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Abstract. In the presented work we consider mire landscapes in the context of temperature
monitoring. The mire landscapes in engineering development of the territory are very sensitive
to anthropogenic impact that leads to a change in surface conditions, changes in natural
succession and, as a rule, to changes in soil temperature and properties, which in turn may
develop a complex of hostile geodynamic processes. For this study we used recording systems
for field measurement of peat and subsoil temperatures. The measurements were made in two
key areas: the territory of the north-taiga landscapes of Western Siberia (the Siberian Ridges),
and the territory of the middle-taiga landscapes of Western Siberia (the Ob middle-river
lowland). The paper analyses the data obtained from five observation sites (3, 5, 5a, 6 and 8)
referred to hydromorphic landscapes. For the territory of the Siberian Ridges the 5-year
average soil temperature wasC3%or the Ob middle-river lowland the 6-year average soll
temperature was 4.2°C. The annual soil temperature in the period 2015-2016 for Site 5a (man-
disturbed area) was 8.3°C at all depths, which isC3ng§her than in a natural bog (Site 5 was

a control area).

1. Introduction

The peatland landscapes occupy a fairly large part (more than 35%) of the territory in the middle taiga
zone of Western Siberia; the wetland cover of an individual landscape province reaches 70%. Mires
support the stability of the environment and they contribute to the thermal and water balance
formation [2]. The study area is subjected to intense engineering development, in connection with
which the natural conditions are disturbed. Since mire landscapes are very susceptible to
anthropogenic load, this may lead to adverse consequences for humans. The engineering development
leads to a change in surface conditions, to a change in natural succession and, as a rule, to a change in
the temperatures and properties of the soil, which in turn may develop a complex of geodynamic
processes. The team of authors in monograph of 2010 "Cryogenic Geosystems" noted the dependence
of grounds temperatures on landscapes and vegetation characteristics [10]. A number of scientists [1,
11, 12, 14] in their studies indicate that the response of the upper horizons of the lithosphere to modern
climate changes strongly depends on the landscape-geological conditions. They also note the existence
of a certain correspondence between the parameters of frozen rocks and the hierarchical level of
landscapes [7]. The mire landscape as any dynamic geosystem has its own cycles, stages of
development and limit of stability. The temperature indexes of grounds have the greatest influence on
the manifestations of exogenous processes for bog landscapes within the framework of biogenic
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morphogenesis. The soil temperature is a key famotrolling many biotic and abiotic processes
occurring in the soils: growth and productivitywafgetation, decomposition and mineralization of soi
organic matter, emission of greenhouse gases 2224, the release of dissolved organic carbon
[25]. The north and middle taiga zones of Westabei$a are located within sporadic permafrost. A
very important indicator, that we have obtainedhis dynamic component of soil temperature within
the southern permafrost zone for the key sites [8].

2. Object and methods

The aim of the study is to monitor the temperategimes of the north and middle taiga subzones of
bog landscapes to reveal the dynamics of biogesliefrformation in the process of engineering
development of the territory.

The measurements were made in two key areas: rititere relating to the north-taiga landscapes
of Western Siberia (the Siberian Ridges — obsamddites 3 and 8), and the territory relating ® th
middle-taiga landscapes of Western Siberia (theni2lale-river lowland — Sites 5, 5a and 6).

The purpose of the research is to determine thpdeature regime of the bog landscapes of the
West Siberian Plain, which are under conditiongiofenic relief formation. The first key area is
located in the subzone of the northern taiga anohéer conditions of rare sporadic frozen grourtds a
different natural conditions. This characteristiows us to obtain net data indicators for undiséat
landscapes in the conditions of the northern taigee choice of locations for arranging temperature
observation sites was based on a number of diffecdteria: position in the relief, lithological
composition, microclimate conditions and surfaceisteming, composition of soil and vegetation
cover. The mire landscapes within this key areaevpeesented by Sites 3 and 8. The third observation
site started to operate on 22.07.2010. Site Imtéal in the high hummock-ridge bog at Meggen-Neg-
Kui [3]. Site 8 started to operate on 12.08.2011lisllocated 1.2 km to the north-west from the
meteorological station at the permafrost peat enhiimmock-ridge bog. The peat core examined at
the hummock-ridge bog is of 2 m thickness. The mompetric parameters of the low ridge were the
following: height is 70 cm, width is 4 m, length 1® m. Poor decomposition of thawed peat was
observed from the surface down to 50 cm depth.thiic&ness of the permafrost peat is 20 cm starting
from 50 cm deep down to 70 cm deep from the surdhtiee low ridge.

The second key area was arranged in the subzothe ofiiddle taiga located on the right bank of
the Ob middle-river lowland. In connection with timereased man's activity associated with the oll
production industry, the observation sites weraldshed in bog landscapes. Site 6 (with tempesatur
sensors located at depths 20, 40, 60, 100, 20@@ndm started to operate on 15.11.2010) is stuate
in natural conditions, Site 5a (depths 20, 40,18®, and 200 cm) and Site 5 (control point) arthe
collector corridor of pipelines. The observatiorisSae 5 were started in 2010, but no data were
received. They were restarted in 2015 after copiith technical problems. The air temperature for
the second key area was obtained by means of a&tatape registering sensor installed at Site 6.

In this paper we used the methods of recordingesystdesigned for in-situ measurement of the
soil temperature. The method is described in detail3, 4, 13]. The researches for the temperature
regime features in the peat deposits of oligotroplaig in the southern taiga of the Western Sikamea
presented in the works [16, 17, 18]. A great sdfieninterest has been drawn to the results of
temperature measurements of the air and soil mgdeebmonitoring network deployed during the
implementation of the German-Russian project "Kdhin[15]. The international experience in
studying the soil temperature regimes is importamt monitoring development [19, 20, 21]. A
temperature recorder DS1921G-F5 (Dallas SemicondsicUSA) with a temperature range from -
40 °C to + 85 °C with the sensitivity of 0.5 °C wased for measuring the soil temperatures at the
depths of 20, 40, 60, and 100 cm. For the deptm ft m and deeper we used a temperature recorder
DS1921Z-F5 with a temperature range from -5 °C 6+ C and with a sensitivity of 0.125 °C. To
monitor the air temperature we used a temperataoerder DS1921G-F5. The periodicity of
temperature recording was 4 hours for all loggeeduor that. The analysis of the diurnal course wa
carried out based on 5-6 measurements. The daiyhraad then monthly mean values for the soil
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temperature were calculated based on the obsemnva@eults. The temperature recorders had
protective capsules excluding the interference withtemperature sensitivity by submerging them in
the wells equipped with a D50 mm case polyethylgipe with a thermal insulation at the wellhead.
The data were collected once a year in autumn.obleaned full-scale data on the temperature regime
of the peat soils were processed using the Mict@3flice Excel 2007 software.

The presented material analyzes the data for geasons of observations: a. 2013-2014; b. 2014-
2015; c. 2015-2016. We haven't given the detailedlysis of the obtained values for soil and air
temperatures from 2010 to 2013 in this work sirtces ialready published [5, 6]. For the average
annual temperatures to compare in the period froh®20 2013 see table 3 and table 4.

3. Results

The lowest air temperature was registered in Jgne26.3 °C (2014), -22.9 °C (2015), -25.7 °C
(2016) at the first key site within the studiedipdr(2013-2016). It corresponds to the average-long
term value of -23.7 °C [26]. In winter 2013-2014 ttoldest month was February with a temperature
of -26.9 € and not January as it used to be for the study. drke high positive monthly average
temperature was obtained for July +17T2Z26]. The summer 2015 was characterized by thenesr
month of June with an average monthly temperatéirErot €, and July was colder by 1.€ {see
table 1). In July 2016 the average monthly tempeeatvas at 3.6 °C higher than the long-term
average. For the first key area the average araugmperature was -3.3 °C (2014), -2.8 °C (2015)
and -1.3 °C (2016).

Table 1. Comparative data on the basic air temperatureacteistics for sites of the first key area in
three observation seasons.

Month 2013-2014 2014-2015 2015-2016

December -13.8 -14.1 -16.2
January -26.3 -22.9 -25.7
February -26.9 -15.5 -12.1
June 12.9 17.4 19.8
July 16.5 16.0 20.8
August 12.0 11.8 15.5
Annual average t C -3.3 -2.8 -1.3
Total of plus t °C 1540.8 1706.2 2131.9
Total of minus t °C 2713.9 2744.7 2594.0

For the second key area within the study period 828016), the air temperature in January was: -
22.3 °C (2014), -19.2 °C (2015), -21.9 °C (2016hjck corresponds to the average long-term data of
-22.5 °C [27]. In the cold season 2013-2014, Fatyruas the coldest month with a temperature of -
24.6 €. But the average monthly temperature was warme#.byC in January and by 2.42°in
February in the second key area. June 2015 wawdhmest month, same as for the first key area,
with an average monthly temperature of 192 &nd July was by 2.3 °colder (see table 2). The
average annual air temperature was -0.6 °C (2@L2);C (2015), 1.3 °C (2016) for the second key
area. The long-term annual air temperature was°@.8veraged from 1998 to 2004 according to the
meteorological station Nizhnevartovsk [27]. Anahgithe results obtained in table 1 and in table 2,
we come to a conclusion that the average annugddeature has increased for the observation period
studied in the work.

The temperature is a key factor in biogenic reloemation. It affects the growth and productivity
of vegetation and its decomposition. The analyssed below applies to the average and average
monthly temperatures obtained at the key sites.r€helts of soil temperature monitoring in the bog
show general patterns of the solar radiation suaptyconsumption.
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The minimum temperature was -06 27.01.2014) at 20 cm depth on Site 3, and0f the
period from 10.12.2014 to 16.05.2015. The maximemgerature was 15.%°°(08.07.2014) and
16.9 °C (04.08.2015). The average annual temperaamed from 3.3C in 2014 to 4.6C in 2015.

Table 2. Comparative data of the main air temperature parens for the second key section.

Month 2013-2014 2014-2015 2015-2016
December -10.9 -12.8 -14.5
January -22.3 -19.2 -21.9
February -24.6 -10.9 -8.6
June 14.9 19.2 19.2
July 16.4 16.9 20.0
August 14.5 12.9 17.4
Annual average t C -0.6 0.3 1.3
Total of plus t°C 1907.6 2176.5 2541.2
Total of minus t °C 20414 2081.6 2064.3

The minimum soil temperatures in the annual cyelpethds on the temperature of the underlying
surface, the transitions during water freezingha peat, the thickness of the snow cover and the
amount of heat accumulated by the peat deposiiniitle warm period [18]. In the period 2014-2015
zero temperature was registered on November 24 3020 cm depth on Site 8 and the transition
through 0 °C was continued from November 27, 20d4April 7, 2015. The positive temperature
values were observed from May 24, 2015. The avesageal temperature was 2.9 °C. The minimum
temperature was -5.£9424-25.01.2015), the maximum temperature was 46(54.08.2015).
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Figure 1. Summary graph of the monthly soil temperatureitat

The difference between the soil temperature vablegined at Site 3 and Site 8 in 2015 is due to
the landscape factor, since Site 3 is locatedwetahollow and Site 8 is on a ridge. In the pe20d 5-
2016 the zero temperature was observed on Noveh@)et015 and the transitions through 0°C were
registered from November 20, 2015 to April 1, 20The positive temperature values at this depth
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were observed from June 7, 2016. The average atgmgkrature was 3.1€°The minimum value
was 2 € (26.01-02.02., 05-10.03.2016), the maximum valuas vi7.5 € (09.07-10.07.2016).
Comparing the totals of positive temperatures waecdo a conclusion that the total of negative
temperatures has decreased. The total of pos#timpdratures was 1218 th 2015 and 1202.4°in
2016 and the totals of negative temperatures wa$ 9 in 2015 and 131.2°in 2016.
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Figure 2. Summary graph of monthly soil temperature at &ite

The penetration depth of @ temperature into the soil is an important charzstte of the thermal
regime in a cold period, which determines the deftthe layer with negative temperatures [18]. In
the period 2013-2014 the zero temperature wasteegdson November 14, 2013 for the depths of 40
and 60 cm at Site 8, and the transition througl @vas being registered starting from December 7,
2013 to June 20, 2014. The positive values weredhetarting from June 23, 2014. The average
annual temperature was 1@ °The minimum value was -1.5 °C (15-28.02.2014¢, tfeximum was
10 °C (August 25, 2014). The total of positive temgiures was 509.C° the total of negative
temperatures was -125.1.°In the period 2014-2015 the zero temperature vemgstered on
November 30, 2014, and the transition through 043 vegistered in the period from December 25,
2014 to May 26, 2015. The positive values were nfegkstarting from May 30, 2015. The average
annual temperature was 2.7 °C. The minimum valuge W& € (24-25.01.2015), the maximum value
was 16.5€ (04.08.2015). The total of positive temperaturess i044.3 C, the total of negative
temperatures was -99.6.°n the period 2015-2016 the zero temperatureregistered in December
22, 2015, and the transitions throughCOWere recorded from January 17, 2016 to June 11%.2lhe
positive values started in June 19, 2016. The gecemnual temperature was 2@ The minimum
value was -1C (07-09.03.2016) and the maximum value was 1€.507.08.2016). The total of
positive temperatures was 1001@ ¢he total of negative temperatures was -7€.418 2013-2014
the average annual temperature was 1.47 °C at éipthdof 60 cm and the total of positive
temperatures was 525.9.°n 2014-2015 it was 2.98 °C. The minimum valueswW&C in the period
from January 28 to June 30, 2014, the maximum vate 7°C (August 25, 2014). From 05.09.2014
to 04.03.2015, the temperature lowered t€ 0The zero temperature lasted until May 25, 201fterA
that the temperature raised to positive valuesnaaititained at this point until August 14, 2015tHe
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period from 01.08 to 14.08.2015 the peak tempegatias 11.5C. The sum of positive temperatures
was 1062.52C. In the period 2015-2016 the zero temperatureagtablished from March 21 to May
28, 2016. The average annual temperature was 3.3TRe sum of positive temperatures was
1099.7 °C.

In 2013-2014 the average annual temperature ferSivas 3.5C, in 2014-2015 it was 4.4° At
Site 8 the average annual temperature wasClid 2013-2014, it was 2.&°in 2014-2015 and it was
3.2 T in 2015-2016. The calculations were made usingatlezage annual temperatures according to
the depth values given in table 3.

Table 3. Annual average soil temperature at Site 3 and&itiethe first key area for the period from
2010 to 2016.

Observation Depth, Period
site m 2010- 2011- 2012- 2013- 2014- 2015- Average for
2011 2012 2013 2014 2015 2016 2010-2016

0.2 3.9 4.5 3.4 3.3 4.6 - 4.0
0.4 3.6 4.2 3.9 3.8 5.3 - 4.2

3 0.6 3.6 4.2 3.2 - 4.3 - 3.8
1.0 3.1 3.7 3.6 3.3 4.2 - 3.6
2.0 - - 3.6 - 3.6 - 3.6
0.2 - 2.5 1.8 - 2.9 3.1 2.6
0.4 - 1.1 1.5 1.2 2.6 2.8 1.8

8 0.6 - 0.7 1.4 1.5 3.0 3.3 1.9
1.0 - 1.1 - 1.6 2.9 3.1 2.2
2.0 - - - - - 34 3.4

Note: “-“ — no date.

No transitions through @ were registered at the depth of 1 m. In 2013-20@&4average annual
temperature was 3.8°%%t 1 m depth and it was 4@ $n 2014-2015. For 2013-2014 the minimum
value was 0.5C (08.04.2014) and the maximum value was 9(6208.08.2014). From 01.09.2014 to
16.05.2015 the temperature was 0.63then from 17.05 to 08.08.2015 the temperatumtestdo rise
up to 11.5€. In the period from 08.08 to 11.08.2015 the terapge remained at the value of 11(5 ©
after which it started to decline slowly (stickgslhature of the peak of positive temperature). The
maximum value of soil temperature variation washe period from 08.08 to 11.08.2015 (11C3.°
The minimum value of temperature variation was®Q.é the period from 08.05 to 16.05.2015. From
01.09.2014 to 28.05.2015 the temperature slowlyedesed at the 2 m depth, then from 29.05 to
29.08.2015 the temperature started to rise up88(5.The maximum value of the temperature was
5.8 € in the period from 28.08 to 29.08.2015. The mimmualue of the annual temperature variation
was 2.13€ in the interval from 19.05 to 28.05.2015. The ager annual temperature was X4 h
2013-2014 the average annual temperature wasClab the 1 m depth with the total of positive
temperatures of 586.8° and it was 2.9 °C in 2014-2015. The minimum vahes 0 € (15.05.-
11.06.2014) and the maximum value was £.%30.08.-02.09.2014). During the period 2014-201& t
average annual temperature was £.9Fhe minimum value was 0.8°(28.04-24.05.2015), the
maximum value was 9.1°912-23.08.2015). The total of positive temperadumas 1015.37 °C. In the
period 2015-2016 the average annual temperature3vla®. The minimum value was 0.8 9(11-
25.05.2016) and the maximum value was @.3(29.08.-01.09.2016). The total of the positive
temperatures was 1047@.°

In the period 2015-2016 the average annual temyeravas 3.4 °C at the 2 m depth. The
minimum value was 1.3°from 11 to 25 May 2016 and the maximum value w8s® from August
19 to September 1, 2016. The total of the posteweperatures was 1047@3.°

For the territory of the first key area in the mentn taiga landscapes of Western Siberia, the
average temperature for 5 years at the two sites 3v@ €, which is 1€ above the isoline
temperature at this latitude given in the pape}.[28



WSPCC21017 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 138 (2018) 012008  doi:10.1088/1755-1315/138/1/012008

The annual average soil temperature at Site 6 baiiye values in the observation period (table 4).
The highest temperature was 48fér 2015-2016 and the lowest one was 8.76r 2013-2014. The
temperature maintained positive at all depths,auitidropping below 0 °C (table 4).

Table 4. Annual average soil temperature for Site 6 ast#twnd key area from 2013 to 2016.

Depth,m 2013-2014 _ 2014-2015 _ 2015-2016 _

’ Mean Max Min Mean Max Min Mean Max Min
0.2 3.5 12.7 0.0 - - - 5.7 18.2 -0.2
0.4 4.0 11.1 0.4 5.2 13.7 0.1 5.6 15.5 0.4
0.6 35 9.2 0.2 4.5 11.6 0.0 4.7 12.4 0.0
1.0 3.8 9.2 0.5 4.7 11.1 0.5 4.9 11.7 0.6
2.0 3.7 55 2.3 3.9 6.1 2.3 4.1 6.1 2.5
3.0 3.7 4.4 3.0 3.8 4.6 3.0 4.0 4.8 3.3
Annual 3.7 8.7 1.1 4.4 9.4 1.2 4.8 115 1.1
average
Note: “-“ — no date.

The highest annual average temperatures for alhdeg measurements was recorded in the period
from 2015 to 2016. The lowest value of average ahtemperatures for all depths of measurements
was registered in the period from 2013 to 2014. aximum difference between the values was
2.1 °C at the 20 cm depth. The minimal differencasvd.3 °C at the 2 meters depth. The soil
temperature variations are shown in figures 3, 4.
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Figure 4. Summary plot of the soil temperature at Site 62@it5-2016.

The temperature transition through 0 °C was obseowe?22.10.12 at the 20 cm depth; it was at the
40 cm depth on 21.01.13 and it was at the 60 cnthdep 01.01.2013. No deeper transition through
0° C was registered. The transition through 0 °G a& well in 2015-2016 at the 20 cm depth on
20.01.16 and no temperature transition was detdmttxiv. For the latitude of the Ob river valley the
average temperature was 4.2 °C at Site 6 in tHegyef 6 years.

To study the impact of the pipeline transport amblog landscapes in 2015, Site 5 was updated and
a new site 5a was set up at the man-disturbed(seetion of pipeline Samotlor-Nizhnevartovk). The
temperature of the oil transported through thelpipewnith a diameter of 1220 mm is 17°C. The pipe
is laid at the 1 m depth from the surface of thpanhummock-ridge bog. Site 5a is located withim th
immediate vicinity of the pipeline and Site 5 isdted in 20 m from the pipeline. For the period201
2016 the annual average temperature at Site 5 wsive with the value of 4.2°C and it is 3.8°C
lower than the temperature at Site 5a (table 5).

4. Discussions

The bog landscape as a dynamic geosystem hasntsymles and stages of development, as well as a
limit of stability. The greatest influence on theamifestations of exogenous processes for bog
landscapes is exerted by the soil temperature mitié framework of biogenic morphogenesis. For
the territory of the first key area, the averagmpgerature was I°at the two sites for the 5 year
period. For the Ob middle-river lowland, the averagmperature was 4.2 °C at Site 6 for the 6 year
period. For the period 2015-2016 the average aneogberature was 8.3 °C at Site 5a (man-disturbed
area) at all depths and this value is E$figher than in the natural bog (Site 5 — conteaiti®n). Site

6 is located at the distance of 10 km to the saeht from Site 5. The average annual temperature at
Site 5 was less by 0.8 °C than at Site 6. At therBQdepth the difference was up to X1 at the 40

cm depth it was 20, at the 60 cm depth it was 06, At the 1 m depth it was 0.C and at the 2 m it
was 0.4C.
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5. Conclusions

It can be concluded that the heating capacity giresering facilities for pipeline transport is li@dl
within the 25 m protection zone from the pipe liféhis fact suggests that the observed higher
temperature in the immediate vicinity of the pipelicontributes to the process of restoring the
disturbed terrain. The process of biogenic morpheges accelerates under temperature increase, and
in our case, the peat accumulation process is boguwinder restauration of the bog vegetationhin t
collective monograph [29], which discloses a sirglacept of the bog formation process, the average
rates of vertical peat accumulation for the northiiga are 0.37 mm/year and for the middle taiga
they are 0.57 mm/year. For a bog massif framing Odkee Samotlor (the second key area) the peat
growth rate is 0.32 mm/year, with the peat depeagit of 7700 + 60 years and the average thickness of
2.5 m [30]. The appearing rate of peat accumulatarit be considered as the same for the whole bog
massif, since differences will be observed withie hollows, low ridges and lakes. This rate is a
common quantitative indicator. At present, boggiegurs at the expense of the growth of the existing
bog systems in broadwise and the emergence of eevihis of bogging in natural conditions occurs
rarely. New hearths of bogging arise as a conseguehthe man-made activity effect under lack of
spillway structures in the places of roads, oil &g pipelines, impoundment of small rivers and
streams. As a result of temperature monitoringaaf lindscapes, it is possible to identify the patte

of soil temperature change in natural bog landscépa greater extent depending on the influence of
meteorological characteristics. For soils under +digturbed facilities a higher temperature is
observed in comparison with the natural bog lamgssawhich is a factor of development of heating
effects in the process of engineering developménite territory. These results are presented in the
database of net soil temperature data of the upgrof the annual heat cycle layer, on the bafsis o
which it is possible to build change forecasts asel data in project-supporting works.
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