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The changes in the level of the Spartakovskoye glacier-dammed lake during the period of 2016 to 2019 
have been studied. In the summer of 2016, the lake level reached its maximum, and during the period from 
August 16 to August 25, a catastrophic outburst-fl ood occurred due to the fl oating-up of a glacier dam formed 
by the outlet glacier of the Semenov-Tyan-Shansky dome. Estimation of the lake area has been obtained as a 
result of interpretation of satellite images. The volume of the lake and the height of the glacier dam have been 
determined according to the data of processing of the multi-temporal digital relief models. The maximum water 
level in Spartakovskoye Lake was 122.9 m, while its area and volume were (6.63 ± 0.42) km2 and (404.3 ± 21.9) mil-
lion m3, respectively. The minimum height of the iceshed of the dam before the lake drainage was about 137 m, 
which ensured its ascent with an average ice density of 0.875 g/cm3. The calculations based on the data of snow 
surveys and the amount of summer melting have revealed that the melting of seasonal snow cover, perennial 
snowfi elds and ice on the surface of glaciers in the catchment area of the lake gives a runoff  value of 37.1 to 
48.2 million m3 of water annually depending on average summer temperatures and precipitation. The lake basin 
is completely fi lled in about 10 years. The previous outburst-fl ood of the lake had occurred in the summer of 
2006, and until 2016 the level of the lake was continuously raising. At the end of August 2019, the lake’s level 
reached 80 m, which was consistent with the calculations of runoff  into the lake. While maintaining the pace of 
the lake’s fi lling, its next outburst-fl ood may occur in 2024–2025.

Glacier-dammed lake, outlet glacier, snow cover, melting, maximum level, fl ood-outburst of lake, Severnaya 
Zemlya

INTRODUCTION

Glacier-dammed lakes are numerous in Iceland 
and Greenland [Grinsted et al., 2017; Carrivick, Fiona, 
2019], often found on Svalbard, Novaya Zemlya, 
Franz Josef Land, Canadian Arctic Archipelago. The 
regime and outburst-fl oods of some of them have been 
described earlier in [Walder, Costa, 1996; O’Connor, 
Costa, 2004; Carrivick, Rushmer, 2006]. The most 
large-scale events have been noted in Iceland during 
the outburst-fl ood of glacial lakes (jokulhlaup) loca-
ted in the area of active volcanism [Clague, Mathews, 
1973; Björnsson, 1992; Ng, Liu, 2009]. On the Sever-
naya Zemlya archipelago there are only two large 
glacial-dammed lakes – the Figurnoye and Sparta-
kovskoye ones [Bolshiyanov, Makeev, 1995].

As a rule, methods for determining the volume of 
fl oods during the outburst-fl oods of ice-dammed lakes 
were developed for mountainous areas on the basis of 
physical and mathematical modeling [Glazyrin, Soko-
lov, 1976; Kidyaeva et al., 2018; Popov et al., 2019] or 
by analyzing meteorological information [Konovalov, 
1990; Ng, Liu, 2009]. Quantitative information on the 
nature of individual events formed the basis for suc-
cessful modeling. In the absence or inability to obtain 

reliable fi eld data on the regime of outburst lakes, the 
results of analysis of Earth remote sensing data with 
accurate spatial resolution [Furuya, Wahr, 2005] are 
recently used. That method is the most promising for 
identifying objects in remote areas. The information 
received by remote methods is completely enough to 
detect interannual changes in water level in the lakes 
and to estimate the volume of their basins. In addi-
tion, to predict the outburst-fl oods of lake, informa-
tion is needed on the state of the glacial dam and the 
characteristics of the glacial drainage system through 
which the lake can be drained [Macheret, Glazovsky, 
2011]. 

Although the forecasting of the outburst-fl oods 
of glacier-dammed lakes, the calculations of discharge 
volume and construction of flood hydrographs are 
more relevant for territories where economic activity 
is carried out, the study of such events in the Arctic 
region is important in the scientifi c and practical re-
spect. The catastrophic outburst-fl oods of lakes in the 
Arctic are more widespread than in the mountainous 
regions of temperate latitudes. Discharge volumes 
and maximum water discharge are ten times greater; 
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therefore the degree of environmental impact is more 
signifi cant. The penetration of large masses of water 
into the glacial ice mass is of great importance for the 
thermodynamic state and dynamics of glaciers [Gla-
zovsky, Macheret, 2014].

Spartakovskoye Lake, dammed with a discharge 
glacier of the Semenov-Tyan-Shansky dome, is locat-
ed relatively close to the Ice Base “Baranov’s Cape” 
research station, which gives an unique opportunity 
to study the regime of the lake, the state of the glacier 
and the characteristics of the catchment basin. 

Currently, mass balance studies of the Mushke-
tov and Semenov-Tyan-Shansky ice domes, observa-
tions of snowmelt and runoff  of the Amba, Mushke-
tovka and Bazovaya rivers are being carried out on 
Bolshevik Island as part of the North expedition re-
search program led by AARI [Makshtas, Sokolov, 
2014]. Based on fi eld measurements, information has 
been obtained on the distribution of snow reserves 
and the structure of the snow cover in the northern 
part of Bolshevik Island [Vasilevich, Chernov, 2018]. 
To date, the information about Spartakovskoye Lake 
is fragmentary and does not give an idea of its regime. 
According to the results of helicopter photography in 
August 2017, the drainage of the lake and many ice-
bergs lying in the lake basin has been fi xed. Its regime 
has become clear only after analyzing the Earth re-
mote sensing data, carried out in diff erent time.

In this work, we study the change in the state of 
Spartakovskoye Lake after the 2016 outburst, which 
is probably the largest outburst glacier-dammed lake 
in Russia.

DESCRIPTION OF THE AREA

Bolshevik Island is the second largest island of 
the Severnaya Zemlya archipelago, and is located in 
its southern part. In the west, it is separated by the 
Shokalsky Strait from October Revolution Island. In 
the south, the Vilkitsky Strait separates the island 
from the mainland. In the central and northern parts 
of the island, on elevated plateaus there are the Len-
ingradsky, Semenov-Tyan-Shansky, Wojciechowski, 
Kropotkin and Mushketov glacial domes. The hyd-
rological network on the island is represented by 
small rivers and lakes, alimentated in the summer pe-
riod due to the melting of glaciers and snow cover. 
The most full-fl owing and longest rivers are located 
in the northern part of the island. The Bazovaya, Ra-
zyezzhaya, Slozhnaya rivers originate from the Se-
menov-Tyan-Shansky and Leningradsky domes and 
fl ow into the Gulf of Akhmatov. Of greatest interest is 
Spartakovskoye Lake, formed by the ice dam of the 
outlet glacier of the Semenov-Tyan-Shansky dome 
(Fig. 1). At the maximum water level, the lake has an 
effl  ux in Laptev Sea. In case of an outburst-fl ood, the 
lake’s water is discharged into Kara Sea. On topo-
graphic maps of the second half of the 20th century, 

it is displayed that Bazovaya River fl ows out of Spar-
takovskoye Lake. 

About 40 % of the catchment basin of Sparta-
kovskoye Lake is occupied by glaciers and perennial 
snowfi elds. The ice-free territory of the basin is char-
acterized by the gentle-sloped hills covered with rock 
streams. Their surface is dissected by erosion inci-
sions, which form canyons in the lower parts of the 
slopes. The northern slopes of the Semenov-Tyan-
Shansky and Wojciechowski glacial domes belong to 
the basin of Spartakovskoye Lake. The outlet glacier 
of the Semenov-Tyan-Shansky dome overlaps the 
Spartak Fjord, forming an ice dam about 3 km wide. 

The climate of Severnaya Zemlya is characterized 
by long and frosty winters and short cold summers. 
Mean annual air temperatures make up about –14 °С, 
the period of positive temperatures lasts 70–80 days, 
approximately from mid-June to the end of August. In 
summer, air temperature at sea level often drops below 
0 °C [Bryazgin, Yunak, 1988]. According to meteoro-
logical observations at the Ice Base “Baranov’s Cape” 
research station, the mean temperatures of summer 
months at sea level vary within the range of from 0 to 
4 °С [Makshtas, Sokolov, 2014]. Annual precipitation 
on Bolshevik Island is relatively small: from 200 mm 
(at sea level) to 300–400 mm (in the glacial reser-
voirs of ice domes) [Kotlyakov, 1997]. In the summer 
months, 75 to 100 mm of liquid precipitation falls on 
the coast. Above the altitude of 100 m, the precipita-
tion of mixed-type falls, and its amount increases with 
height [Bryazgin, Yunak, 1988]. The snow cover goes 
off by mid-June, but on glacial domes at altitudes 
above 500 m it remains until the end of summer [Bol-
shiyanov et al., 2016]. The snow surveys performed in 
the spring of 2017 on the northern part of the island, 
has demonstrated that the distribution of snow re-
serves in gently-sloping areas has linear altitudinal 

Fig. 1. Research Area.
1 – position of Lake Spartakovskoye on Bolshevik Island.
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dependence. The maximum values of snow reserves 
have been fi xed on the slopes of the glacial domes, and 
the minimum values of those are typical for coastal ar-
eas. At the foot of the glaciers, perennial snowfi elds 
form due to the snowstorm snow drift. Increased snow 
accumulation has been noted in the erosive incisions, 
where snow reserves are 7–8 times higher than back-
ground values [Vasilevich, Chernov, 2018]. After the 
snow cover has gone off , the melting of snowfi elds dur-
ing the summer is the main source of alimentation for 
rivers and lakes of the island.

Lake Spartakovskoye is one of the largest among 
the glacier-dammed lakes on the islands in the eastern 
sector of the Arctic. The fi lling of the lake occurs in 
the summer due to snow-melting and melting of ice on 
the surface of the glacial domes. In the northeastern 
part of the lake there is a long and narrow bay, which 
in the upper reaches is connected by a pass with the 
valley of Bazovaya River. As a result of that the maxi-
mum level of the lake is defi ned by the height of the 
overfl ow point in the valley. In May 2017, during the 
route studies, the consequences of the lake’s drainage 
in 2016 have been discovered. The entrance into the 
bay proved to be blocked by a pile of numerous ice-
bergs lying at the bottom of the canyon (Fig. 2).

RESEARCH METHODS

The following materials have been used in the 
work: 1) Sentinel-2 satellite images of the L1C pro-

cessing level (08/01/2016, 08/27/2016, 09/09/2016, 
08/26/2018, 09/01/2019) with a spatial resolution of 
10 m; 2) the digital elevation model (DEM) Arctic-
DEM v3.0 [Porter et al., 2018] – mosaic with spatial 
resolution of 2 m and individual fragments (“strip”); 
3) data of fi eld observations in May 2017; 4) meteo-
rological observations on the Ice Base “Baranov’s 
Cape” research station; 5) topographic maps in a scale 
of 1:200,000 edited in 1955 (state of the terrain in 
1952). 

All the Earth remote sensing data, used in the 
work, have been recorded in the UTM projection 
(zone 47N) on the WGS-84 ellipsoid. The processing 
of satellite images and DEM has been carried out in 
the software packages QGIS and ESRI ArcGIS. 

Deciphering of the lake’s boundaries on the Sen-
tinel-2 satellite images has been performed manually. 
The spatial reference accuracy of the Sentinel-2 im-
ages, according to ESA (European Space Agency), is 
within 11 m with a confi dence level of 95.5 % [SEN-
TINEL 2..., 2019].

ArcticDEM v3.0 has been used to determine the 
highest possible water level in the lake, the volume of 
the lake basin, the surface level of the lake dammed 
by the outlet glacier, the boundaries of the catchment 
basin and the areas of its altitudinal zones. In the doc-
umentation for that DEM, provided on the develop-
ers’ website [https://www.pgc.umn.edu], it has been 
noted that the horizontal and vertical characteristics 
of its accuracy had not been verifi ed. The mosaic cov-
erage of the Spartakovskoye Lake region has been 
formed by the results of processing of the World-
View-1, WorldView-2 and WorldView-3 satellite im-
ages of 2012–2017, adjusted by using the ICESat 
survey data (exact collection and coverage of frag-
ments is unknown) – the accuracy of their spatial ref-
erence without the using of ground control points is 
within 4, 3.5 and 3.5 m, respectively. Mosaic Arctic-
DEM v3.0 with spatial resolution of 2 m is the most 
accurate and detailed of the available materials con-
taining information on the relief and heights of stable 
surfaces (surface of land, with the exception of gla-
ciers, snowfi elds and large erosive incisions). 

The maximum water level in the lake (122.9 m) 
has been measured at the watershed of the catchment 
basins of Spartakovskoye Lake and Bazovaya River. 
Measurement has been performed by the ArcticDEM 
v3.0 mosaic raster. The satellite image of Sentinel-2 
(08/01/2016) displays that, a stream outfl ows from 
the northeastern end of the lake to the Bazovaya Riv-
er valley. The base fl ows out by a stream (an overfl ow 
point in Fig. 3). That implies, that on 08/01/2016, 
the water level in the lake was as highest as possible. 
Obviously, it remained to be maximal, at least until 
08/16/2016, when the overflow of water from the 
lake to the Bazovaya River valley was being observed 
by I.S. Yozhikov, the employee of the hydrological 
unit of AARI. 

Fig. 2. Icebergs at the bay’s bottom of Spartakovs-
koye Lake (Photo by R.A. Chernov).
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The volume of the lake has been calculated as the 
volume enclosed between the maximum possible wa-
ter level in the lake (122.9 m) and the DEM of its 
bottom surface. To obtain DEM of the bottom of the 
lake, two fragments of DEM (“strip”) of 04/11/2017 
and 08/08/2017 have been selected, included in the 
ArcticDEM database v3.0 and available separately 
for download, completely covering the lake basin. 
A fragment of 04/11/2017 covers more than 80 % 
of  the lake area on 08/01/2016. A fragment of 
08/08/2017 covers the western end of the lake 
(0.78 ± 0.04 km2, or 11.8 % of the area), not covered 
by the fragment of 04/11/2017. Those DEM frag-
ments are the freshest out of those created after the 
drainage of the lake at the end of August 2016. The 
lowest elevations, recorded on small fl at areas in the 
western part of the DEM fragment of 04/11/2017, 
were in the range of 20–21 m above sea level. 

Verifi cation and correction of the altitudinal ref-
erence for the “strip” fragments of ArcticDEM v3.0 
have been carried out relative to the mosaic of the 
indicated DEM. To do that, the regular grid of points 
with a step of 100 m has been created (Fig. 3), from 
which all points located on unstable surfaces – gla-
ciers, snowfi elds, water surfaces and erosive incisions 
– have been excluded. The latter have been excluded 
due to the accumulation of a large amount of snow in 
them as a result of snowstorm redistribution, which is 
a signifi cant factor, since, fi rstly: the “strip” fragments 
of ArcticDEM v3.0 were created in diff erent seasons, 
secondly: the mosaic of that DEM created with their 
use may not contain information about the bottom 
elevations of the erosive incisions, but may indicate 
the surface elevations of the snow accumulated in 
them (a diff erence of up to several meters). 

Next, the points located on stable surfaces were 
assigned mosaic elevations and corresponding “strip” 
fragments of ArcticDEM v3.0. The surface of the 
DEM “strip” fragment of 04/11/2017 was systemati-
cally increased by 1.62 m – the median deviation for 
2322 points from the mosaic surface. The surface of 
the DEM “strip” fragment of 08/08/2017 was sys-
tematically increased by 3.33 m – the median devia-
tion for 870 points from the mosaic surface. The ele-
vation error of the “strip” fragments of ArcticDEM 
v3.0 relative to the mosaic data is estimated by the 
authors as ±3 m. That confi dence interval includes 
the deviation values of 92.6 % of 2322 points of the 
“strip” fragment of 04/11/2017 and those 97.2 % of 
870 points of the “strip” fragment of 08/08/2017 
from the ArcticDEM v3.0 mosaic values located on 
stable surfaces.

Since the drainage of Spartakovskoye Lake had 
occurred at the end of August 2016, i.e., almost at the 
end of the melting period on the glaciers and snow-
fi elds of the region, the DEM fragment of  04/11/2017 
most closely has refl ected the bottom surface of the 

lake after its drainage. The DEM fragment of 
08/08/2017 has referred to the next warm season af-
ter the drainage of the lake. Measurement of the ele-
vation diff erence between the adjusted DEM frag-
ments of 04/11/2017 and 08/08/2017 has displayed 
a water level diff erence of 10.09 m. That value has 
been taken into account when calculating the volume 
of the lake basin.

The adjusted fragments of the DEM of 
04/11/2017 and 08/08/2017 were combined, as a re-
sult of which the DEM of the bottom of the lake after 
its drainage has been obtained. That have made it 
possible to calculate the volume enclosed betwe-
en the level of 122.9 m (the watershed of the lake and 
Basovaya River drainage basins) and the surface 
DEM of the lake’s  bottom, amounting to 
(404.3 ± 21.9) million m3. 

The boundaries of the catchment area have been 
deciphered manually on a Sentinel-2 satellite image 
of 08/27/2016. As an auxiliary material, a raster im-
age of the surface exposure created out of the Arctic-
DEM v3.0 mosaic has been used.

To calculate the runoff  values in a catchment ba-
sin of the lake, the data on the snow reserves distribu-
tion in the central part of Bolshevik Island, obtained 
by the first author during the snow survey in the 
spring of 2017, have been used. The work has been 
carried out according to the program of hydrological 
studies of the Ice Base “Baranov’s Cape” research sta-

Fig. 3. The boundaries and co-registration points of 
the DEM used in the work.
1 – shoreline of the lake on 08/01/2016; 2 – points of co-regis-
tration of the DEM; 3 – a watershed of the lake and Bazovaya 
River basins; 4 – the border between the “strip” fragments on 
04/11/2017 (eastern) and 08/08/2017 (western) DTM Arctic-
DEM v3.0; 5 – profi le (data for which see in Fig. 6). A Sentinel-2 
satellite image of 09/01/2019 is in the background. 
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tion. The snow thickness measurements on gently-
sloped surfaces (plateau, glacier) were being carried 
out on linear profi les and test sites in the traditional 
way – with a probe; in riverbeds, the snow cover ra-
dar method was being applied [Vasilevich, Chernov, 
2018]. According to the snow measurements, it has 
been found that the average thickness and density of 
snow cover increases with the increasing of the ter-
rain elevations. According to measurements of the 
snow cover thickness at elevations of 100–200 m, its 
average thickness was 25 cm with an average snow 
density of 0.30 g/cm3, which corresponds to a snow 
reserve of 75 mm water equivalent (WE). At eleva-
tions of 200–400 m, the average snow cover is 50 cm 
with an average snow density of 0.40 g/cm3, which 
corresponds to a snow reserve of 200 mm WE. Ac-
cording to our measurements in 2017, the average 
snow cover density varied from 0.38 to 0.45 g/cm3 on 
the northern slope of the Mushketov dome.

The thickness of seasonal snow in river beds and 
canyons varied widely, during the period of maximum 
snow accumulation, the average snow thickness on 
fl at plateaus, as well as in the channels of the Mush-
ketov and Amba rivers, was 0.37, 1.80 and 1.86 m, re-
spectively [Vasilevich, Chernov, 2018]. Our estimates 
have demonstrated that the snow deposits in river 
beds accumulate up to 20 % of snow reserves on a pla-
teau.

THE RESEARCH RESULTS

The maximum lake area (6.63 ± 0.42 km2) was 
recorded in the summer of 2016 (Fig. 4, a). The vo-
lume of the lake had amounted to (404.3 ± 21.9) mil-
lion m3 at the maximum level in 2016. The lake was 
held by an ice dam about 3 km wide, up to 13  m high 
in the northern part. When comparing the lake level 
and dam height, the hydrostatic condition of ice as-
cent is performed at an average density of glacial ice 
of 0.875 g/cm3, which is quite consistent with real 
values. If the base of the glacial dam lies several me-
ters below sea level, the hydrostatic ascent condition 
will also be fulfi lled.

The catastrophic drainage of Lake Spartakovs-
koye has occurred from August 16 to 26, 2016. On the 
Landsat-8 satellite image of 08/25/2016, the water 
surface is visible, and also it is visible that the water 
level in the lake is signifi cantly lower than the maxi-
mum possible value. An almost drained lake basin 
dotted with ice fragments is observed in the Senti-
nel-2 image of 08/27/2016 (Fig. 4, b). A small amount 
of water has remained near the ice dam in the west of 
the lake basin. In the northeastern part of the basin, 
the accumulation of icebergs was the largest – the 
narrow and deep bay had been cluttered with ice-
bergs up to 25 m high (Fig. 2). An ice dam from the 
lake side had been broken by cracks. In its eastern 
part, a surface sink was clearly distinguishable, where 

a channel of subglacial drainage was probably being 
formed during the outburst. From the sea side on the 
glacial surface, the channel traces are not visible, 
since the outlet of the outburst channel to the sea bay 
was much lower than sea level. Thus, before the lake 
drainage, an ice dam had fl oated-up, the lake’s water 
rushed into the bay under high pressure, forming a 
drain channel under the glacier. The state of the lake 
before and after the water discharge is shown in 
Fig. 4, a, b.

To calculate the liquid runoff  into the lake de-
pression, the boundaries of the catchment basin has 
been determined (Fig. 5). The drainage area of the 
lake is (167 ± 1.1) km2, (73.6 ± 1.4) km2 of which is 
occupied by glaciers. In the south, much of the catch-
ment basin area is disposed in the north slope of the 
Semenov-Tyan-Shansky ice dome. In the east, the ba-
sin borders cover part of the Wojciechowski glacier. 
Large perennial snowfi elds have been noted at the 
foot of glaciers on the southern shore of the lake. Gla-
ciers and large snowfi elds are absent in the northern 
part of the basin (Fig. 5). 

The average snow reserves, which have been cal-
culated according to the results of snow measure-
ments in the neighboring basin (basins of the Amba 
and Musketovka rivers), have been taken into ac-
count in the calculation of liquid runoff. Average 
snow reserves in the lake basin are considered in two 
altitudinal ranges (below and above 200 m) and are 
75 and 200 mm respectively. For the calculation, it 
has been assumed that outside the glaciers the snow 
cover melts completely during the summer. Summer 
melting of snowfi elds in erosive incisions adds 20 % to 
the value of background snow reserves. The area of 
the extraglacial part of the catchment basin below the 
level of 200 m is (27.23 ± 0.80) km2, above the level of 
200 m it is (65.91 ± 2.10) km2. The area of snowfi elds 
above 200 m has not being taken into account, since 
their number in the upper part of the slopes is small.

Although the glaciers in that region lie predomi-
nantly above 200 m, the melting on them continues 
throughout the summer. At the same time, below 
500 m, the snow cover goes-off  completely, and runoff  
from the glacier continues due to the melting of ice. 
The value of summer ablation has also been calculat-
ed for the altitude ranges 123–200 and 200–400 m 
with an average height of 160 and 300 m, respective-
ly. The area of glacier ablation has been taken equal 
to  40  km2, and the border height of the glacier’s 
 alimentation has been assumed to be 400 m. The mag-
nitude of summer ablation on the glaciers has be-
en calculated using the Khodakov–Krenke formula 
A = (Tg + 9.5)3 (where Tg is the mean summer air tem-
perature at the estimated elevation) [Khodakov, 
1965] under the condition of a temperature gradient 
equal to –0.7 °С per 100 m of ascent. Here, the tem-
perature jump during the transition to the glacial sur-
face, amounting to 1 °C has been taken into account. 
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The mean summer air temperature for the 
“warm” summer variant is –0.4 and –3.1 °С, that for 
the “cold” summer variant is –1.4 and –4.1 °С. Gla-
cier surface areas (including adjacent large snow-
fi elds) for the elevations below and above 200 m are 
(0.12 ± 0.04) and (73.52 ± 1.41) km2, respectively. 
The calculated value of ablation at an elevation of 
160 m has been 750 mm, that at an elevation of 300 m 
has been 260 mm (“warm” summer). The meltwater 
runoff  out of the glacier ablation area has been ac-
cepted equal to the value of summer ablation. Above 
400 m, the runoff  from glaciers has not been taken 
into account, since a signifi cant part of meltwater re-
mains in the zone of superimposed ice. The results of 

the calculation of the annual liquid runoff  are given in 
Table 1. 

The components of liquid runoff  of the Sparta-
kovskoye Lake catchment basin are displayed in 
Fig. 6. Most of the meltwater (about 43 %) comes 
from glacial surfaces, about 29 % of it comes from the 
snow melting in the mountains, about 5 % of it pro-
duces the melting of little-snow areas along the 
shoreline of the lake, about 22 % of the meltwater 
comes due to liquid precipitation, and 1 % of it comes 
from the melting of small snowfi elds in erosive inci-
sions.

According to calculations, the annual runoff  val-
ues vary from 37.1 to 48.2 million m3 depending on 

Fig. 4. Spartakovskoye Lake.
a – with a maximum water level on 08/01/2016; b – after the drainage of water on 08/27/2016; c – 07/09/2018; d – 09/01/2019. 
1 – the shoreline of the lake with a maximum water level on 08/01/2016.
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the summer weather conditions – the mean summer 
air temperature and the amount of liquid precipita-
tion. The evaporation from snow cover, which can 
significantly reduce the amount of runoff, has not 
been taken into account during the calculation. So, 
on gently-sloped uplands, where the declivities are 
low and the snow thickness is less than 25 cm, the 
snow cover almost completely evaporates in the fi rst 
half of summer. In the catchment area of Spartakovs-
koye Lake about 12 % of the territory has a similar 
relief, the evaporation values from that territory can 
amount to 1.5 million m3. Thus, evaporation from the 
gently-sloped and less-snow areas can reduce the run-
off  by 3.3–4.0 %.

With some assumptions regarding the calcula-
tion of snow reserves, the values of ablation and evap-
oration, we obtain that the annual runoff  in Sparta-
kovskoye Lake is about 38.5–42.8 million m3. The 
estimated increase in snow reserves in the basin by 
20 % gives an increase in the runoff  by only 7 %, since 
the bulk of the water comes from the glacier due to 
ablation. Therefore, with that annual runoff , the fi ll-
ing of the lake to a maximum level takes about 
10 years.

The alimentation of the lake due to ice fragments 
remaining after the drainage of the lake has not been 
taken into account. The estimation of ice volume of 
the icebergs broken off  a glacial dam after the drain-
age of the lake during its fi lling in 2018–2019, gives a 
value of 10–15 million m3 of ice.

DISCUSSION OF THE RESULTS

Breakthroughs of glacial-dammed lakes are nu-
merous in Greenland and the Canadian Arctic archi-
pelago, are found on Svalbard and Novaya Zemlya. 
On the Severnaya Zemlya Archipelago, on the Octo-
ber Revolution Island, a change in the level of Figu-
renoye Lake was fi xed [Bolshiyanov, Makeev, 1995], 
but, apparently, the drainage of the lake had occurred 
through the ice channel and had not been catastroph-
ic. By size, Spartakovskoye Lake is one of the largest 
in the Russian Arctic, and by volume it is the largest 
glacier-dammed lake in Russia. When the maximum 
level is reached, the lake overfl ows into the valley of 
the Bazovaya River, which belongs to the Laptev Sea 
basin. The outburst of the lake takes place into Spar-
tak Fjord which belongs to the Kara Sea basin. For 

Fig.  5.  The catchment basin of Spartakovskoye 
Lake.
1 – the shoreline of the lake with maximum water level on 
08/01/2016; 2 – the border of the drainage basin; 3 – a water-
shed of the lake and Bazovaya River basins. A Sentinel-2 satel-
lite image of 09/01/2019 is in the background.

Fig.  6.  The average proportion of runoff in the 
catchment basin of Spartakovskoye Lake during the 
summer melting:
1 – glacier and perennial snowfi elds (42.6 %); 2 – snowfi elds in 
erosive incisions (1.0 %); 3 – snow cover outside the glacier 
above elevation of 200 m (29.4 %); 4 – that below elevation of 
200 m (4.6 %); 5 – liquid precipitation (22.4 %).

Ta b l e  1. Estimated runoff  value 
 in the catchment basin of Spartakovskoye Lake
 for various options of mean-summer air temperature
 and the amount of liquid precipitation

Mean-summer air 
temperature, °C

Estimated runoff  (million m3) 
with the amount of liquid precipitation

75 mm 100 mm
–1.0 (cold summer)
0.0 (warm summer)
Average

37.1
44.9
41.0

40.4
48.2
44.3
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the forecast of a lake outburst-fl ood, the state of the 
outlet glacier is of interest, namely, the height of the 
ice dam in the northern (lowest) part, since the lake 
outburst is occurred as a result of the ice dam fl oat-
ing-up under the infl uence of hydrostatic forces.

Near the northern coast of the fjord, a network of 
echelon-like cracks is found on the surface of the out-
let glacier, since in that part of the glacier its transla-
tional movement sharply changes the direction from 
north to west. The ice crushing zone contributes to 
the fl oating-up of individual blocks of ice. The key 
moment of the lake outburst is the fl oating-up of an 
ice dam and the discharge of water under the glacier 
into the fjord. The rapid development of the subgla-
cial channel provides a drainage even after the lake 
water level falls. High water level of the lake 
(122.9 m) contributes to a signifi cant pressure of wa-
ter. The dam fl oating-up creates the conditions for 
the infl ow of the large water volumes, and the devel-
opment of the subglacial channel during the outburst 
goes extremely fast. According to the model estimates 
[Clague, Mathews, 1973; Glazyrin, Sokolov, 1976], the 
maximum water discharge could reach 5500 m3/s. We 
do not know the initial dimensions of subglacial 
channel, as well as the time of the dam’s fl oating-up, 
and the time interval of the outburst. Presumably, the 
lake outburst during the fl oating-up of the dam oc-
curs quite quickly, and it can last only several days. If 
we assume that the beginning of the outburst belongs 
to the interval from August 17 to August 25, then the 
average water discharge could be from 520 to 
4675 m3/s. The maximum water discharge at the time 
of an outburst exceeds many known estimates of the 
outburst-fl oods of large lakes in the Arctic. For ex-
ample, the water discharge during the outburst of 
Vatnsdalur Lake (Iceland) reached 3000 m3/s [Cla-
gue, Mathews, 1973]. On Novaya Zemlya, an out-
burst-fl ood of Olginskoye Lake, formed by the Sho-
kalsky Glacier, is known; the water discharge during 
it has reached 1600 m3/s [Chizhov et al., 1968]. There 
are numerous data on the fl oods of Merzbacher Lake 
(Tien Shan), which is comparable in size with Sparta-
kovskoye Lake. The maximum water discharge dur-
ing the outburst-fl ood has reached 500 m3/s [Kono-
valov, 1990]. 

The outburst of Spartakovskoye Lake is a cata-
strophic phenomenon, during which signifi cant mass-
es of water are transferred and a large amount of en-
ergy is released. Many aspects of such phenomena 
remain to be poorly studied. An interesting process is 
the development of the subglacial channel under the 
condition of the water contact with cold ice, and the 
significant water discharge. The uniqueness of the 
lake also lies in the fact that it has a maximum level of 
fi lling, so the state of the lake outburst is regulated by 
the height ice dam. With the dam height less than 
140 m the breakthrough of the lake becomes inevita-
ble and even predictable, as the destruction of the 

dam occurs in blocks, the fl oating-up of which be-
comes noticeable on the glacier’s surface in the satel-
lite images. In 2016, before the drainage of the lake, 
long transverse cracks had been formed on the surface 
of the ice dam, which were associated with the fl oat-
ing-up of ice blocks.

An analysis of the 2017 DEM has revealed that 
the height of the surface of the ice dam in its north 
part had decreased signifi cantly compared to 2016 
(Fig. 7). The ice dam height profi les of 08/14/2011, 
08/09/2013 and 04/15/2016, have been compiled on 
the corresponding fragments of the “strip” DEM Arc-
ticDEM v3.0, which had been adjusted similarly to 
the “strip” fragments of 04/11/2017 and 08/08/2017. 
The greatest deformations of the ice dam have been 
noted in its northeastern part, where a channel of a 
lake outburst had supposedly being formed. Com-
pared to previous years, the height of the ice surface 
has decreased by 60 m. At the same time, the dam 
height in the central part of the glacier has changed a 
little (within the limits of 5 m). Subsequently, in the 
course of the lake’s fi lling with water, the broken-off  
ice blocks have occurred to be icebergs. In 2019, the 
boundary of the ice dam receded 300–400 m from 
the boundaries of 2016, the total volume of the bro-
ken-off part amounted to about 35 million m3. On 
09/01/ 2019 the lake level increased to about 80 m, 
the lake’s area increased to (4.48 ± 0.24) km2, and its 
volume amounted to (184.5 ± 15.5) million m3. That 
volume of water is quite consistent with our estimates 
of annual runoff , which take into account the melting 
of icebergs in the lake’s basin. Perhaps an outburst of 
the lake, collapsing of ice blocks and a decrease in the 
height of the ice dam in the northeastern part will 
also lead to the decreasing of the surface height of the 
outlet glacier. In that case, the next outburst will oc-
cur before the lake level reaches its maximum mark.

It should be noted that similar drainages of the 
Spartakovskoye Lake occurred earlier repeatedly, as 
indicated by traces of terraces on the sides of the lake 
basin, found in the lake’s bay in 2017 (Fig. 8). Numer-
ous horizontal lines on the slopes marked the position 
of the water level in diff erent years.

Fig. 7. Height of the ice dam of the outlet glacier on: 
1 – 08/14/2011; 2 – 08/09/2013; 3 – 04/15/2016; 4 – 
08/08/2017.
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Analysis of available satellite images permits to 
suggest that the previous drainage of Lake Sparta-
kovskoe has occurred in 2006. Pictures of the lake of 
2006, not covered by clouds, could not be found in 
free access. However, the ASTER photograph of 
07/16/ 2005 displays that the coastline of the lake is 
close to its position on 08/01/2016. Measured by the 
adjusted “strip” fragment of DEM ArcticDEM v3.0, 
the water level has amounted to (105 ± 3) m above 
sea level. That allows us to conclude that the runoff  
into the lake until the end of the warm season of 2005 
could not be enough to reach the water level, at which 
the overfl ow of water into the Bazovaya River basin 
begins.

The ASTER satellite image of 05/09/2007 dis-
plays that most of the lake basin has been drained, the 
bedrock outcrops and ice heapings have been notice-
able. It is diffi  cult to determine an exact level of the 
residual lake in the western part of the lake basin on 
05/09/2007 due to insuffi  cient resolution of the AS-
TER image, seasonal snow cover and poor lighting 
conditions for decryption. Obtained values of the 
water-edge height are within the range of 20–30 m. 
That means that the discharge of water from Lake 
Spartakovskoye has occurred in the previous warm 
season, i.e. in the summer of 2006.

Summer melting in the lake basin ensures the 
filling of the lake to its maximum level for about 
10 years. In current climatic conditions, the fi lling of 
the lake’s basin to the maximum level is possible by 
the end of the summer of 2024; therefore, another 
outburst of the lake can occur in 2024–2025. Predict-
ing of its outburst-fl ood becomes a real challenge dur-
ing the remote monitoring of the water level and the 
height of the ice dam. The possibility of partial de-

Fig. 8. Traces of terraces on a slope of the Spar-
takovskoye Lake basin (Photo by R.A. Chernov, 
May 1, 2017).

struction of the ice dam due to a change in the posi-
tion and hydrothermal state of the outlet glacier is 
not excluded.

CONCLUSIONS

The outburst-fl ood of the glacier-dammed Spar-
takovskoye Lake has occurred due to the fl oating-up 
of an ice dam formed by the outlet glacier of the Se-
menov-Tyan-Shansky dome. Based on the interpre-
tation of satellite images and DEM processing, the 
maximum level of Lake Spartakovskoe has been set at 
(122.9 ± 1.0) m. With a suffi  cient height of the ice 
dam, the maximum level is determined by the height 
of the point of the lake-water overfl ow into the Bazo-
vaya River valley. The lake’s area at the maximum 
level has amounted to (6.63 ± 0.42) km2, and its vo-
lume has been equal to (404.3 ± 21.9) million m3. In 
August 2016, the part of the ice dam adjacent to the 
lake had been breached by hydrostatic forces. In the 
period from August 16–25, 2016, an outburst of the 
lake had occurred. By August 27, the drainage of wa-
ter from the lake had been completed. The volume of 
water displaced from the lake to the sea, as well as the 
estimated values of water discharge at the time of the 
outburst-fl ood were comparable to the largest out-
burst-fl oods of lakes in the Arctic. 

The calculation of runoff  in the catchment basin 
of the lake demonstrates that each year, depending on 
summer climatic conditions, the lake receives from 
the basin from 37.1 to 48.2 million m3 of water due to 
liquid precipitation, melting of snow and ice. Accord-
ing to calculations, the lake is filled up within 
10 years, as evidenced by the interpretation of the 
satellite image data. The previous outburst-fl ood of 
the lake occurred in 2006, when its minimum water 
level had been recorded. Given the existing climatic 
conditions, the next outburst-flood of Spartakov-
skoye Lake will probably take place in 2024–2025. 
The condition of the ice dam is also important for pre-
dicting an outburst-fl ood. So, in the summer of 2017, 
a signifi cant decrease in the dam surface in the north-
eastern part and a retreat of its boundary by 300–
400 m had been recorded. 

In the future, the studying of Lake Spartakovs-
koye may provide the important information on the 
outburst-flood mechanism in the Arctic glacier-
dammed lakes and their interaction with the strata of 
cold glaciers. The scale of the outburst-fl ood of the 
Spartakovskoe glacier-dammed lake is unique, and 
despite the inaccessibility of the region, the likeli-
hood of registration and research of the next out-
burst-fl ood the lake is high.
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Ice Base Baranov’s Cape and the participants of the 
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nizing fi eld studies of snow cover on Bolshevik Island.
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ume of the lake according to the data of remote sensing 
of the Earth has been carried out in the framework of 
State Task No. 0148-2019-0004 “Glaciation and re-
lated natural processes during climate change”. The as-
sessment of water resource of the seasonal snow cover 
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