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ABSTRACT The paper presents the snow cover characteristics in the vertical profile of the Polish
Sudetes Mountains and their foreland during the period of 1965/66-2007/08. The analysis was
based on the number of days with snow cover >1cm and its depth in a month, winter season
(December-February) and entire year (season). Data was collected at 20 weather stations oper-
ated by the Institute of Meteorology and Water Management. The maximum depth of snow cover
in the foreland and lower parts of the Sudetes Mountains was recorded in January, in higher
parts of the mountains in mid-February or in March. On the average, the maximum depth of
the snow cover varied from ca. 15+25 cm in the foreland zone and lower slopes up t0 120+150 cm
in the upper slopes and mountain tops. During the multi-annual period of 1951/52-2007/08,
the maximum depth of snow cover showed a small decreasing trend, statistically insignificant
at the 0.05 level, in 4 representative stations in the vertical profile of the Sudetes Mountains.
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1. Introduction

Snow cover significantly affects natural environment and different areas of hu-
man activities. Due to its role in modifying energy stream and humidity between
surface and atmosphere, snow cover is considered to be a crucial component of
the global climate system (Brown, Goodison 2005; Vavrus 2007). Furthermore,
it is a very good indicator of winter season climate change because of its direct
and indirect response to climate elements and factors and both its presence and
absence impact several climate elements (Foster, Owe, Rango 1983). The knowledge
of long term trends of snow cover in Poland appears to be important due to the
increasing, statistically significant, trend of air temperature which is particularly
evident during winter (Kozuchowski, Zmudzka 2001; Wibig, Gtowicki 2002).

The condition and temporal variability of snow cover in Poland, especially on
plains, are rather well described (Bednorz 2002; Falarz 2004, 2007, 2010; Kaspro-
wicz 2010). In the second half of the 20™ century, in the major part of area of
Poland, small negative trends of snow cover duration and depth were determined.
Positive trend of snow cover duration was found only in several mountain regions,
and in case of its depth - in north-eastern Poland (Falarz 2004).

The subject of spatial conditions of snow cover distribution in Sudetes was
examined in many papers. They emphasize the increase of snow cover duration
and depth relative to the altitude (Reunier 1935; Kosiba 1949; Kwiatkowski 1978,
1985; Hladny, Sykora 1983). Authors of these works also indicate the effect of local
relief and vegetation on variability of snow density and duration. Differentia-
tion of snow cover parameters is high even in small areas due to land cover and
exposure (Bac 1961; Szarejko 1984a, b; Mrugasiewicz, Sobik 2000; Sobik et al.
2009; Ojrzynska et al. 2010; Urban, Richterova 2009; 2010; Urban, Richterova,
Vajskebr 2011).

However, the number of works discussing snow cover variability based on long
term data series seems to be insufficient, especially for mountainous areas.

Research of long term trends of snow cover which included the entire country
area were carried out in several European countries and include, besides Poland,
Slovakia (Lapin, Fagko 1996); Switzerland (Beniston 1997, Beniston et al. 1994) and
Estonia (Jaagus 1997).

This study is one of the results of research-development project conducted
by the Institute of Meteorology and Water Management No POIG 01.03.01-14-
011/08-00 “KLIMAT” (co-financed by European Union): “Climate change impacts
on environment, economy and society (changes, impacts and their mitigation,
consequences for science, engineering and economic planning).”

This work aims to characterize snow cover in the Polish Sudetes and their fore-
land as well as to provide the analysis of its variability in different hypsometric
zones based on the number of days and depth of snow cover.
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2. Source materials and methodology

Snow condition characteristics were based on number of days with snow cover
>1cm and its depth in consecutive months, 3-month winter periods (D-F) and en-
tire years (seasons). Winter season is defined as a period beginning on August 1°* of
a given year and ending on July 31° of the following year. Analogical approach was
used earlier by Falarz (2000-2001). The analyzed parameters were determined
using daily data of snow cover depth at 06 GMT taken in selected the Institute of
Meteorology and Water Management (IMWM) weather stations located in the Pol-
ish part of the Sudetes and their foreland spanning 43 consecutive winter seasons
(1965/66-2007/08). The selection of weather stations was based on the availability
of long data series and completeness of measurement series. The methodology of
snow cover measurements was homogenous and complying to the guidelines of
the National Hydrological-Meteorological Service of IMWM (Janiszewski 1988).
Additional criteria of the selection were continuity of location and representation
of different Sudetes altitude zones (Tab. 1, Fig. 1).

Using linear regression equations, vertical profile was determined for respec-
tive parameters for the entire population of the analyzed weather stations for the

Tab. 1 - The list of the stations from the Polish Sudetes Mts. and their foreland, used for charac-
teristics of snow cover

No. Station H Morphological  Physico-geographical macro- Climatological zone
(masl) form region according to Kondracki’s according to Hess
classification (1988) et al. (1980)
1 Legnica 122 valley Nizina Slasko-tuzycka moderately warm
2 Zgorzelec 203 valley Pogérze Zach.-sudeckie moderately warm
3 Otmuchdéw 212 valley Przedgérze Sudeckie moderately warm
4 Pszenno 225 valley Przedgérze Sudeckie moderately warm
5 Jelenia Gora 342 basin Sudety Zachodnie moderately warm
6 Gtuchotazy 350 slope Sudety Wschodnie moderately warm
7 Ktodzko 360 basin Sudety Srodkowe moderately warm
8 Dtugopole Zdréj 393 valley Sudety Srodkowe moderately warm
9 Szczawno Zdrdj 430 slope Sudety Srodkowe moderately warm
10 Ladek Zdréj 461 slope Sudety Wschodnie moderately warm
11 Walim 490 slope Sudety Srodkowe moderately warm
12 Bukdwka 510 slope Sudety Srodkowe moderately warm
13 Paprotki 540 slope Sudety Srodkowe moderately warm
14 Swieradéw Zdréj 550 slope Sudety Zachodnie moderately warm
15 Stoszéw 555 slope Sudety Srodkowe moderately warm
16 Rosciszéw 575 slope Sudety Srodkowe moderately cold
17 Przesieka 650 slope Sudety Zachodnie moderately cold
18 Miedzygérze 675 slope Sudety Wschodnie moderately cold
19 Jakuszyce 860 mountain pass  Sudety Zachodnie moderately cold
20 Sniezka 1,603 peak Sudety Zachodnie very cold
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period of 1965/66-2007/08. Further, equation of dependence for each snow cover
parameter was created to show changes of snow conditions in vertical profile for
the entire area of the Polish Sudetes and their foreland. Regression equations
provide generalizations that do not reflect specific local conditions shaped by i.a.
relief, exposure, vegetation, all of which create considerable topoclimatic vari-
ability. Moreover, a relatively small number of weather stations and their distri-
bution disproportion (or even absence) in particular hypsometric levels (Tab. 1)
preclude in-depth analyses. Analogical approach to the study of the Sudetes was
used earlier by Dusza (1977). Regression method in examining climate condi-
tions of the Sudetes was used by, among others, Kosiba (1949); Hess, Niedzwiedz,
Obrebska-Starklowa (1980); Ustrnul (1991); Migata (2005, 2008). Furthermore,
in case of selected weather stations with homogenous data series representing
different climate conditions and morphological forms (Sniezka Mt. - peak zone,
Ladek Zdréj - lower part of slopes, Jelenia Géra - bottom of a large intermontane
Sudetes valley, and Zgorzelec - the Sudetes foreland), an analysis of variability of
selected snow parameters in 1951/52-2007/08 seasons was carried out. Measure-
ment data from the aforementioned stations are homogenous and reliable for the
purpose of detection of climate change in the Sudetes Mts. (Glowicki 2008). Using
Student’s t-test, trend statistical significance at the level of 0.05 was examined.

Other characteristics of snow cover and their changeability such as dates of
appearance and disappearance of snow cover, its permanence at the same stations
during the same long-term period presented here were examined by author in a
different article (Urban 2015).

3. Results and discussion
3.1. Mean annual number of days with snow cover

Mean annual (seasonal) number of days with snow cover >1cm (NDSC) deter-
mined for 1965/66-2007/08 seasons in 20 weather stations increases with altitude
from ca. 40-45 days in the Polish Sudetic Foreland to 193 days on Sniezka Mt.
The increase of mean number of days with snow cover with altitude, described
by linear regression equation, shows close correlation dependence (R = 0.966)
and is 11.4 days / 100 m (Fig. 2). This result is almost identical with the result for
Lower Silesia Region in multi-annual period of 1971-2000 (Glowicki et al. 2005)
and also a much earlier created formula characterizing changes of snow cover in
south-western Poland in 1919-1940 (Kosiba 1949).

The changes of number of days with snow cover with altitude indicate a vis-
ible positive anomaly in duration in the 800-900 a.s.l (moderately cold) zone
represented by Jakuszyce weather station. In this area, positive anomalies of
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Fig. 2 - Correlation between average annual number of days with snow cover depth >1cm and
altitude in the Polish Sudetes Mts. and their foreland in the 1965/66-2007/08 period

snow cover duration increase proportionally to snow cover depth. The actual
snow cover duration is longer here than the theoretical one (determined from
regression equation) by 25% days per year for number of days with snow cover
>1cm and up to 85% for number of days with snow cover 50 cm (Figs. 2, 6, 9).
Jakuszyce vicinity is characterized by positive anomaly of snow cover depth
(Dubicki, Glowicki, Wozniak 1997) and exceptionally high and even annual
distribution of atmospheric precipitation, with total exceeding 100 mm, and
secondary maximum occurring in January (Sobik 1998; Bla$, Sobik 2005). This
area represents typical snow conditions in the central part of the Jizera Moun-
tains characterized by Mrugasiewicz and Sobik (2000), among others. The
absence of protection by morphological forms in the area of Jakuszyce against
the dominant snow producing air masses during winter is conductive to high
atmospheric precipitation. In winter, air masses from south reaching the Sudetes
Mts. are “snow producing” because of their high moisture content from the area
of origin (the Mediterranean Sea). In the then windward area of the southern
(Czech) Sudetes, orographic air damming occurs resulting in precipitation of
moisture. The northern (Polish) Sudetes are then leeward area where descend-
ing air causes its adiabatic warming and decrease of the observed precipitation
totals. For example, winter season precipitation totals at weather stations located
in the Karkonosze Mts. at similar altitudes above sea level are 25% higher in the
Czech area than on the Polish side (Sobik et al. 2009, 2014). Moreover, Jakuszyce
location in the shallow valley of the upper Kamienna River, part of the upland
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mountain passing, creates favorable conditions for stagnation of cold air masses
which preserve snow cover by slowing down ablation processes. Additionally, in
this area, snow is not strongly blown off as it is the case in the conditions of the
upper-summit parts (Sniezka), above the tree line. Due to all the above factors,
this region is characterized by the best snow conditions at this altitude level in
the Polish Sudetes (Urban, Richterova 2010).

3.2. Temporal and spatial variability of days with snow cover, long-term trends

The extreme values of seasonal number of days with snow cover in the vertical
profile of the Sudetes did not occur simultaneously in the analyzed period. The
lowest number of days with snow cover value in the lower part of the profile
was noted in 2006/07 season, while the highest during 1995/96 season, among
others. At the peak level (Sniezka), the lowest number of days with snow cover
was recorded during 1958/59 season and the highest in 1974/75. The differences
between the lowest and the highest parts of the vertical profile are also apparent
in the variability rate of snow conditions parameters. Changes of seasonal num-
ber of days with snow cover in the period of 1951/52-2007/08 in the peak zone
of the Karkonosze Mts. (Sniezka) show increasing trend of 2.59 days /10 years.
In the lower parts of the altitudinal profile of the Polish Sudetes, a visible de-
crease of this snow parameter can be noticed, and in case of Ladek Zdrdj it is
4.26 days /10 years (Fig. 3, Tab. 2). Both at Sniezka Mt. and in Ladek Zdréj, the
determined trends are statistically significant at the 0.05 level. However, in case of
100-year observation series of annual number of days with snow cover at Sniezka
Mt., only slightly decreasing trend of number of days with snow cover was found.
Student’s t-test indicated that this trend is not statistically significant at the 0.05
level (Glowicki 2005). Calculated linear trends of number of days with snow cover
in 1951/52-2007/08 season for other representative stations, i.e. Jelenia Géra and
Zgorzelec, are not statically significant at the level of 0.05.

Tab. 2 - Selected characteristics of average number of days with snow cover in the 1951/52-2007/08
period

Number of days with snow cover depth 21 cm

Station Average The highest one The lowest one Standard ~ Variation Change

(days) (days) <eason (days) <eason deviation coefficient  (days) /

(days) (%) 10 years
Sniezka 190 229 1974/75 136 1958/59 19.3 10.2 2.59
Ladek Zdrgj 81 138 1995/96 26 2006/07 24.4 30.2 -4.26
Jelenia Géra 66 139 1995/96 14 2006/07 24.2 36.9 -1.32

Zgorzelec 46 109 1969/70 8 2006/07 20.7 44.9 -3.03




SNOW COVER AND ITS VARIABILITY IN THE POLISH SUDETES MTS.... 39

Sniezka (1,603 ma.s.l.) y=0.2507x +182.89
240 R’=0.1546 |
220 A
200 4 RRpEn oz T o= 0T
180 =7~
160 7
O 140 A
A 120
Z 100 4
80 1
60
40 4
20 A
0 : —— : : : : : : :
a > 3 5 IS N 3 & a R S 5
= vy = 8 = 3 = ) = S = S
& a 2 & 3 & S S & X S 8
a o o o N o a a A 3 Q Q
Ladek Zdréj (461 m a.s.l.) y=-0.4264x +93.331
160 R?=0.084 I
140 -
120 A
o 1004 |
B sl | I T T T T N T A e
Z 60
40 A
20 I |
0 T T T T T T T T T T T
3 5 ] 1% N N 3 B a R ) S
z 3 3 8 = 3 S 2 Y e = 3
9 w0 Nl O BN 5 =] 53] =\ = o o
8 g g 2 2 2 g 2 = 2 R ]
Jelenia Géra (341ma.s.l.) y=-0.1322x+ 69.554
160 R?=0.0082 ]
140
120 4
o 100 1
A 80
z & “Thtiiry-- S8 b ol » -
w0 | | |
20 A I I I
0 LR RN RRR RN RRARRRRRANE
@ 5 3 I IS N 3 S a & g S
g & € & § £ & g8 I g 8§ B
a a a 2 2 & S o 2 a : 5
Zgorzelec (203 ma.s.l) =-0.3032x +55.039
160 R?=0.0588 —
140
120 4
9 100 A
a 804
S B
o L i TS T G T S e - 1
=AU LLal1l
0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ I — I —— 1
2 & g & R S 3 5 8 5 g 5
5 3 E e = 3 S 3 ) 8 N 3
Ey Py 8 © BN Py =< 0 N a o o
X S S ) = = 2 g & = I 5]

Winter season

Fig. 3 - Course of average annual number of days with snow cover, and its tendency line (the dashed line),
equation of regression and a 5-year consecutive average (the solid line) in the 1951/52-2007/08 period
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Fig. 4 - Number of days with snow cover tendency (days /10 yrs) in the Polish Sudetes Mts. and
their foreland in the 1965/66-2007/08 period
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Fig. 5 - Variation coefficient (V) of number of days with snow cover in the Polish Sudetes Mts. and
their foreland in the 1965/66-2007/08 period

Similarly, in the long term period of 1965/66-2007/08 at all analyzed stations
(except Ktodzko), negative trends of number of days with snow cover were deter-
mined (Fig. 4). These trends are statistically significant at the significance level of
0.05 in case of Miedzygdrze and Bukéwka stations and not statistically significant
at the 0.05 level at all other stations.

Snowiness variability of particular winters, expressed by number of days
with snow cover is very high. Winter seasons are characterized by a considerable
irregularity of snow cover occurrences which is most evident in lower part of
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altitudinal profile of the Sudetes. Number of days with snow cover variability is
inversely proportional to its duration and, accordingly, to the altitude above sea
level. This is supported by the values of variation coefficient - the highest 30+45%
in stations located in the lower parts of the profile and the lowest - ca. 10% in the
peak zone (Tab. 2). During shorter time period (1965/66-2007/08), at stations
located in the lowest parts of the profile, they reach as high as nearly 50+60%
(Fig. 5). However, due to the strong influence of the local relief, the decrease of
variation coefficient and the increase of number of days with snow cover with
the altitude in vertical profile are not linear (Fig. 5). Periods with no snow in the
middle of a winter are not exceptions in the lower parts of the profile. For exam-
ple, the range of the annual number of days with snow cover expressed in (%) of
multi-year mean value of number of days with snow cover varies from 42% on
Sniezka to 250% in Pszenno and up to 270% in Legnica. These results are evidence
of high variability and instability of snow cover in the lower parts of the altitudinal
profile of the Sudetes and their foreland. The decrease of snow cover duration,
particularly in the low altitude parts, was also found in other mountain regions
in Europe (Scherrer, Appenzeller Laternser 2004) and western parts of North
America (Mote 2006). The results of air temperature measurements at Sniezka
which have been carried out since 1881 and provide valid evidence of warming
process observed on a global scale, confirm the increase of number of days with
mean daily temperature above 0.0 °C and two-fold faster increase rate of minimum
temperature than maximum temperature. The effects of the progressing warming
are shorter winters, earlier spring snow melting, etc. (Migata, Urban, Tomczytiski
2015). In high altitude regions, where winters are colder, the decrease of snow
cover occurrences is smaller and some areas snow cover occurrences even show
increasing trends (Riisdnen 2008). The latter phenomenon has been observed in
the last decades in the Alps, among others and Norway (Andreassen et al. 2005).

3.3. Snow cover depth and its variability

The relatively poor observation material does not allow for an in-depth analysis
of snow cover depth changes in the hypsometric profile of the Polish part of the
Sudetes Mts. and the Sudetic Foreland. In the examined area, average depth of
snow cover during winter 3-month period (D-F) does not exceed 5 cm in the Su-
detic Foreland and bottoms of large mid-Sudetes basins, while in the lower and
middle parts of the slopes, it is no higher than 15 cm. In the upper zone of the
Karkonosze Mts., on the other hand, snow cover reaching over 70 cm in depth is
registered (Fig. 6, Tab. 3).

The comparison of snow cover depth per month given by Chrzanowski (1988)
and results in Table 3 shows that in respective months, the area of the Sudetic
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Tab. 3 - Average depth of snow cover (cm) in the 1965/66-2007/08 period. The highest average
values are in italics

Station H Xl | I 1 winter
(ma.s.l) (X111
Sniezka 1,603 48.6 77.8 96.8 109.8 74.4
Jakuszyce 860 38.5 66.6 82.3 74.3 62.5
Miedzygérze 675 143 23.1 24.5 19.1 20.6
Przesieka 650 8.4 12.7 15.1 12.5 12.1
Rosciszéw 575 5.9 10.4 9.8 8.9 8.7
Stoszéw 555 7.7 133 14.1 9.2 11.7
Swieradéw Zdréj 550 9.5 15.4 15.7 12.6 13.6
Paprotki 540 83 14.8 16.6 12.9 13.2
Bukéwka 510 8.5 14.2 14.9 10.8 12.5
Walim 490 6.5 11.7 11.2 9.4 9.8
Ladek zdréj 461 5.8 8.8 8.3 6.3 7.6
Szczawno Zdréj 430 3.4 6.9 6.5 4.9 5.6
Dtugopole Zdréj 393 5.6 11.8 11.2 6.5 9.5
Ktodzko 360 2.7 4.9 4.7 2.5 4.1
Gtuchotazy 350 3.5 5.5 5.2 3.5 4.7
Jelenia Gora 342 41 7.3 5.7 3.6 5.7
Pszenno 225 1.4 3.9 2.9 1.5 2.8
Otmuchéw 212 2.1 3.9 3.4 1.6 3.1
Zgorzelec 203 2.0 5.2 3.1 13 3.5
Legnica 122 1.2 31 2.4 1.1 2.3
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Fig. 6 - Correlation between average depth of snow cover in the term of winter (XI1-11) and altitude
in the Polish Sudetes Mts. and their foreland in the 1965/66-2007/08 period
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Fig. 7 - Daily course of average depth of snow cover in X-V in the 1965/66-2007/08 period at the
selected stations located above 500 m a.s.l.

Foreland and lower parts of slopes (up the altitude of ca. 500 m a.s.l) is character-
ized by a thin and moderate snow cover (average depth of snow cover 1+5 cm and
6+10 cm, respectively). In the altitude zone of 500-600 m a.s.l., a deep snow cover
(average depth of snow cover 11+20 cm) prevails, while the upper areas and the
Jakuszyce region are characterized by an exceptionally deep snow cover (average
depth of snow cover over 30 cm).

Average depth of snow cover increase rate relative to the altitude oscillates be-
tween 3.6 cm / 100 m in December and 7.9 cm / 100 m in March while the 3-month
average winter value is 5.5 cm / 100 m as described by the equations in Table 4. The
highest average monthly value of snow cover in the upper parts of the altitudinal
profile occurs in March and a little lower in February while, in case of the Sudetic
Foreland and basins, in January (Tab. 3). A more detailed evidence is provided
by, for example, daily change of mean snow cover depth from stations located
above 500 m a.s.l. It shows that the maximum average depth of snow cover in the
upper parts of the vertical profile of the Polish Sudetes occurs in the first decade
of March and, in the lower parts, in the mid-February (Fig. 7). The differences
that can be noticed in the variability of average depth of snow cover values at
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Tab. 4 - Correlation between average depth of snow cover (ADSC) depth > 1cm and the altitude (H)
in the Polish Sudetes Mts. and their foreland in the 1965/66-2007/08 period

Month Regression equation Correlation coefficient ,R”
December ADSC = 0.0357xH-8.6193 0.92
January ADSC = 0.0569xH-12.652 0.90
February ADSC = 0.0722xH-18.749 0.90
March ADSC = 0.0792xH-24.388 0.92
Winter (December-January) ADSC = 0.0549xH-13.340 0.90

Tab. 5 - Maximum annual values of the depth of snow cover (cm) and the date of occurrence of the
maximum in the Polish Sudetes Mts. and their foreland in the 1965/66-2007/08 period

Station Elevation (m a.s.L.) Max Date

Sniezka 1,603 247 14.-15.03.2005
Jakuszyce 860 214 13.03.2005
Miedzygérze 675 118 14.-15.03.2006
Przesieka 650 98 13.-15.03.1988
Rosciszéw 575 106 18.-19.03.2006
Stoszéw 555 130 07.03.1970
Swieradéw Zdréj 550 116 14.03.1988
Paprotki 540 94 12.03.2005
Bukéwka 510 105 12.03.2005
Walim 490 80 12.03.2006
Ladek Zdré; 461 70 12.-13.02.2006
Szczawno Zdréj 430 58 06.03.1970
Dtugopole Zdréj 393 101 06.03.1970
Ktodzko 360 37 04.01.1971
Gtuchotazy 350 50 07.-08.03.1993
Jelenia Géra 342 60 06.031970
Pszenno 225 38 04.-07.01.1971
Otmuchéw 212 30 30.01.1987
Zgorzelec 203 52 17.01.1979
Legnica 122 37 29.01.1979

stations located at similar altitude can be explained by the effects of morphological
protection or exposure of a given station to the dominant directions of air masses
advection during the cold part of a year. This conclusion is supported by previous
studies of snow cover in the Karkonosze Mts. (Sobik et al. 2009, 2014). However,
it must be noticed that the increase of snow cover depth with the altitude above
sea level is highly irregular and strongly affected by the local morphology and
land cover.

The maximum depths of snow cover indicate high variability and fluctuate from
30 cm in Otmuchéw (30.01.1987) to 247 cm on Sniezka (14.-15.03.2005) and even
reaching over 100 cm in the lower parts of slopes (Tab. 5). The average maximum
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values, however, are a better indicator of a potential snow depth in a given location
(as they are not affected by the randomness of an episodic snow occurrence or
one specific winter). They vary from 13 cm in Legnica to 153 cm on Sniezka Mt.
(Fig. 8). This conclusion is well illustrated by the linear regression equation fitted
into a relative dense point cloud and high determination coefficient R* (Fig. 9). The
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Fig. 10 - Course of maximum annual depth of snow cover, its tendency line (the dashed line), equa-
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Tab. 6 - Selected characteristics of annual maximum depth of snow cover in the 1951/52-2007/08
period

Maximal depth of snow cover of the depth > 1cm

Station Average  The highest value The lowest value Standard  Variation Change (cm)
(cm) deviation  coefficient /10 years
(cm) Season (cm) Season (cm) (%)
Sniezka 158 295 1955/56 38 1989/90 53.9 341 -4.94
Ladek Zdréj 35 70 2005/06 7 1960/61 141 40.7 -0.37
Jelenia Géra 28 60 1968/70 10 1974/75 10.4 37.1 -0.89
Zgorzelec 20 52 1978/79 3 2007/08 111 55.8 -1.19

values of maximum depths of snow cover and average maximum values rise with
increasing altitude above sea level at the rate of 16.5 cm /100 m and 10.4 cm /100 m
respectively.

The changes of annual maximum depth of snow cover in selected locations
indicate weak decreasing tendency from ca. 0.5+1cm /10 years in the Sudetes
foreland and lower parts of the slopes to ca. 5cm /10 years in the summit zone
(Fig. 10). The presented trend values are not statistically significant at the signifi-
cance level of 0.05. A similar regularity can be noted in the 50-year data series
(1949/50-1998/99) of snow cover in the Polish Tatra Mts. (Falarz 2000-2001) and
the central and northern Tyrol in the period of 1895-1991 (Fliri, Baumkirchen
1991). Moreover, maximum depths of snow cover values show high interan-
nual variance. However, unlike the annual number of days with snow cover, the
maximum depths of snow cover values are characterized by a more even temporal
distribution in the vertical profile. This is supported by coefficients of variations
which oscillate between 34% in the upper locations to 56% in the Sudetic Foreland
(Tab. 6). In case of the majority of the analyzed stations located above 500 m a.s.l.,
the maximum depth of snow cover was registered in the 2004/05 season during
the 1965/66-2007/08 period.

4. Summary and conclusions

Snow cover in the Polish part of the Sudetes Mts. and their foreland shows very
high temporal and spatial variability. The increase of the annual mean value of
number of days with snow cover with altitude above sea level is 11.4 days / 100 m.
The period of the actual snow cover occurrences is from 40-50 days in the Sudetic
Foreland to 150-200 days in the upper parts as the annual average. Snow cover
is, for the most occurrences, unstable, it appears and disappears during winter
season. High instability of occurrences of snow cover periods mostly character-
izes the lower part of the vertical profile of the Sudetes Mts. and their foreland.
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Number of days with snow cover changeability is inversely proportional to snow
cover duration.

In the studied area, average depth of snow cover in winter quarter (Dec.-Feb.)
does not exceed 5 cm in the region of the Sudetes foreland and in the bottoms
of large intramontane basins. In lower and higher parts of the mountain slopes,
average depth of snow cover usually is not higher than 15 cm, while in the upper
and peak zones of the Karkonosze Mts. is reaches over 70 cm.

The increase rate of average depth of snow cover in proportion to altitude above
sea level varies from 3.6 cm / 100 m in December to 3.6 cm /100 m in March, while
in winter quarter (Dec.-Feb.) itis 5.5 cm / 100 m. The highest monthly mean depth
of snow cover in the upper parts of the vertical profile is noted in March, at slightly
lower altitudes - in February, and in the Sudetes Mts. foreland as well in basins -
in January. Snow cover depth increase proportional to altitude above sea level is
highly irregular and is strongly influenced by local morphology and land cover.

Maximum depths of snow cover is noted in January in the lower parts of the
Sudetes Mts. and their foreland while in the upper parts of the mountains, it
occurs in the second half of February or March. The average values of maximum
depths of snow cover vary from ca. 15+25 cm in the foreland and lower areas of
the slopes up to 120+150 cm in the upper and peak zones.

In the long term period of 1951/52-2007/08, maximum depths of snow cover,
measured at four representative stations in the vertical profile of the Sudetes Mts.
and their foreland, showed slightly decreasing trend, not statistically significant
at the significance level of 0.05. Number of days with snow cover (except Sniezka
Mt.) was also characterized by downward trend. In case of Sniezka and Ladek
Zdréj, the number of days with snow cover change was statistically significant at
the level of 0.05.

The results of the study of snow cover conditions in the vertical profile of the
Polish Sudetes Mts. and their foreland are a significant contribution to regional
estimate of the present climate in Poland. They can be a basis for further de-
tailed research of snow cover in the Sudetes Mts. These results can also be used
to compare snow cover conditions of the Polish Sudetes and their foreland and
other mountain ranges. Moreover, combined with analysis of meteorological and
morphological causative factors, they can support papers in fields such as tourism,
spatial management, forestry and others.
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Snéhova pokryvka a jeji proménlivost v polskych Sudetech a jejich podhufi

Tato studie je jednim z vysledkdi vyzkumného a vyvojového projektu, ktery provedl Ustav pro
meteorologii a vodni hospoda¥'stvi (POIG 01.03.01-14-011/08-00 ,KLIMAT*). Na jeho financovan{
se podilela Evropska unie. Jmenuje se ,Disledky klimatickych zmén pro Zivotni prostredi, hos-
podéf¥stvi a spoleénost (zmény, diisledky a jejich zmirfiovani, vliv na védu, technické projekty
a ekonomické planovani)“.

Prispévek predklada charakteristiky snéhové pokryvky u vertikalniho profilu polskych Sudet
ajejich podhtifi v obdobi 1965-1966 az 2007-2008. Analyza vychdzela z poétu dnt se snéhovou
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pokryvkou nad 1cm a jejf vyskou béhem uréitého mésice, zimniho obdobi (prosinec aZ tinor)
a celého roku. Udaje byly shromazdovény na dvaceti meteorologickych stanicich, jez #{di Ustav
pro meteorologii a vodni hospodaftstvi. Vybér meteorologickych stanic vychézel z dostupnosti
dlouhodobych datovych fad a iplnosti méteni. Dal§imi méritky vybéru byly kontinuita umisténi
a zastoupeni riznych vyskovych pasem Sudet. Veskeré parametry byly zkoumany ve vertikalnim
profilu. Predklddané regresni rovnice jsou obecné povahy a neodrazeji konkrétni mistni poméry.

V pripadé vybranych meteorologickych stanic s homogenni datovou fadou zastupujicich
rtzné klimatické poméry a morfologické typy (Snézka - vrcholové pdsmo, Ladek Zdréj - nizsi
svahy, Jelenia Géra - dno velkého tidoli mezi horami Sudet - a Zgorzelec - sudetské podhti¥i) byla
navic vypracovéna analyza proménlivosti vybranych snéhovych parametri v letech 1951-1952
az2007-2008.

Snéhova pokryvka v polské ¢asti Sudet a jejich podhari vykazuje velmi vysokou proménli-
vost v ¢ase i prostoru. Rist ro¢ni pramérné hodnoty poétu dnt se snéhovou pokryvkou podle
nadmotské vysky nad morskou hladinou ¢ini 11,4 dnf na 100 m. Obdobi skute¢ného vyskytu
snéhové pokryvky trva v roénim priméru od 40-45 dni v sudetském podhtti az po 150-200 dnd
v hornich polohach. Snéhova pokryvka je vétsinou nestabilni a béhem zimniho roéniho obdobi
se objevuje a zase mizi. Vysoka nepravidelnost obdobi se snéhovou pokryvkou charakterizuje
zejména nizsi polohy vyskového profilu Sudet a jejich podhifi. Podet dnti s proménlivosti sné-
hové pokryvky je nepfimo tmérny jejimu trvani.

Primérnd vyska snéhové pokryvky ve sledované oblasti neptesahuje v zimnim obdobi (pro-

o Vs

sinec aZ tnor) 5cm v oblasti sudetského podhti#{ a na dné velkych horskych tdoli. V niz$ich

vvr vevs

a vyssich polohéch horskych svaht neni pramérna vyska snéhové pokryvky zpravidla silnéjsi
nez 15 cm, kdezto ve vyssich a vrcholovych pasmech Krkonos$ presahuje 70 cm.

Mira pfirastku pramérné vysky snéhové pokryvky v poméru k nadmor'ské vysce nad hladi-
nou mote kolisa od 3,6 cm na 100 m v prosinci aZ po 3,6 cm na 100 m v beznu, kdeZto v zimnim
obdobi (prosinec a% tnor) &ni 5,5 cm na 100 m. Nejvy$si primérnd mési¢ni vyska snéhové
pokryvky v hornich polohéch vertikalniho profilu byla zaznamenéna v beznu, kdezto v mirné
niz$ich nadmorskych vyskach v inoru a v sudetském podhtifi a v horskych udolich v lednu.
Rust vysky snéhové pokryvky imérné s nadmorskou vyskou je vysoce nepravidelny a silné ho
ovliviiuje mistni morfologie a ptidni pokrywv.

Maximalni vyska snéhové pokryvky byva v niz$ich polohach Sudet a jejich podhtii zazna-
menéna v lednu, kdeZto v horach se vyskytuje v druhé poloviné Gnora az bfeznu. Primérné
hodnoty maximalni vy$ky snéhové pokryvky se pohybuji mezi 15 aZ 25 cm v podhiifi a nizsich
usecich svahiti az po 120 aZ 150 cm v hornich a vrcholovych pasmech.

Maximalni vyska snéhové pokryvky méfend na ¢tyrech reprezentativnich stanicich ve verti-
kélnim profilu Sudet a jejich podhtiti, vykazovala v dlouholetém obdobi 1951-1952 az 2007-2008
mirné klesajici trend, ktery nebyl na drovni 0,05 statisticky vyznamny. Po¢et dnt se snéhovou
pokryvkou (aZ na Sné¥ku) byl rovn&? charakterizovan klesajicim trendem. V p¥ipadé SnéZky
a kraje Ladek Zdréj byla zména poétu dnii se snéhovou pokryvkou statisticky vyznamn4 na
urovni 0,05.

Vysledky studie snéhovych pomért ve vertikalnim profilu polskych Sudet a jejich podhufi
predstavuji vyznamny prispévek k regiondlnimu rozboru souc¢asného klimatu v Polsku. Mohou
fungovat jako podklad k dal$imu, podrobnéjsimu vyzkumu snéhové pokryvky v Sudetech. Tyto
vysledky lze téZ vyuzit ke srovndni snéhovych pomérd v polskych Sudetech a jejich podhtri
a dalsich pohotich. Ve spojeni s rozborem meteorologickych a morfologickych kauzalnich
faktort také mohou byt uzite¢né pri vyzkumu v takovych oblastech, jako je turistika, izemni
planovani, lesnictvi apod.
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Obr. 1

Obr. 2

Obr. 3

Obr. 4

Obr. 5

Obr. 6

Obr. 7

Obr. 8

Obr. 9

Obr. 10

Umisténi stanic uvedenych v pfispévku ke zkoumani regionu. Vlegendé: mérici stanice,
ostatn{ mésta, feky, hranice stata.

Korelace mezi pramérnym ro¢nim poc¢tem dnt s vy$kou snéhové pokryvky nad 1 cm
a nadmotskou vyskou v polskych Sudetech a jejich podhtti v obdobi 1965-1966 aZ
2007-2008.

Prabéh primérného dennfho poétu dni se snéhovou pokryvkou a ¢4ra jeho vyskytu
(¢4rkovana ¢ara), regresni rovnice a vysledny pétilety priimér (plné ¢4ra) v obdobi
1951-1952 az 2007-2008.

Polet dnt s vyskytem sn&hové pokryvky (pocet dnfi za deset let) v polskych Sudetech
a jejich podhiii{ v obdobi 1965-1966 a# 2007-2008.

Variaéni koeficient (V) poétu dnti se snéhovou pokryvkou v polskych Sudetech a jejich
podhtri v obdobi 1965-1966 az 2007-2008.

Korelace mezi primérnou vygkou sn&hové pokryvky v zimnim obdob{ (prosinec aZ
unor) a nadmot'skou vyskou v polskych Sudetech a jejich podhti¥f v obdobi 1965-1966
az 2007-2008.

Denn{ prubéh primérné vysky snéhové pokryvky v fijnu aZ kvétnu v obdobi 1965-1966
az 2007-2008 na vybranych stanicich leZicich vice neZz 500 m nad motem.

Primérnd maximaélni vyska snéhové pokryvky (cm) v polskych Sudetech a jejich pod-
huti v obdobi 1965-1966 az 2007-2008.

Korelace mezi primérnou maximalni vy$kou snéhové pokryvky a nadmorskou vyskou
v polskych Sudetech a jejich podhtti v obdobi 1965-1966 az 2007-2008.

Prib&h maximélni roéni vysky snéhové pokryvky, ¢4ra jejiho vyskytu (¢arkovana
&4ra), regresni rovnice a vysledny pétilety pramér (pevna ¢4ra) v obdobi 1951-1952 a%
2007-2008.
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