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Abstract: Snowfall events are considered as a factor of spatial distribution of snow cover thickness,
its snow water equivalent and stratigraphy formation. Under the term of snowfall it is understood
an event of solid atmospheric precipitation (snow) with duration of certain period of time (up to
one or several days) with intensity of not less than 0.1 mm per day and the temperature below zero,
i.e. under condition of snow cover presence. Snowfalls’ intensity is characterized as a sum of
precipitation (its snow water equivalent) during this snowfall. For the time period of 1960-2016 on
the basis of meteorological data for 45 stations situated on the territory of Russia (not less than two
in each of 19 climatic regions) the events of snowfalls are determined, as well as their frequency
and averaged intensity for each winter season. Snowfalls” spatial and temporal distribution is
analyzed on the basis of the compiled maps of averaged frequency (number per season) of all
snowfalls and snowfalls of defined intensity (0.1-2.5, 2.5-5, 5-10, 10-20 and more than 20 mm). The
materials of obtained distribution allow revealing the features in distribution of snowfalls of
different intensity for the various regions and the possibility to model generalized regional
stratigraphy of snow cover.
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1. Introduction

Previous works [1-3] have demonstrated interannual variability in the intensity and occurrence
of snowfalls in different regions of the USA and Europe, although some long-term trends in these
characteristics were revealed as well. In our previous work [4] snowfall-events are considered as a
factor of formation of snow-cover distribution (inhomogeneity of snow cover thickness) on the
territory of Russia, its snow water equivalent and its stratigraphy.

In present work it is continued to apply presented in [4] methodic for characterization of
regional stratigraphy and snow water equivalent of snow cover on the base of meteorological data.
In this methodic in particular assumed, that formation of the different snow layers in snow thickness
is the result of separate snowfalls (as well as thaws, strong winds etc.) and the number and water
equivalent of snow layers correspond to the number and water equivalent of snowfalls of winter
season.

2. Experiments

For the reason of consideration of snowfalls as a factor of stratigraphy formation the term of
‘snowfall” is referred as an event of solid atmospheric precipitation (snow) with duration of certain
period of time (up to one or several days) with intensity of not less than 0.1 mm per day and
temperature below zero, i.e., under condition of snow cover presence. Snowfalls’ intensity is
characterized as a sum of precipitation (its snow water equivalent) during this snowfall. For the time
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period of 1960-2016 on the basis of meteorological data for 45 stations situated on the territory of
Russia (not less than two in each of 19 climatic regions) the events of snowfalls are determined, as
well as theirs frequency (number per season) and averaged intensity for each winter season
(November-March).

The total number of snowfalls per winter season as well as number of snowfalls of the defined
intensity (0.1-2.5, 2.5-5, 5-10, 10-20 and more than 20 mm) are revealed for interval of 1960-2016.
Such classification criterion of snowfalls intensity is taken on the base of [5] and is used for the wide
range of applied problems and forecasts. However other classification criteria exist (like in [6]).

The real snow stratigraphy in different geosystems (forest, field) in Moscow region were
observed during the recent years. In general, the number of snow layers can be the same in different
geosystems but their thickness and properties can differ.

3. Results

The maps of frequency (number per season) of all snowfalls and snowfalls of defined intensity
(0.1-2.5, 2.5-5, 5-10, 10-20 and more than 20 mm) for the averaged winter season for the period of
19602016 have been compiled on the base of obtained data on the number of snowfalls of defined
intensity.

The tendency of variation from the areas with predominance of the snowfalls with low intensity
(0.1-2.5 mm) (Central and North—East Yakutia) (up to 26 snowfalls per season) (light areas on the
Figure 1a) towards the areas with predominance of the snowfalls with medium intensity (2.5-5 and
5-10 mm (up to 5-8 and 4 snowfalls per season correspondingly) at European territory of Russia and
on the coasts of Bering, Okhotsk and Japan seas) (dark areas on the Figure 1b,c) has been revealed on
the maps of spatial distribution of the snowfalls” number of defined intensity for the averaged
winter season.
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Figure 1. Number of snowfalls for the averaged winter period with intensity: (a) 0.1-2.5 mm; (b) 2.5
5 mm; (c) 5-10 mm. Moscow region stratigraphic columns for the maximum of snow accumulation:
(d) modeled, generalized-averaged for winter seasons 1960-2016; (e) real observations for winter
season 2014/15. Snow stratigraphy notation: (1) new snow; (2) fine-grained snow; (3)
medium-grained snow; (4) coarse-grained snow; (5) faceted crystals; (6) refrozen ice crystals; (7) ice
crust.
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The generalized regional stratigraphy of snow cover on the base of these maps has been
modeled. The number of the layers with the defined water equivalent value (which was determined
on the base of intensity of corresponding snowfalls) and thickness of these layers in this generalized
regional stratigraphy were calculated on base of information on the number of snowfalls of
determined intensity for the winter season and mean value of snow density in this region. For
example, mean snow density value of the snow cover for the considered time period in Moscow
region is 0.24 g/cm? and 0.17 g/cm? in Yakutsk region according to [7].

So, the total number of snowfalls for the generalized averaged winter season 1960-2016 in
Moscow region is 26, where 16 snowfalls have intensity 0-2.5 mm, 7 snowfalls—2.5-5 mm and 2-3
snowfalls with intensity of 5-10 mm. Therefore it is expected to find in the stratigraphic column of
snow cover 2-3 layers with snow water equivalent (s.w.e.) 5-10 mm, up to 7 layers with s.w.e. 2.5-5
mm and up to 16 layers of s.w.e. 0.1-2.5 mm. The layers of s.w.e. 0.1-2.5 mm may merge with the
more massive layers or just be invisible in generalized averaged winter season snow stratigraphy
(Figure 1d). Some similarity of the modelled stratigraphy for Moscow region can be observed at the
real column (Figure le) in Moscow. So, for the displayed on the Figure 1e real observation of snow
stratigraphy for winter season 2014/15 corresponds 6 snowfalls with intensity 0.1-2.5 mm, 3
snowfalls with intensity 2.5-5 mm, 2 snowfalls with intensity 5-10 mm, 4 snowfalls with intensity
10-20 mm and 2 snowfalls with intensity more than 20 mm. The presence of more heavy snowfalls in
recent years than in long-term average period is caused partly by general growth of precipitation
amount during the considered time period in Moscow region. The difference of the modeled and the
real stratigrphy can mainly be explained by the fact that not all events (such as thaws, strong wind
and so on) were taken into account.

4. Conclusions

On the base of the introduced in [4] methodic and algorithm of snowfalls” determination the
snowfalls frequency (number per season) and intensity for the winter 1960-2016 are revealed. The
maps of distribution of averaged for the considered time-period number of snowfalls of the defined
intensity (0.1-2.5, 2.5-5, 5-10, 10-20 and more than 20 mm) are compiled. The modelled generalized
regional stratigraphy of snow cover has a good verification with really observed snow cover
stratigraphy for Moscow region.
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Abbreviation
The following abbreviation are used in this manuscript:

s.w.e. Snow Water Equivalent
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