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interpretation of medium-resolution Landsat-7 satellite images. The method of landscape indication imple-
mented in relation to geocryological subzones was used. Spatial variability of geocryological characteristics was
analyzed at the levels of natural subzones and groups of dominant landscape units.

Keywords: geocryological mapping, remote sensing data, landscape indication, geocryological subzones.

Recommended citation: Osadchaya G.G., Pizhankova E.I., 2023. Permafrost-landscape conditions of the
Bolshezemel’skaya Tundra and their mapping based on remote sensing data. Earth’s Cryosphere XXVII (6), 10—22.

INTRODUCTION

The Bolshezemel’skaya Tundra (BZT) is a vast
flat area with low-contrasting topography and eleva-
tions ranging from the first meters (on the Pechora
Sea shore) to 220—240 m a.s.l. in the east. Mean an-
nual air temperatures vary from the maximum of
—2.7°C in the south (weather station Ust’-Usa,
1936-2022) to the minimum of —5.4°C in the north-
east (weather station Vorkuta, 1946-2022). In gen-
eral, the climate corresponds to the subarctic zone.
The BZT is characterized by all types of permafrost
distribution related to geological, geomorphic, and
geobotanical conditions. Geocryological subzones of
continuous (I), discontinuous (IT), sporadic (IIT),
and isolated patches (IV) permafrost distribution
conditionally coincide with natural tundra subzones
(typical and southern shrub tundra), northern for-
est—tundra, southern forest—tundra, and the north-
ern part of the extreme northern taiga, respectively
[Atlas..., 1964; Osadchaya, Tumel, 2012]. According to
the nature of the vegetation cover, traditional groups
of zonal landscape units for northern territories are
distinguished: forest, tundra, mires, and peatlands; in
total, about 30 representative landscape units.

Up to now, there is no clear consensus regarding
the origin and age of Cenozoic sediments of this area,
as well as its geomorphological structure. One group
of researchers [Arslanov et al., 1981; Guslitser et al.,
1985; Lavrushin et al., 1989; Andreicheva, 2002;
Svendsen et al., 2004; Lavrov, Potapenko, 2005, 2012;
Astakhov, Svendsen, 2011, State... Map..., 2014, 2015]
consider the bouldery loams (diamictons) of the
Rogovskaya Formation to be of glacial origin and as-
sociating clayey and sandy layers with interglacial
periods (Vashutkinskaya and Chirvinskaya forma-
tions). Another group [Popov, 1963; Danilov, 1978;
State... Map..., 2007, 2013, 2014; Zarkhidze et al.,
2010; Tvanov, 2011] consider them to be of basin ori-

gin suggesting that the coarsest material was trans-
ported by floating ice. In geomorphological terms,
hilly-ridge plains, composed of the most ancient sedi-
ments, occupy the most elevated positions with abso-
lute heights from 100 to 240 m a.s.l. Younger sedi-
ments are located at lower elevations (0—100 m a.s.l.),
which can be divided into five levels: 0-2.7 m — laidas
(coastal marshes) and floodplains of rivers in lower
reaches; 5-12, 12-25, 30-50 and 60—100 m — marine
and alluvial-marine terraces and lacustrine-alluvial
(or lacustrine-glacial) plains of the Late Pleistocene—
Holocene age.

The geocryological zones are closely related to
natural zones, but this relationship (natural zone/
subzone — geocryological zone/subzone) is imple-
mented differently in different sectors of the perma-
frost zone of Russia. For the BZT, there is a specificity
of this relationship, which is reflected in our geocryo-
logical map on a scale of 1:1,000,000 compiled using
the principle of landscape indication interpretation of
satellite images for the study area at various land-
scape levels — from zonal to local.

STATE OF THE ISSUE

Analysis of maps with geocryological content as
scales of 1:1,000,000 to 2,5,000,000 for the territory
of the European Northeast of Russia showed that
they were compiled considering different principles
for displaying geocryological information. These dif-
ferences concern two positions: the distribution of
permafrost using gradations of its discontinuity (per-
cent of the area, threshold values) and, to a lesser ex-
tent, temperature intervals for certain zonal or re-
gional territorial units.

During the permafrost-engineering-geological
and permafrost-hydrogeological surveys carried out
in the 1970s—1980s by the Polaruralgeologia LLC,
N.G. Oberman with coauthors compiled correspond-
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Table 1.

Threshold values for permafrost distribution (%) according to different sources

Map source

Permafrost distribution (thresholds, %)

Map of permafrost distribution and mean annual ground temperatures
in the northeast of the European part of the USSR [Sukhodolsky, 1982]

30, 70,90, 95

Map of permafrost conditions in the non-Chernozem zone of the RSFSR

1:1,500,000 scale [ 7983]

Geocryological map of the USSR 1:2,500,000 scale [ Ershoo, 1997]

1, 3, 20, 50, 80, 95, 97, 99

Map of engineering-geocryological zoning of the North of Timano-Pechora

oil and gas province 1:1,000,000 scale [ Popova et al., 2005] 1-3,20, 50, 80
Cryogenic strata differentiation by distribution patterns [ Fotiev, 2009] 5, 25,50,75,95
Overview geocryological map of Bolshezemelskaya Tundra (Komi Republic, 10. 50. 90

Nenets Autonomous Okrug) 1:1,000,000 scale [ Osadchaya et al., 2015]

ing maps of 1:500,000—1:1,500,000 scales described in
monographs [Sergeev, 1984; Ershov, 1988] and reflec-
ted on the Map of Permafrost Conditions of the Non-
chernozemic Zone of the RSFSR, scale 1:1,500,000
[7983] and the Geocryological Map of the USSR, scale
1:2,500,000 [Ershov, 1997]. Also known are an over-
view permafrost distribution map by S.E. Sukhodol-
sky [7982], zoning scheme of the Malo-Bolshezemel-
sky region according to the degree of permafrost,
scheme of exogenous processes and phenomena (scale
1:200,000—-1:4,000,000) [Kaznacheeva et al., 1988],
engineering-geological zoning map of the Timan-
Pechora oil and gas province (scale 1:1,000,000)
[Popova et al., 2005; Popova, 2012]. For the territory
of the Timan-Pechora oil and gas province, regional
model maps of geosystems and derivative maps (scale
1:1,000,000—1:4,000,000) were created by D.S. Droz-
dov [2004]. Schematic maps, as well as maps of indi-
vidual parts of the BZT permafrost, including those
of larger scale, were compiled by G.G. Osadchaya and
A.D. Maslov [Maslov et al., 2005].

The analysis of geocryological maps 1:1,000,000—
2,500,000 scale for the territory of the European
Northeast of Russia has revealed the inconsistency
between thresholds for different permafrost subzones
given by authors, although the principles of perma-
frost distribution mapping were similar (Table 1). In
fact, several approaches to permafrost mapping have
been implemented.

1. Areas without permafrost (subzones IT and
III) include areas with persistent shallow permafrost
(up to 2.0-2.5 m). Such patches are perceived as ar-
eas with deep seasonal freezing, whereas, in reality,
they have shallow seasonal thawing (about 0.5 m)
and are frozen.

2. Forest and woodland landscape units are tra-
ditionally considered as thawed, although there are
isolated patches of permafrost (up to 10%) in them.

3. In engineering-geological mapping, the perma-
frost distribution at the surface is mainly considered:
areas with closed taliks, confined to interblock de-
pressions with a thickness of more than 10 m, in some
cases can be considered as thawed. Closed taliks in

areas of willow shrub tundra (up to 20—30 m thick)
are also considered as thawed. Since blocky mesore-
lief is widespread in the tundra zone on mineral soils,
this leads to a “shift” of the boundary between con-
tinuous and discontinuous permafrost to the north.
When analyzing permafrost distribution for the en-
tire depth, such areas with closed taliks belong to the
continuous permafrost zone | Osadchaya, Shpolyans-
kaya, 2021].

Consequently, there are several versions of over-
view geocryological maps for the territory today,
which are hardly comparable in terms of gradations of
discontinuity, principles of permafrost distribution
mapping, and permafrost temperature regime. Ac-
cordingly, zonal geocryological boundaries, as a rule,
differ, coinciding only in certain areas, mainly when
drawing the southern boundary of permafrost. These
boundaries are shifted to the south on the map pre-
sented in this paper compared to those shown on
other maps.

MATERIALS AND METHODS

To compile a geocryological map for the territo-
ry, we used our own field data for more than 40 years
[Osadchaya et al., 2016], remote sensing data, and
information obtained from published legacy and geo-
logical fund materials. A summary analysis of the
available temperature data at significant depths is de-
scribed in the monograph by I.Yu. Bykov and T.V. Bo-
byleva [2005]. Data on permafrost temperatures have
been updated in accordance with modern conditions
according to research papers [Malkova et al., 2016,
2022; Shpolyanskaya et al., 2022)].

Interpretation of remote sensing data for the
BZT was carried out using a mosaic of Landsat-7/
ETM+ multispectral satellite images at 15—30 m spa-
tial resolution prepared by VSEGEI. These data were
transformed into the Gauss—Kruger cartographic
projection with Pulkovo-1942 coordinate system.
The mosaic for the study area (Fig. 1) consists of
17 image fragments, acquired in 2000—2001 at close
time intervals, which made it possible to tone-balance
the images over the entire mapping area. By visually
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Fig. 1. Remote sensing data used in geocryological
mapping of the Bolshezemel’skaya Tundra:

Elevation, m

a — Landsat-7 satellite image mosaic, band combination 4—5-3 s ~ N QY QN N N N N
(near infrared, middle infrared, red); b — Terra/ASTER digital » NANNNRNV VY TP
elevation model.

interpreting, two band combinations were used with RESULTS

four spectral bands: 6-5—3; 4—5-3. The hydrological
features of the territory (surface wetness and water-
logging) are best reflected in the band combination
6—5-3. For interpreting plant communities, the 4—5—
3 combination turned out to be preferable, which was
used as the main (Fig. 1a). Important information
was obtained from a color-coded digital elevation
model (DEM) (Fig. 1b). To create this DEM, the
Terra/ASTER data archive was processed. We used
mosaics from web mapping services [Attp://maps.
google.ru/; hitp://maps.yandex.ru/] to identify the
features of the mesorelief, changes in landscapes that
have occurred since the survey, and anthropogenic
disturbances and to assess the interpretability of py-
rogenic successions.

An important methodological technique for
identifying landscape indicators of geocryological
conditions was the georeferencing of available carto-
graphic materials and remote sensing data with the
use of ScanEx Image Processor software. Establishing
the correspondence of mapping units to remote sens-
ing data is most accurately achieved by digitizing of
maps. We used MapInfo Professional software for
digitizing landscape boundaries and maps. The inter-
pretation of the main lithological units — the litho-
genic basis of landscapes — was carried out by com-
paring mosaic data and DEM with available carto-
graphic materials (maps of Quaternary sediments).
An important part of the work was the field interpre-
tation of satellite images carried out in July 2015.

12

Landscape differentiation of a territory depends
on natural zonal features, as well as topography, com-
position, and properties of surface sediments (region-
al factor). The use of remote sensing data for small-
scale mapping allows one to objectify the identifica-
tion of geocryological subzones, considering the
natural zoning indicated by the distribution of cer-
tain plant communities.

The ratio of the permafrost—covered area to the
total landscape area in various natural zones/sub-
zones | Osadchaya, Tumel, 2012] allows us to conclu-
sively assert that geocryological subzones in the Eu-
ropean Northeast correspond to natural zones: the
tundra zone is a subzone of continuous permafrost
occupying up to 90% of the territory in the southern
shrub tundra and up to 95% in the typical tundra; the
northern forest-tundra subzone is a subzone of exten-
sive discontinuous (50-90%) permafrost; southern
forest-tundra, intermediate discontinuous and spo-
radic (10—50%) permafrost; extreme northern taiga,
isolated patches (<10%) of permafrost. This approach
is quite logical and can be implemented using remote
sensing methods [Pizhankova et al., 2016a,b].

An analysis of the available materials on the
geocryological conditions of the BZT showed that
permafrost distribution near its southern boundary is
lithologically determined. Thus, in the extreme
northern taiga zone, surface permafrost is confined
only to peat massifs. Forest areas on both loamy and
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sandy substrates indicate the presence of thawed se-
diments.

To the north, peatlands are slightly more wide-
spread, but permafrost also develops in woodland and
tundra areas on peaty loamy soils and becomes inter-
mediate discontinuous and then, when the peat layer
no more an indispensable condition for the preserva-
tion of permafrost, extensive discontinuous. Further
north, lithological control is reduced and disappears
completely in the zone of continuous permafrost. Of
decisive importance is the general decrease in air tem-
peratures and the redistribution of snow controlled
by the topography: snow is blown away from the hill-
tops, which contributes to the freezing of sediments,
and accumulates in depressions, which leads to the
formation of closed taliks.

Forest communities consisting of dark conifer-
ous species that penetrate most far into northern lati-
tudes are reliably interpreted on Landsat satellite
images. Pine forests of dry habitats are also deter-
mined quite reliably. On the satellite images of the
extreme northern taiga zone, treeless areas are easily
interpretable. They are often associated with land-
scapes of frozen peat bogs (palsas). To confirm this, it
is preferable to use more detailed satellite images
with a spatial resolution of at least 2.5—5.0 m or high-
er, on which terrain with clearly visible mound struc-
tures, as well as areas with different trees and ground
covers are clearly distinguishable. Frozen peatlands,
for example, are characterized by the absence of tree
vegetation and the presence of lichens in the plant as-
sociations covering the peatland. It is quite accep-
table to use satellite images from the Yandex Maps
[Attp://maps.yandex.ru/| and Google Earth [http://
maps.google.ru/] services quite quickly updating the
mosaic from high-resolution satellite images for the
diagnostics of such territories. Even more detailed
data are currently available on the website [Attps.//
bestmaps.ru/map/esri/sat/], which presents the Esri
WorldImagery global mosaic of submeter spatial res-
olution from satellites GeoEye, WorldView-2,4.

The alluvial landscapes of the territory are the
most physiognomic (Table 2). Floodplain landscapes
have a characteristic rugged mesorelief with traces of
wandering channels and oxbow lakes. Valleys of small
streams flowing into the Pechora Sea and the Pechora
River have an unexpressed meandering belt, and their
mouths have the shape of estuaries. These are the
most hypsometrically lowest positions on DEM ha-
ving the corresponding blue and light blue colors.
The surfaces of river terraces are intensively water-
logged and swamped and are recognized by the
rounded boundaries of the inner margins. These land-
forms are practically absent in the tundra and north-
ern forest-tundra. In those places, where well-drained
sediments (sands with pebbles and gravel) compose
the terraces, the vegetation cover is represented by
pine forests of different densities and ages (because

pine forests of dry habitats are prone to fires) reflect-
ed on satellite images by corresponding greenish gray
tones.

The landscapes of the Late Pleistocene (Late
Neopleistocene) plains are very physiognomic because
of the predominance of mires mainly represented by
oligotrophic herb-moss and shrub-dwarf shrub-herb-
moss bogs in the subzones of the extreme northern
taiga and southern forest-tundra. In the tundra and
northern forest-tundra, these are peatlands with per-
mafrost. The percent of lakes is high, particularly in
the Kolva Depression (Table 2). Peatlands have the
lowest mean annual soil temperatures (-2 to —4°C in
the tundra) and shallow active layer (0.5-0.7 m).

Sandy and gravelly sediments cover a significant
proportion of the right bank of the Pechora River in
the middle and lower reaches in the section from the
Ust’-Usa settlement to the Laya River and from the
Sos’ya to Shchuch’ya rivers, as well as on the left
bank of the middle reaches from the Shchel’yabozh
settlement to the Sher’yu River. These sediments
compose specific rounded hills of 0.5-1.8 km in dia-
meter and 15—-20 m in height, sometimes merging
into ridges. They are covered with lichen pine forests,
which are often subject to fires. The space between
the hills is occupied by the shrub-dwarf shrub-herb-
moss peat bogs with single-standing pine trees. To the
north, pine forests are replaced by larch forests, even
further north by crooked birch forests, and swamps
are replaced by frozen peat bogs. Wind erosion is
manifested on the exposed hills. Such areas sandy
sediments indicate less harsh permafrost conditions
(deep permafrost table) compared to the rest of the
territory.

Late Pleistocene (Late Neopleistocene) plains in
high-latitude positions are characterized by the pre-
dominance of polygonal blocky tundra. Hilltops in
the zone of discontinuous and continuous permafrost
have low ground temperatures reaching —2...—4°C,
which is emphasized by the depletion of vegetation
cover (tundra type of vegetation predominates). In
winter, the snow is blown away from the hilltops,
which leads to strong rock cooling.

While interpreting elevated ridges, called musy-
urs, best results are obtained by using a color-coded
DEM. A landscape-indication table was compiled
based on the results of remote sensing data interpre-
tation for the territory of the BZT (for a fragment, see
Table 2).

The following landscape feature of the BZT re-
gion has been identified: as a rule, a certain landscape
unit can be found in several subzones, while its geo-
cryological characteristics change. Thus, if we do not
consider azonal and intrazonal landscapes, the num-
ber of landscape units in natural/geocryological
zones/subzones changes as follows: I — 12, IT — 19;
III — 14; IV — 10 units; at the same time, the number
of “common” units for neighboring subzones is close:
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Table 3.

Landscape indicators of the boundaries of geocryological subzones

Boundaries

Indicators

Southern boundary of permafrost

Conventionally, it is drawn along the southern boundary of peat mounds
that are at the growth stage nowadays

Boundary between isolated (IV)
and intermediate—discontinuous (11T)
permafrost subzones

In transition from subzone IV to subzone I11:

— There are no pine and pine-birch lichen forests;

— ridge-hollow peat bogs are practically absent;

— flat-topped peatlands appear;

— convex peat mounds are still predominantly in the growth stage.
The indication is generally more obvious for areas of peat bogs and peatlands,
and to a lesser extent for forests

Boundary between intermediate—discon- |In transition from subzone III to subzone II:

tinuous (I1T) and discontinuous (IT)
permafrost subzones

— continuous forests disappear;

— khasyreys (drained lake basins) appear;

— fragments of polygonality appear on flat-topped peatlands;

— convex peat mounds in the growth stage are much less common;

— most of the tundra landscape units are characterized by blocky

(on sands — polygonal) mesorelief.

The indication is generally more obvious for forests and tundra areas, less obvious
for peat bogs and peatlands

Boundary between discontinuous (IT)
and continuous (I) permafrost subzones

landscape units

In transition from subzone II to subzone I:
— forests and sparce forests are not found;
— flat and gently undulating tundras are not found;
— convex peat mounds are not found,;
— limnic polygonal and polygonal-rolled peatlands appear.
The indication is most clear for peatlands and forests, less so for the group of tundra

A universal group of indicator landscape units are peatlands. The most significant indicator is cryogenic relief: in the southern
subzone, heaving of peat mounds at the growth stage predominates; in the northern subzone, ancient blocky relief is pronounced.

Iand IT — 10, IT and III — 12, IIT and IV — 10. As a
result, indicative characteristics for landscapes of dif-
ferent ranks can only be used in relation to a given
geocryological subzone. This circumstance deter-
mines the need in correct delineation of the bound-
aries between permafrost distribution subzones (from
continuous permafrost to isolated patches). Thus, it
becomes possible to determine the zonal affiliation of
a particular territory only from data on a combination
of landscape units of different groups | Osadchaya, Tu-
mel, 2012].

Table 3 shows the main landscape indicators of
the boundaries of geocryological subzones for the
BZT. When mapping these boundaries of geocryo-
logical subzones, the cryogenic meso- and microrelief
is the most significant. Subzones IV and III are char-
acterized primarily by the vast areas of frost heaving
(mainly mounds) in the growth stage; in subzones 11
and I, there are relict relief forms in the stage of de-
scending developments (various blocky mesorelief
forms).

GEOCRYOLOGICAL MAP CONTENT

Geocryological maps represent a generalized pic-
ture of a set of parameters that reflect geocryological
conditions. On the maps of geocryological zoning
(mainly the identification of subzones) based on qual-
itative and quantitative indicators (calculation of the
“weight” of permafrost when carrying out morpho-
logical analysis for various genetic types of relief in
different geocryological subzones [ Osadchaya et al.,
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2016]), natural complexes (NCs) of different ranks
are identified (for example, on the map presented in
this work — natural subzones and NC groups consist-
ing of a combination of landscape units).

For the BZT, a geocryological map of 1:1,000,000
scale was compiled based on the indicator properties
of the NC of the territory (Fig. 2).

The cartographic basis was a map-scheme of
landscape interpretation on satellite images of
1:1,000,000 scale. We used combinations of different
vegetation groups for the conditions of typical, south-
ern shrub tundra, northern and southern forest-tun-
dra, and northern part of the extreme northern taiga.
When characterizing vegetation combinations, we
identified indicative plant communities. This allows
us to reasonably draw the boundaries of geocryolo-
gical subzones — an important element of the map
content.

The entire array of information is presented on a
geocryological map based on the zonal affiliation of
landscapes and is characterized in an explication, a
fragment of which is given in Table 4. In the subzone
of continuous permafrost confined to the typical tun-
dra, four aggregated groups of NCs (1-4) are identi-
fied; in the southern shrub tundra — four groups as
well (5-8); in the area of azonal coastal landscapes —
three groups (9—11); in the subzone of discontinuous
permafrost (northern forest-tundra) — five groups
(12-16); in the subzone of intermediate-discontinu-
ous permafrost (southern forest-tundra) — six groups
(17-22); and in the subzone of isolated permafrost
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Fig. 2. Geocryological map 1:1,000,000 scale for the Bolshezemel’skaya Tundra.
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(far northern taiga) — five groups (23-27). Two ag-
gregated groups of landscape units associated with
the intrazonal valley complex (28, 29) are analyzed
separately.

The explication (Table 4) contains both basic
geocryological information (temperature and perma-
frost distribution) reflected in the legend to Fig. 2
and additional information (the predominant compo-
sition of the upper permafrost horizon from the sur-
face and the type of cryolithogenesis, modern cryo-
genic processes).

The main visual means — color — on the map
show the permafrost fraction over the territory for a
specific aggregated group of NCs (total value, %).
Five primary colors are used for NC groups according
to the permafrost distribution: (1) more than 90%
(violet and blue-violet gamma), (2) 50-90% (blue
gamma), (3) 10-50% (green gamma), (4) less than
10% (yellow), and (5) permafrost-free (orange). Each
color is represented by several shades, which indicate
that it belongs to a certain aggregated group of NCs.
Thanks to the information obtained on the morpho-
logical structure of the territory’s landscapes [ Osad-
chaya et al., 2016], a more detailed differentiation
of permafrost distribution ranges at a scale of
1:1,000,000 was possible for the most variegated sub-
zone of discontinuous permafrost in terms of natural
combinations.

The second most important visual means — shad-
ing and dotted speckling — show the mean annual
ground temperature (for permafrost-free areas, the
ring speckling is applied) (Fig. 2). Temperatures cor-
respond to the background ones for the dominant NC
in the aggregated group. Due to the high mosaic na-
ture of permafrost conditions associated with the
widespread development of polygonal blocky and
hummocky landforms, the temperature interval in al-
most all NCs starts from 0°C, i.e., from the permafrost
temperatures close to the melting point at the bound-
ary between the frozen blocks and thawed sediments.
The same ground temperature is formed in the resid-
ual thaw layers confined to interblock or intermound
depressions. The lowest temperatures correspond to
hilltops.

The predominant composition of the upper per-
mafrost horizon (3—5 m) and the type of cryolithogen-
esis (if permafrost is present) are given for the domi-
nant NC in the aggregated group. The syngenetic
type of cryolithogenesis is characteristic of peats and
lacustrine clays and sands, i.e., NC groups with a pre-
dominance of vegetation of swamps and peatlands;
epigenetic type of cryolithogenesis is characteris-
tic for all other NC groups; herewith, loams predo-
minate in the upper part of the section, and sands
are less common, which is also noted in the explica-
tion.

Modern cryogenic processes in the explication are
indicated for the dominant NC within the aggregated
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group of landscape units; their distribution is also re-
flected on the map by local point symbols.

Information about the active layer is given
(Fig. 2) in the form of a table of the types of seasonal
thawing and freezing in accordance with the classifi-
cation by N.V. Tumel [Maslov et al., 2005] based on
maximum depth values in dominant landscape units.
Given the numbering of NC aggregated groups is
sorted from north to south (except for intrazonal
NCs), it follows from Table 4 that the zonal pattern is
not manifested in the active layer depth in the region.

The map does not show the permafrost thick-
ness, since it practically does not correlate with the
modern landscape situation and, in our opinion, can
be mapped on this scale only on the basis of data from
a sufficient number of boreholes that have exposed
the permafrost base. The permafrost vertical struc-
ture in the region is an alternation of horizons of fro-
zen, cooled, and thawed sediments [Baulin et al.,
1978], and also includes a layer of relict permafrost
and gas hydrates [Map..., 1983; Kakunov, 2001; Ober-
man et al., 2004].

CONCLUSIONS

(1) Geocryological mapping of the Bolshezemel’-
skaya Tundra territory has been carried out on the
basis of landscape interpretation of remote sensing
data. A geocryological map of this territory was com-
piled on a scale of 1:1,000,000.

For each delineated polygon, the following infor-
mation is provided: membership in a group of land-
scape units (by predominance of vegetation type in
descending order); belonging to the zonal type of per-
mafrost distribution, natural subzone, azonal /intra-
zonal landscapes; ground temperature of the domi-
nant type of landscape unit (interval and background
temperature); distribution of permafrost over the
area (including permafrost with residual thaw layer
and very thin permafrost); the predominant type of
cryolithogenesis of the upper permafrost horizon
from the surface, its composition; and type of active
layer by depth.

(2) Analysis of permafrost information carried
out on a landscape-indicative basis has shown the fol-
lowing.

Geocryological zoning, in accordance with land-
scape zoning, is manifested in the distribution of per-
mafrost over the area and, to a lesser extent, in its
temperature regime. The latter is mainly determined
by landscape conditions at the landscape unit level.
Even in areas with continuous permafrost, the ground
temperature rises to 0°C. Permafrost in the four geoc-
ryological subzones is characterized by a temperature
range of only 4°C.

The active layer depths do not correlate with
landscape zonation, but are clearly related to the
characteristics of the landscape units, primarily to the
lithology, land cover, and mesorelief.
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The presented map can be used for geocryologi-
cal monitoring and also serve as the basis for prepar-
ing engineering-geological, environmental, and other
maps; for predicting changes in geocryological condi-
tions in connection with modern climate change; and
for economic assessments and land-use planning,
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