
Вестник Брестского государственного технического университета. 2023. №2(131) 

Геоэкология 
https://doi.org/10.36773/1818-1112-2023-131-2-103-109 

103 

‘ 

ГЕОЭКОЛОГИЯ 
 

UDC 911.143 (476) 
 

EVALUATION OF THE INFLUENCE OF LARGE-SCALE MELIORATION OF  
THE BELARUSIAN POLESIE ON THE THERMAL REGIME OF SOILS 

 

A. A. Volchak1, V. V. Borushko2 

 
1 Doctor of Geographical Sciences, Professor, Dean of the Faculty of Engineering Systems and Ecology of the UO «Brest State Technical University», 

Brest, Belarus, e-mail: volchak@tut.by 
2 Master of Physics.-Mat. of Sciences, PhD student of OE «Brest State Technical University», Brest, Belarus, e-mail: vadim79@tut.by 

________________________________________________________________________________________________________________________ 
 
Abstract 
The article presents the results of modelling of heat distribution in the soil at different dehumidification standards. The method of mathematical 

modelling for obtaining the temperature profile of soils, which allowed to estimate the change of temperature and thermal regimes of the drained lands 
of Belarusian Polesie, has been proposed. The results obtained help to ensure optimal microclimatic conditions for the use of reclaimed land in agricul-
ture. 
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ОЦЕНКА ВЛИЯНИЯ КРУПНОМАСШТАБНОЙ МЕЛИОРАЦИИ БЕЛОРУССКОГО ПОЛЕСЬЯ  
НА ТЕПЛОВОЙ РЕЖИМ ПОЧВ 

 
А. А. Волчек, В. В. Борушко 

 

Реферат 
В статье приведены результаты моделирования распространения тепла в почве при различных нормах осушения. Предложена методика 

математического моделирования для получения температурного профиля почв, которая позволила дать оценку изменению температурного и 
теплового режимов осушенных земель Белорусского Полесья. Полученные в работе результаты способствуют обеспечению оптимальных 
микроклиматических условий для использования мелиорированных земель в сельском хозяйстве. 
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теплоёмкость, количество теплоты. 
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Introduction 
The large-scale reclamation of Belarusian Polesie in the second half 

of the 20th century solved the problem of a complex of organizational-
economic and technical measures to ensure the production of agricultural 
products by optimizing the water-air regime. As practice has shown, the 
reclamation in general has solved its tasks, but has had a significant 
impact on natural ecosystems, including the thermal regime of the territo-
ries. 

The thermal regime, together with the water-air regime, mainly de-
termine the agricultural productivity of the land. For this reason, the study 
of the laws of formation of the thermal regime of soils is one of the topical 
tasks of agriculture. Targeted management of this process will help to 
increase yields and improve the quality of cultivated crops. 

Although the microclimate has a significant impact on crop 
growth and yield, insufficient attention is being paid to this factor. 
Fertilizer application, new varieties, weed control, etc. are generally 
considered. [1-3]. 

Belarusian Polesie is located within the Brest and Gomel regions, 
with an area of drained land of 7,315.9 and 1,415.5 thousand hectares 
respectively. This represents about 19% of all the lands of these regions 
[4], the main part of which is located on the territory of the Belarusian 
Polesie. 

Agricultural expansion is not feasible in the short term, so intensifica-
tion of crop yields is a priority. Of course, the main factor in its improve-
ment, in addition to the quality of seeds and fertilizer application, is the 
amount of heat that falls on the soil surface, as well as the moisture sup-
ply of the root layer. 

The nature of changes in the thermal regime of drained and unculti-

vated areas is different and is determined by both climatic factors and the 

degree of reclamation [5, 6]. In the first place, the coefficient of thermal 

conductivity varies from 0.1 W/(m0К ) for dry peat to 0.5 W/(m0К ) for 

humidified [7]. Due to better thermal conductivity, the lower layers of 

moist soil are warmer and hold the heat longer when the ambient tem-

perature decreases. 

Moist soil, due to the presence of water, has a higher heat capacity 

than drained, which contributes to the accumulation of more heat. 

The main source of heat is the radiant energy of the sun. Absorbed 

by the soil, it is converted into heat, which is transmitted to the lower 

horizon or returned to the atmosphere, respectively, through the phe-

nomena of thermal conductivity or thermal radiation and reflection [8]. 

The difference between the energy absorbed and the energy emitted is 

the energy that goes into heating the Earth’s surface. As the temperature 

gradient between the upper and lower soil increases, more heat is spread 

to the lower layers [9]. 

Depending on the heat capacity, the soil accumulates a certain 

amount of heat. As the heat transfer process from the top to the bottom 

layers is rather slow, the excess energy will be further reflected into the 

atmosphere. As a result, the ground layer of air is heated more strongly, 

resulting in its movement to a lower pressure area. Thus, these air mass-

es carry with them thermal energy from the drained territories [10]. 

The purpose of this study is to assess the change in the thermal re-

gime of the reclaimed lands of Belarusian Polesie. 

 

Research methods and baseline data 

The study is based on the solution of the radiation balance equation, 

which forms the thermal regime of soils. The radiation balance is a varia-

tion of the law of energy conservation with its alterations and transfor-

mations to a specific area of soil. Figure 1 shows the heat exchange 

scheme between the earth and the environment [11]. 
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Figura 1 – Heat exchange scheme 

The law of energy conservation in the heat exchange process occurs 
in accordance with the above scheme and is recorded as [11, 12]: 

,21 CLJPELBBPR  



(1) 

where R+  - radiation balance - the difference between absorbed 
short-wave (direct and scattered) radiation of the Sun and the balance of 
long-wave radiation (radiation of the Earth surface minus anti-radiation of 
the atmosphere) in the daytime and partly in the twilight hours of the day; 

Р+  – positive component of turbulent heat exchange - heat that enters 

the land area due to air movement - adventive heat; В1-В2  – change of 
heat reserves in the active soil layer – heat exchange in the soil; 

LE – heat consumption for total evaporation; Р- – heat consumption for 

air heating - turbulent heat exchange; JH  - long-wave (effective) radia-

tion of the earth surface in the night hours of day; LC – heat condensa-

tion; L – latent heat of water evaporation. 
Equation (1) is greatly simplified if the following symbols are adopted: 
– thermal power resources

,210 BBPREL  

 (2) 

– total heat exchange

.CLJPT  



(3) 

Then it will appear: 

.0 TELEL 
(4) 

The Е0 value is equivalent to the heat energy resources of the heat 
exchange process (evaporation) and is expressed in the water layer 
thickness, which can evaporate when all heat resources are applied to 

the process. The Т value is the total heat exchange for the heating of the 
ground air and for the night effective radiation of the Earth’s surface, 
partially compensated by the anti-radiation of the atmosphere and the 
heat condensation of air vapors on the refrigerated elements of the 
Earth’s surface [11, 12]. 

Water discharge during drainage directly or indirectly affects all com-
ponents of the radiation balance. The exception is the annual average R+ 
radiation balance, which is stable for the area. 

Thermal conductivity equation [13, 14, 15] was used to describe the 
regularities of soil temperature profile formation: 

𝜌С𝑝
𝜕𝑇

𝜕𝑡
=  𝑘 (

𝜕2𝑇

𝜕𝑥2 +
𝜕2𝑇

𝜕𝑦2 +
𝜕2𝑇

𝜕𝑧2) , (5) 

where ρ – density, kg/m3; Cp  thermal capacity, J/(mol0К ); k – ther-

mal conductivity, W/m0К ; T – temperature, 0К; ∇  – Hamiltonian. 
Numerical modelling of the thermal regime of soils [16] is limited to 

calculation of the profile distribution of their temperatures [17]. The tem-
perature at a given depth can be determined experimentally using mod-

ern thermal sensors [18, 19]. In practice, the use of these methods is 
difficult, as it requires a lot of equipment and measurements. At the same 
time, there are other methods for estimating soil heat at given depths, for 
example, through known soil surface temperature [20]. However, it is 
problematic to obtain a thermal conductivity function using the thermal 
wave method for large areas. 

The solution to the above problem is mathematical modelling. To do 
this, it is necessary to determine the initial climatic conditions, which in 
turn will allow to calculate the temperature profile of the soil and to calcu-
late the amount of heat accumulated by it. 

In order to quantify the change in the heat intensity of soils, a numer-
ical experiment has been carried out according to the following scheme: 
elementary volume of soils in 5 m3 with dimensions of 1 m - width, 1 m - 
length and 5 m – depth; the chosen value of depth with reserve corre-
sponds to the level, at which the temperature fluctuations associated with 
the degree of warming of the air by sunlight cease [21]. 

The study considered models of the two most common soils: peat-
wetland, consisting of an upper layer of peat, 2 meters deep, and a lower 
layer of sand,3 meters deep; sodium-subtidal, which includes an upper 
layer of sand, 1 meter deep, and the bottom layer of coarse-grained sand, 
4 meters deep. Since the largest area of the Belarusian Polesie occupies 
dernovo-subtidal soils (more than 35 %), then there are dernovo-subtidal 
wetlands (about 27.5 %) and peat-bog (about 20 %) [22]. 

For sod-subtidal soils, calculations were made at different groundwa-
ter levels (UHF): 0 m, 0.4 m, 0.8 m and 1 m. 

The numerical solution of the mathematical model is obtained by fi-
nite element method [23]. 

On the basis of specialized software, a model of heat transfer in soil 
was created and its warming dynamics under natural conditions was 
investigated. [24]. 

The data were based on meteorological information on the 
Polesskaya meteorological station, which is located in the center of 
Belarusian Polesie and is representative for the region [25]. The air 
temperature was assumed to be the average multi -annual value for a 
given day at 19:00, which is the average temperature on the day in 
question. 

Using the above method, a numerical experiment was performed to 
construct a temperature profile of soils for the following boundary condi-
tions:  

1. On the upper surface of the soil, the heat flux equals the average
monthly solar radiation flow per unit area of the horizontal surface. 

2. The condition of thermal stabilization at 9.1 °С [26] is set on the
lower surface of the soil to the average annual temperature above the 
surface [27]. 

3. Convective heat exchange [12] was also specified on the soil sur-
face: 

∇(−𝑘∇𝑇) = 0. (6) 

4. Thermal insulation conditions were applied on the lateral bounda-
ries of the allocated volume. 

5. Evaporation from the soil surface was defined as a change in the
internal energy of the water during evaporation by the formula [28]: 

𝑄 = 𝐿𝑚 −  𝜈𝑅𝑇,    (7) 

where L is the specific heat of vapor formation, J/kg; m is the mass of 

evaporated water, kg; ν is the quantity of the substance of evaporated 

water, mole; T is the air temperature, 0К; R is the molar gas constant, 

J/mol0К. 

Results and their discussion 
As a result of the numerical experiment the soil temperature is 

distributed over the entire thickness of the simulated system with an 
averaging interval of 24 hours from May to October inclusive. As an 
example, figure 1 shows the dependency charts for the month of 
May. 



Вестник Брестского государственного технического университета. 2023. №2(131) 

Геоэкология 
https://doi.org/10.36773/1818-1112-2023-131-2-103-109 

105 

а) 

b) 

c) 
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d) 

a) without drainage; b) with drainage at 0.4 m; c) with drainage at 0.8 m;
d) with drainage at 1 m

Figura 2 – Temperature distribution of sod-podzolic soil by depth 
for selected days

These graphs show that for drained land, the degree of dependence 
of soil heating in the surface layer is quite dependent on atmospheric 
temperature. For desiccated soils, the temperature variation over a month 
is 4°С; for desiccated soils, the temperature is about 8°С. This is due to 
the discharge of water from the root soil, which has a higher heat capacity 
than air. 

On the graph for unspoiled soil, there are practically no temperature 
variations at a depth of about 1.5 m, and for drained soil this occurs at a 

depth of about 0.8 m. A similar picture is observed for the remaining 
months under consideration. 

Consider the graphs in Fig. 3 showing the soil temperature distribu-
tion by depth for one day. The 1st of May was taken as an example. It 
follows that in the dried soil, when approaching the surface, the tempera-
ture grows at a higher rate than in the soil without drying. The tempera-
ture rise rate is seen to be at the upper level of the groundwater. 

Figura 3 – Depth distribution of soil temperature for the 1st of May 

For peat-bog soils, calculations were made for UGV levels of 0 m, 
0.4 m and 0.8 m. Boundary conditions were chosen similar to those for 
dermis-subtidal soils. 

As a result of the numerical experiment the temperature distribution 
over the entire thickness of the daily system under consideration was 
obtained from May to October. 
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а)

b) 

c) 

a) without drainage; b) with drainage at 0.4 m; c) with drainage at 0.8 m
Figura 4 – Temperature distribution of peat-marsh soil for selected days
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Depending on soil properties at depths of 0.35 m to 1 m, daily fluctu-
ations in soil temperature are attenuated [29]. So for the soil without dry-
ing, fluctuations of temperature values are practically not observed at a 
depth of about 1 m, and for the drained this happens already at a depth of 
about 0.8 m. 

In the soil without drying, temperature variations begin to occur at a 
depth of approximately 2.5 m. As the surface approaches, the tempera-
ture rises evenly. At a depth of 2.5 m in the studied model lies a layer of 
constant temperature. But its jumps, which are observed on some days at 
a depth of about 0.2 m, are associated with the inertia of the process of 
heating the soil. 

When the UGV is reduced by 0.8 m, ambient temperature variations 
have a significant influence on soil temperature already at the upper wa-
ter level. 

During the drainage process, as shown in the diagrams in Fig. 5, the 
amount of heat accumulated by the soil decreases with the decrease of 
the UGV. For dermal-subtidal soils, the energy difference before water 
discharge and with 0.8 m drainage reaches a maximum in August of 
1.53 1010J. For peat-wetlands, this value is the highest in July (2.71010J.), 
with the same dehumidification rate. In this way, dermal-sprinkled soils 
are more resistant to heat loss during drying. 

а) 

b) 
a) Dermal-subtidal soils, b) Peat-wetlands

Figura 5 – Accumulated energy
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Thus, when draining the marshes together with water, a large 
amount of energy is taken, which is about 1010 J with 1 m2 or 106 J per 
hectare. If we consider that the Belarusian Polesie, whose area is 
about 5 million hectares [9], is drained completely, the amount of heat 
that is missing the soil of the region during the growing season will be 
about 1016 J. For comparison: the installed capacity of the generation 
sources of the Republic of Belarus is 10 073.99 MW, which is 8.7 1014 
J per day or 2.4 1012 J per year [30]. 

Conclusion 
The reduction of the average heat capacity and thermal conduc-

tivity of the soil due to the reduction of its moisture content leads to a 
decrease in the amount of heat stored by the soil. This can lead to late 
frosts in spring and early autumn, which also do not contribute to in-
creased crop yields. At the same time, the topsoil is re-dried and the 
growing conditions are unfavorable. 

Therefore, when developing plans for the management of land 
reclamation systems, planning of crop rotation, selection of agro-
technical methods of cultivation of crops, it is necessary to take into 
account the processes of heat redistribution in the soil. 
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