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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 ≥ 1 cm 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 to 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 (Kożuchowski, Żmudzka 2001; Wibig, Głowicki 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 20th 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; Hladný, Sýkora 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; Ojrzyńska et al. 2010; Urban, Richterová 2009; 2010; Urban, Richterová, 
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, Faško 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 
≥ 1 cm 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 1st of 
a given year and ending on July 31st 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
(m a.s.l.)

Morphological 
form

Physico-geographical macro-
region according to Kondracki’s 
classification (1988)

Climatological zone 
according to Hess 
et al. (1980)

 1 Legnica 122 valley Nizina Śląsko-Łużycka moderately warm
 2 Zgorzelec 203 valley Pogórze Zach.-sudeckie moderately warm
 3 Otmuchów 212 valley Przedgórze Sudeckie moderately warm
 4 Pszenno 225 valley Przedgórze Sudeckie moderately warm
 5 Jelenia Góra 342 basin Sudety Zachodnie moderately warm
 6 Głuchołazy 350 slope Sudety Wschodnie moderately warm
 7 Kłodzko 360 basin Sudety Środkowe moderately warm
 8 Długopole Zdrój 393 valley Sudety Środkowe moderately warm
 9 Szczawno Zdrój 430 slope Sudety Środkowe moderately warm
10 Lądek Zdrój 461 slope Sudety Wschodnie moderately warm

11 Walim 490 slope Sudety Środkowe moderately warm
12 Bukówka 510 slope Sudety Środkowe moderately warm
13 Paprotki 540 slope Sudety Środkowe moderately warm
14 Świeradów Zdrój 550 slope Sudety Zachodnie moderately warm
15 Słoszów 555 slope Sudety Środkowe moderately warm
16 Rościszów 575 slope Sudety Środkowe moderately cold
17 Przesieka 650 slope Sudety Zachodnie moderately cold
18 Międzygórze 675 slope Sudety Wschodnie moderately cold
19 Jakuszyce 860 mountain pass Sudety Zachodnie moderately cold
20 Śnieżka 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, Niedźwiedź, 
Obrębska-Starklowa (1980); Ustrnul (1991); Migała (2005, 2008). Furthermore, 
in case of selected weather stations with homogenous data series representing 
different climate conditions and morphological forms (Śnieżka Mt. – peak zone, 
Lądek Zdrój – lower part of slopes, Jelenia Góra – 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. (Głowicki 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 ≥ 1 cm (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 Śnieżka 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 (Głowicki 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 



 SNOW COvER AND ITS vARIABILITY IN ThE POLISh SuDETES mTS. … 37

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 
≥ 1 cm 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, Głowicki, Woźniak 1997) and exceptionally high and even annual 
distribution of atmospheric precipitation, with total exceeding 100 mm, and 
secondary maximum occurring in January (Sobik 1998; Błaś, 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 

y = 0.1135x + 23.569
R² = 0.9335
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Fig. 2 – Correlation between average annual number of days with snow cover depth ≥ 1 cm and 
altitude in the Polish Sudetes Mts. and their foreland in the 1965/66–2007/08 period
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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 (Śnieżka), 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, Richterová 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 (Śnieżka), 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. (Śnieżka) 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 Lądek Zdrój it is 
4.26 days / 10 years (Fig. 3, Tab. 2). Both at Śnieżka Mt. and in Lądek Zdrój, 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 Śnieżka 
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 (Głowicki 2005). Calculated linear trends of number of days with snow cover 
in 1951/52–2007/08 season for other representative stations, i.e. Jelenia Góra 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 ≥1 cm

Station Average
(days)

The highest one The lowest one Standard 
deviation

(days)

Variation 
coefficient 

(%)

Change 
(days) / 
10 years(days) season (days) season

Śnieżka 190 229 1974/75 136 1958/59 19.3 10.2 2.59
Lądek Zdrój  81 138 1995/96  26 2006/07 24.4 30.2 −4.26
Jelenia Góra  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
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equation of regression and a 5-year consecutive average (the solid line) in the 1951/52–2007/08 period
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Similarly, in the long term period of 1965/66–2007/08 at all analyzed stations 
(except Kłodzko), 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 Międzygórze and Bukówka 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 
Śnieżka 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 Śnieżka 
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 oC 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. (Migała, Urban, Tomczyński 
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 (Räisänen 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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Fig. 6 – Correlation between average depth of snow cover in the term of winter (XII–II) and altitude 
in the Polish Sudetes Mts. and their foreland in the 1965/66–2007/08 period

Tab. 3 – Average depth of snow cover (cm) in the 1965/66–2007/08 period. The highest average 
values are in italics

Station H
(m a.s.l.)

XII I II III winter
(XII–II)

Śnieżka 1,603 48.6 77.8 96.8 109.8 74.4
Jakuszyce 860 38.5 66.6 82.3 74.3 62.5
Międzygórze 675 14.3 23.1 24.5 19.1 20.6
Przesieka 650 8.4 12.7 15.1 12.5 12.1
Rościszów 575 5.9 10.4 9.8 8.9 8.7
Słoszów 555 7.7 13.3 14.1 9.2 11.7
Świeradów Zdrój 550 9.5 15.4 15.7 12.6 13.6
Paprotki 540 8.3 14.8 16.6 12.9 13.2
Bukówka 510 8.5 14.2 14.9 10.8 12.5
Walim 490 6.5 11.7 11.2 9.4 9.8

Lądek Zdrój 461 5.8 8.8 8.3 6.3 7.6
Szczawno Zdrój 430 3.4 6.9 6.5 4.9 5.6
Długopole Zdrój 393 5.6 11.8 11.2 6.5 9.5
Kłodzko 360 2.7 4.9 4.7 2.5 4.1
Głuchołazy 350 3.5 5.5 5.2 3.5 4.7
Jelenia Góra 342 4.1 7.3 5.7 3.6 5.7
Pszenno 225 1.4 3.9 2.9 1.5 2.8
Otmuchów 212 2.1 3.9 3.4 1.6 3.1
Zgorzelec 203 2.0 5.2 3.1 1.3 3.5
Legnica 122 1.2 3.1 2.4 1.1 2.3
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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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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 Otmuchów (30.01.1987) to 247 cm on Śnieżka (14.–15.03.2005) and even 
reaching over 100 cm in the lower parts of slopes (Tab. 5). The average maximum 

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

Śnieżka 1,603 247 14.–15.03.2005
Jakuszyce 860 214 13.03.2005
Międzygórze 675 118 14.–15.03.2006
Przesieka 650 98 13.–15.03.1988
Rościszów 575 106 18.–19.03.2006
Słoszów 555 130 07.03.1970
Świeradów Zdrój 550 116 14.03.1988
Paprotki 540 94 12.03.2005
Bukówka 510 105 12.03.2005
Walim 490 80 12.03.2006

Lądek Zdrój 461 70 12.–13.02.2006
Szczawno Zdrój 430 58 06.03.1970
Długopole Zdrój 393 101 06.03.1970
Kłodzko 360 37 04.01.1971
Głuchołazy 350 50 07.–08.03.1993
Jelenia Góra 342 60 06.031970
Pszenno 225 38 04.–07.01.1971
Otmuchów 212 30 30.01.1987
Zgorzelec 203 52 17.01.1979
Legnica 122 37 29.01.1979

Tab. 4 – Correlation between average depth of snow cover (ADSC) depth ≥ 1 cm 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 = 0.0357×H−8.6193 0.92
January ADSC = 0.0569×H−12.652 0.90
February ADSC = 0.0722×H−18.749 0.90
March ADSC = 0.0792×H−24.388 0.92
Winter (December–January) ADSC = 0.0549×H−13.340 0.90
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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 Śnieżka Mt. 
(Fig. 8). This conclusion is well illustrated by the linear regression equation fitted 
into a relative dense point cloud and high determination coefficient R2 (Fig. 9). The 
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Fig. 8 – Average maximum depth of snow cover (cm) in the Polish Sudetes Mts. and their foreland 
in the 1965/66–2007/08 period
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Fig. 10 – Course of maximum annual depth of snow cover, its tendency line (the dashed line), equa-
tion of regression and a 5-year consecutive average (the solid line) in the 1951/52–2007/08 period
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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÷1 cm / 10 years in the Sudetes 
foreland and lower parts of the slopes to ca. 5 cm / 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. 

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 ≥ 1 cm

Station Average
(cm)

The highest value The lowest value Standard 
deviation

(cm)

Variation 
coefficient

(%)

Change (cm) 
/ 10 years(cm) Season (cm) Season

Śnieżka 158 295 1955/56 38 1989/90 53.9 34.1 −4.94
Lądek Zdrój  35  70 2005/06  7 1960/61 14.1 40.7 −0.37
Jelenia Góra  28  60 1968/70 10 1974/75 10.4 37.1 −0.89
Zgorzelec  20  52 1978/79  3 2007/08 11.1 55.8 −1.19



48 GEOGRAFIE 121/1 (2016) / G. uRBAN

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.) it is 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 Śnieżka 
Mt.) was also characterized by downward trend. In case of Śnieżka and Lądek 
Zdrój, 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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SHRNUTÍ

Sněhová pokrývka a její proměnlivost v polských Sudetech a jejich podhůří

Tato studie je jedním z výsledků výzkumného a vývojového projektu, který provedl Ústav pro 
meteorologii a vodní hospodářství (POIG 01.03.01-14-011/08-00 „KLIMAT“). Na jeho financování 
se podílela Evropská unie. Jmenuje se „Důsledky klimatických změn pro životní prostředí, hos-
podářství a společnost (změny, důsledky a jejich zmírňování, vliv na vědu, technické projekty 
a ekonomické plánování)“.

Příspěvek předkládá charakteristiky sněhové pokrývky u vertikálního profilu polských Sudet 
a jejich podhůří v období 1965–1966 až 2007–2008. Analýza vycházela z počtu dnů se sněhovou 
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pokrývkou nad 1 cm a její výškou během určitého měsíce, zimního období (prosinec až únor) 
a celého roku. Údaje byly shromažďovány na dvaceti meteorologických stanicích, jež řídí Ústav 
pro meteorologii a vodní hospodářství. Výběr meteorologických stanic vycházel z dostupnosti 
dlouhodobých datových řad a úplnosti měření. Dalšími měřítky výběru byly kontinuita umístění 
a zastoupení různých výškových pásem Sudet. Veškeré parametry byly zkoumány ve vertikálním 
profilu. Předkládané regresní rovnice jsou obecné povahy a neodrážejí konkrétní místní poměry.

V případě vybraných meteorologických stanic s homogenní datovou řadou zastupujících 
různé klimatické poměry a morfologické typy (Sněžka – vrcholové pásmo, Lądek Zdrój – nižší 
svahy, Jelenia Góra – dno velkého údolí mezi horami Sudet – a Zgorzelec – sudetské podhůří) byla 
navíc vypracována analýza proměnlivosti vybraných sněhových parametrů v letech 1951–1952 
až 2007–2008.

Sněhová pokrývka v polské části Sudet a jejich podhůří vykazuje velmi vysokou proměnli-
vost v čase i prostoru. Růst roční průměrné hodnoty počtu dnů se sněhovou pokrývkou podle 
nadmořské výšky nad mořskou hladinou činí 11,4 dní na 100 m. Období skutečného výskytu 
sněhové pokrývky trvá v ročním průměru od 40–45 dnů v sudetském podhůří až po 150–200 dnů 
v horních polohách. Sněhová pokrývka je většinou nestabilní a během zimního ročního období 
se objevuje a zase mizí. Vysoká nepravidelnost období se sněhovou pokrývkou charakterizuje 
zejména nižší polohy výškového profilu Sudet a jejich podhůří. Počet dnů s proměnlivostí sně-
hové pokrývky je nepřímo úměrný jejímu trvání.

Průměrná výška sněhové pokrývky ve sledované oblasti nepřesahuje v zimním období (pro-
sinec až únor) 5 cm v oblasti sudetského podhůří a na dně velkých horských údolí. V nižších 
a vyšších polohách horských svahů není průměrná výška sněhové pokrývky zpravidla silnější 
než 15 cm, kdežto ve vyšších a vrcholových pásmech Krkonoš přesahuje 70 cm.

Míra přírůstku průměrné výšky sněhové pokrývky v poměru k nadmořské výšce nad hladi-
nou moře kolísá od 3,6 cm na 100 m v prosinci až po 3,6 cm na 100 m v březnu, kdežto v zimním 
období (prosinec až únor) činí 5,5 cm na 100 m. Nejvyšší průměrná měsíční výška sněhové 
pokrývky v horních polohách vertikálního profilu byla zaznamenána v březnu, kdežto v mírně 
nižších nadmořských výškách v únoru a v sudetském podhůří a v horských údolích v lednu. 
Růst výšky sněhové pokrývky úměrně s nadmořskou výškou je vysoce nepravidelný a silně ho 
ovlivňuje místní morfologie a půdní pokryv.

Maximální výška sněhové pokrývky bývá v nižších polohách Sudet a jejich podhůří zazna-
menána v lednu, kdežto v horách se vyskytuje v druhé polovině února až březnu. Průměrné 
hodnoty maximální výšky sněhové pokrývky se pohybují mezi 15 až 25 cm v podhůří a nižších 
úsecích svahů až po 120 až 150 cm v horních a vrcholových pásmech.

Maximální výška sněhové pokrývky měřená na čtyřech reprezentativních stanicích ve verti-
kálním profilu Sudet a jejich podhůří, vykazovala v dlouholetém období 1951–1952 až 2007–2008 
mírně klesající trend, který nebyl na úrovni 0,05 statisticky významný. Počet dnů se sněhovou 
pokrývkou (až na Sněžku) byl rovněž charakterizován klesajícím trendem. V případě Sněžky 
a kraje Lądek Zdrój byla změna počtu dnů se sněhovou pokrývkou statisticky významná na 
úrovni 0,05.

Výsledky studie sněhových poměrů ve vertikálním profilu polských Sudet a jejich podhůří 
představují významný příspěvek k regionálnímu rozboru současného klimatu v Polsku. Mohou 
fungovat jako podklad k dalšímu, podrobnějšímu výzkumu sněhové pokrývky v Sudetech. Tyto 
výsledky lze též využít ke srovnání sněhových poměrů v polských Sudetech a jejich podhůří 
a dalších pohořích. Ve spojení s rozborem meteorologických a morfologických kauzálních 
faktorů také mohou být užitečné při výzkumu v takových oblastech, jako je turistika, územní 
plánování, lesnictví apod.
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Obr. 1 Umístění stanic uvedených v příspěvku ke zkoumání regionu. V legendě: měřicí stanice, 
ostatní města, řeky, hranice států.

Obr. 2 Korelace mezi průměrným ročním počtem dnů s výškou sněhové pokrývky nad 1 cm 
a nadmořskou výškou v polských Sudetech a jejich podhůří v období 1965–1966 až 
2007–2008.

Obr. 3 Průběh průměrného denního počtu dnů se sněhovou pokrývkou a čára jeho výskytu 
(čárkovaná čára), regresní rovnice a výsledný pětiletý průměr (plná čára) v období 
1951–1952 až 2007–2008.

Obr. 4 Počet dnů s výskytem sněhové pokrývky (počet dnů za deset let) v polských Sudetech 
a jejich podhůří v období 1965–1966 až 2007–2008.

Obr. 5 Variační koeficient (V) počtu dnů se sněhovou pokrývkou v polských Sudetech a jejich 
podhůří v období 1965–1966 až 2007–2008.

Obr. 6 Korelace mezi průměrnou výškou sněhové pokrývky v zimním období (prosinec až 
únor) a nadmořskou výškou v polských Sudetech a jejich podhůří v období 1965–1966 
až 2007–2008.

Obr. 7 Denní průběh průměrné výšky sněhové pokrývky v říjnu až květnu v období 1965–1966 
až 2007–2008 na vybraných stanicích ležících více než 500 m nad mořem.

Obr. 8 Průměrná maximální výška sněhové pokrývky (cm) v polských Sudetech a jejich pod-
hůří v období 1965–1966 až 2007–2008.

Obr. 9 Korelace mezi průměrnou maximální výškou sněhové pokrývky a nadmořskou výškou 
v polských Sudetech a jejich podhůří v období 1965–1966 až 2007–2008.

Obr. 10 Průběh maximální roční výšky sněhové pokrývky, čára jejího výskytu (čárkovaná 
čára), regresní rovnice a výsledný pětiletý průměr (pevná čára) v období 1951–1952 až 
2007–2008.
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