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Abstract—Fluxes and profile distribution of methane in the snow cover and different landscape elements of
an oligotrophic West-Siberian bog (Mukhrino Research Station, Khanty-Mansiisk autonomous district)
have been studied during a cold season. Simple models have been proposed for the description of methane
distribution in the inert snow layer, which combine the transport of the gas and a source of constant intensity
on the soil surface. The formation rates of stationary methane profiles in the snow cover have been estimated
(characteristic time of 24 h). Theoretical equations have been derived for the calculation of small emission
fluxes from bogs to the atmosphere on the basis of the stationary profile distribution parameters, the snow
porosity, and the effective methane diffusion coefficient in the snow layer. The calculated values of methane
emission significantly (by 2—3 to several tens of times) have exceeded the values measured under field condi-
tions by the closed chamber method (0.008—0.25 mg C/(m? h)), which indicates the possibility of underesti-
mating the contribution of the cold period to the annual emission cycle of bog methane.
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INTRODUCTION

Gas exchange with soil is presently considered as
one of the most significant factors regulating the com-
position and state of the atmosphere, and its distur-
bance by anthropogenic impact can be a reason for
global climatic changes. At the same time, mecha-
nisms responsible for the gas function of soils with
respect to the atmosphere are insufficiently under-
stood, which in turn complicates the adequate quanti-
fication and simulation of this phenomenon [4]. Of
special interest is the poorly-studied emission of
methane—the second most important greenhouse
gas—in winter, the assessment of which is method-
ologically difficult. It was shown earlier [6] that there
is a principal possibility for the quantitative estimation
of methane fluxes in the cold season from the data on
the profile distribution of CH, in the snow layer on the
basis of analytical solutions of the corresponding mod-
els for diffusive gas exchange under stationary condi-
tions. This is confirmed by the analysis of available for-
eign publications [8, 10—12], the authors of which,
unlike the Russian authors, used the common differ-
ential form of the Fick law with the calculation of
fluxes from the concentration gradients and the effec-
tive gas diffusion coefficients; only Solomon and Cer-
ling [11] used numerical integration methods for non-
stationary and stationary problems of diffusive mass

transfer. At the same time, experiments indicate non-
linear profile distributions of methane in the snow
layer, the stationary form of which cannot be explained
by the model of diffusion with constant coefficient.
The aim of the current work is the generalized quanti-
tative description of the nonlinear and linear distribu-
tions of methane in the snow cover of bogs on the basis
of simple and physically substantiated models com-
bining different mechanisms of mass transfer and a
source of constant intensity on the soil surface in rela-
tion to the assessment of the emission fluxes of this gas
during the cold season.

OBJECTS AND METHODS

The object of quantitative study and simulation was
the profile distribution of methane in the snow layer on
the surface of typical elements of a bog landscape
(ryams, hummock ridges, swampy hollows, mires) in
relation to the assessment of the gas emission during
the cold season. Experimental studies were carried out
at the Mukhrino Research Station of the Yugra State
University in the middle-taiga zone of Western Siberia
(Khanty-Mansiisk autonomous district, 60°53'20"” N,
68°42'10" E) during the period from October 2010
through May 2011. They included the measurements
of methane fluxes from the snow surface to the atmo-
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sphere by the chamber method [4], the thickness and
bulk density of the snow layer [1], and the vertical dis-
tribution of methane in the snow cover. Samples of
gaseous methane were thoroughly taken from the
snow at a specified depth with 20-mL syringes with an
elongated needle (IMP, USA; SFM, Germany) in 3—
10 replicates, sealed, and transported to the station
laboratory. The concentration of methane in the sam-
ples was determined on a Kristall-5000.1 gas chro-
matograph (Khromatek, Russia) with flame ioniza-
tion detectors. Three air samples were successively
injected into the instrument from each syringe (indi-
vidual sample); the standard deviation of repeated
measurements did not exceed 0.03 ppm. The snow
temperature at different depths was recorded with
DS1922 programmable sensors (Dallas Semiconduc-
tor, USA). The meteorological station measured the
air temperature and humidity (at a height of 1.5 m)
with a HygroClip S3 probe (Rotronic, Switzerland);
the atmospheric pressure was measured with a Baro-
Diver DI500 sensor (Schlumberger Water Services,
the Netherlands). The concentration of methane in
the gaseous phase (C, g/m?) was calculated from the
following equation [4]:

o 0.012X,,,p

(1)

RT
where X, is the measured volumetric content of
methane, ppm; p is the atmospheric pressure, kPa; T'is
the absolute temperature, K; and R is the universal gas

constant equal to 8.31 J/(mol K).

The statistical processing of measurements, the
approximation of the profile distribution data, the
mathematical calculation of methane fluxes, and the
drawing of graphics were performed using S-Plot 9
and Microsoft Excel 2003 with standard function
packages and its own macros. The mathematical sim-
ulation of the emission and transport of gaseous meth-
ane through the snow layer was also used as a separate
method of study. The models are partial differential
equations with the corresponding boundary and initial
conditions. From the obtained analytical solutions of
the stationary model versions, the source intensity
(emission flux) of methane from the peat bog soil
occurring under snow in winter was calculated. The
numerical solution of the complete model version was
found using MATLAB-7 environment [2].

RESULTS AND DISCUSSION

The emission (positive) fluxes of methane mea-
sured by the conventional chamber method strongly
varied among the observation dates and the bog land-
scape elements (Fig. 1). The negative flux values
(methane adsorption from the chamber), which made
up 22% of the measurements, were preliminarily
excluded from the data set. Their genesis is not very
clear, but it may be related to the physicochemical
mechanisms of methane adsorption by the snow layer
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under nonequilibrium conditions, as well as to the
activity of methanotrophic microorganisms in the
thawing snow and on its solid-phase inclusions in
spring and fall. In general, the studied positive values
were low and rarely exceeded 0.2 mg C/(m? h). The
minimum values were typical for of the coldest months
(February, March): from 0.008 + 0.004 to 0.017 +
0.004 mg C/(m? h) for ryams, from 0.017 £ 0.012 to
0.043 +£0.019 mg C/(m? h) for hummock ridges, from
0.007 + 0.003 to 0.024 + 0.013 mg C/(m? h) for
swampy hollows, and 0.015 + 0.006 mg C/(m? h) for
mires. In the warmer months (May, October) with
sporadic positive air temperatures, the emission of
methane was higher: from 0.026 + 0.015 to 0.033 +
0.020 mg C/(m?h) for ryams, from 0.020 + 0.005 to
0.043 +£0.014 mg C/(m? h) for hummock ridges, from
0.249 + 0.026 to 0.213 + 0.042 mg C/(m? h) for
swampy hollows, and from 0.060 + 0.014 to 0.140 +
0.046 mg C/(m? h) for mires. In the warm months, the
methane fluxes from the waterlogged elements (mires,
swampy hollows) were higher than those from hollow
ridges and ryams (0.15—0.25 mg C/(m?h)) by an order
of magnitude.

Compared to the characteristic values of methane
emission from West-Siberian bogs in summer of about
5—10 mg C/(m? h) [7], the above estimates obtained
for the winter period are insignificantly low, and their
contribution to the total annual emission does not
exceed 1-3% even with consideration for the domi-
nance of the cold period. However, there are some rea-
sons to consider these values underestimated. To solve
the issue, let us turn to an alternative assessment pro-
cedure with the use of snow survey, which records the
traces of methane emission from peat bogs as the cor-
responding distributions of methane concentrations in
the snow cover.

Typical methane distributions in the snow cover are
given in Fig. 2. According to the profile shape, they
can be subdivided into three main types: (A) linear,
(B) nonlinear concave, and (C) nonlinear convex
ones. Type A is most frequently common to ryam par-
cels, and types B and C are usual in swampy hollows
and on hummock ridges. The shapes of distributions
reflect the processes of their formation and dynamics;
therefore, the quantification of the process rates by the
inverse problem method from stationary distribution
models is feasible in some cases [3, 4]. Analogous
physically substantiated models giving linear, concave,
and convex profiles for methane distribution in an
inert porous layer should be developed for this pur-
pose.

Let us formulate the theoretical concept of the
dynamics of gaseous methane in the snow layer on the
surface of a peat-bog soil. We consider the elementary
snow layer of thickness Az on a unit area S. The bal-
ance of the gas mass (Am) in this layer the time period
(At is determined by the input (q,) from the lower
boundary (from the soil) and the output to the upper
layer (g,) according to the equation Am = (g,—q,)SAt.
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Fig. 1. Methane emission fluxes in different elements of a bog landscape during the cold season (estimation by the chamber
method): (a) ryams; (b) mire; (c) hummock ridges; (d) swampy hollows; (/) March; (2) May; (3) October; (4) February; (vertical

bars) standard deviations.

The volume of the elementary layer is V'= SAz, and the
total gas concentration in the layer is C,= m/V, the
coordinate z being directed upwards from the soil sur-
face to the atmosphere; therefore, the material bal-
ance law at A z, Ar —0 can be described by the equa-
tion of continuity

oc,
ot

__% 2
P (2)
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The experiments measure the content of gas in the
gaseous phase (pore space) of the snow, rather than in its
total volume; therefore, we substitute the total concen-
tration (C,) in the model (2) by the concentration in the
gaseous phase (C) with consideration for the proportion
of pores in the total snow volume (porosity P): C,= CP.
We take that the leading mechanism of gas mass transfer
in the snow layer is molecular diffusion with the corre-
sponding flux (Fick law): ¢ = —D.;dC/dz , where D, is
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Fig. 2. Profile distributions of methane concentration in
the snow layer (March 10 to March 21, 2011): (a) linear;
(b) concave; (c) convex; (1, 2, 3, 5) ryams; (4, 6, 7, 8, 12)
swampy hollows; (9, 10, 11) hummock ridges.

the effective gas diffusion coefficient as a function of
porosity, pore sinuosity, atmospheric pressure (p), and
absolute temperature (7). The snow is a macroporous
environment; therefore, in a first approximation, the
diffusion coefficient can be determined from the Pen-
man equation with corrections for temperature and
pressure [4]

1.75
D, =0.66PD, (l) [Mj (3)
273 p

Substituting Eq. (3) to Eq. (2) and reducing P in
the expression, we obtain a simple model for the distri-
bution of methane in a homogeneous inert snow cover
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incapable of retaining (adsorbing) the gas and trans-
forming it to any other chemical compounds

2
=2, )
<

where z is the vertical coordinate, m; 7 is the time, h;
Cis the concentration of methane in the gaseous phase
of the snow layer, g/m?; and D = D,,/P is the effective
diffusion coefficient normalized to the constant P
value.

Model (4) has the following obvious boundary con-
ditions. On the soil surface (z=0), the Cauchy bound-
ary condition (methane emission flux of intensity Q,
mg/(m? h)) is used. With consideration for the diffu-
sional mechanism of methane transport in the snow
layer, this condition is formalized as follows:

_p..4¢
ef

=0. (5)
dzl .~ 0

At the upper boundary, the absolute index of which
is the snow layer depth (H), it is advisable to select the
constant methane concentration in the atmospheric
air as a suitable condition:

C|z=H = Co. (6)

Model (4) with boundary conditions (5) and (6)
describes the dynamics of gas profile in the snow layer.
After a time period specified from the gas emission and
diffusion rates, the gas concentration profile becomes
invariant (stationary). The shape of the stationary pro-
file can be obtained by equating the left part of Eq. (4)
to zero

2
€. 7
dz

Integrating Eq. (7) over depth (z), we have

2
4C_dC_4 ®)
dz” dz

where A is the integration constant. Comparing Egs.
(8) and (5), we obtain from the first boundary condi-
tion that

dC_ 4__9 )

After the integration of Eq. (9) over z, we obtain, in
the general form, the gas concentration as a function
of the vertical coordinate

[f€=c=[-Laz=-L2z+p 0
dZ Def ef

where B is the integration constant. Using second
boundary condition (6), we determine constant B and
EURASIAN SOIL SCIENCE Vol. 48
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the final function of the stationary methane profile in
the snow layer

Co=Lu+c,-2: (11)
Def Def

Function (11) is a linear equation

Co =-az+b, where a =2, b =2H+C0. (12)
ef ef

Therefore, after the approximation of the methane
profile in the snow layer by linear relationship (12), the
target emission flux (Q) can be calculated from the line
slope (a), effective gas diffusion coefficient (D,), and
porosity (P). Another method of calculation is based
on the values of residual term (b), effective gas diffu-
sion coefficient, porosity, snow layer thickness (H),
and methane concentration in the atmosphere (C)).

The corresponding equations are as follows:

Q = _aDeﬁ

Db
=(b-Cy==,
0=0b-C) I
In a macroporous environment, effective diffusion
coefficient is linearly related to porosity (Eq. (3)).
Substituting this equation to Eq. (13), we obtain the
corresponding formulas for Q

(13)

1.75
Q:O.66aPDS,(FT3) (M) (14)
or
~ &lIJS 101.3),
Q—0.66PH(273) ( j(b c).  (15)

It can be supposed that snow is not completely inert
with respect to methane and can adsorb it when going
from the peat surface to the atmosphere. Microbial
oxidation (methanotrophic filter) in the bulk snow in
winter is apparently excluded because of low tempera-
tures. As we showed earlier [6], the introduction of the
concept of equilibrium adsorption by interphase dis-
tribution with the Henry constant in the model has no
significant effect on the linear distribution shape and
can be accounted for by a new diffusion coefficient
(D'yp), which includes the Henry constant (Ky)

D =D/(1 + (1/P— 1)Ky). (16)

By physical sense, 0 < P < 1; then, the expression
(1 + (1/P—1)Ky) cannot be lower than 1 at any Ky > 0.
Consequently, at the equal parameters a and b of the
linear profile distribution of methane in the snow
layer, the new calculation gives the values of fluxes (Q)
similar to or lower than those obtained from Egs. (14)
and (15). Thus, in formal terms, the supposition about
the presence of equilibrium gas adsorption in the snow
layer is adequate to the decrease in diffusion rate (D' <
D) and, hence, the decrease in the calculated source
intensity (Q).
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Fig. 3. Simulation of methane distribution dynamics in the
snow cover: (a) linear stationary distribution (model (4));
(b) concave stationary distribution (model (17)); (/) initial
(atmospheric) concentration; (2, 3, 4, 5) concentration
profiles after 2, 8, 24, and 48 h, respectively; (6) actual data
(stationary distributions).

We have considered the simplest linear profile of
methane concentrations (Fig. 4a). Are similar mod-
els possible for nonlinear profile distributions
(Figs. 4b—4c)? It may be supposed that the obtained
experimental nonlinear profiles are steps towards
reaching a stationary state. However, as will be shown
below, the characteristic formation time of stationary
gas profiles in a snow layer 60—80 cm thick under the
studied conditions does not exceed a few days.
Hence, a more probable hypothesis is that the non-
linear profiles are also stationary. We attempt to
reveal the physical principles of their appearance.
First, we consider the concave profile (type B).

The initial model (4) supposed that the snow layer
is homogeneous and has similar values of effective dif-
fusion coefficient throughout the profile. However, the
analysis of snow density (p) revealed its linear increase
with depth (p,, = 0.282z + 0.084, R* = 0.93) and the
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corresponding decrease in porosity. Experimental
proof for the relationship between the convex shape of
concentration profile and the linear increase of snow
density with depth can also be found in [8]. According
to the Penman function for diffusion in macroporous
environments (Eq. (3)) used in our work, the coeffi-
cient of diffusion will also linearly decrease with depth
at the linear decrease of porosity. We formalize this
statement as follows. Given the diffusion coefficients
D, on the surface and Dy at the lower boundary of the
porous layer (H), the relationship between diffusivity
and depth has the form D, =D, — (Dy — Dy)z/H.
Substituting it, together with the phenomenological
expression for the diffusion flux, to continuity equa-
tion (2) and differentiating with respect to z, we obtain
poC _ pp 9°C_(Dy=Dy) °C _(Dy=Dy)aC
or ' og H o7
The stationary version of Eq. (16) is as follows:

o’C oC
—(l-mg)-m=—==0,
aZz( 2) P

a7)

(18)

where m = (Dy — Dy)/(HD,).

The solution of Eq. (18) is the simple logarithmic
function C,) = C\In(1-mz)/m + C,, where C, and C,
are the integration constants determined from the
boundary conditions. Under the condition of the con-
stant gas concentration in the atmosphere (C,) and
emission flux from the soil (Q), we obtain the following
expression for the stationary profile distribution of
methane in the snow layer:

Co = Co -2 In(1 - m2). (19)
Dym

This equation successfully describes the concave
distribution (type B). The physical sense of the
obtained picture is that the diffusion permeability is
low in the denser lower layers; therefore, the gas con-
centration is increased. When the distance from the
snow cover surface decreases, the diffusion is facili-
tated, and methane can be easily released to the atmo-
sphere, which in turn decreases the gas concentration
and the corresponding gradient.

The approximation of experimental data on the
concentrations of methane in the snow layer by the
nonlinear regression equation C, = C, — aln(l —
mz)/m, where a = Q/D,, using S-Plot 9 software gives
a simple expression for the calculation of emission flux
from the diffusion coefficient analogous to Eq. (14).

The concave shape of the stationary profile in the
inert snow layer is easy to describe in physical terms,
but the diffusion model without the source/sink func-
tion is insufficient to explain the convex distributions
(type C). At the same time, the inclusion of convective
mass transfer mechanism with velocity v (m/h) allows
obtaining similar profile distributions. From the phys-
ical point of view, these can be mechanisms of forced
convection, e.g., under the effect of wind on the snow
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surface, or natural convection of the local accumula-
tions of methane, which is lighter than the atmo-
spheric air. The simple convection without diffusion
obviously results in the linear vertical concentration
distribution (C,, = Q/v) in the stationary state. Such
profile distributions were sporadically observed for the
hummock—ridge complex and mire. However, the flux
from the soil Q cannot be determined from these val-
ues without knowledge of the convection rate, and the
theoretical assessment of this mechanism is impossi-
ble, as distinct from diffusion. At the same time, the
combination of diffusion and convection allows such
assessment from the stationary profile distributions,
which have a convex shape (type C) and occupy an
intermediate position between two extreme lines: an
inclined line (diffusion) and a vertical line (convec-
tion).

Substituting the combination of diffusional and
convective fluxes with constant coefficients normal-
ized to aeration porosity D = D, /P and g = v/P,
respectively, to continuity equation (2), we obtain the
following model:

2
o€ _ pZC, o€ (20)
ot 0z 0z
The stationary version of Eq. (20) has the form
2
0c,aoC_,, 1)
07 D oz

from which, after the first integration over z at the
boundary condition of equality of the total diffusional
and convective fluxes to the emission from the soil
(DdC/dz + qC=Q/Patz=0, z= H), we have

oC_0 4, (22)
0z PD D
Then, wusing the substitution of variables

u=Q/(PD) — qC/D, we reduce Eq. (22) to the form
Olnu/0z = —q/D, the integration of which gives the
function u = Bexp(—qz/D), where B is the integration
constant. Returning to variable C and using the
boundary condition of constant concentration in the
atmosphere (Cy) (hence, B = Q/(PD)—qC,/D), we
obtain the final equation for the stationary concentra-
tion profile in model (21) combining diffusion and
convection

Co = }% + (CO - P_Qq] exp(—%z).

This function describes a convex profile (type C),
which approaches a vertical line C,, = Q/(Pq) at the
high velocities of convective mass transfer and an
inclined line (Eq. (11)) when diffusion prevails.
Approximating the actual profile distribution by a
nonlinear regression equation C, =y, + aexp(—bz)
(where y,= Q/(Pq), a = C, — Q//(Pq), b = q/D using
S-Plot 9 software, we find expressions for calculating
the rate of normalized convective flux (¢) and methane

(23)

EURASIAN SOIL SCIENCE Vol. 48  No. 8 2015
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Approximation parameters of the profile distributions of methane in the snow layer (Fig. 2)

Model (12) C,,= —az + b

No. Parcel a,g/m* b, g/m3 C,, g/m? R? 0, mg C/(m?h)
1 Ryam 0.0008 0.0017 0.0012 0.97 0.03
2 Ryam 0.0016 0.0023 0.0012 0.99 0.05
3 Ryam 0.0114 0.0081 0.0012 0.97 0.38
4 Swampy hollow 0.0057 0.0051 0.0012 0.97 0.19

Model (19) Cy, = Co— aln(l — m 2)/m

No. Parcel a, g/m* m, m! C,, g/m> R? 0, mg C/(m2h)
5 Ryam 0.0003 1.353 0.0012 0.97 0.01
6 Swampy hollow 0.0003 1.666 0.0013 0.99 0.01
7 Swampy hollow 0.0004 1.981 0.0013 0.99 0.02
8 Swampy hollow 0.0005 1.923 0.0013 0.96 0.02

Model (23) C ;)= y, + aexp(—bz)

No. Parcel a,g/m* b, m! Yo, g/m’ R? 0, mg C/(m?h)
9 Ridge 0.0031 0.0017 8.722 0.97 1.02
10 Ridge 0.0040 0.0026 3.641 0.98 0.55
11 Ridge 0.0044 0.0031 3.750 0.99 0.62
12 Swampy hollow 0.0069 0.0054 2.060 0.99 0.54

emission (Q) from the known values of porosity (P)
and normalized effective diffusion coefficient (D =
D ef/ P )

1.75
NOPES
2730\ p
T 1.75 101.3
0 = yoqP = 0.66y,bPD, (_) ( . j 25)
273 U p
or
0 =(Cy—ayqP
1.75 26
= 0.66(C, —a)bPD, (L) (101.3) (26)
273 U p

We illustrate the above theoretical considerations
with practical results. All the lines in Fig. 4 are results
of the approximation of experimental data for the dis-
tribution of methane in the snow layer by stationary
profile equations (12), (19), and (23). The reliability
values and approximation parameters are given in the
table. It can be seen that high values of R? (0.97—0.99)
at the minimum standard errors (10~*to 10~°) and sta-
tistically significant parameters for a significance level
of 0.05—0.001 were obtained in all the cases, which
indicates adequacy of the models. Using the approxi-
mation parameters and the corresponding equations
for calculating Q (Egs. (14), (15), (25), and (26)), the
emission fluxes can easily be estimated. The standard
diffusion coefficient D, was taken equal to 0.072 m?/h
[4], and the maximum porosity of snow P calculated

EURASIAN SOIL SCIENCE Vol. 48  No.8 2015

from the experimental data on the density in the upper
layer was 0.9. The comparison of the tabulated data
with the emission fluxes measured by the chamber
method (Fig. 1) for the studied period (the first 20 days
of March) shows that they strongly differ, the higher
values being always obtained by the gradient method.
The differences vary from 3 to 47 times for the linear
trends (diffusion model with a constant coefficient),
from 2 to 3 times for the concave distributions (diffu-
sion model with the coefficient decreasing with
depth), and from 33 to 77 times for the convex distri-
butions (model of diffusion and convection with con-
stant coefficients). Hence, the difference can be of
almost two orders of magnitude in the last case, and
this is a direct result of more intensive convective
transport of methane to the atmosphere. The velocity
of convective mass transfer v = gP was estimated from
Eq. (24) at 0.08 m/h (swampy hollows) to 0.14—
0.33 m/h (hummock ridges). Note that for the almost
vertical distributions parallel to the ordinate, which
are observed in the hummock—ridge complex
and mire, the values of C,) = Q/v v vary in the range
1—3 mg/m?; given the above estimate for the convec-
tive transfer velocity, this also gives relatively intensive
emission fluxes of 0.1 to 1 mg C/(m? h).

In conclusion, we consider the dynamics of the
profile distribution of methane. How inert is the gas
profile in the snow layer, or how rapidly is the station-
ary distribution of methane established? This question
may be answered by using the numerical simulation in
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MATLAB-7 environment on the basis of complete
models of methane dynamics in the form of differen-
tial equations (3), (17), and (20) with boundary condi-
tions of constancy of the flux from the soil (Q) and the
concentration in the atmosphere (C;). The procedure
of calculation was described in detail [2]. For the
numerical experiment, we used the calculated values
of methane flux O = 0.05 mg C/(m?h) (model (4)) and
0=0.01 mg C/(m?h) (model (17)) estimated from the
stationary profiles, the initial concentration equal to
that in the atmosphere C, = 1.2 mg/m?, and the effec-
tive diffusion coefficient D = 0.033 m?/h (model (4))
and D, = 0.038 m?/h at m = 1.35 L/m (model (17)).
The results of the numerical simulation of gas profile
dynamics are shown in Fig. 3. It can be seen that a sta-
tionary equilibrium almost identical to the distribu-
tions obtained under field conditions is established
after 24 h. This means that the proposed method of
gradient estimation is quite sensitive and gives the
value of methane flux from the snow-shielded bog soil
averaged over several days.

In general, it can be concluded that the assessment
of methane fluxes from bog soils is a difficult method-
ological problem. The chamber method can underes-
timate the gas emission [9]; in bog landscapes with
potential fast local (preferential) convective fluxes, its
use is a priori problematical [4], because it is almost
impossible to predict the place and time of local con-
vective discharge of bog gas to the atmosphere, during
which the gas reserve accumulated in the zone of
active methanogenesis in the unsaturated peat layer
can be removed almost instantaneously [4, 5]. On this
background, the method of area-averaged gas profiles,
including the snow survey considered in this paper,
gives a more objective estimate.
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