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Abstract.  The snow data from the Soviet airborne expeditions Sever in the Arctic collected over several decades in March, 

April and May have been analyzed in this study.  The Sever data included more measurements and covered a much wider 

area, particularly in the Eurasian marginal seas (Kara Sea, Laptev Sea, East-Siberian Sea and Chukchi Sea), compared to the 

Soviet North Pole drifting stations. The latter collected data mainly in the central part of the Arctic Basin. The following 10 

snow parameters have been analyzed: average snow depth on the level ice (undisturbed snow) height and area of sastrugi, 

depth of snow dunes attached to ice ridges and depth of snow on hummocks. In the 1970s-80s in the central Arctic the 

average depth of undisturbed snow was 21.2 cm, the depth of sastrugi (that occupied about 30% of the ice surface) was 36.2 

cm and the average depth of snow near hummocks and ridges was about 65 cm. For the marginal seas the average depth of 

undisturbed snow on the level ice varied from 9.8 cm in the Laptev Sea to 15.3 cm in the East Siberian Sea, which had a 15 

larger fraction of multiyear ice. In the marginal seas the spatial variability of snow depth was characterized by standard 

deviation varying between 66 and 100%. The average height of sastrugi varied from 23 cm to about 32 cm with standard 

deviation between 50 and 56%.  The average area covered by sastrugi in the marginal seas was estimated to be 36.5% of the 

total ice area where sastrugi were observed. The main result of the study is a new snow depth climatology for the late winter 

using data from both the Sever expeditions and the North Pole drifting stations. The snow load on the ice observed by Sever 20 

expeditions has been described as a combination of the depth of undisturbed snow on the level ice and snow depth of 

sastrugi weighted in proportion to the sastrugi area. The height of snow accumulated near the ice ridges was not included in 

the calculations because there are no estimates of the area covered by those features from the Sever expeditions. The effect 

of not including that data can lead to some underestimation of the average snow depth. The new climatology refines the 

description of snow depth in the central Arctic compared to the results by Warren et al. (1999) and provides additional 25 

detailed data in the marginal seas. The snow depth climatology is based on 94 % Sever data and 6 % North Pole data. The 

new climatology shows lower snow depth in the central Arctic comparing to Warren climatology and more detailed data in 

the Eurasian seas. 
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1   Introd uction  

Most of the Arctic sea ice is covered with the snow year round except in the melt season when meltponds are present. Snow 

cover plays an important role in the thermodynamic processes of sea ice. In winter the snow ensures high sea ice surface 

albedo of about 0.9 associated with low energy absorption. On the other hand, snow insulates the sea ice from the influence 

of cold air and reduces the rate of ice growth.  After snow begins to melt in summer producing melt ponds, reduction of the 5 

surface albedo and higher energy absorption results in a more rapid ice melt.  Thus data on snow depth and surface albedo is 

important for quantification of the thermodynamical processes. Besides, information on snow depth is also very important 

for ice thickness retrieval from satellite altimeter measurements of sea ice freeboard and their conversion to thickness using 

hydrostatic equation (Laxon et al., 2013, Kwok et al., 2017, Kern et al., 2015).  

Changes of the arctic ice cover over the last decades are well documented in data from different satellite, aircraft, submarine, 10 

buoy and in situ measurements. There is clear evidence of a decline in sea ice area and thickness (Kwok and Rothrock, 2009; 

Comiso and Nishio, 2008; Wadhams, 2012; Stroeve et al., 2012; Lindsay and Schweiger, 2015).  This implies that the Arctic 

sea ice changes from predominantly multiyear ice to increased fraction of seasonal ice (Maslanik et al., 2007; Tschudi et al., 

2010, Maslanik et al., 2011; Comiso, 2012; Tschudi et al., 2016). As a result the whole ice pack becomes more vulnerable to 

strong atmospheric impacts (Parkinson and Comiso, 2013). Sea ice retreat leads to larger areas of open ocean, which absorbs 15 

more solar energy and consequently enhances the warming of the upper layer of the Arctic Ocean. This warming also 

contributes to melting of the sea ice underside (Perovich et al., 2007). Reduction of the sea ice cover also amplifies warming 

of the atmospheric boundary layer in the high latitudes (Screen and Simmonds, 2010).  This process may accelerate the sea 

ice decline and diminish the proportion of precipitation in form of snow (Screen and Simmonds, 2012).   

In situ observations of the snow cover of the Arctic sea ice are presently very scarce, especially year-round measurements 20 

which are needed to document the seasonal variability of the snow cover. The most extensive data set in the past was 

collected during the Soviet North Pole (NP) drifting stations in 1937 and 1954-1991. Data from these expeditions have been 

used to establish the Warren snow climatology data set (Warren et al., 1999), hereafter denoted W99, providing distribution 

of the snow depth and density for each month of the year. Valuable data on snow properties has also been collected from 

other expeditions, buoy measurements, ice camps and validation experiments in specific areas of the Arctic. In situ snow 25 

depth measurements has been carried out in spring time in the Beaufort Sea, Elson Lagoon and Chukchi Sea (Sturm et al., 

2002, Sturm et al., 2006, Markus et al., 2006, Newman et al., 2012, Nghiem et al, 2013, Webster et al, 2014), in the 

Canadian Arctic between the islands (Iacozza and Barber, 1999, King et al., 2015) and near the coast of northern Greenland 

(Farrel et al., 2012, King et al., 2015).  With the aim to describe spatial distribution of snow on sea ice  as a function of ice 

type, field experiments SIMMSô95 and C-ICEô96 in the Canadian Arctic have been conducted (Iacozza and Barber, 1999). 30 

Observations were made at the sites covered with only one sea ice type and snow topography on a given type of ice was 

described using variogram modelling. In 1997-98, extensive snow depth measurements have been made during SHEBA 

(Sturm et al., 2002). One of the objectives was to record temporal evolution of snow depth over the year, to evaluate its 
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spatial variability (as broad as conditions of the experiment allowed), and to estimate the freshwater amount contained in the 

snow cover. Changes of snow depth connected with ice type and the level of deformation were also studied under SHEBA. 

Another expedition, the AMSR-Ice03 validation campaign carried out in March 2003 offshore of Barrow collected snow 

data for comparison with satellite products and also for analysis of snow depth on the sea ice of different age and different 

roughness (Sturm et al., 2006, Markus et al, 2006). During the Norwegian Young Sea ICE (N-ICE2015) campaign, snow 5 

depth was measured on the sea ice north of Svalbard (Gallet et al., 2017, Merkouriadi et al., 2017).  In recent years a series 

of IceBridge validation/calibration campaigns have been conducted including in situ snow measurements on several ice 

types: undeformed level first-year (FY) ice, multiyear (MY) ice, and heavily deformed pressure ridges. Results have been 

published from studies near Greenland in April 2009 where measurements collected at the Danish GreenArc sea ice camp 

(Farrell et al., 2012), from surveys in the Beaufort Sea in March 2011 (Gardner et al., 2012; Newman et al., 2014), from 10 

measurements taken in March 2012 during BROMEX field campaign (Webster et al., 2014) and in March-April 2014 in the 

Canadian Arctic Archipelago waters close to Eureka and in the Lincoln Sea near the northern coast of Greenland (King et al., 

2015). Assessment of five snow depth retrieval algorithms that differently process IceBridge snow radar data has been made 

through comparison with field measurements from two ground-based campaigns, 2012 BROMEX near Barrow, Alaska, and 

2014 Eureka, near the research base with the same name in Canada (Kwok et al., 2017).  15 

The W99 snow climatology provides monthly averaged gridded snow depth maps for the whole Arctic, representing the 

means over the whole period of the North Pole (NP) drifting station observations. However, the averages are based on 

measurements from usually not more than two stations established in the Arctic in any given year. Though the interannual 

variability is estimated in W99, the spatial variability cannot be adequately described because of insufficient sampling. 

Another serious limitation of W99 climatology is the fact that the NP drifting stations were established on the MY ice, which 20 

means that climatology does not include snow on FY ice and is therefore heavily biased towards MY ice. 

In this paper, we analyze snow data from Soviet airborne expeditions Sever that was collected through 28 years in the middle 

of the NP time period and cover much wider area than NP stations. The Sever expedition landings were made not only on the 

MY ice in the central Arctic but also on the FY ice in the Eurasian seas, especially on the Siberian shelf where practically no 

NP data was collected. The main goal of this study is to produce improved data set of snow depth for the whole Arctic for 25 

the late winter season (March-April -May) by combining Sever and NP data sets. Both data sets were collected mainly in the 

1960s, 70s and 80s. The combined snow distribution data set and obtained dependencies will be useful for validating sea ice 

and climate models and also as input into the algorithms retrieving ice thickness from satellite altimeter data. The data set 

will be important for comparison with snow observations in the present sea ice conditions. 

The snow depth varies significantly within the Arctic region. It varies in time (both seasonally and interannualy) and space 30 

(over large distances and locally within a single ice floe). Ice age and intensity of precipitation are the main factors to 

determine the snow depth. The older the ice is the more snow can accumulate depending on the amount of precipitation.  

Furthermore wind and ice roughness play a role in determining the distribution of the snow depth. Fresh snow on an ice floe 

can easily be blown away from the smooth ice into the rough ice areas. On the rough ice the blowing snow is trapped and 
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consequently snow depth is larger in the areas of ice ridges and hummocks in comparison with the smooth ice area. Another 

manifestation of snow depth deviation caused by wind is sastrugi, irregular ridges and grooves of snow formed on the ice 

surface. When the snow is light, snow dunes are easily moved by the wind, however they consolidate by the end of winter 

due to compression and crystallization. All mentioned aspects of snow depth variations in the end of winter season are 

described in this paper basing on Sever expeditions measurements. 5 

This paper is organized as follows: in Sect. 2 we describe the data collected during Sever expeditions and compare it briefly 

with NP data. In Sect. 3 we describe methods used for data processing. Description of the depth of snow cover atop Arctic 

sea ice of different roughness is given in Sect. 4. That section also contains separate description of snow on fast ice, results 

on combination of Sever and NP data and analysis of contemporary buoy snow depth measurements. Discussion of the new 

results presented in the paper is provided in Sect. 5. 10 

2  Data Description 

The airborne Sever expeditions took place in 1937, 1941, 1948-1952, and 1954-1993. The first expedition was organized to 

support the Soviet drifting station North Pole-1 (NP-1). The personnel, goods and equipment were transported by the Sever 

expedition airplanes to the ice floe at  89Á 25ǋ N, 78Á 40ǋ W where NP-1 was deployed. The NP-1 expedition collected 

different oceanographic, meteorological and gravimetric measurements during its 9 month successful operation. The 15 

valuable experience of landing an aircraft on sea ice laid the foundation for further Arctic airborne expeditions. It was 

decided that oceanographic, meteorological, snow and ice measurements in the Arctic should be done by ice researchers 

throughout a series of short landings of specially equipped airplanes. The advantage of such observations was that a wide 

area of the Arctic could be covered by landings and the sites to visit could be chosen in accordance with the goal of the 

study.  20 

Most of the landings took place from mid-March to early May, when there was enough daylight to operate and before 

melting started and aircraft could not land on the ice. In some years landings occurred also before March and after May 

(Table 1). In contrast to the NP data, which covers only MY ice, the Sever data were collected on both MY and FY ice, as 

long as the ice could provide a runway for the aircraft. 

 25 

Table 1. The number of landings of Sever expeditions by decade and month. 

 January February March April  May June July 

1930s    2 5   

1940s    21 24   

1950s  2 21 286 147 4 1 

1960s 3 13 107 282 290 46  

1970s   438 679 148   
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1980s  3 380 526 339   

 

The Sever data used in this study were obtained from the US National Snow and Ice Data Center (NSIDC) (http:// 

nsidc.org/data/g02140). The dataset contains sea ice and snow measurements of 23 parameters, in particular, including ice 

thickness and snow depth and density on the runway and surrounding area, as well as dimensions and snow coverage of 

ridges, hummocks, and sastrugi. Not all parameters were measured at every landing. Only ice thickness measurements were 5 

conducted over the whole period of Sever expeditions. Observations of snow started in 1959 and were conducted up to 1988 

with small time gaps. The present study is concentrated on analysis of data from March, April and May (the MAM months 

further in the text) when most of the data was collected.   

The monthly mean positions of the NP drifting stations in 1954-1991 for the MAM months and landing sites of Sever 

expeditions where snow measurements were conducted in 1959 -1986 in the same months are shown in Fig. 1. The NP data 10 

covers mainly the central part of the Arctic while the Sever data covers much larger areas with most of the data collected 

along the Siberian shelf seas between Novaya Zemlya and the Bering Strait. The selection of sites for the NP station 

deployment depended on requirements for sufficient ice thickness, floe size, possibilities for cargo aircraft landings and other 

factors. 

 15 

Figure 1. Monthly mean positions of NP drifting stations in 1954-1991 (a) and Sever expedition landings where snow 

measurements were conducted in 1959-1986 (b). Only observations in the MAM months are shown for both sets of 

measurements. 



6 

 

 

Figure 2. Sever expedition landings where snow measurements were conducted in the MAM months: 60s (a), 70s (b) and 

80s (c). 

The geographical distribution of the Sever landings for each of the three decades when most of the snow data was collected 

is shown in Fig. 2. In the 60s (including 1959) the landings were focused in the Russian part of the Arctic Ocean with most 5 

frequent observations in the northern Kara Sea where 69 % of all landings took place. In the 70s the landings were 

distributed over most of the Arctic Ocean, while in the 80s observations were concentrated in the Siberian shelf seas, 

supporting the Northern Sea Route. 

The Sever and NP expeditions had different data collection strategy not only regarding spatial and temporal sampling, but 

also in the way snow observations were collected.  10 

At the NP stations three types of snow measurements have been provided: snow line measurements, snow gauge 

precipitation measurements and snow stake measurements at the meteorological station site (Radionov et al. 1997; Colony et 

al, 1998). Snow line measurements were repeated once per month and sometimes once per 10-day period along the same 

lines of 500 m or 1 km length. The distance between each measurement (along the line) was 10 meters. The snow line was 

selected on a flat ice surface with no human objects or ice hummocks that could influence the snow depth (Colony et al, 15 

1998). The snow line surveys were carried out and documented if the average snow depth along the line was at least 5 cm. 

Snow cover and the ice under it changed during the station lifetime and line measurements allowed "to obtain a 

representative distribution of snow depths, passing through sastrugi, snow dunes, and pressure ridges as well as level snow" 

(Warren et al., 1999). The advantage of the NP line measurements is that natural local variability on the same ice is captured 

as well as the time evolution over the year. Other measurements of snow depth were carried out daily using three permanent 20 

snow stakes installed at the meteorological station site. These sites were generally located close to the station camp, implying 

that observations could be influenced by camp structures. Consequently, the measurements of snow cover depth from snow 

stakes in many cases did not agree with the line measurements (Radionov et al., 1997). Also snow gauge measurements did 
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not always agree with the line measurements. W99 used mainly snow line measurements to produce their snow climatology 

data set considering those measurements most reliable. 

The benefit of the Sever expeditions was that data were collected over much larger geographical area compared to NP data. 

During Sever landings various snow depth measurements were carried out in different locations on and around the runway. 

The measured parameters included runway snow depth, snow depth on the prevailing ice in the landing area, snow depth at 5 

mid-length of snow dunes extending out from ice ridges, depth of snow on hummocks, on both windward and lee sides, and 

height of sastrugi on the dominant type of ice in the landing area. Representative areas for measuring snow parameters were 

chosen from the air before landing, including estimation of sastrugi areas. The runway was chosen on flat ice that was most 

probably first year ice, but could also be multiyear ice. Meanwhile, the ice conditions around landing track were usually 

different from that on the runway: the difference between the ice thickness of the runway and of the area where other 25 10 

measurements were conducted was in some cases about 300 cm. In the description of data the ice in the area around runway 

is called "prevailing ice of the landing area". Later in the paper we use definition "undeformed ice" as a substitute for 

"prevailing ice of landing area", since snow cover associated with ice features caused by ice deformation like ice ridges and 

hummocks is described separately. After landing, snow depth was measured at 10-20 random points on prevailing ice of the 

landing area and on ice surface with distinctive features. For snow depth of more than 10 cm, at least 10 measurements were 15 

conducted over the entire ice floe, as well as on adjacent floes. How many measurements were made in case when snow 

depth was lower than 10 cm is not indicated in the description of data.  The depth of snow dunes stretching from ice ridges 

and depth of snow on hummocks were measured using the following steps. The snow depth on 2 or 3 snow-covered 

hummocks was measured on both windward and lee sides at 10-20 points. The depth of snow dunes stretching from ice 

ridges were measured at 3-5 sites at their mid-length. The height of sastrugi on the undeformed ice was measured at several 20 

points. Note that all types of snow dunes formed on a flat ice surface by wind were referred to as sastrugi in Sever 

expeditionsô data set. The averaged measurements of the mentioned parameters were reported in the documents from each 

expedition. 

In addition to the description of Sever data measurements, it is important to mention that in all cases observations were 

conducted by highly experienced personnel who selected typical objects for measurements in order to produce a 25 

representative picture of the landing area. Estimating value of Sever observations, we can mention that data on distribution 

of sastrugi area over the Arctic has not been found in other studies. Data on sastrugi height and on snow attached to 

hummocks and ridges are very few.  

Some statistics about the snow measurements of the Sever expeditions are shown in Figure 3. From 1959 to 1989 a total of 

3234 landings were conducted, of which 2331 landings provided snow depth measurements. The number of landings 30 

increased significantly during the 1970s, associated with expanding the surveys to cover the whole Arctic Ocean (Fig. 2). 

Towards the end of the 1980s the Sever programme came to an end, with the last expedition in 1989.  Altogether, most 

intense and broad snow measurements have been carried out in the period 1977-1986. In the paper we analyze all parameters 

shown in Fig. 3 except for one ï area of hummocks that was measured only 555 times. 
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Figure 3. The number of landings and the number of different snow observations per year carried out in the MAM months. 

 

Data on the depth of undisturbed snow measured on the prevailing type of ice in the landing area from all Sever expeditions 

landings over the period from 1959 to 1988 is presented in Fig. 4. Since a substantial portion of measurements was 5 

conducted on the FY ice the snow depth is below 20 cm for 79 % of all samples. 

 

Figure 4. Observations of snow depth on prevailing landing area ice from Sever expeditions made in the MAM months, 

1959-1988. Observations are grouped in 5 cm intervals. 
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3  Methods 

The Sever data contains the following snow parameters: average snow depth of the undisturbed landing site, height and area 

of sastrugi (on the dominant type of ice in the landing sites), depth of snow dunes attached to ice ridges (at mid-distance 

between ridge and undisturbed snow area), and depth of snow on hummocks (on windward and lee sides). These snow 

parameters are interconnected, and a statistical description of each of them can be useful in order to characterize snow cover 5 

on sea ice. The analysis also included preparation of a data set that can be compared and integrated with the NP data and 

thereby improve W99 the snow cover climatology.  

The spatial variability of snow parameters in the MAM months is one of the important characteristics that can be elucidated 

using the Sever data. Snow depth variations on local scale are caused by wind forcing, resulting in sastrugi formation,  

increased snow depth near ice ridges and hummocks and reduced snow depth on level ice.  On larger scale snow depth 10 

variations are synoptic in origin (Sturm et al., 2006) or caused by different age of ice where snow cover has been built up. 

Local and large scale variations are further discussed in Sect. 4. 

The large scale spatial variability of snow depth is quantified by averaging observations from the landing sites in 100 by 100 

km grid cells, as shown in Fig 5. To produce regular grids we averaged all points within the 3x3 cell neighborhood around 

every grid cell. The number of measurement sites used in the gridding operation varied from 1 to 23 in the Central Arctic 15 

and from 25 to 76 in the Siberian marginal seas (Kara Sea, Laptev Sea, East Siberian Sea and Chukchi Sea). The area with 

the highest density of measurements (around 160) lies in the north-eastern part of the Kara Sea and in the Vilkitsky Strait, 

which was the priority area for the Sever expeditions in the 1960s (Fig. 2a and 5b).   

 

Figure 5. Spatial distribution of measured snow depth on the level ice around Sever landing sites, MAM months, 1959-1988 20 

(a). Number of point measurements used in gridding, grid cell is 100x100 km (b). Contour lines of the snow depth in the 

marginal seas produced using observations shown on the left panel (c). Snow depth is in cm. 
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The Siberian marginal seas are poorly represented in the W99 climatology but quite well represented in the Sever data.  

Hence, the Sever data can provide a significant contribution to improved snow climatology in these areas as well as in the 

central part of the Arctic Ocean. The depth of undisturbed snow is typically less than 10 cm in the Kara and Laptev seas and 

less than 20 cm in other areas (Fig.5c).  With included sastrugi, snow dunes and snow on hummocks, the average snow depth 

estimates become larger, as discussed in Sect. 4 and 5.   5 

In the analysis it was useful to discriminate observations from FY and MY ice because MY ice as a platform to accumulate 

snow is different from FY ice. Firstly, MY ice exists from the very beginning of the fall and thus is able to catch the earliest 

falling snow. Secondly, the topography of MY ice is different from that of FY ice, being more irregular, that influences 

redistribution of snow. Furthermore, there are melt ponds on the MY ice in summer that become local depressions during 

winter, accumulating snow and forming deeper than average snow patterns (Perovich et al., 2003). We separate observations 10 

from FY and MY ice by using an ice thickness threshold, since ice thickness was measured at every landing. The threshold 

was chosen to 2.0 m, implying that ice thinner than 2 m is defined as FY ice and ice thicker than 2 m is defined as MY ice 

(WMO Sea-Ice Nomenclature).  In the decades of the Sever expeditions, MY ice dominated in the central Arctic, the fraction 

of MY ice being close to 100% in 60s-80s. Using the 2 m threshold, it was found that 78% of Sever observations from the 

central Arctic were conducted on the MY ice and 22% on the FY ice. The sampling made by the Sever expeditions was 15 

probably biased towards level ice. In order to derive maximally representative data set for the central Arctic, we decided to 

use only MY-based measurements for that area. Supposing that NP and Sever observations complement each other we 

merged Sever snow depth observations from MY ice with NP data to produce snow depth climatology for the central Arctic. 

By using the same ice thickness threshold in the marginal seas, the fraction of data coming from MY ice was 9% in the Kara 

Sea, 11% in the Laptev Sea, 34% in the East-Siberian Sea and 23% in the Chukchi Sea. These fractions of MY ice seem 20 

reliable, thus all snow observations in the marginal seas (both FY- and MY-based) were used in the subsequent analysis.  

Snow data collected on the FY and MY ice were analyzed to find an empirical relation between snow depth and sea ice 

thickness. The relation is estimated from a regression analysis and is presented in Sect. 4. Such relation can be expected 

because both ice thickness and snow depth grow through the freezing season from September to May, although the relation 

is not straight forward as snow cover acts as an insulator reducing the freezing rate of the ice. 25 

In processing of the sastrugi data, average height and areas covered by sastrugi were estimated. Furthermore, attempts were 

made to find relation between sastrugi height and snow depth in the surrounding areas.  Spatial changes of sastrugi height 

were identified through estimating averages for different Arctic regions. In addition to height, the spatial variability of the 

area of sastrugi was analyzed because it contributes to the estimation of the average depth of snow cover. Snow depth 

associated with ridges and hummocks was also estimated; but the effect of this part of the snow cover on the averaged snow 30 

depth could not be evaluated because the areas covered by these features were not sufficiently observed. 

The fraction of snow data collected on fast ice could be extracted using sea ice climatology data GO2172 available from 

NSIDC, covering the period 1975 - 1984. After delineation of fast ice areas it was possible to provide snow and sastrugi 

depth estimates on that type of ice.  
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Finally, attempts were made to look at contemporary snow depth data in order to compare with results from the Sever 

expeditions. We analyzed buoy snow depth data since those data has been collected in the area that overlaps with the space 

observed during Sever expeditions. It is difficult to compare contemporary and historical data because of  the different 

methodologies in collecting data. However, it was important for us that besides providing in situ snow depth observations, 

buoy measurements demonstrate the range of temporal and spatial variability of snow depth in the end of winter. 5 

4  Results 

4.1 Depth of undisturbed snow cover 

The spatial analysis of snow depth changes from the Sever data is based on the observations made on the prevailing ice types 

in the landing areas, consisting of level FY or MY ice. Since the landing sites were irregularly distributed, the basic 

statistical characteristics were calculated in two ways: (1) from point measurements and (2) from gridded data as shown in 10 

Fig 5b. The statistics for the two methods is presented in Table 2. The snow in the form of sastrugi, attached to hummocks 

and ice ridges is not described here; the relevant analysis will be presented in Sect. 4.2 and 4.3. Data from the Barents Sea is 

not included because of very few measurements in that region.  

Table 2. Snow depth (Hs) of undisturbed snow cover on level ice in the landing areas in different parts of the Arctic Ocean 

for the months March, April and May. 15 

Snow depth (cm) Central Arctic
*)
 Kara Sea Laptev Sea East-Siberian Sea Chukchi Sea 

 Statistics based on the gridded data 

Average  21.0 10.3 9.8 15.3 13.3 

Std 5.5 3.6 3.1 3.4 3.1 

Number of 

measurements  

460 641 442 368 227 

 Statistics based on the point data 

Average  21.2 12.2 9.6 15.2 13.5 

Std 10.9 12.2 8.4 10.1 10.5 

Median  20 8 7 15 10 

Min  2 1 1 1 2 

Max 70 97 65 60 60 

*) All data including the number of measurements correspond to observations carried out on the MY ice (ice with the 

thickness >200 cm). 

Average snow depth estimated from point measurements and gridded data is similar in all regions except in the Kara Sea. 

The difference of about 2 cm in this region can be explained by very selective sampling in 1960s, when most of 
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measurements were carried out in the north-eastern part of the Kara Sea near the coast and in the Vilkitsky Strait. The reason 

for this biased sampling is not known. The maximum average snow depth of about 21 cm was observed in the central Arctic. 

Among the marginal seas, the East-Siberian Sea showed the largest fraction of snow depths above 15 cm, as shown in 

distributions (Fig 6). 

 5 

Figure 6. Distribution of snow depth on the level ice in the marginal seas. 

The snow depth in the Kara and Laptev seas is dominated by snow depth up to 10 cm, indicating prevalence of FY ice. The 

Kara Sea also has cases of very thick snow cover, which can be explained by high density of data in the north-eastern part of 

the Kara Sea as shown in Fig 5. Snow conditions observed in that area were highly variable, which is explained by very 

condensed observations that captured a wide variety of ice and snow characteristics in that region. On average, the East-10 

Siberian and Chukchi seas had more observations of thicker snow cover, which agrees with the higher proportion of MY ice 

in these regions.  

The start time of snow accumulation is one of the major factors determining the snow depth by the end of snow 

accumulation season (Radionov et al., 1997; Hezel et al., 2012). In the case of FY ice, snow accumulation can only start after 

the sea ice freezing is stable. A delayed sea ice freeze-up will lead to a delayed start of snow accumulation and thereby have 15 

impact on the snow depth evolution during the winter (Webster et al., 2014). MY ice begins to accumulate snow earlier in 

the fall; additionally, in some regions the snow can survive through the summer season. The ice thickness generally increases 

throughout the cold season, and though the sea ice growth rate is known to be inversely proportional to its thickness (e.g., 

LôHeveder and  Houssais 2001, Bitz and Roe, 2004) we would expect  the ice thickness to be related to the depth of snow 
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accumulated during the winter. Figure 7 plots the depth of snow versus the ice thickness. The data are averages corresponded 

to ice thicknesses divided into 20 cm-ice-thickness intervals. All  measurements used here were conducted throughout the 

Arctic (see Fig. 5a) in the MAM months on the undeformed ice.  The number of measurements is shown by the histogram.  

An empirical linear relation between ice thickness and snow depth can be derived for the FY ice, using least square 

regression, as shown in Fig. 7 by the red line. The derived relation is the following: 5 

Ὄ πȢπφωzὌ ςȢπ.                                                                                                                                                    (1) 

In the equation Hs is the snow depth of the undisturbed snow on the undeformed ice and Hi is the ice thickness (both in cm). 

The FY ice has been separated using a threshold of 200 cm. The linear regression was carried out using averaged snow depth 

and mean ice thickness for each 20 cm-ice-thickness group of data. The coefficient of determination (R
2
) is 0.95. The 

relation between snow depth and sea ice thickness for the whole data set can be described by the polynomial function (see 10 

Fig. 7). The highest values of the ice thickness from the lowest number of measurements were rejected from the polynomial 

calculation.   

 

Figure 7. The relation between the thickness of the undeformed ice and the depth of accumulated snow in the end of winter. 

The next step in the analysis of the Sever data was focused on the local variations of snow depth caused by wind action and 15 

ice deformation, leading to formation of sastrugi, hummocks and snow dunes.  As described in Sect. 2, measurements of 

snow depth of sastrugi (sastrugi height), snow depth on hummocks and depth of snow dunes connected to ice ridges have 
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been done at a significant number of landings (Fig. 3).  That data allows us to evaluate local variations of snow depth on 

single floes and to analyze spatial variability of snow irregularities over larger areas. 

4.2   Snow depth of sastrugi 

Observations of sastrugi height started in 1963, resulting in measurements from 1748 landings. Sastrugi area observations 

started in 1974, providing data from 1217 landings.  A map of measured sastrugi heights is shown in Fig. 8a. Similar to the 5 

case of snow depth measurements, the highest density of observations was in the marginal seas.   

 

Figure 8. Height of sastrugi (a), depth of snow dunes extending out from ice ridges measured at a mid-length of a dune (b), 

snow depth on hummocks measured on the windward side (c) and snow depth on hummocks measured on the lee side (d), in 

cm. All observations were made in the MAM months. 10 

It is reasonable to assume that the sastrugi height (Hsas) is related to the depth of undisturbed snow (Hs) because both 

parameters were obtained from the same landing areas. To calculate such empirical relation snow data collected in the MAM 

months were grouped into 5 cm-snow-depth intervals, and the regression between averages in each interval were computed 


