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Abstract: SNEYERS R., BouM R. & VANNITSEM S., Climzatic changesin
the Austrian Alps during the period 1775-1989. (IT ISSN 0391-9838,
1992).

The homogenized series of regional averages of temperature ob-
setvations made in the Austrian network (58 stations) during the peri-
od 1775-1989 are submitted to a trend analysis based jointly on the
use of the non-parametric Pettitt’s change-point determination and on
the sequential application of the non parametric Mann’s trend test.
At the seasonal scale, an abrupt decrease of the means is evidenced
round 1830 for the four seasons, followed by abrupt increases placed
round 1910 for winter and spring, and round 1930 for summer and
autumn. The relation with the Alpine glaciers evolution is discussed.
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Alps.

Riassunto: SNEYERS R., Boum R. & Vanwnrrsem S., Variazioni
climatiche nelle Alpi Austriache nel periodo 1775-1989. (IT ISSN
0391-9838, 1992).

Le serie omogenee delle medie stagionali della temperatura, regi-
strate dalla rete termometrica austriaca (58 stazioni) durante il petio-
do 1775-1989, sono state sottoposte ad analisi basate congiuntamente
sulla determinazione del change point non parametrico di Pettitt e sul-
I’applicazione sequenziale del test di tendenza non parametrico di Mann.
Su scala stagionale & stata evidenziata una brusca diminuzione delle
medie intorno al 1830, in tutte le stagioni, seguita da un rapido incre-
mento collocabile intorno al 1910 per I'Inverno e Ja Primavera e intor-
no al 1930 per I'Estate e I’Autunno. Vengono discusse anche le rela-
zioni con I'evoluzione dei ghiacciai alpini.

TERMINI CHIAVE: Variazioni climatiche, Fluttuazioni Glaciali, Al-
pi Austriache,

INTRODUCTION

The homogenization of the temperature observations
recorded in the Austrian network at stations which start-

(*) Institut Royal Météorologique de Belgique, 3, Avenue Circulai-
re, B-1180 Bruxelles, Belgium.

(**) Zentralanstalt fiir Meteorologie und Geodynamik Hobe Warte,
38, A-1191 Wien, Austria.
Comunicazione preseniata al VI Convegno Glaciologico Iialiano, Gresso-
ney, 26-28 Settembre 1991. (Communication presented at the Gth Italian
Glaciological Meeting, Gressoney, 26-28 September, 1991).

ed between 1775 and 1931 and were in operation until
1989 was undertaken. A first study of the results obtained
for the annual regional averages of the deviations from the
mean computed for the period 1951-1980 deduced from
a set of 40 stations was made (Boum, 1990).

This study revealed that the recent increase of tem-
perature had been preceded by a decrease which occurred
round 1830 (fig. 1).

The work extended afterwards to a total of 58 stations
and a similar computation for the seasonal averages gave
new indications on the climate evolution in Austria dur-
ing the period 1775-1989 (Béum, 1991). The graphical
representation of the annual values at the seasonal scale
corroborated that opposite abrupt changes occutred respec-
tively round 1830 and at the beginning of this century.
This engaged us to subject the series to a complete statistical
analysis analogous to the one applied to the temperature
seties of Brussels-Uccle for the period 1833-1988 (SNEY-
FrS & alii, 1990).

The purpose of this paper is to describe the metod and
its results as well as to characterize and evaluate the two
climatic changes. Moreover, the conclusions involve con-
siderations concerning the consequences on the glaciolog-
ical evolution in the Alps.

THE DATA

The chronology of the type of stations successively in-
volved in the computation of the general average shows
that during the whole period some variations occutred in
the proportion of stations of each type. For what concerns
especially the valley stations, to their absence in the aver-
age until 1850 succeeded a proportion growing up, from
1851 to 1854, from 259 to about 409 and subsequently
to about 50% in 1896, this proportion remaining after-
wards quasi constant.

Note that for computational convenience, winter has
been attributed to the year of December.
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TaBLE 1 - Standardized trend statistic u(t) and extreme u(t)

ext

for the periods 1775-1909 and 1828-1989. Change-points P,

P, and P, inside the series 1775-1989. Corresponding temperature abrupt changes 8, 8, and 8;. Standard errors s, for the
average and standardized serial correlation statistic u(r) for each subseries. Seasonal values for Winter (Wi), Spring (Sp),
Summer (Su) and Autumn (Au).

Wi Sp Su Au

1775-1909

ult) —0.24 —3.00 —4.17 —2.16

u(t), ., —1.26 (1985) ~3.00 (1909) —5.55 (1926) —2.94 (1922)
1829-1989

u(t) 3.83 3.59 1.39 3.91

ult), ., 4,08 (1825) 4.33 (1837) 3.34 (1882) 4,51 (1874)

P, 1836 1828 1827

P, 1881

b, 1908 1911 1926 1925

&, —0,41 °C —0.87 °C —0.62 °C —0.47 °C

3, 0.15 °C 0.07 °C —0.55 °C —0.20 °C

0, 0.91 °C 0.62 °C 0.70 °C 0.94 °C
1775-1829

Sim 0.26 °C 0.18 °C 0.15 °C 0.14 °C

u(r) —0.35 1.06 0.80 0.89
1830-1910

Sin 0.18 °C 0.11 °C 0.09 °C 0.10 °C

ulr) —-0.11 0.30 —0.89 —1.42
1930-1989

Sin 0.20 °C 0.14 °C 0.08 °C 0.11 °C

u(r) 2.60 —-0.20 1.25 —1.03

THE STATISTICAL METHOD

To analyse the structure of the series of observations,
use has been made of Mann’s trend test (MANN, 1945),
in a sequential onward and backward way (SNEvERS, 1958,
1975 and 1990), and of Pettitt’s change-point test (PET-
T, 1979; SNEYERS & alif, 1990; DEMAREE, 1990), the
two tests being non parametric, i.e. independent of any
assumption concerning the form of the distribution of
the data.

A change-point divides a chronological series into two
independently distributed stable subseries with non
homogeneous means. It follows that its existence is evi-
denced when the sequential analysis concludes to the sta-
bility of the series until and from such a point and when,
at the same time, the total analysis concludes to a trend
significant at the chosen level. The optimal estimation of
the change point is then given by the extreme value of
Pettitt’s test statistic.

If several change-points exist, their existence may be
found by applying Pettitt’s test to the complete series and

by pointing out the extreme values (maximum and mini-
mum values) of the test statistic. Of course, in this case,
the significant character of these extremes has to estab-
lished and the analysis has to be extended to the subser-
ies defined in this way.

RESULTS

The Annual Averages

Figure 2 gives the graph of Pettitt’s test statistic for
the general annual averages from 1775 to 1989. The main
feature appearing from this graph is the existence of two
extreme values, the first one occurring in 1828 and the
second one placed approximately between 1910 and 1940.

Their significance is established by the fact that the
sequential trend analysis (fig. 3) concludes for the series
1775-1910 to a decreasing trend significant at the
1.5-10* level and for the series 1829-1989 to an increas-
ing trend significant at a level smaller than 3-107.
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Moreover, the same analysis applied to the series
1830-1910 concludes to the stability of the series.

For what concerns the sequence 1829-1989, the sequen-
tial analysis shows that the standardized trend test statis-
tic takes systematic positive values after 1910, but that
after 1941, the series remains stable. Therefore, to evalu-
ate the amplitude of the climate changes, the averages of
the periods 1775-1828, 1829-1909 and 1942-1989 have
been computed. The results being respectively in 0.1 °C
:0.61, -6.00 and 1.31, we may conclude that the progres-
sive increase which occurred this century, of 0.7 °C, suc-
ceeded to an equivalent abrupt decrease placed in 1828.

The Seasonal Averages

For the significance of the trends at the seasonal lev-
el, the trend test has been applied to the seasonal aver-
ages of the periods 1775-1909 and 1829-1989.

The standardized values u(t) of the test statistic (table
1) are all indicative of decreasing trends in the first case
and of increasing trends in the second one. Moreover, the
sequential analysis shows, in the first case, for summer and
autumn, larger absolute values [u(t)e (] for the test statis-
tic beyond 1909, while in the second one, if such values
are also found for the four seasons, the single one before
1829 concerns Winter.

For the significance of these values, taking into account
that four independent tests are simultaneously applied, at
the 59 level of significance, the probability for the criti-
cal value is (0.95)¥4 = 0.98726. For a normal stan-
dardized test statistic and for a one sided test, the cor-
responding value is: +2.23.

Tt follows that, except for the decrease of the winter
temperature, all the trends are significant at the chosen
level. In particular, even if we take account of the shorter
lenght of the series 1882-1989, the increase for Summer
is also significant at that level, due to the value 3.34 (1882).

The change-points P; and P; (tab. 1) have been esti-
mated by applying Pettitt’s test to the complete series, in
the same manner as for the annual averages.

For what concerns the stability of the temperature dur-
ing the periods separated by the ends of the total series
and the change-points, all the subseries have been found
to be stable, except Summer for which a secundary sig-
nificant change-point P, has been detected in 1881.

The values 81, 8, and 8; of the cotresponding tem-
perature changes are also given in table 1, 8; and 8, be-
ing computed using 1828 and 1881 as change-points.

Finally, the standard errors on the mean and the stan-
dardized statistic of WaALD & Worrowrrz’ serial correla-
tion test (1943) have been computed for common periods
of stability for the four seasons.

From the standard errors (tab. 1), it appears that the
estimation of the temperature changes has a standard er-
ror of about 0.14 °C, except for winter for which this er-
ror amounts twice this value.

For the serial correlation statistic, at the 5% level of
significance, account being taken that we have a set of 12
independent tests, the winter series 1930-1989 is the sin-
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gle one which is nearly significant. This significance may
be related to the succession of three mild winters at the
end of the series and allows to accept the assumption of
independence for the subseries defined by the change-
points.

CONCLUSIONS

The abrupt changes found at the seasonal scale for the
Alps are in good accordance with the ones discovered for
Brussels and for Paris (SnEvERs, 1958) and confirmed each
time in subsequent studies (SNEYERS, 1971, 1990).

For what concerns the seasonal variability of §; and
83, it should be noted that a chi-square test applied to the
deviations with their annual average leads to a non sig-
nificant value of the test statistic at the 5% level. We may
thus conclude to the homogeneity of both changes at the
seasonal level.

This result allows an interesting remark relative to the
influence of these changes on the glaciological evolution
in the Alps during the considered period of observation.

In this respect, note that PELFINT & SMIRAGLIA (1988,
fig. 2) have shown that the percentage of glaciers in reces-
sion after 1930 remained larger than 509, which is the
equilibrium percentage, until 1965, which means more than
50 years after the beginning of the warming during this
century.

Moreover, remembering that we assume that spring and
autumn play the main role in the glaciers evolution (SNEY-
ERS, 1971), it seems that the temperature decrease of 1828,
which is practically compensated by the recent increase,
might have had an opposite effect with an equivalent per-
sistence, the maximum of the glaciation having then prob-
ably occurred after 1880. However, this assumption has
to be accepted with some caution, the present state of the
Alpine glaciers being apparently not the same as the one
existing before the cooling of 1828 (OromBELLI & PorT-
ER, 1982).

Finally, let us mention that the point of the abrupt
change of 1881 entails further investigations, even if replac-
ing the summer sample of 1827-1926 in the set of 4 sam-
ples of 100 years taken from a total sample of 215 years,
this change is only scarcely significant at the 5% level.
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