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The results of long-term monitoring of soil temperature regime at Bakchar district (Tomsk region) located in 
the southern taiga zone of Western Siberia are presented. The temperature regimes of peat and mineral soils are 
compared; their difference is shown. Peat soil has a smoothed temperature dynamics compared to mineral soil. 
According to monthly average data, in the warm season, the upper 80 cm of peat soil is 5–7°C colder than the 
mineral soil and 0.3–1.0°C warmer in the cold season. The increased thermal inertia of the peat soil prevents both 
its heating and cooling.
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Представлены результаты многолетнего мониторинга температуры почв Бакчарского района (Томской 
области), расположенного в зоне южной тайги Западной Сибири. Проведено сравнение температурных 
режимов торфяной почвы и минеральной, показано их отличие. Торфяная почва имеет сглаженную дина-
мику температуры по сравнению с минеральной. По средним месячным данным в теплое время года верх-
ние 80 см торфяной почвы холоднее минеральной на 5–7 °C, а в холодное время — теплее на 0,3–1,0 °C. 
Повышенная тепловая инерция торфяной толщи препятствует как ее нагреву, так и охлаждению. 

Ключевые слова: температура почвы, Западная Сибирь, олиготрофное болото, минеральная почва, 
торфяная почва

INTRODUCTION

Peatlands are unique natural landscapes that 
are involved in regulating the gas composition 
of the atmosphere, the water balance of the bio-
sphere, and biological diversity [Dokturovsky, 
1932; Liss et  al., 2001; Barid et  al., 2013]. Peat 
bogs are the most significant long-term storage of 
atmospheric carbon on land [Ivanov and Novikov 
1976; Vompersky et  al., 2005; Rydin and Jeglum, 
2015]. Soil temperature is a key factor that con-
trols many biotic and abiotic processes occurring in 
soils (peat and mineral): decomposition and min-
eralization of soil organic matter, greenhouse gas 
emissions, the release of dissolved organic carbon; 
affects the growth of terrestrial vegetation (mosses, 
shrubs, etc.) and the formation of a microclimate 
[Marchik and Efremov, 2006].

Soils are one of the main sources of CO2, CH4 
and N2O, the increasing atmospheric concentra-
tion of which is among the most widely discussed, 
but still insufficiently studied, causes of climate 
change [IPCC, 2013; Second assessment report..., 
2014]. Greenhouse gases are products of micro-

bial metabolism, which is regulated by temperature. 
Climate warming leads to changes in the thermal 
regime of peat and mineral soils and the dynamics 
of their freezing [Pavlov, 2008; Sherstyukov and 
Sherstyukov, 2015; Peng et al., 2017] changing the 
dates of snow cover onset and destruction [Osokin 
and Sosnovsky, 2014; Dukarev, 2015; Zhong et al., 
2018], as well as changes in snow accumulation 
[Pavlov, 2008; Kitaev and Kislov, 2008]. 

Thermal regimes of peat and mineral soils differ 
significantly [Chechkin, 1970; Ivanov and Novikov, 
1976; Gilichinsky, 1986; Geocryology of the 
USSR, 1989; Fundamentals of Geocryology, 2001; 
Dyukarev et  al., 2009; Trofimova and Balybina, 
2015]. Peat soils are characterized by the pres-
ence of a surface peat horizon, which is replaced 
by organogenic matter [Classification..., 2004]. The 
total capacity of the peat layer can reach several 
meters. The peat layer is a complex organic-mineral 
system with specific properties: high water content 
and porosity, containing a large amount of poorly 
decomposed organic matter [Romanov, 1961; 
Chechkin, 1970]. The thermal conductivity of the 
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organic matter of peat is an order of magnitude less 
than that of typical soil minerals. The high content 
of organic matter in the soil increases its poros-
ity, which also reduces the thermal conductivity of 
the soil, especially when the pores are filled with 
air [Romanov, 1961; Ivanov and Novikov 1976]. 
Coarse organic material consisting of Sphagnum 
moss residues of varying degrees of decomposition 
acts as a heat insulator, and its presence cools the 
soil in summer, while its warming effect in win-
ter is less important due to the insulating effect 
of snow cover [Dyukarev and Golovatskaya 2013; 
Kiselev et  al., 2019]. The presence of a porous 
thermal insulation layer in the summer, in turn, 
inhibits microbial decomposition and contributes 
to the accumulation of even more organic mat-
ter. Given the high content of organic matter in 
peat soils and the high vulnerability and sensitivity 
of these carbon stocks to projected warming, it is 
important to assess the existing differences in the 
temperatures of peat and mineral soils that are in 
the same climatic conditions. 

The peatlands of Western Siberia are charac-
terized by relatively shallow soil freezing, and an 
increase in the depth of freezing is accompanied 
by a significant delay in the timing of complete 
thawing of soils compared to mineral soils [Ivanov 
and Novikov 1976; Chigir, 1978]. The greatest 
depth of freezing is observed in the sand soils (up 
to 2.5–3.0 m) [Geocryology of the USSR, 1989]. 
Loams in forested areas freezes no deeper than 
1.0–1.8 m. The peat horizon freezes mainly to a 
depth of 0.3–0.9 m. In many snow — covered areas 
of mires among forests, in some winters, water-
saturated peat does not freeze at all [Geocryology of 
the USSR, 1989]. The first work to study the freez-
ing of mires [Serebryanskaya, 1946] in Barabinskaya 
lowland showed that because of the heterogeneity of 
mesorelief mire massifs and different snow depth, 
frost depth ranges from 50–70 cm in bogs, and 
50–90 cm in lowland mires, to 76–102 cm under 
gipnum-sedge-hollow and sedge-gipnum complexes 
[Checkin, 1970]. The thickness of the permafrost 
layer of natural mires in the North of the European 
territory of Russia varies from 24 cm in the zone 
of eutrophic and oligotrophic pine-sphagnum peat-
lands to 62 cm in the province of large-hummock 
peatlands of Northern Kola [Chechkin, 1970]. In 
the period from 1966 to 2012, on average, Northern 
Eurasia has seen an increase in the height of the 
snow cover in the winter and spring months and a 
decrease in the fall [Zhong et al., 2018], which cer-
tainly has an impact on the dynamics of the seasonal 
frozen layer. In response to the observed increase 
in surface air temperature, the average annual soil 
temperatures in the mires of the North of the ETR 
in the period from 1978 to 2012 increase at a rate of 
0.2–0.9°C/10 years [Kalyuzhny and Batuev, 2015].

On the territory of our country, waist obser-
vations of soil temperatures began to be carried 
out since the 1930s and are still being carried out 
[Instruction..., 1985; Sherstyukov, 2008; Trofimova 
and Shekhovtsov, 2011]. In the present work to 
study the temperature regime of soils is ongo-
ing with the use of modern automatic equip-
ment [Voropai et  al., 2019; Kiselev et  al., 2016, 
2017; Bazarov, et al., 2016; Arkhangelskaya, 2012; 
Kaverin et  al., 2009; Vasiliev et  al., 2008; Sergeev 
et al., 2007; Konstantinov et al., 2006, etc.] So, in 
[Koronatova 2019; Kiselev et  al., 2019] shown a 
significant variability in temperature and permafrost 
regimes of peat soils associated with the microre-
lief, which determines the level of bog waters and 
the redistribution of snow cover. Differences in the 
temperature regime of flat-hummock mire com-
plexes are significantly influenced by belonging to 
different mire ecosystems, bioclimatic zones, and 
the presence of permafrost [Koronatova et al. 2018; 
Mahatkov and Yermolov, 2015]. The study of the 
temperature regime of peatlands located in different 
parts of the West Siberian plain (Northern, Central 
and Southern) based on the observations of the 
West Siberian expedition of the GGI [Ivanov and 
Novikov, 1976] showed that it is possible to use the 
results of observations at a weather station to deter-
mine the temperature in a closely located mire, 
but reliable dependences were obtained only for 
the average decadal values at depths of 10–20 cm.

The purpose of this work was to assess the 
characteristics of the temperature regime of peat 
soils compared to the mineral soils of the sur-
rounding territories, which is an important task, 
because peatlands in Siberia occupy more than 30% 
of the area, but modern estimates of changes in 
soil temperature are based only on data from the 
existing network of observations at weather sta-
tions located mainly on mineral soils [Kharyutkina 
and Loginov, 2019; Sherstyukov and Sherstyukov, 
2015]. Previously, we performed a similar compari-
son [Dyukarev and Golovatskaya, 2013], but the 
comparison was carried up to a depth of 80 cm 
and different equipment was used to characterize 
the temperature regime of peat and mineral soils. 
This work is devoid of these shortcomings. The 
compared series were obtained using the same type 
of equipment, and the soil temperature was studied 
to a depth of 240 cm.

The identification of patterns of functioning of 
mire ecosystems under changing climatic condi-
tions provides the basis for reliable estimates of 
the state of vegetation and multidirectional carbon 
fluxes. The results obtained are important for iden-
tifying the role of vast wetlands in Western Siberia 
not only in the global carbon cycle, but also in the 
formation of regional and global climate.
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STUDY AREA 

Studies of the temperature regime of peat soils 
were conducted in the Tomsk region on the ter-
ritory of the Bakchar bog massif [Vasyuganskoye 
mire, 2003], located between the Bakchar and Iksa 
rivers. The average peat depth of the Bakchar bog 
is 2–2.5 m, with a maximum of 5–6 m. [Study 
of natural and climatic processes ..., 2012]. The 
monitoring point was established at a pine-shrub-
sphagnum bog with a depressed tree layer at a dis-
tance of about 200 m from the edge of the bog 
(56°58’ N, 82°36’E). The soil in the monitoring 
point is peat oligotrophic, underlain by lake-allu-
vial carbonate clays. The capacity of the peat layer 
at the site of observation is 2.2 m. The top peat 
in the upper 1.5 m of the peat deposit is repre-
sented by two types: Fuscum of a weak degree of 
decomposition and Magellanicum of a medium 
degree of decomposition. At the base of the peat 
layer is a 30 cm thick layer of horsetail lowland 
peat. Above it is a layer of sedge lowland peat. At 
the contact of two layers  — the upper and lower 
layers  — there is a layer of peat of a transitional 
type, deposited by mesotrophic plant communities 
that once existed here-wood  — sedge and wood-
sphagnum [Golovatskaya et  al., 2008]. The level 
of bog water decreases from 5–15 cm in spring to 
40–60 cm in late summer. The average height of 
the tree stand is 2–3 m, average trunk diameter 
is 3 cm Projective cover of the tree layer is about 
30%. The shrub layer is developed abundantly on 
micro-elevations (hummocks), the total projective 
coverage is 60–70%. The layer is composed of bog 
rosemary, bog myrtle, blueberries and cranberries. 
The grass layer has a projective coverage of less 
than 5% and is represented by vaginal fluff, cloud-
berry and round-leaved mildew. In the moss cover, 
Sphagnum Fuscum dominates at elevations (95%), 
in addition, Sphagnum fen mosses are found at 
hollows.

The point for monitoring of the temperature 
regime of mineral soils is located on the territory 
of the weather station located on the outskirts of 
the district center of Bakchar district (Bakchar 
village). The observation platform of the weather 
station is located on the terrace of the Bakchar 
river at a distance of about 1 km from the river 
57°00’N, 82°03’E). The soil at the location of the 
weather station is sod-gley heavy loam. The level 
of ground water varies in the range of 20–150 cm. 
The surface of the soil at the weather station is 
covered with grass, regularly trimmed during the 
summer in accordance with the requirements of 
meteorological observations [Instruction..., 1985].

The study area is located within the taiga zone. 
The climate is moderately continental, character-
ized by significant daily and annual variations in 

air temperature and a long winter period. The aver-
age annual temperature is +1.8°C, the average July 
temperature is +19.4°C, and the average January 
temperature is -15.9°C. The frost-free period is 
100–105 days. The amount of annual precipitation 
is 435 mm [Wetland landscapes..., 2012].

METHODS AND MATERIALS

Studies of the soil temperature regime were car-
ried out using an Autonomous Temperature Profile 
Meter (ATPM) [Kiselev et al., 2018; Bazarov et al., 
2018], which is designed for automatic registration 
of soil temperature and accumulation of measure-
ment data over a long period of time. Modification 
of the “hidden installation” ATPM is used for 
”vandal-proof“ placement on the ground, which 
determines the impossibility of using unmasking 
structures: antennas, solar panels and many types 
of sensors. In the end, these limits apply controller 
with ultraslim power consumption (battery power); 
with a large internal non-volatile memory of mea-
surement; with USB interface using a special cable 
with a sealed connector (in order to read the data 
not to dig the controller out of the ground); with 
a maximum ingress protection of IP68 (can work 
below the groundwater level); with the use of sen-
sors of parameters of soil — temperature, moisture, 
conductivity, and also water level. And, in some 
cases, sensors of atmospheric parameters such as 
temperature and humidity.

Two identical devices with air temperature 
sensors (at a height of 2 m from the surface) in 
radiation shield and soil temperature probes were 
installed at the weather station and in the bog. 
Observations were made at 1 hour intervals between 
2011  and  2017.  Soil temperature was recorded at 
the surface and at depths 2,  5, 10, 15, 20, 30, 40, 
60, 80, 120, 160, 240 cm.

RESULTS

According to observations using ATPM at the 
Bakchar weather station, the average annual long-
term air temperature for the study period with full 
years of research (2012–2017) is +1.1 ± 1.4°C (aver-
age ± standard deviation). The coldest month of 
all was December 2012, when the average monthly 
temperature reached -25.7°C (Fig. 1). The warmest 
month was July 2012 with a temperature of 20.6°C. 
The average long-term temperature of the coldest 
month (January) is -19.8 ± 2.6°C, and the warm-
est (July) is +18.2 ± 1.3°C, with an annual range 
of 39.4 ± 5.4°C.

The average monthly air temperature calculated 
from measurements of a similar ATPM complex 
in the pine-shrub-sphagnum bog does not dif-
fer significantly from the air temperature at the 
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weather station (see Fig. 1). The difference between 
monthly air temperatures reaches 1.1°C, and the 
air in the bog is warmer than at the weather sta-
tion. The average long-term temperature difference 
is maximum in the summer months and is 0.6, 0.4, 
and 0.6°C for June, July, and August, respectively. 

Observation points are located fairly close to 
each other (at a distance of 30 km) and there are 
no significant differences in the long-term air tem-
perature regime between them. The average annual 
air temperature in the bog is only 0.2 ± 0.3°C.

Due to the existing differences in the composi-
tion of the soil profile and moisture content, the 
temperature regime of the soils in the research 
points differs significantly even despite the same 
external influence (the amount of incoming solar 
radiation, precipitation mode, etc.). Figure 2 shows 
the time course of monthly values of mineral and 
peat soil temperatures at certain depths. As we can 
see, differences in the annual course of temperature 
are already observed on the soil surface (Fig. 2a). In 
winter, under a heavy snow cover reaching 100 cm 
[Dukarev, 2015], the minimum monthly tempera-
ture on the soil surface at the weather station does 
not fall below -2.4°C (February 2012), and in the 
bog the surface can freeze to -4.1°C (December 
2012). In summer, the maximum monthly sur-
face temperature at the weather station is higher 
(+22.5°C in June 2012) than in the bog (+19.3°C 
in June 2016). 

With depth differences in the temperature regime 
of soils between the two monitoring stations are 
growing. These differences are most pronounced in 
the magnitude and time of onset of the maximum 

annual temperatures. Thus, at a depth of 20 cm in 
peat soil, the average July temperature is 2.7–7.1°C 
lower than in mineral soil. At a depth of 60 cm, 
the maximum annual temperature in peat soil is 
about a month late relative to the maximum surface 
temperature, and the maximum value is lower by 
4.0–6.7°C compared to the surface temperature. 
Deeper, the maximum difference does not exceed 
6.8°C, and the delay relative to the surface reaches 
2–3 months (Fig.  2  d,  e).

Less noticeable differences are observed in 
soil temperatures during the cold season. Up to 
a depth of 15–20 cm, the soil in the bog is usu-
ally colder than the mineral one at 0.1–2.7°C, 
and the  maximum differences occur on the sur-
face layer. Deeper than 60 cm, the temperature of 
peat soil in winter is higher than that of mineral 
soil. The greatest positive differences (0.8–2.1°C) 
are registered at a depth of 60 cm. Deeper than 
60 cm (see Fig. 2 d, e) differences in the minimum 
annual temperatures are reduced to 0.1–0.6°C at 
a depth of 240 cm. Minimum temperatures in 
the bog occur later than in the mineral soil for 
2–3 months.

Figure 3 shows the average long-term profiles of 
the distribution of average monthly soil temperatures 
at two research points. In the cold season (from 
November to March), there is a radiation type of 
temperature distribution in the soil [Trofimova and 
Balybina, 2015], or an increase in temperature with 
depth. From May to August, the temperature in the 
upper layers of the soil is higher than at depth, which 
corresponds to the insolation type of temperature 
distribution. April is a transitional month with an 

Fig. 1. The average monthly air temperature according to measurements at the Bakchar weather station (1) and at 
the pine-shrub-sphagnum bog (2) in 2011–2018

Рис. 1. Средняя месячная температура воздуха по данным измерений на метеостанции Бакчар  (1) и  на со-
сново-кустарничково-сфагновом болоте  (2) в  2011–2018  гг.
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insolation-radiation temperature regime, when the 
temperature decreases with depth in the upper layer, 
and slightly increases in the lower layer. September 
and October are months with a radiation-insolation 
type of temperature distribution.

Average monthly negative soil temperatures are 
recorded from November to March at depths of 
up to 40 cm in mineral soil and up to 20 cm in 
peat soil. Despite the fact that the depth of freez-
ing in the bog is less than at the weather station, 
the temperature of the upper soil layers in the 
bog is lower. This difference is clearly visible in 
December-February at the surface and depth of 
10 cm. from November to April at depths between 
20  and 160 cm, peat soil is warmer than mineral 

soil at 0.4–2.1°C. At the greatest depth studied 
(240 cm), due to the delay in the propagation of 
the heat wave, the temperature in the bog is only 
slightly higher (up to 0.6°C) than at the weather 
station from February to may.

In April, the soil begins to thaw, the temperature 
in the upper layers increases and positive tempera-
tures are observed throughout the profile. In the 
period from May to September, the soil tempera-
ture in the bog is less than at the weather station 
throughout the depth. Loose layers of moss on the 
bog, due to its high heat capacity and low thermal 
conductivity, prevent both heating and cooling of 
peat soil, compared with mineral soil. In addition, 
at a depth of 20–30 cm from the surface in the 
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Fig. 2. Time course of monthly temperatures of mineral and peat soil at certain depths. a — soil surface, b — depth 
of 20 cm, c  —  60 cm, d  —  120 cm, e  —  240 cm. 1  —  weather station, 2  —  bog

Рис. 2. Временной ход месячных температур минеральной и торфяной почвы на некоторых глубинах. 
а  —  поверхность почвы, б  —  глубина 20  см, в  —  60  см, г  —  120  см, д  —  240  см. 1  —  метеостанция, 
2  —  болото
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warm season, the upper border of bog waters is 
located. The temperature distribution profile at this 
depth shows a break and a change in the tempera-
ture distribution gradient. Most of the heat supplied 
to this layer is spent on evaporation of moisture. 
Below the level of standing bog waters, the peat 
layer is saturated with moisture and is character-
ized by volume heat capacity values 1.5–2 times 
higher than mineral soils, which also prevents the 
penetration of heat.

The temperature profile in mineral soil responds 
more sensitively to changes in surface temperature, 
the temperature gradients are lower and the heat 
wave reaches a greater depth than in peat soil. Thus, 

at a depth of 240 cm, the annual temperature range 
in mineral soil is 6.6 ± 0.2°C, and in peat soil only 
1.9 ± 0.3°C. While the annual temperature range on 
the surface for both observation points is approxi-
mately the same: 21.4 ± 1.9°C and 21.0 ± 1.0°C for 
the weather station and the bog, respectively.

The annual (January to December) soil 
temperature averaged over the full years of research 
2012–2017 in mineral soil gradually decreases from 
the surface, where it is 6.6 ± 0.4°C, to 5.6 ± 0.1°C 
at a depth of 240 cm. in peat soil, the temperature 
distribution is somewhat more complex. From the 
surface to a depth of 40 cm, the temperature also 
decreases from 5.1 ± 0.5°C to 4.5 ± 0.9°C. Further, 

Fig. 3. Distribution profiles of average long-term monthly soil temperatures at the weather station  (1) and the 
bog  (2) for 2011–2017 and the average long-term water level in the pine  — shrub-sphagnum bog  (3)

Рис. 3. Профили распределения средних многолетних месячных температур почвы на метеостанции  (1) 
и  болоте  (2) за 2011–2017  гг. и  средний многолетний уровень воды на сосново-кустарничково-сфагновом 
болоте  (3)
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at a depth of 60 cm, the annual temperature becomes 
equal to the values on the surface (5.1 ± 0.5°C). 
When the depth increases from 60 to  240 cm, the 
temperature decreases further to 4.1 ± 0.4°C. This 
non-linear character of the temperature distribution 
indicates the importance of the effect of intensive 
phase transitions of evaporation/condensation water 
at the level of bog waters in summer (10–50 cm) 
on thermodynamic processes in the soil.

Perennial average annual temperature of peat 
soil at 1.5–1.7°C lower than that of mineral at 
a depth up to  40 cm the temperature difference 
between the soil in the bog and the weather station 
at the depth of 60 cm is 1.0°C, and to a depth 
of 240 cm, the difference increases to 1.6°C. In 
General, the soil in the bog colder than the weather 
stations, however, during the year, the difference 
of soil temperatures between two points of the 
research changes its sign.

Figure 4 shows the annual course of long-term 
average monthly differences in soil temperature 
between peat and mineral soil. dTs = Ts (Peat)  — 
Ts (Miner.) The difference in surface temperature 
between the two points of research is almost always 
negative, that is, the surface temperature in the bog 
is lower than at the weather station. The highest 
temperature difference of -3.2 ± 1.1°C was obtained 
in September. The exception is April, when the bog 
surface temperature is 0.3 ± 1.0°C higher (Fig.  4). 

Negative differences with a value up to 
-4.1 ± 1.2°C remain up to a depth of 15 cm. 
However, at a depth of 20 cm in February, March 
and November, the soil temperature in the bog 
is slightly higher (up to 0.3 ± 0.5°C) than at the 
weather station. The depth of 40 cm is character-

ized by the fact that there is the greatest tempera-
ture difference in the summer months. In June and 
July, the temperature difference exceeds -6.0°C. 
a Significant negative temperature difference (more 
than -6.0°C) between peat and mineral soils in July 
is observed in a layer of 30–120 cm. 

Starting from a depth of 40 cm continuously 
from October to March, peat soil is warmer than 
mineral soil. Positive temperature differences dur-
ing the cold period remain at depths from 30 to 
160 cm, but with increasing depth, the start time 
for registering positive differences shifts from 
October to December. The average temperature 
difference between peat and mineral soils is about 
1.1°C, and the maximum value (2.1 ± 0.8°C) is 
recorded in November at a depth of 60 cm.

At a depth of 240 cm, negative temperature 
differences between peat and mineral soil were 
recorded from June to January, with the lowest 
values -4.8 ± 0.5°C in August and September. As in 
the higher layers in a certain period (from February 
to May), the temperature at this depth in the bog 
is slightly higher (up to +0.6 ± 0.2°C) than in the 
mineral soil (see Fig.  4).

CONCLUSION

Analysis of the time course of peat and mineral 
soil temperatures for the period from September 
2011 to July 2018 showed that the average long — 
term annual soil temperature in the bog is 1.0–
1.7°C lower than that of mineral soil. In General, 
the soil in the bog is colder than at the weather 
station, but in the annual course of the difference 
in soil temperatures changes its sign. Negative dif-

Fig. 4. The difference in the average long-term values (2011–2018) of the temperature of peat and mineral soil 
in different months

Рис. 4. Разность средних многолетних значений (2011–2018) температуры торфяной и минеральной почвы 
в различные месяцы
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ferences of up to -4.1 ± 1.2°C are maintained to a 
depth of 15 cm throughout the year. Starting from 
a depth of 20 cm, peat soil is warmer than mineral 
soil during the cold period by 0.2–2.1°C. during 
the warm period, peat soil is colder than mineral 
soil by 0.2–6.7°C.

Thus, due to their special structure and mois-
ture saturation, peat soils have a special tempera-
ture regime. At the boundary of the marsh water 
level, heat is effectively absorbed during the warm 
period, being spent mainly on evaporation. As a 
result, elevated temperature gradients are observed 
in peat soil in the surface layers, and the loose 
upper layers of moss due to their high thermal 
insulation ability significantly reduce the tempera-
ture and amplitude of temperature fluctuations in 
the underlying layers of the peat layer. In winter, 
the upper layers of peat soil are cooled more than 
in mineral soil, but the temperature in the lower 
water-saturated layers is higher and the increased 
thermal inertia of the peat layer prevents it from 
cooling, so that the peat soil at a depth is warmer 
than the mineral one.
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