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The results of modeling temperature contrasts on the surface of single-layer and multi-layer columns 
containing samples of ground, substrate and tundra soil cover using an open-type simulation setup are provided, 
in which the temperature diff erences of varying permafrost conditions are simulated. Quantitative indicators of 
the extent of attenuation of temperature variations in the ground by lichen cover of diff erent thickness are 
evaluated. Maximum (daytime) and minimum (night) values of the temperature on the surface of the samples 
do not diff er signifi cantly from the average values, indicating the possibility of investigating the nature of tem-
perature anomalies on the surface of the tundra soil cover related to permafrost heterogeneity by simultaneous 
measurements of the soil surface temperature at any time of the day. The possibility of using the setup to char-
acterize the thermophysical properties of soil samples and of the soil cover, as well as to study and simulate phase 
transitions of water, is demonstrated. 
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INTRODUCTION

Over the recent years, infrared remote sensing 
(IRS) has become broadly applicable to description 
of permafrost [Leschack et al., 1973; Morrissey et al., 
1986; Hachem et al., 2009; Langer et al., 2010; Muster 
et al., 2015; Ran et al., 2015; Westermann et al., 2015]. 
Development of methods and accumulation of experi-
ence in this area are based on the theoretical possibil-
ity of mapping models of the state and behavior of 
permafrost landscapes, as well as of studying perma-
frost heterogeneities based on the ground tempera-
tures, calculated on the basis of IRS data. In this case, 
permafrost heterogeneities are understood as any dif-
ferences in the characteristics and parameters below 
the active layer, including temperature diff erences in 
the depths of zero amplitudes for fluctuations in 
ground temperatures, ice content, thermophysical 
characteristics of frozen soils, and the presence of cry-
opegs, which in total may infl uence the distribution 
of the ground surface temperature. 

In most cases, the temperature of the ground and 
soil surface is interpreted as the temperature of the 
ground and soil at insignifi cant depths of 2–10 cm of 
the open ground or under the vegetation and soil 
cover (SC), to which mosses, lichens, low turf-fruti-
cose and grassy species, turf and peat are referred. 
The temperature of the ground cover and soil is be-
lieved to be quite an informative parameter for de-
scribing and simulating permafrost [Nelson et al., 
1985; Heggem et al., 2006; Throop et al., 2012; Bobrik 
et al., 2015], as opposed to the SC temperature. This 
is related to the fact that the surface itself is in the 

area of the most intense periodic and sporadic heat 
exchange processes, which include advective heat 
transfer in the ground air layer and evapotranspira-
tion. Yet, it has been demonstrated in [Hachem et al., 
2009; Ran et al., 2015; Westermann et al., 2015] that it 
is possible to make small-scale maps of the mean an-
nual permafrost temperature and of the borderlines of 
permafrost distribution according to reanalysis data 
and to the mean annual values of the ground surface 
temperatures calculated on the basis of IRS data. 

Another approach is based on evaluating the dif-
ferences (contrasts) in the temperature of the ground 
surface areas with equal thermal inertia of the layer of 
daily temperature variations (DTV) in the period of 
the summer thaw [Kornienko, 2012]. The impact of 
advective heat transfer may be considered in repeated 
sensing sessions, while such interrelated parameters 
as evapotranspiration intensity, thermal inertia and 
the moisture content of the SC, substrate and ground 
may be determined on the basis of albedo, spectral in-
dices and IRS data [Sandholt et al., 2002; García et al., 
2013; Girolimetto and Venturini, 2013; Minacapilli et 
al., 2016]. At the same time, an essential issue is still 
to be resolved regarding the possibility of using the 
temperature of the tundra SC, as well as the tempera-
tures of the ground (soil) surface, to characterize 
geocryological heterogeneities.

In general, not enough experiments have been 
conducted in this area, and the formation processes of 
the thermal regime and of the temperature on the sur-
face of the tundra SC, including diff erent geocryo-
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logical conditions, have been insuffi  cientlly studied 
yet. The goal of this study was to simulate the tem-
perature contrasts on the surface of the tundra SC 
and of the ground, using the experimental setup, imi-
tating the temperature manifestations of geocryolo-
gical heterogeneities. 

THE METHODOLOGY OF THE STUDY 
AND THE CHARACTERISTIC

OF THE SOIL COVER SAMPLES

Variations of the temperature fi eld of the Earth’s 
surface have daily and annual periodicity, and, in the 
absence of snow cover, the processes of crystallization 
of the soil moisture may be approximately described 
by the expression [Pavlov, 1975]: 
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where T0 – the mean annual temperature of the soil 
surface; аi – the amplitude of the temperature varia-
tions of an individual harmonica on the ground surface; 
ti – the variation period; τ – time; ϕi – the initial phase 
of the variations; N – the number of harmonicas; i – the 
harmonica number. The value of T0 depends on the per-
mafrost temperature at the depth of zero amplitudes for 
fl uctuations in ground temperatures, whereas the am-
plitudes of DTV and the annual temperature variations 
(ATV) of the soil surface depend on the thermophysical 
characteristics of the respective DTV and ATV layers. 
For the tundra regions, the thickness of the DTV layer 
varies from 0.4 to 1.0 m, and the thickness of the ATV 
layer is 10–15 m. 

It follows from equation (1) that theoretically 
the conditions of insolation, wind velocity, air tem-

perature and moisture being equal, in the areas with 
equal thermophysical characteristics of the DTV 
layer, the diff erence of the temperatures on their sur-
face Тs (τ) may carry information on the diff erences of 
the permafrost temperature and thermophysical cha-
racteristics of the ATV layer, related to geocryologi-
cal heterogeneities. The contribution of the latter to 
the resulting temperature fi eld on the surface does 
not exceed several degrees [Leschack et al., 1973; Kor-
nienko and Razumov, 2009]. In the physical model, 
there is a possibility of “turning on” and “off ” the tem-
perature manifestations, simulating the impact of 
geocryological heterogeneities, which allows their 
contribution against other factors to formation of the 
thermal regime of SC.

The goal was to model similar temperature man-
ifestations (temperature contrasts) on single-layer 
and multi-layer columns, which included samples of 
the tundra SC, substrate and soil. In this case, the 
temperature contrast implies the temperature diff er-
ence between two columns on their lower border 
(ΔТlb), on the surface (ΔТs) and in air (ΔТa) above the 
surface. The confi guration of the setup is close in its 
design to the known devices for determining thermo-
physical characteristics of the samples of soil, ground 
and snow by the method of stable thermal impact [Er-
shov, 2004; Riche and Schneebeli, 2013; Brovka et al., 
2016]. A distinctive feature of the proposed setup 
consists in the use of two equal containers open on 
top (Fig. 1) with columns, which allows temperature 
contrasts to be determined under natural conditions 
of daily and meteorological variations of the air mois-
ture and temperature.

The dimensions of the internal part of each con-
tainer were 25 × 25 × 32 cm, the containers’ bottom 

Fig. 1. The setup for simulating temperature contrasts on the surface of the samples of the tundra soil cover.
1 – the outer walls of the containers; 2 – heat insulation of the container walls; 3 – dural sheets; 4 – Peltier elements with radiators 
and cooling fans; 5 – temperature gauges (loggers).
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was made of a dural plate 2 mm thick, the containers’ 
walls and bottom insulated by polyurethane foam 
3 cm thick. On the external side of the dural plate, 
two semiconductor Peltier elements were mounted, 
ensuring decrease or increase of temperature in the 
lower part of the container to 16 °С versus the tem-
perature of the environment. To ensure equal condi-
tions of heat exchange between the container walls 
and the environment, the containers were mounted 
on legs 25 cm above the fl oor. The temperature gaug-
es (loggers) were mounted near the containers’ bot-
tom, on the columns’ surface and higher, at the dis-
tance of 5 cm from the surface to control the ambient 
air temperature. In the sample, coupled temperature 
loggers HOBO U23-003 (OnSet, USA) were used 
with measurement precision of 0.2 °С. The loggers 
were mounted on the central vertical axis of the con-
tainers. 

In the experiment, one of the containers gets al-
ternately cooled or heated, resulting in the tempera-
ture contrast between the columns, including their 
surface. Cooling (heating) of the columns was main-
tained constant for several days creating an addition-
al constant component complementary to the season-
al, daily, and meteorological temperature variations. 
As the container walls’ isolation is not ideal, to ensure 
temperature contrasts on the columns’ surface 
ΔТs = 1–2 °С, the temperature contrasts ΔТlb were set 
within the range of 9–16 °С.

Table 1 contains characteristics of the samples of 
the tundra SC, substrate and ground, constituting 

Fig. 2. The side view of the containers having columns C1 (a) and C2 (b) with samples of soil cover.

Ta b l e  1. Characteristics of the samples
 of the soil cover, substrate and ground in the columns

Column Composition of samples in the column Thickness, 
cm

C1 Moss Polytrichum commune 
with inclusions of grass 

20

Loamy substrate 5
C2 Lichen Cladonia arbuscula 7

Garden (peat) ground 18
C3 Garden (peat) ground 25
C4 Moss Polytrichum commune 11

Garden (peat) ground 20
C5 Moss Polytrichum commune 12

Garden (peat) ground 18

fi ve columns under study, alternately placed into the 
containers. The cover samples with their own sub-
strate were taken in the area of the Yamburg oil and 
gas condensate fi eld. 

Shown in Fig. 2 are the photographs of columns 
C1 and C2 with the container sides removed, the 
cover thickness values are indicated. Column C1 is 
composed of a rather thick layer of moss with its own 
clay loam substrate. In the sample of lichen SC in co-
lumn C2, the thickness of its own clay loam substrate 
did not exceed 1 cm. Column C3 is represented by 
homogeneous garden peat. In the identical moss sam-
ples in columns C4 and C5, the thickness of its own 
clay loam substrate did not exceed 1 cm, either. 

The setup was placed outdoors in the shade in 
open air; all the measurements were made in Moscow 
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in the summer-autumn periods of 2013–2014 before 
the onset of the autumn frosts. During the measure-
ments, the maximum air temperature reached 35 °С, 
and the minimum temperature was 5 °С. During the 
experiment, the volumetric content of water in the 
columns was maintained at the level of 12–14 %; log-
gers EC-5 (Decagon Devices Inc., USA) were used to 
control the water content. The experiment consisted 
of three cycles of measurements, each of which in-
cluded the periods of alternate cooling (heating) of 
the columns, as well as of the background periods 
without cooling (heating). Duration of the cycles was 
27, 13 and 43 days; duration of the periods of cooling 
(heating) of the columns with the samples varied 
from 4 to 14 days. The temperature values were re-
corded during a day with a 5 min. interval. Analysis 
and processing of the data were conducted with the 
HOBO Pro BHW software program, supplied to-
gether with the loggers, and with the Excel program 
of the standard Microsoft Offi  ce package. 

The background (additive) components of the 
temperature contrasts, related to diff erences in the 
thermophysical characteristics of the columns, as well 
as to the impact of other factors, like the diff erences 
in the containers’ insulation, air circulation details, 
etc., were measured by the measurements made in-
between the periods of cooling (heating). Based on 
these data, corrections were made for each cycle, 
which allowed the differences between the back-
ground components of the values of ΔТlb, ΔТs and ΔТa 
to be determined. In data processing, the days of 
switching off  cooling (heating) were excluded, as well 
as the days of signifi cant (>10 °C) rises in the daily 
air temperature. 

The relation between the contrasts ΔТlb, ΔТs and 
ΔТa was primarily evaluated by the mean daily values 
of the temperature, which decreased the impact of 
random factors. In a similar way, relations between 
these parameters by maximum (day) and minimum 
(night) temperature values were estimated. For this 

purpose, the temperature values for each hour were 
averaged, and maximum and minimum (for a day) 
values were chosen. As the intensity of cooling (heat-
ing) in cycles was not always the same, to compare 
the infl uence of the SC types on temperature con-
trasts ΔТs, the gain factor G = ΔТs/ΔТlb was used. The 
values of the temperature contrasts were always de-
termined as the difference in the temperatures be-
tween (arbitrarily) the fi rst and the second container.

THE RESULTS OF MODELING
THE TEMPERATURE CONTRASTS

ON THE SURFACE OF SOIL SAMPLES 
AND OF THE SOIL COVER

Shown in Fig. 3 are two days’ thermogram col-
umns C2 in the background period and in the period 
of cooling on the lower boundary. The measurements 
are shown averaged by 1 hour and refer to the second 
cycles of the observations, which were conducted in 
October 2013. It can be seen from comparison of the 
thermograms that when the sample was cooled, the 
surface temperature of the C sample signifi cantly de-
creased versus the air temperature. 

Figure  4 contains curves characterizing the 
change in the mean daily temperature contrasts in the 
fi rst cycles of the observations at cooling of column 
C3 (ground, Zone А) and column C1 (moss, Zone B). 
Column C3 was placed in the second container; there-
fore, the temperature contrasts at the lower boundary 
and on the surface of column C3 are shown with a 
positive sign. Hereinafter, the measurement results are 
provided with corrections for the diff erence with the 
background components of the temperature contrasts. 
It can be seen from Fig. 4 that contrast ΔТs depends on 
ΔТlb and is not related to ΔТa, the values of which are 
close to zero. For column C3 containing homogeneous 
ground at lower values of ΔТlb (Zone А), higher values 
of ΔТs are recorded, compared to column C1 (Zone B), 
consisting mainly of moss. 

Fig. 3. Thermograms of column C2 in the background period (a) and in the period of artifi cial cooling from 
below (b).
1 – the temperature at the lower boundary; 2 – the temperature on the surface of the SC sample; 3 – the air temperature above the 
SC sample. 
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Fig. 4. Changes in the mean daily values of the tem-
perature contrasts at cooling of columns C3 (A) and 
C1 (B) in the fi rst measurement cycle.
1 – ΔТlb; 2 – ΔТs; 3 – ΔТa. 

Fig. 5. The relation of the mean daily values ΔТs and ΔТlb (a), ΔТa and ΔТs (b) at cooling of columns C3 (A) 
and C1 (B).

Fig. 6. Changes in the mean daily values of the temperature contrasts at heating of column C1 (A) and 
cooling of column C2 (B) in the second measurement cycle (a) and at cooling of columns C4 (A) and C5 
(B) in the third measurement cycle (b).
1 – ΔТlb; 2 – ΔТs; 3 – ΔТa.

For the same pair of columns, statistical relations 
were considered between the mean daily values of ΔТs 
and ΔТlb (Fig.  5,  a) and between ΔТa and ΔТs 
(Fig. 5, b). Here the relation between ΔТs and ΔТlb is 
confi rmed by the rather high value of the correlation 
index (R = 0.957), while the diff erence in the inten-
sity of temperature contrasts on the surface of the 
ground (A) and moss (B) is attributed to diff erent 
slopes of the areas of the approximating function 
(Fig. 5, a). Relatively low correlation (R = 0.658) be-
tween ΔТa and ΔТs (Fig. 5, b) and the variance of the 
values of ΔТa, lower by an order of magnitude com-
pared to ΔТs indicates the absence of the impact of the 
air temperature on the soil surface and the possible 
infl uence of the soil surface temperature (cooled from 
below) on the temperature of air near the soil surface. 

In the second measurement cycle, column C1 re-
mained in the fi rst container, while column C3 was 
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replaced by column C2 containing the same ground 
and lichen SC. The confi guration of the second-cycle 
is shown in Fig. 2. First column C1 (Zone A) was 
heated, and then, after the background period, col-
umn C2 (Zone B, Fig. 6, a) was cooled. Here, too, like 
in the previous case, it is clear that ΔТs depends on 
ΔТlb. The rather high correlation index between ΔТs 
and ΔТlb (R = 0.867) is signifi cant at p < 0.05, where-
as for parameters ΔТa and ΔТs its relatively low value 
(R = 0.302) is not signifi cant for the same value of p. 

In the third, longest, measurement cycle of col-
umns C4 (Zone A) and C5 (Zone B, Fig. 6, b) with 

identical composition of the soil and SC were cooled. 
The measurement results are generally similar to 
those in the fi rst two cycles. Statistical relations be-
tween the mean daily values of ΔТs and ΔТlb, ΔТa and 
ΔТs for this pair of columns are shown in Fig. 7. The 
correlation index R = 0.894 between ΔТs and ΔТlb 
(Fig. 7, а) is signifi cant at p < 0.05. The values ΔТs and 
ΔТlb are grouped into three clusters corresponding to 
the period of cooling of columns C4 (A) and C5 (B), as 
well as to the background period with the values of 
ΔТlb close to zero. The relation between ΔТa and ΔТs 
(R = 0.286) is practically absent here (Fig. 7, b). 

Table 2 shows the values of contrasts of the mean 
daily, maximum and minimum daily temperatures av-
eraged for the periods of cooling (heating) on the 
lower boundary and on the surface of the columns, as 
well as the respective values of the gain factor G.

DISCUSSION OF RESULTS

The results obtained indicate the possibility of 
using the setup with two alternately cooled (heated) 
containers with samples of ground and of tundra SC 
to ensure evaluation of the relation between the tem-
perature on the surface of the columns and the tem-
perature on their lower boundary. Rather high corre-
lation of the values of ΔТs and ΔТlb and relatively low 
correlation of ΔТa and ΔТs for all the observation cy-
cles clearly testify to the dependence of ΔТs on ΔТlb. It 
follows from Table 2 that the gain factors G, which in 
fact characterize the thermophysical properties of the 
columns, may diff er by a factor of 2 or 3. The highest 
values of G refer to column C3 containing garden 
ground without SC, which could be expected, consid-
ering its higher thermal conductivity coefficient, 
compared to the SC samples. In column C2 having 
the same ground but lichen cover, the gain factor G is 
approximately 2 times less than in column C3. 

Fig. 7. The relation of the mean daily values ΔТs and ΔТlb (a), ΔТa and ΔТs (b) at cooling of columns C4 (А) 
and C5 (B). 

Ta b l e  2. The values of temperature contrasts
 of the mean daily, maximum and minimum temperatures 
 and of the gain factor (G) at cooling 
 and heating of the columns

Cycle Column ΔТlb, °С ΔТs, °С G = ΔТs/ΔТlb

1

C1 (cooling, mean daily) –11.42 – 0.98 0.086
C1 (cooling, max) –12.99 –1.08 0.083
C1 (cooling, min) –12.55 –1.16 0.092
C3 (cooling, mean daily) 9.22 2.14 0.232
C3 (cooling, max) 9.27 2.08 0.224
C3 (cooling, min) 8.65 1.81 0.209

2

C1 (heating, mean daily) 9.71 1.10 0.113
C1 (heating, max) 10.44 1.27 0.121
C1 (heating, min) 9.18 0.98 0.107
C2 (cooling, mean daily) 9.80 0.97 0.099
C2 (cooling, max) 9.52 0.98 0.103
C2 (cooling, min) 9.20 0.99 0.107

3

C4 (cooling, mean daily) –15.77 –1.66 0.105
C4 (cooling, max) –15.44 –1.39 0.090
C4 (cooling, min) –16.19 –1.51 0.093
C5 (cooling, mean daily) 10.88 1.27 0.116
C5 (cooling, max) 10.33 1.33 0.128
C 5 (cooling, min) 11.60 1.63 0.140
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For columns C1, C4 и C5 having samples of the 
moss cover, the values of G diff er not so signifi cantly. 
At heating of column C1, the value of G is approxi-
mately 30 % higher than at its heating, which may be 
related to the increase in the share of the convective 
component of heat exchange in the thick layer of 
moss at heating from below. At the same time, the 
gain factor G of column C1 (at cooling) is somewhat 
lower, which may be related to lower thickness of the 
moss samples in C4 and C5.

As the experimental conditions simulate the pro-
cess of stationary heat transfer, it is possible, based on 
simple equations, approximately to calculate the tem-
perature contrasts at any distance from the bottom to 
the surface of column C3 with ground, as well as in 
column C2 under the lichen SC with the same 
ground, considering the same height of the columns 
and admitting that the thermal conductivity coeffi  -
cients of the ground in the columns are equal. In the 
background periods, the air temperature around the 
containers is approximately the same; therefore, the 
mean daily values of the temperature at the lower 
boundary and on the surface of the columns diff er in-
signifi cantly. Therefore, we may admit that the mean 
daily values of the heat fl uxes and temperature gradi-
ents in the columns are equal to zero in the back-
ground periods. Then we can assume that in the peri-
ods of cooling (heating) the temperature gradients in 
the columns would depend only on the value of the 
temperature contrast achieved at the lower boundary. 
The temperature gradient in column C3 with ground 
(Tg, C3) is determined by the formula

 ( ) Δ − Δ
= lb,C3 s,C3

g,C3grad ,
T T

T
L

 (2)

where ΔТlb, C3, ΔТs, C3 – mean daily values of the tem-
perature contrasts at the lower boundary and on the 
surface of the open ground of column C3, respectively 
(Table 2); L – length (height) of columns C3 and C2 
(Table  1). As in this case the temperature gradient 
depends only on the temperature contrasts at the lower 
boundary, the temperature gradient in the ground in 
column C2 (Tg, C2) may be determined by the formula

 ( ) ( ) Δ
=

Δ
lb,C2

g,C2 g,C3
lb,C3

grad grad ,
T

T T
T

where ΔТlb,  C2 – the mean daily value of the tem-
perature contrast at the lower boundary of column C2 
(Table 2). The temperature contrast in column C2 on 
the boundary between the ground and SC (ΔТgsc, C2) 
is determined by the formula

 ΔТgsc, C2 = ΔТlb,C2 – grad (ΔТg,C2)⋅(L – d), (3)

where d – SC thickness in column C2 (Table 1). In 
this case, the calculated value of the temperature 
contrast at the boundary between the soil and SC in 
column C2 (with d = 7 cm) was 4.38  °С. The value 

of the temperature gradient in SC of column C2 was 
calculated in a similar way (2) by the values ΔТgsc, C2 
and ΔТs, C2 (Table 2):

 ( )
Δ − Δ

= gsc,C2 s,C2
sc,C2grad .

T T
T

d

The relation of the temperature gradients in SC 
and in the ground of column C2 demonstrates that 
the thermal conductivity coeffi  cient of the ground 
is 1.61 times higher than that of SC. The tempera-
ture contrasts of the SC surface of column C2 for 
d = 0–7 cm were calculated by the formula

 ( ) ( )
Δ =

⎡ ⎤= Δ − ⋅ − − ⋅⎣ ⎦

s,C2

lb,C2 g,C2 sc,C2

( )

grad ( ) grad .

T d

T T L d T d

The degree of attenuation of the temperature 
contrast by the SC layer in column C2 may be ex-
pressed as coeffi  cient E = ΔТgsc, C2/ΔТs, C2(d). Depen-
dence of coeffi  cient E on d is provided in Fig. 8. 

In accordance with (3), with d = 0 (i.e., hypo-
thetically, when column C2 wholly consists of 
ground), the temperature contrast on the surface of 
ΔТlb, C2 = 2.28 °С. Given the same temperature con-
trast on the lower boundary and the same column 
height, the measured mean value of the temperature 
contrast on the surface of the lichen SC (ΔТs, C2) was 
0.97 °С (Table 2). The relation between these param-
eters may be expressed by coefficient P = ΔТlb, C2/
/ΔТs, C2(d). Given the constant value of ΔТlb, C2 = 
= 2.28 °С, dependence of coefficient P on d is al so 
shown in Fig. 8. Coeffi  cient P shows by how many 
factors, depending on the SC thickness, the tempera-
ture contrasts on its surface may diff er from those on 
the surface of open ground, with the temperature 
contrasts at the lower boundary equal for the column 
height. 

Fig. 8. Dependence of coeffi  cients E (curve 1) and 
P (curve 2) of attenuation of the temperature con-
trasts on thickness d of the lichen soil cover.
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For each column, the mean daily, maximum and 
minimum values of coeffi  cient G diff er insignifi cantly 
(Table 2) and do not violate the general relation be-
tween the temperature contrasts and the column ty-
pes. All the above is true of the results of simultane-
ous measurements at any time of the day. 

If slightly upgraded, the setup described may be 
used for determining the eff ective values of thermal 
conductivity coeffi  cients of single-layer and multi-
layer columns with samples of solid and loose ground, 
substrate and tundra SC in any combination of the 
components, including their dependence on their 
own water content and air moisture. The setup may 
be also used for studying and simulating phase tran-
sitions in grounds and substrates, with their diff ering 
water content and salinity. Fig. 9 provides curves de-
monstrating the temperature behavior (1 hour ave-
raging) at the lower boundary of the cooled column 
C1 and column C3. The arrows indicate moments of 
switching on (A) and off  (B) of cooling. At the begin-
ning of freezing (moment A), no signs of phase transi-
tion were recorded at transition of the temperature at 
0 °С, which is related to the relatively low water con-
tent of the ground in the period of cooling. After 
switching off  cooling and watering of both columns 
(moment B), the condition of fi ve days’ phase transi-
tion was registered for column C1. 

In general, the results obtained may be useful in 
studying the nature of temperature anomalies on the 
surface of the tundra soil cover related to geocryo-
logical heterogeneities. 

CONCLUSIONS

An open-type setup has been developed and test-
ed having two cooled (heated) containers containing 

samples of ground, substrate and tundra soil cover, 
which allows simulation of temperature contrasts on 
their surface related to geocryological heterogenei-
ties.

Based on the values of temperature contrasts at 
the boundary between the ground and the lichen soil 
cover, on the surface of open ground and the surface 
of the soil cover, the dependences have been deter-
mined, characterizing the degrees of attenuation of 
the temperature contrasts in the ground by the soil 
cover of diff erent degrees of thickness.

Maximum (day) and minimum (night) values of 
the temperature contrasts on the samples’ surface do 
not signifi cantly diff er from the mean daily values, in-
dicating the possibility of studying the nature of tem-
perature anomalies on the surface of the tundra soil 
cover, including those related to geocryological het-
erogeneities, by simultaneous measurements of tem-
perature contrasts of the soil cover surface at diff er-
ent time of the day. 

The setup may be used for determining eff ective 
values of thermal conductivity coefficients of one- 
and many-layer columns with samples of solid and 
loose ground, substrate and tundra soil cover, as well 
as for modeling phase transitions in grounds and sub-
strates.
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