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The data obtained during the fi ve-year (2013–2017) active layer monitoring in soils of permafrost peat 
plateau at the Circumpolar Active Layer Monitoring site R52 (Seida) in the European Northeast of Russia (the 
Usa River basin) are presented. Analysis of the impact of landscape and climatic factors allowed to estimate 
spatial-temporal diff erentiation of the active layer thickness. The spatial heterogeneity of seasonal thaw depth 
is governed by the topography of the peatland site dominated by drained peat mounds covered with shrubby 
moss vegetation and bare peat circles, with fens occupying a small area only. Relative elevation and surface soil 
moisture are found to be major factors aff ecting the active layer thickness within peat mounds covered with 
shrubby moss vegetation. In the bare peat circles, snow depth and microtopography exert a primary control on 
thaw depth. The active layer thickness dynamics during the research period was characterized by a positive 
trend. The air-freezing index (frost number) is interpreted as the most eff ective climatic parameter for estimation 
of inter annual dynamics of the active layer depth in peat soils.

Peat plateaus, peat soils, active layer, permafrost, landscape and climatic factors

INTRODUCTION

Permafrost peat plateaus are widespread in Rus-
sia’s tundra zone [Maksimova and Ospennikov, 2012; 
Fotiev, 2017]. Despite the ongoing climate warming 
and increasing anthropogenic impact, peat plateaus 
continue to act as relatively stable ecological systems 
[Wisser et al., 2011; Pastukhov and Kaverin, 2016]. 
The European North of Russia is a region, where ac-
tive layer thickness (ALT) has signifi cantly increased 
and peat plateaus are widespread [Oberman and 
Shesler, 2009; Kaverin et al., 2014]. Analysis of cli-
mate models has shown that by the end of the 21st 
century negative mean ground annual temperatures 
will be preserved in peat plateaus within the region’s 
forest-tundra zone. While sporadic permafrost will 
survive only in the peat plateau ecosystems [Rivkin et 
al., 2016]. Nevertheless, the temperature profi les ob-
tained from recent monitoring studies show persist-
ing positive mean annual temperatures in the top-
most part of the active layer (AL), suggesting that 
permafrost is thawing in peat plateaus. 

The active layer monitoring in peat soils is ac-
tively carried out in the permafrost zone as part of 
national and international climatic research pro-
grams. The results of long-term ALT monitoring in 
northern Sweden (in the conditions of sporadic per-
mafrost) showed that the late-season thaw depth is 

primarily dependent on the sums of thawing degree-
days (TDDs) and the amount of winter precipitation 
[Sannel et al., 2016]. Spatial variability of the snow 
cover depth (SCD) is interpreted as a major climatic 
factor determining the presence/absence of perma-
frost in peatlands of Northern Fennoscandia under 
current climate conditions [Johansson et al., 2006]. 

The Circumpolar Active Layer Monitoring 
(CALM) program is set out to establish trends in the 
seasonal thaw (i.e. active layer, AL) depth for perma-
frost-aff ected soils and to analyze relationships be-
tween these trends, climatic indicators and landscape 
parameters [Brown et al., 2000; Klene et al., 2001]. 
Monitoring studies at the R5d CALM site located on 
a polygonal peatland in the zone of continuous per-
mafrost revealed a low spatial variation (9 %) of the 
relatively thin (0.4–0.5 m) AL [Babkina et al., 2017]. 
The studies conducted at the CALM R1 site located 
on the permafrost peat plateau within the zone of is-
land permafrost, showed that both relative elevations 
and winter temperature regime of the soil surface 
have prompted a significant spatial differentiation 
(27 %) of the relatively thick (1.5–1.6 m) active layer 
[Bobrik et al., 2015]. The research results obtained at 
the six CALM sites scattered over the territory of the 
North of European Russia were published earlier 
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[Malkova, 2010; Kaverin et al., 2017]. The southern-
most CALM R52 monitoring site (Seida) is the only 
site set up on a thick (4–5 m) peat deposit within the 
area of European Russia and characterized by shallow 
seasonal thaw (active layer).

The main purpose of this paper is to estimate the 
eff ect of landscape factors on spatial diff erentiation of 
the AL thickness (ALT) in soils of peat plateaus with-
in the southern limit of the permafrost zone, by the 
example of the monitoring site CALM R52 site (Sei-
da) located in the European NE of Russia. Landscape 
factors are generally used to represent the topogra-
phy parameters along with characteristics of the veg-
etation cover and soil properties, variations in the 
quantitative criteria determining the ALT spatial 
heterogeneity. The identifi ed main climatic charac-
teristics represent climate controls determining the 
inter annual dynamics of the active layer depth. 

OBJECTS OF STUDY

The CALM R52 site is located 7 km to the west 
from Seida railway station (67°03′ N, 62°55′ E, abso-
lute elevation 100 m above sea level) (Fig. 1). The 
site is situated in the southeastern part of the Bolshe-
zemelskaya tundra (Vorkuta administrative district, 
Komi Republic), in the subzone of the northern forest 
tundra underlain by massive-island permafrost. Peat 
plateaus are widespread in the treeless watershed 
sites, occupying up to 10 % of this area. The territory 
is a low hilly plain overlain with a thick strata of Qua-
ternary sediments [Mazhitova and Oberman, 2003]. 
The climate is cold sub-arctic, temperate-continental. 
The mean annual air temperature (MAAT) measu-

red  by the temperature loggers at the site was 
–(3.1 ± 2.2) °C for 2012–2017, the sum of thawing 
degree-days (TDD) (1642 ± 450) °C⋅day, the sum of 
freezing  degree days (FDD) is –(2654 ± 334) °C⋅day. 
The  average annual precipitation (Ri), according to 
the Vorkuta weather station data is (493 ± 82) mm 
for 2012–2017. The prevailing wind directions are 
south-western and southern (for winter) and primar-
ily northern (for summer) [Taskaev, 1997]. The moni-
toring site is located within the peat plateau with an 
being area of 0.6 km2, part of the ancient lake basin 
(6.7 km2) complicated by thermokarst landforms and 
lake terraces. The peat deposits (thickness: up to 
4–5 m) are underlain by Pleistocene lacustrine loamy 
sediments [Rivkin et al., 2017].

The monitoring site is 100 × 100 m in size in-
cludes a grid of constant observation survey nodes 
with grid cell size 10 × 10 m. The landforms of the site 
are overwhelmingly dominated by peat mounds 
(93 %) from 1 to 3 m in height (Fig. 2). The vegeta-
tion cover of the peat plateau is represented by a com-
plex of shrub-moss-lichen communities, which occu-
py mainly the marginal parts of peat mounds, and 
sedge-sphagnum communities inhabiting the fens. 
Bare peat spots, or patches (“bare peat circles”) vary-
ing from 4 to 25 m in diameter are dominantly wide-
spread on the tops of peat mounds and have a round 
or oval, rarely irregular shape. Their surface is charac-
terized by polygonal crack system, with polygons be-
ing either tetra- or pentagonal, about 1 m in diameter. 
Vegetation is practically absent from such circles. 
Fragmentary colonies of the Cladonia sp. and crypto-
gamic soil crusts are found in the marginal (lower) 
zone of circles, as well as in the contours of large frost 
cracks. Fens (hollows) and bare peat circles are com-
monly surrounded by a dense belt of shrub-moss veg-

Fig.  1.  Geographical position of the monitoring 
coverage site.

Fig. 2. Dominant vegetation types within the CALM 
R52 (Seida) site. 
А11, K1, K11 – designation of the corner survey grid nodes.
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etation. Fens occupy the lowest areas between peat 
mounds. Within the monitoring site peat oligotrophic 
permafrost-affected soils have developed on peat 
mound tops (under vegetation cover) peat oligotro-
phic destructive permafrost-affected soils on bare 
circles; and peat oligotrophic seasonally freezing soils 
on fens [Shishov, 2004]. Anchoring permafrost (i.e. 
when seasonal freezing in the AL merges with the 
permafrost table) is typical of permafrost-affected 
soils [Ershov, 1988]. Soils of peat mounds are charac-
terized by a temperature regime interpreted as re-
latively severe for the region [Kaverin et al., 2014]. 
Within a thin AL (30–60 cm), the sums of negative 
soil temperatures reach –2500 °C⋅day, and positive 
soil temperatures 1000 °C⋅day. The mean annual soil 
temperature (MAST) varies from 0 to –5 °C within 
the 0–1 m depth interval [Kaverin et al., 2016].

RESEARCH METHODS

Since 2013, the active layer thickness and snow 
cover depth have been measured every year at each of 
the 121 survey grid nodes of the site during the 3rd 
decade of September (ALT) and 3rd decade of March 
(SCD) using a graduated metal probe. In September 
2015 and 2016, moisture and temperature were mea-
sured in soils at all the grid nodes. Point measure-
ments of soil temperature were carried out at depths 
of 20 and 50 cm with a hand-held HANNA HI 935005 
thermometer combined with HANNA HI 766TR2 
 Penetration Thermocouple Probe (accuracy up to 
0.1 °C).

Soil moisture content in the topmost soil horizon 
(0–10 cm) was measured using a H2 Delta-T hand-
held moisture meter with MP3 ThetaProbe soil mois-
ture sensor (accuracy up to 0.1 %). The 2013 fi eld 
surveys which included measurements with the RGK 
T-05 electronic theodolite with optical plummet for 
determination of relative heights of the site survey 
grid nodes. The additionally measured quantitative 
parameters (the 2015–2017 fi eld surveys) of the main 
landscape factors aff ecting the AL thickness included: 
maximum height of vegetation tiers according to 
plant community types; surface exposure and inclina-
tion angles, average heights of the microtopography 
elements. The surface air temperature was measured 
with the Hobo Water Pro digital logger installed at a 
height of 2 m above the soil surface. Climatic vari-
ables of the WMO background period (1960–1990) 
for the study site were obtained using the World-
Clim 1.0 attributive database (climate matrix) [Hĳ -
mans et al., 2005]. 

The data analysis involved the Spearman’s rank 
correlation, as well as linear and multi-regression 
analyses, with AL thickness acting as dependent vari-
able for the latter. The landscape factors used as pre-
dictors (independent variables) for the multidimen-
sional regression model are: 1) RSE as relative surface 

elevation above the lowest point of the site (range: 
0–3.64 m); 2) DSE as deviations of the surface eleva-
tions from a reference plane within the site area 
(range: from –68 to 35 cm); 3) surface inclination 
angle (range: 0–27°); 4) microtopograpy (microre-
lief), as average height of the microtopography ele-
ments within a radius of 0.5 m from the survey grid 
node (range: from 2 to 40 cm); 5) maximum height of 
vegetation tiers (range: from 0 to 65 cm); 6) snow 
cover depth (range: from 0 to 150 cm); 7) volumetric 
moisture content in the topmost soil horizon (range: 
from 9 to 100 %). Determinations of the spatial posi-
tion of bare peat circles were based on the surface ex-
posure data (range: from 0 to 360°).

The eff ect of climatic factors on interannual vari-
ability of the AL thickness was estimated based on 
the sums of TDD and FDD, the air frost number, total 
annual precipitation and winter precipitation (Octo-
ber–April). The air frost number was calculated to 
assess the infl uence of climatic conditions on the AL 
thermal state according to the formula [Nelson and 
Outcalt, 1987]
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where F is air frost number; TDD is thawing degree-
days; FDD is freezing degree-days; subindex “+” sug-
gests the use of FDD as positive values. 

Climatic parameters were calculated for the hyd-
rological year (October 1 through September 30). 
The linear regression estimates enabled analysis of a 
relationship between the active layer depth and cli-
matic characteristics (factors), where the average AL 
depth (for the site) was taken as a dependent variable 
(y), while the independent variable (x) was repre-
sented by either the year of observation or climatic 
parameters. Surface heterogeneity of the study site 
(a segment of peat plateau) was calculated as the 
standard deviations of surface elevations from a refer-
ence plane. The parameter quantifi cation was based 
on the deviations of the survey grid nodes heights 
from the modeled plane, which best approximates the 
studied surface area of peat plateau.

The detailed characterization and validity of 
these calculations in the study of permafrost-aff ected 
soils of loamy ridges were discussed in [Kaverin et al., 
2017]. In this research, the use of the DSE values in 
addition to the relative surface elevations of the peat 
plateau was prompted by the complexity of both soil 
cover and vegetation coveras, as well as the terrain 
dissection against the backdrop of the generally 
south-north trending terrain inclination.

All statistical analysis was run in the IBM SPSS 
Statistics 19 software package (threshold signifi cance 
level p = 0.05). Cartograms of the monitoring site re-
flecting spatial differentiation of the studied land-
scape factors were compiled using the Golden Soft-
ware Surfer 8 software.
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RESULTS AND DISCUSSION

Landscape factors affecting the ALT spatial 
diff erentiation. The average long-term (2013–2017) 
AL thickness (ALT) within the observational site is 
signifi cantly diff erentiated (Fig. 3, a), due to the spa-
tial heterogeneity of the peat plateau topography ele-
ments (Fig. 3, b–d; Table 1). The studied peat plateau 
is distinguished by intricate combination of peat 
mounds prevailing over the area (93 % of the total 
number of all the survey grid nodes within the site) 
and individual localities of sedge-sphagnum fens 
(7 %). The surface of peat mounds, in turn, is divided 
into areas with shrub-moss vegetation (45 % of the 
survey points) and bare peat circles (48 %) (Fig. 2). 
Specifi c features of bare peat (vs. shrub-moss) circles 
localized on the mounds consists in: their relatively 
high attitude in the relief; lower elevation of the mic-
rotopography elements; completely or partially miss-
ing vegetation cover; shallow snow depth; higher 
temperature and moisture content of soil and there-
fore higher AL thickness (Fig. 3; Table 1). Bare peat 
circles tend to develop mainly in the upper parts of 
peat mounds, contributing thereby to their wind ero-
sion [Kaverin et al., 2016].

By comparison with peat mounds, localities oc-
cupied by fens are characterized by lower topography, 
intense snow accumulation, poor drainage, higher soil 
moisture content and temperature (Table 1). The in-
terplay of these factors and conditions has predeter-
mined the highest ALTs in the fens (Fig. 3; Table 1).

Diff erentiated snow accumulation on a peat pla-
teau leads to partial smoothing of the snow cover sur-
face against the soil surface (Table  1; Fig.  3,  b). 
Whereas intensive snow accumulation on the fl anks 
and in topographic lows on the surface of peat 
mounds protects the shrub tiers from frost-killing and 
snow corrosion. Within the site area, the AL thick-
ness signifi cantly and positively correlates with soil 
temperature at depths of 20 cm and below (correla-
tion coeffi  cient r = 0.56), 50 cm (r = 0.92) and mois-
ture content in the topmost soil horizon (r = 0.59) 
(Fig. 4). The vegetation height positively correlates 
with the snow cover depth (r = 0.77) and with the 
microtopography elements elevations (r = 0.68). The 
snow cover depth, in turn, depends on DSE 
(r = –0.84). While the correlation of other factors is 
either weak or non-existent (Fig. 4).

The eff ect of moisture content on ALT is gover-
ned primarily by the peat plateau terrain heterogene-

Fig. 3. Spatial diff erentiation of seasonal thaw depth, landscape factors and soil temperatures over the 
CALM R52 site:
а – average (2013–2017) AL thickness, cm; b – average (2013–2017) snow cover depth, cm (the schematics shows the snow 
cover surface); c – soil temperature at a depth of 20 cm (T20), °С (September 2016); d – volumetric moisture content in the up-
permost soil horizons, % (September 2016). А11, K1, K11 – designation of the corner survey grid nodes.
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showed that in peat mounds’ areas covered with 
shrub-moss vegetation, the major contribution (the 
proportion of variance explained) to the ALT spatial 
differentiation is made by RSE and soil moisture 
(Fig. 5). This is accounted for high variation of RSE 
(184 ± 71 cm) in comparison with other types of sites 
within a peat plateau. Analysis of the ALT variations 

Ta b l e  1. Average values (with standard deviations) of the analyzed indicators 

Vegetation 
type

ALT, cm 
(2013–
2017)

Landscape factors

T20, °C
(2016)

Relative height, 
cm

RSE, 
cm

DSE, 
cm

Inclina-
tion, 
degr

Expo-
sure, 
degr

MT, cm VH, cm
SCD, 

cm
(2013–
2017)

Mois-
ture, % 
(2016)

SVT SCS

Bare circles 
(mounds)

53 ± 6 236 ± 63 35 ± 45 6.4 ± 5.1 186 ± 78 9 ± 4 3 ± 7 22 ± 17 38 ± 16 4.8 ± 0.6 239 ± 61 258 ± 54

Shrubby 
(mounds)

49 ± 18 184 ± 71 –28 ± 45 7.5 ± 6.0 172 ± 79 18 ± 8 27 ± 12 61 ± 22 25 ± 19 3.5 ± 1.1 211 ± 68 245 ± 63

Sedge-sphag-
num (hollows)

139 ± 16 166 ± 23 –68 ± 20 0.2 ± 0.0 n/a 12 ± 4 16 ± 21 91 ± 14 100 ± 0 7.2 ± 1.3 182 ± 30 256 ± 28

Average for 
the site

55 ± 22 163 ± 70 0 ± 56 6.6 ± 5.6 179 ± 79 13 ± 8 15 ± 16 44 ± 29 35 ± 23 4.3 ± 1.3 222 ± 65 252 ± 57

N o t e. ALT – active layer thickness; RSE – relative surface elevation; DSE – deviation of surface elevations from a reference 
plane; inclination – surface inclination angle; exposure – surface exposure; MT – microtopography elements heights; VH – maxi-
mum vegetation height; SCD – snow cover depth; moisture – volumetric soil moisture content in the uppermost soil horizons; 
T20 – soil temperature at a depth of 20 cm; SVT – surface of vegetation tiers; SCS – snow cover surface.

Fig. 4. Coeffi  cients of Spearman’s rank correlation 
between AL thickness, landscape factors and soil 
temperatures within the CALM R52 site:
RSE – relative surface elevation; DSE – deviations of surface 
elevations; MT – microtopography; inclination – surface incli-
nation angle; VH – maximum vegetation height; SCD – snow 
cover depth; moisture – volumetric moisture content in the 
topmost soil horizon; Т20 – soil temperature at a depth of 
20 cm, °С; Т50 – soil temperature at a depth of 50 cm, °С. 

Fig. 5. Contribution of landscape factors (%) to the 
spatial diff erentiation of AL thicknessses.
Numbers on the plots indicate the landscape factors values. 

ity and vegetation types. A separate multiple regres-
sion analysis was therefore performed for peat 
mounds and associated bare peat circles. The results 
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within bare peat circles showed that the snow cover 
depth and microtopography have become a major im-
pacting landscape factors (Fig. 5). These are the most 
sensitive factors due to the low snow cover depth and 
active formation of the microtopography elements as 
a result of seasonal frost heave [Marushchak et al., 
2011; Kaverin et al., 2016]. Sedge-sphagnum fens 
were not considered separately in the multiple regres-
sion analysis because of the insuffi  cient sample size. 

Climatic factors aff ecting interannual variabil-
ity of AL thickness. The active layer dynamics aver-
aged over the study site was characterized by a posi-
tive trend (R2 = 0.31, y = 1.30x + 51.1) throughout 
the research period (2013–2017). The most distinct 
trend of increasing AL thickness was observed in 
soils  of sedge-sphagnum fens (R2  =  0.40, y  = 
= 1.64x + 133.68) and bare peat circles of mounds 
(R2 = 0.33, y = 0.91x + 50.63). While the increasing 
trend in seasonal thaw depth was expressed to a lesser 
extent for soils of peat mounds overgrown by shrub-
moss (R2 = 0.26, y = 1.67x + 44.30).

Key climatic indicators /coeffi  cients showed a 
signifi cantly warming trend for the region during the 
study period versus the second half of the 20th cen-
tury (Table 2). Besides, the reported changes in AL 
thicknesses are in good agreement with the increas-
ing mean annual air temperature (MAAT), the sums 
of TDD and FDD, and the more so with a decrease in 
the air frost number (Table 3).

Proceeding from the Vorkuta weather station 
data, the eff ect of total annual and winter precipita-
tions is interpreted as limited. Notably, inasmuch as 
the statistical calculations were based on a relatively 
short time series (5 years), the results can be viewed 
only as preliminary, which however have shown a 
good convergence (Table 3).

The average F value for the study period was 
0.56, which is signifi cantly lower than average for the 
background period (1960–1990) equaled 0.63 (Tab-
le 2). During the baseline period, similar F values 
were documented along the regional southern perma-
frost limit, with the permafrost occurring only in iso-

Ta b l e  2. Climatic characteristics and coeffi  cients for the CALM R52 (Seida) site

Hydrological years Tyr, °С TDD, °С⋅day FDD, °С⋅day F Ri, mm Rw, mm ALT, cm
1960–1990 –5.8 1112 –3213 0.63 432 70 49*
2012–2013 –4.9 1432 –3068 0.59 438 84 52
2013–2014 –5.3 1026 –2483 0.61 623 76 53
2014–2015 –2.1 1792 –2568 0.54 517 107 56
2015–2016 0.0 2243 –2239 0.50 419 92 61
2016–2017 –3.3 1717 –2913 0.57 468 86 54
2012–2017 –3.1 1642 –2654 0.56 493 89 55

N o t e. Tyr is mean annual air temperature; TDD is sum of thawing degree-days; FDD is sum of freezing degree-days; F is 
air frost number; Ri is annual precipitation; Rw is winter precipitation; ALT is active layer thickness. 

*Average AL thickness (1960–1990) calculated from the F ratio between the baseline [Hĳ mans et al., 2005] and study 
periods.

Ta b l e  3. The linear regression parameters showing relationships between AL thickness,
 climatic characteristics and frost number for CALM R52 (Seida) site

Indicator Tyr, °С TDD, °С⋅day FDD, °С⋅day F Ri, mm Rw, mm

General description of the model 
R2 0.91 0.73 0.63 0.90 0.17 0.22
f 30.41 7.99 5.01 25.63 0.60 0.83
p 0.01 0.07 0.11 0.01 0.49 0.43

Characteristics of absolute term of an equation (invariable)
C 60.16 43.51 78.31 100.96 64.21 41.85
t 55.08 10.37 7.48 11.10 5.38 2.87
p 0.00 0.00 0.00 0.00 0.01 0.06

Coeffi  cient of independent variable 
B 1.64 0.01 0.01 –81.63 –0.02 0.15
t 5.51 2.83 2.24 –5.06 –0.78 0.91
p 0.01 0.07 0.11 0.01 0.49 0.43

N o t e. R2 is determination coeffi  cient; f is Fisher’s ratio test value of the linear model; p is signifi cance level; C is value of 
absolute term of an equation; t is Student’s t-test value for assessment of separate model coeffi  cients; B is coeffi  cient of independent 
variable. The most signifi cant coeffi  cients are shown in bold. 
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lated sites of peat plateaus in the extreme northern 
taiga zone. A decrease in F values indicates a consid-
erable transformation of climatic conditions aff ect-
ing the thermal state of permafrost at the region’s 
southern permafrost limit. The regional impacts of 
climate warming enhance permafrost thaw in areas of 
its discontinuous distribution, which is most remark-
ably manifest in mineral soils [Oberman and Shesler, 
2009].

Peat plateaus can preserve permafrost, even un-
der climate conditions unfavorable for the existence 
of mineral-rich permafrost [Rivkin et al., 2016]. By 
comparison with mineral soils, peaty soils whose 
thermal conductivity is described both as low (unfro-
zen horizons) and high (frozen horizons) [Babaev et 
al., 1987] appear therefore more immune to climate 
warming. The estimates of and forecasts for changes 
in ALT based on the analysis of the dynamics of sums 
of TDD alone would not be perfectly correct. The in-
dependent climatic coeffi  cients ratios derived from 
the TDD values are applicable primarily to mineral 
soils [Stendel and Christensen, 2002]. Better estimates 
of changes occurring in the thin active layer are ob-
tained from calculations of the relations between F 
values for the compared periods. While this climatic 
indicator calculated as a ratio between the study (F1) 
and background (F0) periods was 1.12. The average 
ALT within the study site was thus expected to in-
crease by 12 % (from 49 cm in 1960–1990 to 55 cm in 
2012–2017) (Table 2), which is highly probable, gi-
ven that the average ALT in the region’s peat plateaus 
varied in the 40–50 cm interval [Shamanova, 1964]. 
At this, the ALT increase in region-specific loamy 
soils was signifi cantly higher [Mazhitova et al., 2004; 
Malkova, 2010; Kaverin et al., 2017].

Note that the use of the F1/F0 ratio in this paper 
has several drawbacks. Firstly, a relatively short se-
ries of observations is analyzed without taking into 
account the infl uence of precipitation and snow cover 
depth. Besides, the F factors will probably be restrict-
ed with regard to the ALT determinations in bog 
landscapes (in the case of deep seasonal thaw). Given 
a weak correlation between the eff ects of precipita-
tion and seasonal thaw depth during the study peri-
od, the former may be disregarded. Nevertheless, the 
use of the F ratios for estimating the ALT variability 
becomes tenable at CALM sites abounding with peat 
mounds and characterized by low ALT and SCD. 
Also, the F ratios can be eff ectively used in GIS analy-
sis of climatic controls ensuring the regional tempera-
ture stability of peat plateaus.

CONCLUSION

The contribution of the peat plateau topography 
specifi city is signifi cant in regard to spatial diff eren-

tiation of the active layer thicknesses (55 ± 22 cm). 
The studied peat plateau exhibits a limited localiza-
tion of water-logged fens (7 %) characterized by deep 
seasonal thaw (139 ± 16 cm), against the background 
of the overwhelming prevalence of peat mounds 
(93  %). Within the site occupied by mostly peat 
mounds, the ALT differentiation is determined by 
a  combination of  shrub-moss communities 
(49 ± 18 cm) and bare peat circles (53 ± 6 cm) which 
occupy 45 and 48 % of the site area, respectively. By 
comparison with shrub-moss communities, bare peat 
circles are distinguished by: partial or complete lack 
of vegetation cover (height: 3 ± 7 cm), high relative 
surface elevations (236 ± 63 cm), high temperatures 
(4.8 ± 0.6 °C at a depth of 20 cm) and soil moisture 
contents (38 ± 17 % at a depth of 0–10 cm), lower 
snow cover depths (22 ± 17 cm) and lower elevations 
of micro-relief elements (9 ± 4 cm). Whereas the va-
lues of the ALT variation coeffi  cients (6 %) and the 
landscape factors determining ALT variability (on 
average 26 %) within bare peat circles are lower com-
pared to the values for shrub-moss communities. 

The site-specifi c active layer thickness generally 
correlates well with moisture content in the topmost 
(0–10 cm) soil horizon (r = 0.68) and soil tempera-
tures at depths of 20 cm (r = 0.56) and 50 cm (r = 0.92, 
p-level < 0.05). As far as the areas of peat mounds 
covered with shrub-moss vegetation are concerned, 
the main landscape factors determining the ALT spa-
tial differentiation are: relative surface elevations 
(16  %) and the associated soil moisture content 
(18 %). While major landscape factors infl uencing 
ALT within bare peat circles of peat mounds are the 
snow cover depths (21 %) and the height of microto-
pography elements (18 %). The dynamics of seasonal 
thaw depth averaged over the study area within the 
research period (2013–2017) was characterized by a 
positive trend (R2 = 0.31, y = 1.30x + 51.1). The AL 
thickness is found to be responding to long-term air 
temperature fl uctuations to a lesser extent in soils of 
peat plateaus, than in mineral soils. Analysis of the 
ratio between the variations in climatic parameters 
and AL thicknesses in peat plateau has shown that 
the air frost number F (R2 = 0.90) represents the most 
eff ective climate control. Its application is promising 
for assessing the ongoing and projected changes in AL 
thicknesses in permafrost peat plateaus.

The work was carried out as part of the interna-
tional program “Circumpolar Active Layer Monitoring” 
(CALM) led by the National Science Foundation 
(NSF), USA, within the project “Constraining uncer-
tainties in the permafrost-climate feedback” (COUP) 
led by the University of Eastern Finland (Kuopio, Fin-
land) supported by the Russian Foundation for Basic 
Research (projects # 18-55-11003, 18-05-60005).
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