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TRENDS AND VARIABILITY OF THE SIGNIFICANT
PARAMETERS OF SNOW PACK REGIME IN THE
ROMANIAN CARPATHIANS

DANA MiIcU, LOREDANA MIC

ABSTRACT. - Trends and variability of the significant parameters of snow
pack regime in the Romanian Carpathians. Snow pack characteristics and
duration are considered key indicators of climate change in mountain regions,
especially during the season of highest snow consistency (considered to last from
November 1 to April 30). The paper focuses on trends and variability of the
significant parameters of snow pack regime, registered at 1 ther stations
(located above 1,000 m), over the 1961-2003 period. e ann-Kendall
non-parametric test was used to determine the statistical=gighificance of trends
observed in the snow pack regime. The general results large regional and
altitudinal variations, leading to the idea of an ong 1ng process (mostly

affecting areas below 1,600-1,700 m) and a lower
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1. Introduction & Z

As many scientific studie c ed on ch Varlatlons and changes in
the mountain reglons showed (e and Robinson, 1999; Diaz and Bradley,
1997), mountain regions can ensiti latge scale climate change.

The srgnals of wa mer a ospher% became evident in alpine regions
before 1990s, in term oten ial forysignificant changes in the t1m1ng of
snowmelt snow and 1es etsgat of mountain glaciers located in the
non-polar reglons 7 , in the Northern Hemisphere snow
cover observed 1te oye 966 2005 perlod decreased in every month

(except for r and De ber) with 5% in the annual mean since the late
1980s ( ethl., 20
ack

is 0 f of the climate elements upon which possible climate
chan haV a c n impact as a function of temperature and precipitation
ch% now is mportant resource of commercial and social value for the
Romawian Carpathians (tourism, drinking water reservoir, hydro-electricity), but it

may also unleash significant hazards (avalanches and road closures), as in the case
of the Swiss and the French Alps (Motoiu ef al., 2005a, 2005b; Voiculescu, 2002;
Beniston et al., 2003; Elsaser and Messerli, 2001; Scherrer and Appenzeller, 2004).
The change in seasonality and snow quantity will have direct and indirect
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implications for the mountainous environment (rivers and ecosystems) and also
economic consequences (e.g. winter tourism industry).

2. Data and methods

Daily snow depth, snowfall, temperature and precipitation series from the
National Meteorology Administration were used here in. The analyses were based
on the meteorological measurements made at 15 weather stations, located in the
three branches of the Romanian Carpathians, between 1,090 and 2,504 m (fig. 1),
covering the 1961-2003 period.

This present study focuses on an extended winter season, being considered
to last from November 1 to April 30, when snow pack is the most stable and
reaches the highest consistency. In order to detect and to determine tie significance
of the identified trends in the winter time series, the Mann-Ke tapistical test
was resorted to. The selection of the significance of the corre ing trends was
done based on the >90% significance level threshold.

Fig. 1 tia dlstrlb jon of the 15 weather stations in the Romanian Carpathians
(above 1, 000 m altitude).

Resu ts
3. 1. Trends in snowfall days
A great spatial variability in the number of snowfall days (SD) during the
winter season (November to April) was revealed, due to the topography
characteristics of the Romanian Carpathians. The parameter’s distribution values
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depend on a great extent on altitude. Thus above 1,500 m and especially, over
2,000 m, snowfalls may occur throughout the year (Bogdan, 2008). The SD
deviations between -25% and +25% are generally describing normal snowfall days
conditions, with no major oscillation from the 43-year period mean. These
deviations have higher negative values and less frequent than the positive values
(fig. 2). A general and significant decrease of winter snowfall days was observable
across the whole Romanian Carpathian territory (a statistical significance being
attached at all the 15 weather stations), more visible at the end of the analysed
time-period, suggesting the idea of less snow available for snow pack to form and
last.
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long-term average indicates similarjtidg with the MSD only at the beginning and at
the end of the obse eriod4({fi ” This situation would indicate that winters
with few snow_days, $ncrea ed% decreasing altitudes. Winter snowfall days
showed high itive and neZative deviations than maximum snow depth, during
the 1960s, and 1990s winters, respectively. From 1960 to 1980 the number of
snowfa 1% as abo&e’rage (from 33 days at Vladeasa 1,800 to 75 days at
Para otlin th irg of 1969-1970) followed by below-average values, from
e end o observation period (from -81 day/2001-2002 at Cuntu to
$/1989-1990 at Rarau).

However, the most evident decline was noticed at the end of the
observation period, after the 1990s. Based on the statistical test returns the SD rate
of changes over the 43-year period were estimated for each weather station,
varying from: -48 days/period (Omu Peak) to -26 days/period (Tarcu Peak), in the

29

20 -21 Martie 2009 CLUJ - NAPOCA



Numar dedicat conferintei AERUL SI APA COMPONENTE ALE MEDIULUI

Riscuri si catastrofe Victor Sorocovschi

alpine belt; -33 days/period (Ceahldu-Toaca and Lacauti) to -29 days/period
(Vladeasa 1,800) in the subalpine; -59 days/period (Pardng) to -32 days/period
(Rardu and Biisoara).

3.2. Trends in snow pack duration and its related parameters

Snow pack duration and its related parameters are closely correlating with
altitude. The percentile approach shows an evident change of snow pack duration
with height (r*>0.90). In order to show changes in snow pack duration with altitude
(fig. 3), the specific snow pack duration percentiles have been selected as a
function of winter types. The best correlations with altitude were given by
“moderately long” (percentile 50) and “lengthy” snow pack intervals (percentile
95), with r* values of 0.80-0.90, while “short” snow pack intervals exhibited
weaker correlations (0.73).

2600 - R - 09333 In terms of gm now pack
2400 | o ® h duration trends, stafiStically significant
s values occurred af out of the 15
_ 220019 7 weather stati e’ results indicate a
£ 20001 ’ e -oases lOngEr SNO¥'s in alpine realm
2 1800 s ' (Tarcu ith a ated rate of
< 1600 up to ys/pert a shorter one
1400 ’ oe at t est below 1,500 m
1200 . & P95 t1tu (Sin 'a%) and Fundata, with
o o a estymated rates from -27 days down to

1000100 w0 200 20 a0 aso 994 days] %X respectively).
y A ser decadal investigation

Duration [days]
refleg .that the annual snow pack

Fig. 3. Changes of snow cover duration shows average deviations, the
with altitude for “short” (P5), “moderately pwgitive/negative ones being rather
long” (P50) and “long” (P95) snow pack scattered and usually not exceeding the

intervals. 1/-50% threshold.
The 1960s are ¢ 1zed by\a ease, more evident in the early interval, at
60% of the w T Stations ly located in the forest and low subalpine belts).

Isolated casds of shorter uratlon were more numerous in the mid-to-late interval of
the sam 7 mainl the alpine and subalpine belts. Some cases of positive
dev1at-&(1 e ear @M interval were noticed only at the forest belt weather
rmg positive deviations were dominant in the early interval,

in the forest-to-lower subalpine belts, being more scattered in mid and late
1ntervals at the subalpine and alpine stations. Isolated cases of negative deviations
were found at Semenic, and Béisoara stations located in the forest belt and at
Ceahlau-Toaca station, in subalpine belt. The 1980s displayed an equal distribution
between positive and negative deviations (47% each), with shorter durations more
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evident in the winter of 1982-1983 at most of the stations located in the forest belt
and at fewer ones in the low subalpine and alpine belts. Longer durations were
recorded only in isolated cases during the whole decade. The 1990s exhibited
almost the same pattern in terms of shorter durations, which characterize the same
forest belt stations, in the early-to-mid interval. However, above-average durations
seem to be more frequent during this decade (57% cases), scattered in the early
interval and more clustered in the late one. The last part of the 1961-2003 period
had a pregnant below-average character due to the incidence of the warmest
winters (e.g. 2000-2001, 2001-2002), which affected snow pack durations from the
low forest areas to the high subalpine ones.

According to the thermal characteristics of each individual winter, snow
pack onset/melting dates last basically from September 19 to June 25 in the alpine
belt, from October 1 to May 25 in the subalpine belt and from September 14 to
May 15 in the forest belt. Negative snow pack onset deviations d@ed the last
10 years of the 1961-2003 period, significantly earlier onsets b rée6rded at the
Omu Peak, Tarcu Peak and Baisoara stations, at a rate betw ays/period, at
Biéisoara and -40 days/period, at Tarcu Peak over th ar period. Some
exceptions (later onsets) were found at Sinaia 1,500 a ta stations (at a rate
of 21-22 days/period). At high-altitude stations the @%p ck te et on earlier

subalpine b

and slight insignificant changes observable at t ne %ea ions. At the
forest belt mid-altitude stations the snow pack tends to r, a situation

particularly evident in the last years, espe 'al?&y he 1at€N\1990s and after 2000.
The onset data were relatively constant(ﬁl; t majo\de idtions, from the late
.

1960s to the early 1990s for most of theg weather station

The number of days with di %now dk thresholds (10, 30 and 50
cm) has shown that under the i% e of large-Scale atmospheric circulation
patterns and local geographical cofiditions amounts can vary widely in time
and space, mainly due to~shifs in t ipitation regime. The statistically
significant returns do t%st any uni trends. Generally, the days with
large amount of snow cm) ‘stagted to be less frequent, especially more evident
in the early 1990s the 2& hdwing a more pregnant decline at the forest

it

belt stations than a ones.

3. .@ds inanaximum snow depth
% T-to-wi &A‘riability of maximum snow depth (MSD) occurrence
was cc& d and e@tive deviation of MSD was compared with the 43-year
p an. DeSpitg the few measurement sites significantly scattered with
altitude and space, some aspects were nevertheless obvious. In most cases statistics
indicated a slight dominance of negative trends (53%) over the positive ones
(47%). Even so, significant negative trends were found, only at Baisoara, for the
Western Carpathians, often affected by foehn processes and at Rardu, for the
Eastern Carpathians, both stations being located in the forest belt. A significant
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positive trend was revealed only at Lacauti station, in the lower subalpine belt of
the Eastern Carpathians.

Winter variability of MSD by decades has shown that in the 1960s the
snow pack was generally above-average (except for subalpine belt stations), in
4.6 to 5.5 winters/decade. In the 1970s and 1980s, MSD was mostly
below-average, in 5.9 to 9.3 winters/decade and in 4.9 to 7.3 winters/decade,
respectively. Starting with the 1990s there followed several winters with above-
average MSD (except for the forest belt stations), in 6.0 to 6.5 winters/decade for
the alpine and the subalpine belts, while at the beginning of the 2000s MSD was
below-average both at the alpine and the forest belt stations (except for Vliddeasa
and Lacduti, in the subalpine belt). Snow conditions prevailed mainly in the 1960s
and 1990s, while less snow fell mostly during the 1970s and 1980s.

Surprisingly, in terms of the thermal character of winters, the 1990s
marked the beginning of a more evident warming process at most @Romanian
Carpathian weather stations, not exactly related to a lower 4fci e of snow
(registered only in the early 1990s). The late 1990s and 0 years were
featured with greater quantities of snow at most of _t
exceptions in some winters), even if these interval
winters: 2001-2002 for the forest belt (only at Cunt
the three vegetation belts.

These results might lead to three main“as mptl che degree of

snowiness is not closely related to the the cter rs 2) the periods
ers ‘nth s

tions (with few
ed two very warm
tiop) and 2009-2001 for all

with less or more snow than the long -t o n t coygr large areas and no
pronounced clusters of successive w ilak MSD relative deviation
patterns were determined (maxi %"success%wmters) highlighting the
increased spatial variability of the ow pack i1 mountain regions; 3) the

differences induced by altltu the a&@arpathian branch are not very
evident by MSD deviation

4. Conclusi
There i h1 &mte TSN ck variability in the Romanian Carpathians,

induced by t omplex ¢ ate characteristics of this region. As Bojariu and
Dinu (2007) tat d, the Agcal and regional factors seems to play a more important
role in ack Varlaé in the Romanian Carpathians, than in other mountain

reg

%ﬁ e genera nd towards warmer and drier winters, caused by deviations in
the precipitation and temperature regime, is already visible in many areas of the
Romanian Carpathians and it can lead to changes of snow amount and duration.
However, most of the snow pack parameters didn’t indicate a significant widespread
trend in this respect over the 1961-2003 period. Observations have shown several
spatial differences in terms of station location. Changes of snow pack-related
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parameters indicated milder winter conditions in the subalpine belt and especially, in
forest one, where significant modifications were usually noticeable. This could be
explained by the fact that at high altitudes, the process of climate warming cannot
induce temperature increases above the freezing point, suggesting that precipitation and
not temperature acts as the main control factor in winter in terms of snow
accumulation. A similar pattern has been emphasized also for the French Alps (Martin
and Durand, 1998). The forest belt weather stations indicate a more significant climate
variation response because the snow season starts later (Sinaia 1,500 and Fundata
stations) and ends up earlier, a situation seen mainly after 1998 (Parang, Cuntu,
Piltinis, Semenic, Baisoara and Fundata stations).However, winter snowfalls showed
one of the most homogenous variability signals, supporting the idea of a general
transition towards drier winters with every fewer snowfalls.

Since the records included in the 43-year long period for the Romanian
Carpathians region is relatively short (less than 50 years), the v%ack trends
revealed are likely to be influenced by winter climate Varlablh 1 as by the
warming process, more pregnant in the last part of the analy d. Against this
background, the manifestation of extreme phenomena in 1c at warm winters
have become more frequent, especially after the 199 ting the snow pack
regime mainly at altitudes below 1,600-1,700 m. Siduificaat flucthiations, without
some uniform snow pack and related parameters i idsNbeing identified
were noticed above 2,000 m altitude due to the Marked at ¢ dynamics at

this height, which restricts the warming pr ce%qore pr t.dl lower altitudes,
and to wind which may distort the real dl&l n of th var le at such heights.
The weather stations studi e ose in the alpine belt
(Tarcu Peak and Omu Peak) do E%’r very 11tudes (under 2,000 m).
However, as regards the mountainfclim warmlng process the results obtained are

largely comparable with tho w1 s» Obviously, local geographical
conditions, which exert a sighifigant infl ght induce sharp differences. The
g\‘m%n
tations

results hold for low a altitude ther stations being comparable with

those yielded by the untaln alpine system (e.g. Laternser and
Schneebli, 2003; B 997 % et al., 2003).
It can b a h@t long perlod trends (more evident in certain
areas) main charac ics, winters will become gradually milder and
i @ today

drier than
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