GLPF15 from the CRSMs and smoothing the resulting
records by means of 3-year σ GLPFs. Such records of smoothed residuals provide further information on
decadal variability and are more effective for the comparison of variables having different long-term
evolution.

Figure 2: Annual temperature CRSMs (thick curves represent 3-years Gaussian low-pass filters, dotted curves represent
15-years Gaussian low-pass filters). NW=North-West; H=High level; NE=North-East; SW=South-West; L=Low-level;
SE=South-East. The “Res.” plots show the residual curves obtained by subtracting the GLPF15 from the respective
CRSMs and filtering the results by means of GLPF3: H and L in the left-hand side, NW, NE, SW and SE in the righthand side.

Trends are under investigation by means of least square linear fitting, and their significances are
evaluated with the Mann-Kendall non-parametric test (Sneyers, 1990). The clearest signal is the positive and
highly significant temperature trend; also pressure and relative humidity present a rather coherent picture of
seasonal and subregional trends, with positive slopes for pressure and negative ones for relative humidity. As
far as precipitation, cloudiness and sunshine duration are concerned, the spatial patterns of the trends are
more complicated. There is evidence of a North-South signal in precipitation, with a negative trend in
Southern subregions and a positive trend in the Northern ones (see Brunetti et al. (2006) for more details).
Running trend analysis is also being applied as an innovative method for an in-depth investigation over
different subperiods, allowing the visualization of climate trends on a wide range of time-scales.
The last point under investigation is the study of the correlation among HISTALP variables, with the aim
at highlighting the agreement in their high-frequency (i.e. year-to-year) variability. It is performed both
considering seasonal and yearly records. The correlation among the different variables is being analysed
considering both the original CRSMs (ORs) and high-pass-filtered series (HPFs) (i.e. residuals from the

GLPF15s), as using such residuals from the long-term behaviour prevents too high (low) estimations of the
agreement in high frequency variability in presence of coherent (non-coherent) long-term trends. An
example of running correlation analysis is shown in figure 3, which shows the running correlation
coefficients for all possible pairs of variables (OR data) in all the subregions.

Figure 3: Running correlation (yearly values) calculated from OR records.
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