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Abstract
Icing conditions, particularly in combinationwithwind, affect greatly the operation of overhead com-
munication and transmission lines causing serious failures, which result in tremendous economic
damage. Icing formation is dangerous to agriculture, forestry, high seasfishery, for land and off coast
man-made infrastructure. Quantitative icing characteristics such asweight, thickness, and duration
are very important for the economy and humanwellbeingwhen theirmaximumvalues exceed certain
thresholds. Russianmeteorological stations performboth visual and instrumentalmonitoring of icing
deposits. Visualmonitoring is ocular estimation of the type and intensity of icing and the date of ice
appearance and disappearance. Instrumentalmonitoring is performed by ice accretion indicator that
in addition to the type, intensity and duration of ice deposits reports also their weight and size.We
used observations at 958Russian stations for the period 1977–2013 to analyze changes in the ice for-
mation frequency at individualmeteorological stations and on the territory of quasi-homogeneous
climatic regions in Russia. It was found that hoar frosts are observed inmost parts of Russia, but icing
only occurs in EuropeanRussia and the Far East. On the Arctic coast of Russia, this phenomenon can
even be observed in summermonths. Statistically significant decreasing trends in occurrence of icing
and hoar frost events are found overmost of Russia. An increasing trend in icingweights (IWs)was
found in theAtlantic Arctic region in autumn. Statistically significant large negative trends in IWs
were found in the Pacific Arctic inwinter and spring.

1. Introduction

A general increase in atmospheric humidity (AH) is
expected with global warming, as projected by GCMs
and reported from remote sensing and in situ observa-
tions (IPCC 2007, Trenberth et al 2007, Dessler and
Davis 2010, Zhang et al 2010). Overall, the annual
warming over the territory of the Russian Federation
(as well as over Northern Eurasia north of 40°N) is
0.43 °С/decade during the 1977−2012 period. This is
higher than the annual warming over the Northern
hemisphere for the same period, 0.30 °С/decade, and
is well above of the mean rate of the hemispheric
warming for the entire period of mass instrumental
observations, 0.083 °С/decade during the 1881−2013
period (Lugina et al 2007 updated). The Arctic coast of
the country experiences a particularly rapid increase in
mean annual temperature (0.8 °С/decade) on the

Taimyr Peninsula off the Laptev Sea Coast. In the
Arctic, this increase has been and will be especially
prominent due to the dramatic retreat of the sea ice
(Fetterer et al 2002, updated). In the warm season, this
retreat provides an abundant water vapor supply into
the dry Arctic atmosphere (Bintanja and Selten 2014)
while in the cold season even a small fraction of open
Arctic water delivers a substantial latent heat flux to
the atmosphere (Groisman et al 1999). Now this flux is
further funneled by the prevalence of the one-year-old
sea ice near the Eurasian shelf Seas. The contemporary
sea ice changes are especially prominent in the Eastern
hemisphere and after the two extremely anomalous
low-ice years (2007 and 2012) it is the right time to
look for the impact of these changes in the high
latitudinal hydrological cycle (see, Screen 2013).

Figure 1 shows the pattern of the long-term mean
near surface absolute AH (hPa) over Russia for two
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central months of winter and autumn seasons. Stan-
dard climatology in the top panels (figure 1(a)); mean
values for the 1961−1990 period used for a long time
inRussia for climatological assessments) are appended
with the estimates of changes in the last three decades
(figure 1(b)) that presents the changes in between the
last three decades (1981–2010) and the reference per-
iod of 1961–1990. According to recommendations of
the 16th session of the WMO Commission for Clima-
tology (Heidelberg, Germany, 3–8 July 2014), the last
30 yr period, 1981–2010, is used to calculate normals
(documents of…2014). This figure shows an increase
of spatial inhomogeneity in the humidity field dis-
tribution over Russia in the winter season. More
humid Western regions of the country became even
more humid while the Northeast became drier in the
past decades. In the shoulder seasons, autumn and
spring (not shown), a general increase of AH is
observed. In section 4, we shall show that this increase
and the winter pattern of humidity changes are in line
with the regional temperature increase.

The focus of this paper is on icing and hoar frost
events and their changes during the past several dec-
ades over Russia. The sign of these changes cannot be
taken for granted even when we know the tendencies
of changes in regional temperature and humidity.
Warmer temperatures in the cold season allow more
water vapor in the low atmosphere but they also
reduce the duration of the cold season and affect the
atmospheric transportation of the water vapor from
the oceans into the continent interior (see, Groisman
et al 2003, ACIA 2004, 2005, Groisman and Soja 2009).

Potential increase of extreme icing events in the
regions with high AH when temperatures are just
slightly below 0 °C represents a serious natural
hazard. In Russia, these regions are located along the

oceanic coasts and in the Westernmost part of the
country. Usually, humidity (unless extremely high
or low) does not critically affect human activities and
life style. However, in the high latitudes, this char-
acteristic has an additional facet: higher humidity
causes higher ice condensation from the air (icing
and hoar frost) on the terrestrial and off-shore infra-
structure and ships, even in the absence of precipita-
tion. Hoar frost and icing events (in Russian:
‘gololed’) are routinely measured at the Russian
meteorological network and reports of icing of the
wires are quantitative measurements. While hoar
frost can be considered as a minor annoyance, icing
may have important societal repercussions. In the
Arctic, icing occurs mostly during relatively warm
months when atmosphere holds maximum amount
of water vapor (and is projected to have more).
Freezing rain and drizzle contribute to icing forma-
tion. When icing loading exceeds certain thresholds,
it can affect the infrastructure and became a socially
important climatic variable. The North American ice
storm of 1998 (Saunders 1998) is an example of cata-
strophic economic impacts of icing. Icing events
have a particularly large effect on the operation of
overhead communication lines and power transmis-
sion lines (Rudneva 1998). The formation of icing
and hoar frost deposits on different structures pro-
duces additional loads. Climatic zoning of Northern
Eurasia with respect to icing loads was conducted by
Zakharov (1984) and has been widely used in infra-
structure planning. However, the latest information
about the icing and hoar frost deposits in Russia
refers to the 1980s and since that time has never been
updated.

Therefore, the goal of the present study is to
update the climatology (presented in detail in

Figure 1. (a) Long-termmean near-surface water vapor pressure (absolute atmospheric humidity in hPa, AH) for the 1961–1990
reference period inmid-winter and autumn (January andOctober) over Russia and (b) its changes (difference between long-term
mean near-surface water vapor pressure for the 1980–2010 and 1961–1990 periods (in percent of climatological values).
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appendix) and quantify the latest dynamics of icing
conditions overNorthern Eurasia.

2.Data andmethods of analyses

Observations of icing and hoar frost events started in
the former USSR in the 1940s. Icing and hoar frost
deposits are categorized into icing proper, granular
and crystal hoar frost, sleet formation and frozen sleet
formation. Icing normally forms at weak frosts, 0 to
−3°, but may also occur at lower temperatures.
Granular hoar frost normally forms at air temperature
−2° to −7 °С, and sometimes below that. Crystal hoar
frost forms at air temperature−11° to−25 °С, andmay
also form at both higher and lower temperatures.

Both visual and instrumental observations of ice
formation are conducted at Russian meteorological
stations. Visual observations use no instruments in
determining the type of ice formation, its intensity and
the time, when ice appears and disappears. These qua-
litative (‘yes/no’) observations are made every three
hours at themeteorological site and its visible vicinity.

Instrumental observations allow determining (in
addition to the type and duration of ice deposits) their

weight and size. Instrumental observations are per-
formed by using ice accretion indicator. Ice deposits
on wires are often of irregular geometric shape; there-
fore, the sizes of the deposits are characterized bymea-
suring their diameter and thickness. The diameter of
the deposit is the length of the largest cross-section
axis of the deposit minus the wire diameter
(figure 2(b)).

The deposit thickness is the distance between the
two outermost points of the deposit’s cross-section in
the direction perpendicular to the diameter’s line,
without regard to the wire diameter. In the idealized
form the icing deposit may have an elliptic form of a
frozen drop with the diameter of the deposit axis
directed to the ground and the ‘thickness axis’ directed
parallel to the ground. By definition, thus defined dia-
meter is always larger than thickness. Theweight of the
deposit is determined from the volume of the melted
deposit sample taken from the wire’s length as long as
25 cm. Water volumes are measured in units of the
rain gage measuring glass. Deposit sizes are measured
inmillimeters.

For this study, we retrieved results of visual and
instrumental observations of icing and hoar frost
events at 958 Russian meteorological stations

Figure 2. Instrumental observations of icing and hoar frost events: (a)-instrumentalmonitoring of icing and hoar frost; (b)- deposit
diameter (D) and thickness (T), wire diameter (d).

Figure 3. (a) Location of 958meteorological stations with icing andhoar frost observations that were used in this study. (b) The quasi-
homogeneous climatic regions based on the Alisov (1956) classification that were used in this study for snow cover climatology: 1, 2
and 3—Atlantic, Siberia andPacific Arctic, respectively; 4, 5, 6, 7 and 8—Northwestern, Northeastern, Southwestern, Southeastern
and steppe parts of theGreat East European Plain, respectively; 9—NorthernCaucasia Steppes and Piedmont; 10 and 11—Northern
and Southern parts of the forest zone ofWest Siberia, 12—steppe zone ofWest Siberia; 13—Altai and SayanyMountains and
Piedmont; 14, 15 and 16—Eastern Siberia: Central, the Angara River Basin, andTrans-Baikal regions, respectively; 17 and 18—
Russian Far East, between 50°N, and 60°N and South of 50°N (MaritimeTerritory and South of the Sakhalin Island), respectively.
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(figure 3(а)) stored at the Russian Institute for Hydro-
meteorological Information- World Data Center.
Prior to archiving, these meteorological data were
quality controlled as described byVeselov (2002).

The following characteristics are considered:

• number of days with icing and hoar frost events
from visual observations for the 1977–2013 period;

• weight, thickness and duration of ice loading from
instrumental observations for the 1984–2013
period.

Regional analysis of gololed characteristics was
carried out using quasi-homogeneous climatic regions
(figure 3(b)), which we had already used in our other
studies (see, Bulygina et al 2011). The Alisov classifica-
tion (1956) was used in determining quasi-homo-
geneous climatic regions and is based on specific
features of atmospheric circulation, type of soil and
plant cover, and surface radiation budget considera-
tions. This classification makes it possible to use these
regions in studying regional features of different
meteorological characteristics.

Maps (climatology and trends) are presented
mostly for visualization purposes. The area-averaging
technique uses the station values converted to anoma-
lies with respect to a common reference period. These
anomalies were first arithmetically averaged within 1°
N× 2°E gridcells and thereafter used for mapping by
an area-weighted averaging of the gridcell values over
our quasi-homogeneous climatic regions. This
approach provides a more uniform spatial field for
averaging.

Trend analysis is a rather simplistic way to describe
what has happened on average over the period under
consideration. Linear trend coefficients are calculated
for each station and region for the three seasons
(except summer), the distribution of regionally-aver-
aged characteristics behave closely to a normal dis-
tribution. Therefore, a two-tailed t-test was used to
estimate statistical significance of the trends for
regionally averaged time series (Draper and
Smith 1966). As an additional precaution against
deviations from the normal distribution of errors of
the trend analysis (e.g., in regions with a small number
of stations and/or with rare occurrence of the icing
and hoar frost events), a non-parametric Kendall -test
(tau-test) for significance of systematic changes was
also applied (Kendall 1975). Only when both these
tests confirmed statistical significance of the change at
the 0.05 level, the trend estimates were further
discussed.

3. Changes in icing andhoar frost
characteristics

The large area of Russia and the variety of its physical
and geographical conditions are responsible for

differences in regional hoar frost icing characteristics.
Their climatology is presented in appendix. In this
sectionwe show their dynamics during the past several
decades. These changes are characterized by linear
trend coefficients using data at individual meteorolo-
gical stations and those area-averaged over quasi-
homogeneous regions shown infigure 3(b).

In autumn, winter and spring, the seasonal num-
ber of days with icing and hoar frost events tends to
decrease over most of Russia (figure 4). However, in
each season, this number has increased by 10–15 days/
decade in the Amur andKolymaRiver Basin and in the
spring season, positive linear trends were obtained in
the Central and Eastern Chukotka Peninsula and on
the Eastern coast of the Laptev Sea.

Regional averaging revealed no significant positive
trends of the seasonal number of days with icing
and hoar frost events in any of 18 regions used in
our partition of Russia. However, most of these
regions are characterized by statistically significant
negative trends in the number of days with icing and
hoar frost events. In autumn, negative trends of −20%
per decade and less were recorded in the steppe zone of
West Siberia, Altai and Sayany Mountains, and the
Southern Siberia around the Baikal Lake (regions 15
and 16). In winter, a maximum negative trend
(28–29% per decade) is recorded in the vicinity of the
Altai and Sayany Mountains and in the Pribaikalie
(region 15).

The damage caused by icing events is related to the
weight and size of the icing deposit. Data frommeteor-
ological stations were used to estimate trends in the
time series of icingweights (IWs; figure 5).

In autumn (October), IW trends show increase in
the Atlantic Arctic region (region 1) and decrease in
the Southern and steppe parts of the Great East Eur-
opean Plain.

In winter, the increase in IW is recorded in the
Southern part of the Plain (figure 5(a)), however,
according to regional average, no significant trends
were found in this region. IW tends to decrease in
West Siberia.

In spring, regional averaging revealed significant
negative linear trends in the Eastern part of European
Russia with the decreases being 3.5–3.7% per decade
(figure 5(b)).

In winter and spring the largest negative trends in
IWs (−3.8% per decade) is recorded in the Pacific Arc-
tic (region 3) that corroborates with a significant pre-
cipitation decrease here during the past 60 yr
(Groisman et al 2014), reduction of the near surface
AH (cf, figure 1(b)), and changes in the Aleutian low
intensity (see, Overland et al 1999, 2002). As well as for
region 1, we paid a particular attention to this humid
polar region because the cold season storms in the
North Pacific are strong and the probability to
encounter heavy icing events (and, therefore, related
to them natural hazards) along this part of Russia is
high. Apparently, the IW in region 3 has significantly
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decreased in the winter and spring seasons
(figure 5(b)).

4.Discussion

Icing event occurrences depend upon near surface air
temperature and humidity. In shoulder seasons
(autumn and spring), when surface air temperatures
are around 0 °C and the hoar frost and icing events are
most probable, the temperature increase should
induce a reduction of their numbers. Correspond-
ingly, in the past 37 yr (1977−2013), in spring and
autumn temperatures increase over entire Russia
(table 1) and the number of days with hoar frost and
icing events went down. We can assume that the same
factor (warming) may be responsible for the winter
reduction of hoar frost and icing events over the
European Russia (regions, 4, 6, and 8 in figure 3(b)).
In the Asian part of Russia in winter, the temperatures
are too low (well below −20 °C) and their changes
cannot be responsible for dynamics of the icing and
hoar frost events (correlations between regional tem-
peratures and the frequencies of these events are
statistically insignificant). Climatology of icing events
(figures A2–A4) shows that in the Asian part of Russia
both themaximummonthly IWs and the frequency of
icing events are low. We conclude that low tempera-
tures and low absolute humidity (cf, figure 1(a)), while

preventing substantial icing, do not affect the winter
frequency of occurrence of hoar frost and icing events
combined (figure A1). In the past two decades, the
substantial reduction in winter AH in the North-
eastern part of Asia (figure 1(b)), and the simultaneous
strengthening of the Siberian high intensity (Jeong
et al 2011) can be partially responsible for decrease in
the hoar frost and icing events frequency in these
regions during our study period.

For better understanding of the dynamics in icing
events in the humid areas of Russia (Northwestern
part European Russia, areas adjacent to the Black Sea,
The Sakhalin Island, cf, figure 1(a)), we have to assess
the changes in other climatic variables, first of all the
near-surface AH.

In autumn and winter in the regions with high AH
we can expect sizeable manifestation of icing events
when the weather permits as well as the impact of AH
changes. In the Westernmost and Southernmost
regions of European Russia (regions 6 and 9 respec-
tively), in the autumn andwinter seasons the tempera-
tures are frequently close to 0 °C (e.g., in October over
region 6 and in January over region 9), while the AH in
these months is high (figure 1(a)) and has increased
(figure 1(b)). As a result we observed in these months
and regions 8% per decade increases inmaximum IW.
These increases were documented on the background
of general seasonal decrease in mean and maximum
IWovermost of EuropeanRussia (figure 5).

Figure 4. Linear trend coefficients in the time series of the number of days with icing and hoar frost events atmeteorological stations
(days/decade) (indicated by color) and averaged (indicated by numerals) over quasi-homogeneous regions selected in figure 2(b) (%
per decade) (1977–2013). Trends are presented only for the regionswhere theywere statistically significant at the 0.05 or higher level
(estimates of changes whose statistical significancewere supported only by non-parametric tau-test are italicized).
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Figure 5. Linear trend estimates of the seasonal icingweight (IW) atmeteorological stations, g cm−1 per decade (indicated by color)
and averaged (indicated by numerals) over quasi-homogeneous regions (%per decade) (1984−2013). Trends are presented only for
the regionswhere theywere statistically significant at the 0.05 or higher levels (estimates of changeswhose statistical significancewere
supported only by non-parametric tau-test are italicized).

Table 1. Linear trend estimates of the number of days with icing and hoar frost events (trends are presented only for the regions where they
were statistically significant at the 0.05 or higher level) and temperature averaged over quasi-homogeneous regions. 1977–2013.

Season

Autumn Winter Spring

Temperature Temperature Temperature

Region

Nday

(%/decade)

Trend

(°C/

decade)

Mean

1981

−2010

Nday

(%/decade)

Trend

(°C/

decade)

Mean

1981

−2010

Nday

(%/decade)

Trend

(°C/

decade)

Mean

1981

−2010

1 −15 0.56 −1.2 −15 0.60 −15.2 −13 0.50 −4.7

2 −4 0.77 −11.6 −7 0.94 −13.1

3 −9 −0.43 −22.3

4 −10 0.58 −8.8

5

6 −18 0.45 −6.7 −28 0.39 5.8

7 −16 0.70 3.6 −7 −10.8 −11 0.52 4.1

8 −18 0.62 6.7 −11 0.22 −7.8 −17 0.62 7.0

9 −29 0.41 9.6

10 −8 0.22 −4.7 −12 −0.21 −23.0 −22 0.86 −6.1

11 −11 0.48 0.3 −9 0.68 0.9

12 −20 0.53 2.9 −12 −0.57 −4.2 −18 0.74 3.2

13 −23 0.33 −0.4 −28 −0.42 −17.9 −30 0.52 0.8

14 −21 −33.0

15 −14 0.24 −1.9 −12 −0.43 −20.9

16 −20 0.28 −3.9 −9 −0.19 −24.7 −26 0.33 −2.0

17 −14 0.48 −0.8 −15 0.34 −2.2

18 −29 0.28 −13.9
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We paid a particular attention to West Arctic
(region 1). In this maritime region severe cold season
storms arriving from North Atlantic, open surface of
the Barents Sea, relatively high AH (figure 1(a)) and
strong winds (Bulygina et al 2013) can generate heavy
icing events and, therefore, trigger natural hazards for
land and off-shore infrastructure and to intense ship-
ping andfishing activities in the high seas of the region.
In figure 6 we show changes of IW at meteorological
stations in this Northernmost region of European
Russia. In this region, we witness a very significant
increase in AH related to strong warming (table 1;
figure 1(b)) and a sizeable retreat of the Eurasian Arc-
tic sea ice (Fetterer et al 2002, updated; https://nsidc.
org/data/seaice_index/). Throughout the entire cold
season from November through March, we observe
here an increase in IW (figure 6) that is most sig-
nificant in the late autumn when the sea ice extent is
low and/or is still not well established, leaving a space
for evaporation from the open sea surface and leads.

5. Conclusions

In this study, we used data from both visual and
instrumental observations of hoar frost and icing.
Quantitative icing characteristics such as weight,
thickness, and duration are very important for econ-
omy and human wellbeing when their maximum
values exceed certain thresholds. We calculated their
climatology for the last 30 yr (long-termmean values)
and evaluated the tendencies of their change expressed
as lineal trend estimates.

We found that

• hoar frosts are observed inmost parts of Russia, but
icing only occurs in European Russia and the Far
East. On the Arctic coast of Russia, this phenom-
enon can even be observed in summermonths.

• Maximum icing thickness is recorded in European
Russia in the Northern and Southernmost regions,
as well as along the Volga River Basin known for its

expansive reservoirs. The largest IWs are recorded
in theNorthCaucasus and theWesternArctic (over
25 g cm−1). Maximum icing duration, 48–72 h and
up to 96 h at individual meteorological stations, is
recorded inDecember and January inNortheastern
Russia.

• Statistically significant decreasing trends in occur-
rence of icing and hoar frost events are found over
most of Russia. In particular, statistically significant
large negative trends in IWs were found in the
Pacific Arctic in winter and spring seasons where
high IWs represent natural hazard for both land
and off-shore infrastructure and trawling fleet.

• This study revealed increasing trends in the number
of days with icing and hoar frost events only in
some parts of the Russian Far East (in the Amur
River Basin in the South and in the Kolyma River
Basin in theNorth).

• An increasing trend in IWs was found in the
Atlantic Arctic region in autumn and early winter.
Here, it is collocated with an increase in the atmo-
spheric moisture (figure 1(b)) and the frequency of
winter cyclones in the region (Tilinina et al 2013).
We hypothesize that these changes may be partially
related to a decrease in sea ice area in the Eurasian
sector of the Arctic.
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Appendix. Climatology of icing andhoar
frost characteristics over Russia

The large area of Russia and the variety of its physical
and geographical conditions are responsible for differ-
ences in regional icing characteristics. Figure 3 shows
spatial distributions of mean long-term values (nor-
mals) of the monthly numbers of icing and hoar frost
events derived from visual observations. According to
recommendations of the 16th session of the WMO
Commission for Climatology (Heidelberg, Germany,
3–8 July 2014), the last 30 yr period, 1981−2010, is
used to calculate normals. From instrumental obser-
vations in this study, we consider only characteristics
of icing events. Since digitized instrumental observa-
tions are only available after 1984, mean long-term

Figure 6.Dynamics of themeanmonthlymaximum icing
weight (IW) area averaged overmeteorological stations of the
Northernmost region of EuropeanRussia (region 1) for
January (blue dots) and for the five-months season from
November toMarch (red dots).
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values of weight, thickness, and duration of icing were
calculated for the 1984−2013 period.

Icing and hoar frost events are reported over
almost the entire Russian Federation. However, the

Asian part of the country is less exposed to these events
than European Russia. This is due to low winter sur-
face air temperatures and humidity over the Asian part
of Russia in the cold season (Alisov 1956; figure 1(a)).

Figure A1. Long-termmeans of number of days with icing and hoar frost events (1981−2010).

Figure A2. Long-term averages ofmaximummonthly icingweight (1984−2013) (g cm−1).
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Among the total number of icing and hoar frost
events, the solely icing events are almost unobserved in
Eastern Siberia and over much of the Far East, where
hoar frost deposits are recorded. The annual cycle pat-
tern of the icing and hoar frost events occurrence is
shown infigure A1.

• In September, icing and hoar frost events are only
observed in Northern Asian Russia, the Irkutsk
region, and Southern Yakutia (0.2–5 days). Eur-
opean Russia experienced relatively high Septem-
ber temperatures at which no icing and hoar frost
events form. In European Russia, where long-term
September temperature averages (for the period
1981–2010) vary from 6 to 12 °С, icing and hoar
frost events do not form.

• InOctober, icing and hoar frost events are observed
over nearly the entire Russia, except the South of
the country. These events remain frequent nation-
wide throughout the entire cold season up to April
and inMay still can be observed in the Arctic.

• In winter (December through February), the num-
ber of days with icing and hoar frost events in
Northeastern European Russia varies from 5 to 15,
attaining 20 in places. In the vicinity of the Gulf of

Ob, icing and hoar frost events also occur rather
frequently in winter, from 10 to 15 days. On the
Taimyr Peninsula, on the coast of the East Siberian
Sea and in the Magadan region, 15–20 days with
icing and hoar frost events are recorded in winter.
In December, the maximum IW, 20–30 g cm−1, is
recorded in Southern and Northeastern European
Russia.

• In early spring (March), icing and hoar frost events
are still recorded over nearly the whole of the
Russian area, but these are not as frequent as in
winter. In March, icing deposits weighing more
than 20 g cm−1 are observed in the South of
European Russia. In late spring (May), icing and
hoar frost events are only recorded in the Russian
Extreme North and Sakhalin, with long-term
averages of the number of days being no more
thanfive.

• Even in July, the Arctic coast of Russia experiences
up to ten days with icing and hoar frost events. Cold
and saturated Arctic air masses come to the
continent, where temperature conditions contri-
bute to icing formation (e.g.mean July temperature
on the Taimyr is−0.1 °С).

Figure A3. Long-termmean values ofmaximummonthly icing thickness (1984–2013) (mm).
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It should be noted that in some regions in Russia
no icing and hoar frost events are observed (e.g., in
some areas of theMaritimeTerritory).

The largest October long-term average of themax-
imum icing deposit weight (figure A2) was observed in
the North Caucasus (Stavropol Krai) and the Western
Arctic (the Taymyr Peninsula; over 25 g cm−1). In
November through April, the maximum monthly
icing deposit weight higher than 15 g cm−1 is recorded
over most of European Russia and in the Urals. Max-
imum cold season monthly deposit weights are repor-
ted in Northeastern European Russia and the
NorthernUrals; they vary between 20 and 40 g cm−1.

The largest monthly thickness of icing (figure A3)
is recorded in late autumn (November) and winter. Its
maximummonthly values can reach 4 mm.

According to the analysis of the distribution of the
icing duration over Russia (figure A4), the longest
icing duration, 48–72 h and up to 96 h at some indivi-
dual meteorological stations, is recorded in December
and January inNortheastern Russia.
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