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ABSTRACT.   
Perennially frozen soils and rocks are closely connected with the heat-exchange conditions on the Earth surface, 
and they owe partly those conditions their appearance and existence. In inclement climatic conditions, even with 
the -8˚С average annual temperature there are areas where the ground  temperature is near 0°C . In order to 
explain those phenomena, the article covers the process of water vapor condensation in the soil, as one of the 
exothermic processes, which, in some cases, exert significant influence upon forming the soil thermal field. The 
leading method to research this problem is a numerical experiment, which takes into account, in the heat and mass 
exchange model, internal heat and moisture sources in the natural climatic conditions of the Central Yakutia. The 
experimental research of the condensate (dew point) formation and the process of evaporation from soil was taken 
as a basis.  A mathematical model of the heat and moisture transfer was developed with account taken of the 
subsoil condensation process. The offered model, with account taken of the subsoil condensation process, 
describes the process of the soil thawing and freezing more clearly. As a result of the numerical experiment for the 
conditions of the Central Yakutia, periods of time are revealed, when the subsoil condensation process exerts 
differently directed influence (cooling and heating) upon forming the heat and moisture regime of the active layer 
soils. In view of this, it follows that it is necessary to take into account the subsoil condensation while performing 
the balance estimates practically in any natural and  human modified conditions. 
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1. INTRODUCTION 

The heat and moisture regime of frozen soils is 
formed under the influence of external and 
internal factors and heat sources. One of the 
understudied issues in assessing the factors role 
in forming the ground heat and moisture regime  
s is an influence of the air condensation in the 
active layer. 

The condensation hypothesis of forming the 
ground water was formulated by O. Folger in 
1877. However, it was criticized sharply (Hann, 
1880) and rejected after short discussion.  The 
papers by А.F. Lebedev, which were published 
in 1908-1926, and which were little-known 
abroad, favored the hypothesis revival. 
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According to the paradigm offered by А.F. 
Lebedev (Lebedev, 1936), for condensation it is 
not necessary to “pump” much air through  soil 
pores and cracks.  The water vapor can move 
independently from the areas with high partial 
pressure and air temperature to the areas with 
lower pressure and temperature. This paradigm 
underlay the majority of the conducted research 
for more than 70 years (http://www.rgo-
speleo.ru/biblio/dubl_kondens.htm). 
The process of the air water vapor condensation 
is extremely widely used in the nature.   It takes 
place in the atmosphere, on open surfaces and in 
the upper lithosphere. The water vapor 
condensation in soils, its role in the water and 
heat balance was studied by many researchers: 
P.I. Koloskov (1938); M.I. Sumgin et al.s 
(1940); V.V. Tugarinov (1955); I.T. Reinuk 
(1959); N.A. Ogilvi (1963); V.V. Klimochkin 
(1975); A.F. Chudnovski (1976); S.N. 
Buldovich (1978, 1982); V.V. Shepelev (1980, 
2011); T.V. Bantsekina (2003); T.V. Bantsekina 
and V.M. Mikhailov (2004, 2009) and others. 
Some researchers say that this process is very 
intense.  in the permafrost areas. The famous 
permafrost scientists M.I. Sumgin and N.I. 
Tolstikhin (Sumgin et al., 1940) set a high value 
on the subsoil condensation as a subsoil water 
source of the permafrost  area, but they had no 
observation data to confirm their suppositions.  
For the first time, in 1959 I.T. Reimuk 
researched the process of water vapor 
condensation in the  active layer in the USSR 
North-East. He substantiated this process rate by 
the fact that the moisture evaporation from the 
rivers basins is close to the precipitation quantity 
in the region, at the same time, the river flow 
has high indicators, with bogs and moss being 
widely-used. The condensation rate in rudaceous 
soils  is in direct relationship to the air 
temperature and humidity (Reinuk, 1959). As a 
result he concludes that the condensation in the 
loosened coarse clastic rocks on the north-facing 
mountain slopes , exceeds evaporation from 
those rocks and yields a flow for a year, which 
averages the water layer not less than 80 mm 
high. In horizontal areas in the loamy and boggy 
soils, judging by the observations, the 
condensation reaches 22 mm yearly average.    

The role of condensation in forming the subsoil 
water resources in different geological and 
climatic conditions (Buryatia, Kola Peninsula, 
Leningrad region, Yakutia) was researched by 
V.V. Klimochkin. He assessed that in conditions 
of the Central Yakutia (near Yakutsk) the 
average value of condensation water in the 
sabulous-loamy sediments can be taken in 
approximately 60 cm3 per day in 1 m3, which 
corresponds, in the condensation period, to the 
rate of subsurface water flow of about 0.9 l/s 
from 1 km2 (the water layer is about 50 mm) 
(Klimochkin, 1975). 
In 1974-75 the employees of the frost science 
department of Lomonosov Moscow State 
University conducted the research on assessing 
the rate of processes of the water vapor 
underground condensation in specific 
environmental conditions of the South Yakutia 
(Bukdovich and others, 1978; Buldovich, 1982). 
According to their assessments in the coarse 
clastic sediments the water vapor condensation 
in the area in question makes up about 20 mm 
for the July-August period. Apart from that, S.N. 
Buldovich revealed an interesting fact that the 
water vapor condensation in the active layer  is 
not a continuous process. It is largely 
determined by the heat flow direction, during 
the change of which (night cooling, day heating) 
there is formed an area of “locking” the 
atmospheric water vapor migration to the cold 
condensing rock sheet. At this time, a 
temperature gradient (toward which the vapor is 
migrated), the convective motion of pore air are 
oriented to the surface. Formation and length of 
the “locking” layer existence depend on a 
temperature diurnal variation on the soil surface, 
precipitation regime, a warm period phase. It is 
quite possible that the same mechanism also 
explains a total absence of the moisture 
condensation in the soil in some days 
(Buldovich et al., 1978). S.N. Buldovich 
believes that the defrosting influence of the 
water vapor condensation in the rocks is 
underestimated.  
Like a powerful exothermic process it assures 
the coming, in the summer period, of additional 
heat to the layers of seasonal freezing and 
thawing with a rate of about 4.5 kcal/hour per 1 
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m2 of the surface, which can assure the annual 
average temperature increase of the rocks on 
their floor by 3 – 4˚С relative to it on the surface 
(Buldovich, 1982). 
The regionally-wide research on quantitative 
assessment of the condensation processes in the 
underground water recharge in the Central 
Yakutia was conducted by the employees of the 
underground water laboratory of the Permafrost 
Institute  of the Siberian Branch of the USSR 
Academy of Sciences under the leadership of 
V.V. Klimochkin, V.V. Shepelev, V.M. 
Piguzova (Klimochkin, 1975; Shepelev, 1980, 
2011). While continuing their predecessors’ 
work, in 1974-1976 they conducted the 
comprehensive observations on the Makhatta 
drift sands massif (30-35 km south-east from a 
wellhead section of Tung river) and on Bestyakh 
terrace of the Lena River near Yakutsk, which 
was formed by sand deposits. 
The observations were made on the KU-1 and 
KU-2 condensing plants. As an intaking 
condensatometer there were used polyethylene 
pipes with the diameter of 77 mm and the length 
of 1 m, which were filled with eolian sand with 
natural moisture content for KU-1 and pipes 
with the diameter of 77 mm and the length of 
2.5 m with different fillers (alluvian fine-grained 
sand, eolian fine-grained sand, unequigranular 
silt sand, clay loam, crushed stone and pebbles) 
for KU-2.  
A perforated organic glass bottom was 
established at the lower part of the pipes.  The 
formed condensation water flowed down the 
rubber pipe and its volume was fixed with the 
use of a graduated adjustable test tube. The 
observations on KU-1 and KU-2 in the Makhatta 
drift sands massif were carried out daily from 
May 16 to September 20, 1974 in conjunction 
with meteorological and water balance research. 
On the Bestyakh terrace (near Eruu spring, on 
the left bank of the Tamma river) the 
observations were made by means of the KU-1 
plant from May 24 to October 2, 1976 also in 
the research complex.   
The conducted research results on the two plants 
of different structures indicate an intense 
process of the air water vapor condensation in 
the aeration zone   of the Makhatta sand massif 

and Bestyakh terrace, and a great role of 
condensation moisture in ground water recharge. 
The total value of condensation for 0.25 – 1 m 
interval for the observations period in the 
Makhatta sand massif made up 251 ml, which, 
in terms of the water layer, corresponds to  54 
mm (about 80 mm according to calculations for 
the layer of 0.25 – 1.5 m), on the Bestyakh 
terrace  - 103 ml or 27 mm (Shepelev, 1980). 
The condensation value, which is relatively 
small in comparison with the Makhatta drift 
sands massif, on the Bestyakh terrace, V.V. 
Shepelev explains by existence of soil cover and 
vegetation here, whereas in the experimental 
area in the Makhatta massif there were no soil 
cover and vegetation (Shepelev, 1980). 
The pore air condensation in the aeration zone  
is an exothermic phase process, in other words, 
it is accompanied by release of much heating 
energy (2.5 mJ/kg). When this process is 
intense, this is supposed to cause a deeper 
seasonal thawing of frozen soils and formation, 
in certain conditions, of subaerial unfrozen 
pockets, and there are examples, V.V. Shepelev 
said (2011). 
However, in spite of the abovementioned 
assessments, some researchers believe that the 
subsoil condensation process is not so intense. 
So, T.V. Bantsekina and V.M. Mikhailov (2004) 
studied the peculiarities of the heat-mass 
exchange in the coarse clastic slope sediments of 
Magadan region. While using the calculation 
“temperature wave” method to solve a heat 
transfer equation in the porous medium (Fourier 
equation), they assessed values of the specific 
capacities of distributed heat (cold) sources with 
the phase transformations (ice-water, water-
vapor, vapor-water) in the spring- summer 
period (May-June). When using those capacities 
of distributed sources of heat (cold) they 
assessed the quantity of the subsoil condensate 
formation, which is equal to the 0.83mm 
moisture layer for this period. They conclude 
that water vapor condensation practically do not 
influence the thermal regime of slope sediments. 
In 2009 those authors wrote about a role of 
subsoil condensation of water vapor in forming 
the heat and water regimes of coarse clastic 
sediments (Bantsekina, Mikhailov, 2009). In 
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their work, by means of formulae to calculate 
the heat and vapor flows in the atmosphere, they 
made approximate assessments of the heat-mass 
exchange rate. While using in their calculations 
the field research data, which were conducted in 
the Kolyma water balance station in 1999-2001 
(Bantsekina, 2003), they obtained the forming 
condensate level per unit of the confining layer 
surface of the researched area, which is equal to 
3.43 mm. They also conclude that information 
about significant values of subsoil condensation, 
which are usually stated in publications on this 
subject, are not true, referring to structural 
features of the used structures to measure the 
forming condensate quantity. 
Summing up the abovementioned data, for all 
that, we believe that the condensation process in 
sandy and coarse clastic soils is quite intense. As 
a powerful exothermic process the condensation 
assures the coming, in the summer period, of 
about 2.5-3.0 mJ/kg into the active layer.  
Through this energy, it is possible to increase 
the soil temperature from 1.0 to 4.0˚С, which, in 
its turn, can lead to a deeper seasonal thawing of 
frozen soils and formation of subaerial unfrozen 
pockets in certain conditions. However, in some 
areas this process may not be so intense. 
The actual material, which has been 
accumulated by now, indicates that this natural 
process is important and ambiguous, that it is 
necessary to continue to study the role of the 
subsoil condensation processes in forming the 
heat and water regimes of the soils in more 
detail.   
Taking in consideration the above, the authors 
of this article set a goal to receive a quantitative 
assessment of the subsoil condensation impact 
on the heat and moisture regime of the soils in 
conditions of the Central Yakutia by means of 
the numerical experiment.   
   
2. Description of the mathematical 
model and numerical methods 
2.1. Taking into account of subsoil 
condensation of the water vapor in the 
mathematical model:  

In the scientific literature, the subsoil 
condensation implies a process of vapor transfer 
inside the soil, which takes place because there 
is a temperature difference in the soil, in 
particular, a vapor tension gradient inside the 
substance. The basic method of the condensation 
measurement is a method of measurement of the 
moisture content changes inside this soil 
volume. However, the moisture deposit is 
changed in the latter, at the same time for a 
variety of reasons and in various forms (in 
liquid-drop and vapor forms) (Chudnovsky, 
1976). While measuring the cumulative 
moisture changes experimentally, it is very 
difficult to separate its part, which is related to 
the vapor condensation. Many methods are 
offered to measure the condensate formation 
quantity. A theoretical description of this 
process is a more difficult task. 
The scientific literature practically does not 
contain a mathematical description of the 
condensate formation theory. The heat exchange 
theory describes the heat exchange only with a 
film condensation on the surface, and there is 
not a heat exchange theory with drop 
condensation in this theory (Kutateladze, 1979; 
G. Desrayaud & Lauriat, 2001; Lindblom & 
Nordell, 2007; H. Sun et al., 2011).  
Proceeding from the imperfection of theoretical 
developments of the heat exchange with drop 
condensation and the lack of mathematical 
description of the condensate formation in 
porous media, we offer another approach.   
Knowing that the process condensation is an 
inverse process of evaporation and that the heat, 
which is consumed to those processes, is the 
same, we suppose that, in equilibrium, to keep 
balance, the evaporation rate is equivalent to the 
condensate formation rate. 
Among the recent papers to research the nature 
and mechanism of the moisture evaporation 
from the soils, it is possible to note the paper by 
V.A. Korolev and L.B. Bludushkina (2015), 
which experimentally reveals the dependence of 
the evaporation rate on  the average moisture 
content in different soils (Fig. 1). 

а 
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Fig. 1. Dependence of evaporation rate on moisture content. According to Korolev and Bludushkina (2015), (а) - 
for sands of different fractions; (b) - for: 1 – loess soil; 2, 3 – silt sands; 4, 5 fine sands; 6-9 – medium-grained d 
sands 
In real life, the condensation process, apart from the moisture content, also depends on the temperature 
and the moisture potential. The dependence of the water vapor condensation on temperature and 
pressure in soils is studied quite well (Nashcokin, 1975; Kudinov and others, 2000) (Fig. 2). 

 
Fig. 2. Dependence of condensate formation on humidity and temperature 
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In consideration of the foregoing, the moisture quantity Wk , which is formed through the condensate 
formation in the soils, depends on the soil moisture content (including the adhesive water), the relative 
air humidity and soil temperature, which is described with the expression: 

(1) 
where Wc is adhesive water;  WRH is an empirical parameter;  Tmax is maximum soil temperature. 
 
The empirical parameter WRH  is an inclination 
of line, which is averaged according to the data 
(Nashcokin, 1975; Kudinov and others., 2000; 
Korolev and others, 2015) represented in Fig. 1 
and 2, and it varies from 20˚ to 50˚ depending 
on the sandy loam and sandy soils. For example, 
for the medium-grained sands this inclination is 
equal to 40˚ and the empirical parameter  WRH = 
0.4, respectively, on the condition that the soil 
temperature tsoil varies from 10  ÷ 20˚С and the 
air humidity is equal to 50  ÷ 60%. 
 
2.2. Mathematical task assignment 
In the numerical simulation of processes of the 
heat and moisture transfer in the frozen soils, the 
temperature range models gained widespread 
practical application (Harlan, 1973; Taylor, 
Luthin, 1978; Permyakov, Ammosov, 2003). In 
the dispersion media, as the degree of salinity 
grows, the unfrozen water content increases. In 
such media the gravity water freezes at a 
temperature of Тf=273 К, and the other water 
(adhesive water) is crystallized as the medium 
temperature decreases (Tsytovich, 1945; 
Nersesova, 1950; Ershov, 1979; Efimov, 1986). 
The energy equation in the temperature range 
takes the form (Permyakov, Ammosov, 2003): 

   (2) 
The soil moisture migration, while using the 
migration model, can be written down in the 
form: 

  (3) 
or while using the Richards equations (1931) 
and Van Genuchten equations (1980) in the 
saturated-unsaturated soils: 

 (4) 
The equation systems (2)-(4) is closed with an 
equilibrium function of the unfrozen water 
quantity: 

  (5) 

where:  is  a volumetric heat capacity 

of soil and water, J/(m3 K);  is a 

temperature, K; );   is time, s; x is a space 
coordinate, m; 

 is a soil thermal conductivity, W/(m К);  is 

an volume heat of phase transition, J/m3;  is a 

filtration rate, m/s;   is a diffusion coefficient, 

m2/s;  is a total volumetric 
moisture content (demiensionless value), content 

of volume ice  and water ;  is the hydraulic 

conductivity, m/s;  is head, m;   is 
a moisture suction pressure, m; 
The equation (3) describes the diffusion process 
of the pore moisture transfer in unsaturated 
soils, and the Richards equation (4) – the 
moisture filtration process in saturated – 
unsaturated soils. The equation system (2) - (4) 
the nonlinear and numerical implementation is 
performed with an implicit difference scheme 
with the use of iterations (Permyakov, 
Ammosov, 2003). 
 
2.3. Numerical experiment 
The numerical experiment is implemented with 
regard to natural climatic conditions of the 
Central Yakutia in the area with the mixed herbs 
meadow vegetation. The experiment took into 
account the heat and moisture transfer processes 
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by means of precipitation, evaporation from the 
surface and subsoil condensation.  
The average monthly precipitation, evaporation, 
air temperature and efficient heat-transfer 
coefficient are taken from the meteorological 
websites using the official data of Roshydromet 
(Russian meteorological service) 
(http://meteo.ru/, https://rp5.ru/) and climate 
manuals (The USSR Climate Manual, 1968), 
and from the field data (Zhirkov and others, 
2015; Zhirkov and others, 2016). It should be 
noted that that in the Central Yakutia, in annual 
average balance, evaporation prevails over 
precipitation (Myachkova, 1983). 
The lithological section of the key area is 
represented in Fig. 3. The thermal-physical and 
mass exchange characteristics, with account 
taken of the functional dependence on the 
temperature, total moisture content and ice 
content for various types of soils, are set 
according to the data, which the authors 
received in the scientific and experimental 
ground “Tuimaada” of Melnikov Permafrost 
Institute, Siberian Branch, the Russian Academy 
of Sciences. 

 
Fig. 3. Computational region scheme 
 

On the soil surface the impact of external 
temperature and precipitation are taken into 
account  proceeding from the expression:   

 (6) 

 (7) 
On the lower boundary (with ) the conditions 
of heat insulation are met for the temperature 
and the conditions of inpermeability are met for 
moisture content: 

   (8) 

   (9) 
Initial distributions of temperature and total 
moisture content are set as:  

 (10) 

here  is a moisture source from the 

condensation; D is a volume heat of phase 
transition of vapor into water, J/m3. 
 
2.4. Verification of adequacy of the  
numerical model 
To assess the temperature and moisture 
dynamics and a progress of the depth of the soil 
thawing wotu account taken of the subsoil 
condensation process, the adapted netted 
technology for porous media (soils) was applied.  
The task was implemented by means of Delphi 8 
product and solved with the use of the finite-
element method. 
In the permafrost zone, one of the important 
resulting parameters of condition of the 
environment and its dynamics  is the depth of  
seasonal thawing.  To verift the adequacy of the 
model developed, the authors calculated a 
course of the seasonal thawing. A comparative 
analysis of the thawing depth dynamics 
according to the model with account taken of the 
subsoil condensation and without it, in 
comparison with the field measurements, is 
stated in Fig.4.   
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Months 

 
Fig. 4. A course of seasonal thawing of the soil according to: 1 – field data; 2 – heat and moisture model with no 
account taken of the subsoil condensation process; 3 – heat and moisture model with account taken of the subsoil 
condensation process. 
The nature of the course of sesonal thawing according to the model with account taken of condensation 
and the nature with no account taken of it differ fundamentally from each other (Fig. 4). The heat and 
moisture model with no account taken of the subsoil condensation process, clearly represents the 
thawing course to the maximum (the end of September). However, it describes an inverse process of  
freezing of a seasonally-thawed layer roughly. A month earlier, in comparison with the field data, the 
active layer is closed up. On the contrary, a model with account take of the subsoil condensation 
process reflects the process of the “closing” area freezing more adequately, and it practically coincides 
with the field data, while realistically describing the process of thawing and freeaing of the active layer. 
The improved model makes it poissible to calculate the depth and to describe the course of the seasonal 
thawing during the year with high accuracy. 
3. Results of numerical experiment 
3.1. Distribution of the temperature and total moisture content depending on the empirical 
parameter The empirical parameter  is a critical indicator of the rate of the subsoil condensation 
process in different types of the soil. Let’s consider how this parameter influences the distribution of the 
temperature and total moisture content of the soil body (Fig. 5). 

а B 
Temperature, 0С Water content,%   

  
Fig. 5. Distribution of the temperature (а) and total moisture content (b) according to the depth with different 
values of the empirical parameter  (the end of May): 1 – 0.0; 2 – 0.2; 3 – 0.4. 
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Figure 5 shows that the condensate formation directly depends on the value of the empirical parameter 
WRH  and upon condition of a greater value WRH, the moisture field of soils increases. In other words, 
upon condition of a greater valueWRH, the conditions for favourable development of the subsoil 
condensation process are created and its rate increases. On the other hand, the depth temperature 
distribution shows the cooling with account taken of the subsoil condensation process. This can be 
explained by the humidity increase and, as a consequence, evaporation increase from the soils. In the 
first half of the summer period, the evaporation process prevails over the condensation and leads to the 
heat absorption, without allowing the soils to warm up.   
 
3.2. Dynamics of the temperature and moisture regimes of soils with and without account 
taken of  the subsoil condensation for the warm period of the year 
To assess the impact of the subsoil condensation upon the heat and moisture regime of soils, let’s 
compare the results of calculations of dynamics of the temperature and humidity regimes of soils 
according to time for one season (the end of May, June, July, August, September and October) with and 
without account taken of the subsoil condensation (Fig. 6). 

а      b 
Temperature, 0С Water content, % 

May 

  
June 

  
July 
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August 

  
September 

  
October 

  
Figure. 5. Profiles of  soil temperature (а) and moisture content  (b)  for the warm period of the year according to 
the model, the moisture form: 1 (red) – with no account taken of the condensation, 2 (green) – with account taken 
of the condensation. 
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The temperature profiles  obtained  with and 
without taken of the condensation, are quite 
different (Fig. 5). In the first half of a warm 
period of the year, the subsoil condensation 
availability exerts cooling influence on the soils 
to 2 ˚С. In the second half of summer there is a 
warming influence to 2.5 ˚С (in comparison 
with the calculation with no account taken of the 
condensation). This can be explained by 
increase of the evaporation rate from the soils 
through their moisture content increase in the 
spring and summer period, and as a 
consequence, their cooling. The research by 
V.A. Korolev and L.B. Bludushkina (2015) 
shows that evaporation takes place in the soils to 
the 0.5m depth. So, in the first half of the warm 
period, when the condensate formation layer is 
to the 0.5m depth, the most part of the heat is 
spent to evaporation, cooling the soils. In the 
second half, this layer goes down deeper than 
0.5 m and the evaporation rate decreases, as a 
consequence, additional quantity of heat comes 
to the soils – through the condensation process. 
Other factors of the heating influence upon the 
soils in the second half of summer can be 
weakening of coming of the sun radiant energy 
and processes related to the plants vital activity 
change at the end of a vegetation period. 
Distribution of the soils moisture by the depth is 
measured in a wide range from 0.4 to 2.2%. In 
an interval of phase transitions (in the case of 
consideration of the subsoil condensation), in 
the moisture distribution there is an area of 
sharp drying up, which diverges from the  
normal from 1 to 2.5% in different periods. This 
is caused by the difference of rates of processes 
of the heat exchange and mass exchange. The 
mass exchange process is late in comparison 
with the heat exchange, so the authors believe 
that in the moisture field, near the phase 
transitions boundary, there is nonuniform 
distribution.   
 
3.3. Impact of the subsoil condensation on 
the density dynamics of the heat flow 
In order to assess the heat flux  in the soils, it is 
reasonable to measure it within the active layer. 
However, it is thought that at the 20 cm depth, 

the close (to the truth) the heat flow value, 
which is directed from the surface to the soil, is 
measures (Pavlov, 1975). The subsoil 
condensation, as an internal source of heat, must 
influence the formation and dynamics of the 
heat flow in soils. In order to assess this 
influence, the authors simulated the annual 
course of heat flow in the soils at the 20 cm 
depth with and without account of the subsoil 
condensation process (Fig. 6). 

 
 
Fig. 6. Simulated annual course of the heat flow at 
the 20 cm depth with and without account taken of 
the subsoil condensation. 
 
The calculation results (Fig. 6) show that the 
subsoil condensation availability lowers the heat 
flow values in the warm period of the year in 
comparison with a case without condensation. It 
is possible to say that this process consideration 
smooths over the heat flow course. If to compare 
the calculation results of the heat flow with the 
early received experimental data by A.V. Pavlov 
(1975, 1979, 2008) in the Central Yakutia, the 
data in the case of consideration of the process 
of the subsoil condensation is close to the data 
of А.V. Pavlov, which vary from -15 to +17 
W/m2. 
 
4. DISCUSSIONS 
The theoretical and experimental research shows 
that the process of water vapor condensation in  
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influences the heat and moisture regime of soils 
in a different degree. This is determined by 
climatic and microclimatic conditions, and the 
availability of vegetation and the rock 
composition. 
It was supposed that the subsoil condensation 
process will favor the increase of the soil 
temperature as an internal source of the heat 
during the whole warm period. However, 
according to the results, the water vapor 
condensation impact is a more complex process. 
The annual cycle of heat turnovers in the soils 
single out 2 stages: the cooling in the first half 
of summer and the warming in the second half 
of summer.  
This is explained by the fact that in the first half 
of the warm period (with a small depth of the 
seasonal thawing) a great part of the heat, which 
comes to the soils from the atmosphere, is spent 
to the thawing and evaporation processes. The 
heat, which is generated during the condensation 
in this period, is small. In the second half of 
summer, the soil thawing rate decreases (relative 
to the first period), the thawing depth becomes 
lower, and  a waterlogged air environment 
appears in the soil pores, which favorably 
affects the possibility of forming the 
condensation process. In this period the 
condensation share in forming the heat regime 
becomes great. 
In the process of condensation the soil moisture 
content is supposed to increase (raising the soil 
thermal conductivity) and, respectively, the heat 
penetration should increase (Kudryavtsev, 1966; 
Pavlov 1975, 2000). This explains the results of 
the soil temperature changes in the second half 
of the warm period, which the authors obtained. 
For all that, this does not conform to the results 
on impact of the researched process upon the 
soils heat regime. To solve this issue, it is 
necessary to conduct an additional research to 
study the heat flows in the active layer. 
A condition for intense process of the water 
vapor condensation in the soils is a large 
temperature gradient (heat turnovers on the 
atmosphere-soils boundary), the availability of 
moist air and soil pores. The most favorable 
conditions for this process are possible in the 
areas of strongly continental climate and much 

precipitation which fall in the short period 
regime. Such areas in the permafrost zone  are 
mountain areas and piedmonts.  Within them, 
through forming the microclimatic conditions, 
orographical areas (valleys, slopes with different 
compositions) are singled out, where the 
condensation process rate can vary considerably. 
In the Central Yakutia, considering the climatic 
peculiarities, such areas include the regions, 
which are formed from the surface by medium- 
and coarse-grained sands with the lack of 
vegetation or very thin vegetation. 
 
5. CONCLUSIONS 
While conducting this research, a mathematical 
model of heat and moisture transfer is developed 
with account taken of the subsoil condensation 
process as an internal source of heat and 
moisture. At the end of the summer season (the 
end of September – the beginning of October), 
the moist thawed layer is “closed”. The 
mathematical model, with account taken of the 
subsoil condensation process, reflects the 
process of freezing the “closing” area more 
adequately. 
The numerical experiment in the Central 
Yakutia established that considering the 
processes of evaporation and condensation of 
the subsoil moisture, the total moisture content 
of the soils in an annual cycle increases. In the 
spring-summer period there is an intense process 
of evaporation of the subsoil moisture, through 
which the temperature decreases. In the 
summer-autumn period the growth of the water 
vapor condensation is accompanied by the soil 
heat content increase.      
The subsoil condensation impact in forming the 
heat-moisture regime of the soils is beyond any 
doubt, and this proves that it is necessary to take 
it into account while making the balance 
calculation practically in any natural and 
technology-centered conditions. 
Considering the above, a particular importance 
of the water vapor condensation in the areas of 
development of the southern  mountain 
permafrost zone becomes understandable, where 
minor breaches of the heat balance cause the 
sharp change of permafrost conditions . 
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