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1 Introduction

A considerable part of Switzerland is a mountain region that – due to its complexity – may be
very sensitive to climate change. Any change in climate may thus have substantial impacts on
natural and socio-economic systems. Many studies have already been performed on changes
in Alpine and especially Swiss climate (e.g., Baeriswyl et al. 1997; Weber et al. 1997;
Rebetez 2001; Jungo and Beniston 2001; Frich et al. 2002). In general, these studies reveal
an asymmetric evolution in temperature extremes, expressed in terms of a stronger increase in
minimum than in maximum temperatures (Jungo and Beniston 2001, and references therein).
The work below described by Michna and Schuepbach is a very focused view on temperature
extremes and especially their changes on annual and seasonal time scale in Switzerland for
the period 1958–2000, using four indices for describing the attributes of the corresponding
probability density functions (PDF’s).

2 Data and Method

We used the FIC (Fundación para la Investigación del Clima, Spain) dataset as provided
in the STARDEX EU project consisting of 481 stations for the period 1958–2000 covering
most of Europe, of which 21 stations are located in Switzerland. For all station series, daily
minimum, maximum and mean temperature plus daily precipitation are available. The data
have originally been provided by MeteoSwiss and were quality controlled by FIC. The quality
control included the detection of incoherences and flagging of likely and very likely errorneous
values, but the data were not homogenized. For the 21 Swiss stations, generally only few
values were likely errorneous, none was very likely errorneous.
We calculated at the 21 Swiss stations of the FIC dataset the STARDEX core indices (see
Table 1) for temperature using the latest version of the STARDEX extreme indices software
(version 3.2.6). The seasonal and annual trends were calculated as linear regressions, their
significance was assessed by a Kendall-Tau test at the 95%-level.

3 Results

Tmin10p At the annual scale all stations show a positive trend in the 10th percentile of
minimum temperature (Tab. 2). The trend is significant at eight stations (mostly located in
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Table 1: STARDEX core indices for temperature.

Name Index
Tmin10p 10th percentile of minimum temperature
Tmax90p 90th percentile of maximum temperature
125Fd Number of frost days (Tmin < 0 ◦C)
144HWDI Heat wave duration, defined as maximum period > 5 consecutive days

with Tmax > 5 ◦C above the 1961–1990 daily Tmax normal

Table 2: Linear trends of the STARDEX temperature core indices for 21 Swiss stations for the period
1958–2000. Significance is assessed at the 95%-level using a Kendall-Tau test.

Season Tmin10p Tmax90p 125Fd 144HWDI
+ 21 17 3 12

signif. + 8 11 0 3
ANN − 0 4 18 9

signif. − 0 1 11 0
+ 21 20 3 19

signif. + 9 9 0 6
DJF − 0 1 18 2

signif. − 0 0 10 1
+ 21 17 2 9

signif. + 7 5 0 3
MAM − 0 4 19 12

signif. − 0 0 8 2
+ 20 17 0 14

signif. + 10 6 0 1
JJA − 1 4 7 7

signif. − 0 1 2 1
+ 10 6 13 7

signif. + 1 1 0 0
SON − 11 15 8 14

sig. − 1 3 2 0
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western and southern Switzerland, see Fig. 1). In winter and spring, the trend is positive at
all stations, of which 9 and 7 stations respectively, are significant. The significant stations
are mostly located in western and southern Switzerland. In summer, all but one station
(Berne) show a positive trend, in 10 cases the results are significant. In autumn, about half
of the stations show a positive trend, the remaining stations exhibit a negative trend (mostly
located on the Swiss Plateau). In both cases only one station is significant (Geneva and
Berne, respectively). The most prominent overall trend was found at Geneva.

Tmax90p The majority of the stations show a positive trend for the 90th percentile of
maximum temperature at the annual scale (11 significant), the negative trends cannot be
assigned to a specific region (see Fig. 2). In winter, all but one station (Lugano, not significant)
show a positive trend (about half of the stations are significant). For spring, the pattern does
not change distinctively, however, 3 additional stations across Switzerland switch to a negative
trend and only 5 stations show a significant positve trend. The summer trends are also very
similar to winter and spring with the majority of the stations showing a positive trend (17)
with only one station (Lugano) showing a significant negative trend. A different pattern was
found for autumn: most of the stations show a negative trend (significant in two cases, Lugano
and Zurich), only at 6 stations (significant at the mountain station Saentis) was a positive
trend detected. Altogether, the most important changes in Tmax90p occurred at Geneva,
Saentis, Schaffhausen (postive trend) and Lugano (negative trend).

125Fd At the annual scale, most stations show a negative trend in the number of frost days
(significant at 11 locations). The number of frost days has only increased at 3 stations (Berne,
Meiringen, Chur), but not significantly. In winter, most stations (except mainly those on the
Swiss Plateau) show a negative trend, except the three stations at Berne, Meiringen, and Chur
(see Fig. 3). The pattern is nearly the same in spring, although significance and magnitude of
the trends are not as prominent. In summer, frost days could only be observed at 6 stations
in the whole period 1958–2000. For all stations, the trend is negative. A significant change
in the number of frost days could be found at the stations Saentis and Glarus. A less clear
pattern was found for autumn. In most cases (13 stations) a positive, non-significant trend
was observed; only 8 stations show a decrease in the number of frost days (significant at
Geneva and Chateau-d’Oex). Overall, the number of frost days has decreased over the period
of analysis. Only the stations at the Swiss Plaeteau showed an increase in autumn. The most
prominent changes were found at the annual scale and in winter.

144HWDI The majority of stations show an increase of the heat wave duration index
(significant at 3 locations). No clear spatial pattern can be observed. Stations with strong
positive trends are neighboured by stations with strong negative trend (see Fig. 4). In winter,
most stations show a clear increase (significant at 6 stations). This pattern is nearly inverted
in spring, where most stations show a decrease. In summer, most stations show an increase of
the index, in autumn most stations show a decrease. The magnitude of the trend is smaller
for summer and autumn compared to winter and spring. Furthermore, the spatial pattern is
somewhat more clear with a positive trend in summer along the Alps and with a negative
trend in autumn in central and eastern Switzerland. Altogether, no clear pattern in the
change of the heat wave duration index could be found.
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Figure 1: Annual and seasonal trends for the 10% quantile in minimum temperature for the period
1958–2000. Red indicates an increase, blue a decrease of the 10% quantile. Closed circles indicate
significance at the 95%-level.

D9 UNIBE Contribution 4



STARDEX

Figure 2: Annual and seasonal trends for the 90% quantile in maximum temperature for the period
1958–2000. Red indicates an increase, blue a decrease of the 90% quantile. Closed circles indicate
significance at the 95%-level.
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Figure 3: Annual and seasonal trends for the number of frost days for the period 1958–2000. Red
indicates an increase, blue a decrease. Black circles indicate that no frost days occurred during the
whole period. Closed circles indicate significance at the 95%-level.
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Figure 4: Annual and seasonal trends for the heat wave duration index for the period 1958–2000.
Red indicates an increase, blue a decrease of the index. Closed circles indicate significance at the
95%-level.
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Table 3: Swiss temperature stations with daily maximum, minimum and mean temperature covering
at least the period 1958–2000.

Name Lon. [◦E] Lat. [◦N] Elevation [m asl]
Altdorf 8.63 46.86 451
Arosa 9.68 46.78 1840
Bad Ragaz 9.50 47.01 496
Basel-Binningen 7.58 47.55 316
Bern-Liebefeld 7.41 46.93 570
Chateau-d’Oex 7.15 46.48 985
Chur-Ems 9.53 46.86 555
Davos 9.85 46.81 1590
Geneve-Cointrin 6.13 46.25 420
Glarus 9.06 47.03 470
Locarno-Monti 8.78 46.16 379
Lugano 8.96 46.00 273
Luzern 8.30 47.03 456
Meiringen 8.16 46.73 595
Montana 7.48 46.31 1495
Montreux-Clarens 6.90 46.45 405
Neuchatel 6.95 47.00 487
Saentis 9.35 47.25 2490
Schaffhausen 8.61 47.68 437
St. Gallen 9.40 47.43 779
Zuerich 8.56 47.38 556
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4 Summary

The most prominent changes in temperature extremes at Swiss stations in the period 1958–
2000 were found in winter, where the four used indices imply a shift of the whole PDF
towards warmer temperatures. A warming signal is also evident for spring and summer, but
less stations show significant differences. In autumn, a slight cooling signal can be detected,
but only a few stations show a significant change. In summary, this work supports most of
the findings in Weber (1997), Jungo and Beniston (2001) and Rebetez (2001). However, it
should be taken in account that the selected time period is not the same as used in these
studies, and that different homogenization procedures were applied to the data.
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P. Faško (1997). 20th Century Changes of Temperature in the Mountain Regions of Central
Europe. Climatic Change, 36, 327–344.

D9 UNIBE Contribution 9


