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Long-term monitoring of coastal dynamics in the Western Yamal, at the Marre-Sale key site has shown a
mean coastal retreat at 1.7 m/yr, with the maximum 3.3 m/yr and the minimum 0.5 m/yr. The time-dependent
variations in the retreat rate show cyclic patterns. The change in beach and shoreface elevation in thermal erosion coasts reaches 0.7 m and can be either positive or negative. First quantitative estimates give 0.3 m maximum
elevation change of accumulative surfaces.

INTRODUCTION

The coastal dynamics in the western Russian
Arctic has been insufficiently explored. The problem
is especially topical for the western Yamal coast with
the initiated development of Kruzenshtern and Kharasavey gas-condensate fields and prospected construction of related structures for condensed gas processing and transport. The coastal erosion of the West
Yamal was monitored in different field campaigns at
capes Burunnyi, Kharasavey, and Marre-Sale, as well
as within the Baidaratskaya Guba pipeline traverse
[Voskresensky and Sovershaev, 1998; Vasiliev et al.,
2001]. Note that the monitoring was mostly restricted to measuring the retreat rates of the coastal cliff
edges.
STUDY AREA AND METHODS

Integrate studies of coastal dynamics around the
Marre-Sale weather station are carried out since 1978
by the Institute of Earth’s Cryosphere (Tyumen). The
coast is composed of Late Pleistocene deposits of 15–
30 m high sea terraces (II and III), with saline marine
clay at base of the section and sand in the upper part.
The area belongs to the zone of continuous permafrost. The mean annual temperature of frozen ground
ranges from –2.5 to –6.0 °C.
The monitoring parameters at the site included
meteorology and marine hydrology, dynamics of permafrost conditions, coastal retreat rate (measured
yearly against fixed benchmarks and by repeated laser
transit survey of cliff edge and cliff base locations),
and shoreface elevation (leveled yearly along a fixed
coast-orthogonal profile).

dates. Correspondingly, the ice-free period when the
coast is exposed to hydrodynamic forcing has become
longer (20 days longer on average for 1970 through
2010). Note that this increase is attributed to the fall
season when the coast is strongly eroded by frequent
storms.
The monitored sea-wave parameters (height, period, wavelength, and duration) show no regular increase associated with climate warming. Therefore,
one may expect no steady acceleration of coastal erosion, even if warming continues and the period of active coastal dynamics becomes ever longer. See Fig. 1
for average annual coastal retreat rates measured over
4.5 km of the coast.
The coastal retreat rate at Marre-Sale changes
periodically rather than increasing since the late
1970s (Fig. 1). Erosion was most rapid in 1998–1999
and 2006–2010 but slowest in 1978–1979 and 1999–
2000, the average being 1.7 m/yr. The retreat rate
does not experience direct climate forcing [Vasiliev et
al., 2006]. The effect of climate is rather implicit, via
local changes in synoptic conditions, in atmospheric
pressure and wind (and related fetch). A close relationship between coastal erosion in the Kara Sea and
the total wind-wave energy was discovered earlier

RESULTS

Climate warming in the Arctic since the 1970s is
accompanied by changes in sea hydrodynamics. According to data from the Marre-Sale weather station
over this period, the spring break-up of the seaice
cover begins at approximately same dates, except for
natural variations, while freeze-up has moved to later

Fig. 1. Сoastal retreat rate at Marre-Sale site.
Heavy line is approximation.
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Ta b l e 1.

Long-term average coastal erosion rate at West Yamal
Area

Cliff height,
m
8

Lithology

Between Skuratov and
Burunnyi Capes
Burunnyi Cape
Kharasavey Cape

Clay with sand
interbeds
Clay
Clay with sand
interbeds, sand

14
10–25

Beluzhii Cape
Marre-Sale Cape

to 40
10–30

Sand
Sand over loam

Southwestern coast of
Baidaratskaya Guba Gulf

10–25
6–10

Sand over loam
Sand, peat

Coastal erosion rate, m/yr
max.
–

min.
–

av.
0.8

2.5
4.5
–
3.0
2.3
1.0
–
1.8
3.3
0.9
0.7

0.6
0.4
–
0.5
0.51
0.5
–
1.0
0.5
0.05
0.3

1.2
–
2,0
1.4
1.3
–
1.8
1.6
1.7
0.4–0.5
–

[Vasiliev et al., 2006] and confirmed through recent
observations. Coastal retreat data from the West
Yamal obtained by different authors are synthesized
in Table 1.
There has been very little research of beach and
shoreface elevation changes. Yearly elevation monitoring has been carried out at Marre-Sale since 2006
to a sea depth of 1.5 m by repeated leveling in early
September, the heights (depths) being tied to a fixed
elevation reference (Fig. 2). The datum is the waterline position at the time of measurements in 2006.
The maximum beach elevation change (0.5 m) was
observed in 2006–2007. In the shoreface, especially
near the shore, the respective maximum was 0.6 m.
Note that elevation change in the shoreface (at least
close to the beach) can be either positive or negative.
The sea-floor was eroded and subsided in 2006–2009,
but it uplifted by aggradation in 2009–2010 after
long storms.
The maximum beach elevation change as a consequence of brief post-storm events at Marre-Sale
was estimated proceeding from geological conditions.
Drilling stripped a 0.05–0.1 m thick pebble marker

Fig. 2. Shoreface elevation change at Marre-Sale
site.
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bed lying under 0.6 m thick sand and over an inclined
surface of dense heavy clay with signature of erosion.
Pebble layers normally form during maximum storm
wave cutting and pebble deposition. Thus, the magnitude of wave-induced elevation change is measured as
the total sand and pebble thickness, i.e., 0.7 m. This
estimate roughly corresponds to that obtained during
studies along the pipeline traverse of the Baidaratskaya Guba Gulf (0.5–0.7 m).
The maximum sea-floor change on offshore beach
was about 2 m [Dubikov, 1997]. These are approximate reference estimates for the whole West Yamal area.
An elevation change in low accumulative surfaces was observed at the Marre-Sale Koshki site where
about 0.3 m of sand was deposited by long storms in
2010. The sand deposits have fully covered the earlier
landforms and made a large sand field in place of the
laida. Thus, the aggradation rate was 0.3 m/yr. This
appears to be the only quantitative estimate of elevation change in marine aggradation surfaces.
CONCLUSIONS

• Long-term average coastal retreat rate has been
monitored and estimated to reach 1.7 m/yr at the
Marre-Sale site. The slowest rate of 0.5 m/yr was
measured at the site of the Baidaratskaya Guba gas
pipeline traverse.
• The maximum beach elevation change is 0.7 m;
that of shoreface can be either positive or negative
and is generally 0.6 m in magnitude, but can reach
2.0 m along offshore beach.
• The maximum elevation change observed in accumulative surfaces is 0.3 m.
The study was carried out as part of Program 20
(“World Ocean”) of the RAS Presidium, Project
“Permafrost of Arctic Seas and Continental Margin
in Western Eurasia: Present State, Dynamics, Geocryological History, Transformation of Frozen and
Cooled Grounds, and Hydrocarbon Emanation.”
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