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The contemporary climate trends within the permafrost extent in Russia have been evaluated and mapped
on the basis of synthesized meteorological data during the period from 1965 to 2010. The reasons of lagging of
permafrost temperature trends from the trends of mean annual air temperature have been examined. The smallscaled maps of permafrost thermal stability under the contemporary climate warming have been worked out.

The global warming tendency has been evident
for the past 100–110 years. The climate patterns since
1995 have become notably more variable, with frequent anomalies. On this background, mean annual
air temperatures show increasing trends in Arctic regions and their immediate surroundings while the
warming rates in some Subarctic areas are slowing
down or even locally experience a reversal (Turukhansk, Aldan, Olekminsk) [Melnikov et al., 2007;
Pavlov, 2008a; Pavlov and Malkova, 2010].
The frequency of modern climate anomalies is
commonly estimated by comparing meteorological
data over the past decade with the norm, using three
air warming grades (Δtair): weak (Δtair < 0.7 °C), temperate (0.7 °C ≤ Δtair ≤ 1.0 °C), and strong (Δtair >
>1 °C) [Pavlov and Malkova, 2005].
Inasmuch as mean annual air temperatures for
the past decade (2000–2010) have been anomalously
strong in many areas, there are only two warming
grades (temperate and strong) used in the map of
Fig. 1. The climate norm (imaging by dint of isolines,
Fig. 1) varies within the permafrost extent from –2
to –16 °C. Warming is strong over most of the territory (temperature rise more than 1 °C) while temperate climate warming are restricted to local areas in
the European north, in West and Central Siberia, and
in the Russian Far East (Primorie).
In order to highlight regional features of warming
patterns, one has to calculate mean annual air temperature trends for different time limits. The basic map
of these trends was presented earlier for 1965–2000
[Pavlov and Ananieva, 2004; Pavlov and Malkova,
2005]. Having continued the observations till 2010,
we picked the modern trends and compared them with
those for the period from 1965 to 2000. The 1965–
2000 mean annual air temperature trends (Fig. 2) di-

vided into seven grades (see the color code in Fig. 2)
make up prominent N–S (western Arctic and Subarctic areas) and W–E (eastern sector) zones. The warming rates are the highest (to 0.08 °C/yr) in southern
Siberia and the lowest (less than 0.03 °C/yr) in the
European North and in West and Central Siberia.
Unlike these, the air temperature trends for
1965–2010 (isolines at 0.01 °C/yr in Fig. 2) have
markedly different patterns, namely (1) the orientations of contour lines have changed in a way that no
W–E or N–S features show up any longer; (2) the
variations of trend values are generally much lower;
(3) the minimum trends (0.03...0.04 °C/yr) are concentrated in the Lena-Olenek interfluve, in the middle reaches of the Yenisei, and in the northern Yamal
Peninsula; (4) the maximum trends (0.06 °C/yr or
more) are recorded in southern Siberia, central Yakutia, and in the Chukchi Peninsula.
Taking into account the great climate variability
through the past decade, each following year may be
expected to bring about more correction to the mean
linear air temperature trends and thus change the
mapped patterns.
Permafrost monitoring at the steady-state-stations since the late 1960s shows an increasing trend
of frozen ground temperatures to follow the climate
warming [Skachkov et al., 2005, 2007; Malkova, 2010].
The contemporary mean annual ground temperature
trends are highly variable over the permafrost extent
but the warming rates are most often within two
thirds of the air values. The air temperature trends
range from 0.02 to 0.07 °C/yr while the range for frozen ground is from 0.004 to 0.050 °C/yr. Air warming
causes the strongest effect on the permafrost temperature patterns in the case of stable long-term unidirectional trends in both air temperature and snow
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Fig. 1. Variations of mean annual air temperature in northern Russia over the past decade.
1, 2 – temperature rise relative to climate norm: 1 – strong (Δtair > 1 °C), 2 – temperate (0.7 °C ≤ Δt air ≤ 1.0 °C); 3 – mean annual
air temperature isolines (climate norm); 4 – weather stations; 5 – southern limits of cryolithozone.

Fig. 2. Mean annual air temperature trends in northern Russia.
1–7 – trend (warming rate), in °C/yr, for 1965–2000: 1 – less than 0.02; 2 – 0.02–0.03; 3 – 0.03–0.04; 4 – 0.04–0.05; 5 – 0.05 – 0.06;
6 – 0.06–0.07; 7 – more than 0.07; 8 – trend (warming rate), in °C/yr, for 1965–2010; 9 – reference weather stations; 10 – southern
limits of cryolithozone.
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Fig. 3. Map of thermal stability of frozen ground in cryolithozone of Russia.
1–3 – extent of permafrost: 1 – continuous, 2 – discontinuous, 3 – sporadic and patched; 4–6 – thermal stability: 4 – low (Kα > 0.75),
5 – medium (0.50 < Kα ≤ 0.75), 6 – high (Kα ≤ 0.50); 7 – weather stations and observation sites; 8 – southern limits of cryolithozone;
9 – Arctic circle.

thickness [Pavlov, 2008b; Pavlov and Malkova, 2010;
Pavlov et al., 2010].
It is convenient to estimate the stability of frozen ground and its sensitivity to climate change using
the dimensionless coefficient Kα = αtg / αta, which is
the ratio of mean annual temperature trends of ground
(αtg) to that of air (αta) [Pavlov and Malkova, 2009].
The coefficient Kα ≤ 0.50 corresponds to a high
stability of frozen ground (long-term temperature
changes below 50 %: the ground temperature trends
are more than twice slower than the air temperature
ones); the range 0.50 < Kα ≤ 0.75 corresponds to medium stability (the ground temperature trends are
slower than the air temperature ones for a factor of
1.5 or 2); at Kα > 0.75 the permafrost stability is low.
These grades were used to map the thermal stability of upper permafrost (Fig. 3). The greatest part
of the permafrost zone pertains into the range
0.50 < Kα ≤ 0.75 corresponding to medium warming
stability, while the areas of high and low stability are
local.
In spite of rapid recent warming, permafrost in
southern Yakutia remains highly stable, as a result of
variability in snow thickness and a strong control
from winter freezing patterns and peculiarity of snow
accumulation [Skachkov, 2008]. Note that frozen
ground temperatures in the south of West Siberia and
in the Russian Far East do not show increasing trends
synchronous with the air warming. The reason may

be that the permafrost is high-temperature (close to
0 °C) and much heat coming from the Sun is spent on
phase change in the ground [Pavlov and Malkova,
2009]. However, if stable warming continues, frozen
ground can thaw all over those areas. Especially vulnerable is permafrost in the Komi Republic, in the
middle reaches of the Yenisei, and in the Baikal region
where it is discontinuous or sporadic and shows rapid
warming rates.
Thus, monitoring and small-scale GIS mapping
of permafrost are efficient tools to study the geocryological consequences of climate warming. The reported studies allowed compiling a set of small-scale maps,
with thermal stability division, and estimating the
responses of permafrost to the contemporary climate
change.
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