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Regional estimation of the methane emission needs mathematical modeling to provide a spatial 
extrapolation of obtained results on a region area. But before such an extrapolation it is necessary 
to verify model using reliable field data. The goal of present study was to provide this verification 
for WeMEM. The initial version of the model WeMEM (including MATLAB-code) was described 
in detail earlier (Глаголев, 2010). Now we used the model version 2.1 which has four differences 
from the initial one: (i) methane oxidation fraction MOF=MOFmin/(1-2·WTL/L+WTL2/L2), where 
MOFmin=0.63; L (cm) – depth of the peat level or permafrost (if present); WTL (cm) – water table 
level; (ii) the factor which represents the influence of water table level on methane emission and 
(iii) the “temperature factor” are given as described in, respectively, (Глаголев и др., 2012, 2015); 
(iv) the methane flux cannot be less than MERmin=-0.18 mgC/m2/h (negative value corresponds to 
the methane consumption).

The initial data for the model are: Lat (°N) – geographical latitude; NPP (mg d.m.·cm-2·h-1) – net 
primary production; Water Potential (in pF-units representing decimal logarithm of pressure in cm 
of water column); Т (°С) – temperature across a soil profile; L and WTL.

The following information was used for model calculation. The average daily temperature of 
the soil thaw depth (Oelke et al., 2003) is represented by a vector file in the form of points in the 
center of square cells with the size of 25.067×25.067 km2 (projection Northern Hemisphere EASE-
Grid) over a period from 1 Sep 1998 to 31 Dec 2000. The vector layer was reprojected into WGS-
84 with QGIS (v. 2.2.0), then it was cut off to the West Siberian borders and the arithmetical mean 
of the soil thaw depth in all cells was calculated for the first and second halves of every month. The 
average monthly atmospheric temperature and precipitation was taken from WorldClim data base, 
where they are represented as the raster layers – respectively, “TMEAN” and “PREC” (Hijmans 
et al., 2003) – with the spatial resolution of ≈1 km2 (at the equator) and temporal resolution of 1 
month. For every cell (25.067×25.067 km2) of the above mentioned vector layer the arithmetical 
mean value of the crossing raster pixels was calculated (in QGIS). Based on the monthly average 
values found this way, the half-monthly values were calculated using the linear interpolation. To 
find the mean value of meteorological parameters for half of month (Xm) the formula: 

Xm=а·xm-1+b·xm+c·xm+1 
was used, where xm-1, xm, xm+1 are average monthly values of this characteristic for (m-1)-th, m-th, 
and (m+1)-th month respectively; а=0.25, b=0.75, c=0 if the temperature of the 1st half of month 
is calculated and а=0, b=0.75, c=0.25 for the temperature of the 2nd  half; а=0.125, b=0.375, c=0 
if the total precipitation is calculated for 1st half of month and а=0, b=0.375, c=0.125 for the total 
precipitation of the 2nd  half.

The calculation of the mire ecosystem area was carried out based on the typological mire map 
of the Western Siberia (Terentieva et al, 2016). For this purpose the vector layer of cells was made 
(25.067×25.067 km2, projection – WGS84, the cell centers matched with the point coordinates of 
the vector file of soil thaw depth described above) with the instrument “vector grid” in the QGIS.
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The annual dynamics of the water table level was calculated based on the water balance equa-
tion (�������������������������������������������������������������������������������������������Чечкин�������������������������������������������������������������������������������������, 1970), where the water input into the mire (H, cm/month) was parametrized in accor-
dance with (Dingman, 2002); potential evaporation (Eo cm/month) – in accordance with (Давыдов, 
1947); the actual evapotranspiration (E, cm/month) – (Frolking and Crill, 1994, eq. 11; Yurova 
et al., 2007, eq. 7) and runoff (Y, cm/month) – in accordance with (Frolking and Crill, 1994; 
Методические…, 2011): 

dWTL/dt = [Н(t) - Е(t,WTL) - Y(WTL)]/P,
where t – time (month); P – porosity;

Н = RAINm + MELTm,   RAINm = Fm·Рm,   SNOWm = (1 - Fm)·Рm.

Monthly precipitation (Рm, cm/month) is divided into rain (RAINm, cm/month) and snow 
(SNOWm, cm/month). Fm is the melt factor computed from monthly temperature (Tm) as follows: 

if  Тm ≤ 0 °С:  Fm = 0;    if  0 °С < Tm < 6 °С:  Fm = 0.167·Tm;    if  Tm > 6 °С:  Fm = 1.

The melt factor is also used in a temperature-index snowmelt model to calculate the monthly 
snowmelt (MELTm, cm/month) from the snowpack water equivalent (РАСКm-1, cm/month) at the 
end of month m-1: 

MELTm = Fm·(РАСКm-1 + SNOWm),    РАСКm = (1 - Fm)2·Рm + (1 - Fm)·РАСКm-1.

Fig. WeMEM (v. 2.1) modeling results in a grid cell with central coordinates 56.824 N, 82.875 E: 
(a) and (c) – for poor fen, (b) and (d) – for “ryam” (– - model prediction; · - arithmetic mean for 
observed fluxes; ï - confidence interval)
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Runoff was modeled as drainage depending on the water table level:
if  WTL < W1:  Y = Qdr_m·k·exp(r1·[WTL-W1]);    if  WTL ≥ WTL1:  Y = Qdr_m·(1 + r2·WTL),
where Qdr_max = r0·N(t); N(t) – number of days in one month (=28÷31 day/month) and k=1, 
r0=0.76 cm/day, r1=0.39 1/cm, r2=0.33 1/cm, W1=0 cm (for open bog); k=0.264, r0=11.5 cm/day, 
r1=0.16 1/cm, r2=0.046 1/cm, W1=-16 cm (for “rym” – low pine-ericaceous shrubs-sphagnum moss 
communities). 

Actual evapotranspiration was modeled as evaporation depending on the water table level:
if  WTL ≤ Zb:  E = 0.5·Eo·exp(0.02·WTL);   if  zET < WTL ≤ 0:  E=0.5·Eo·[exp(0.02·WTL)+1];
if  Zb < WTL ≤ zET:  E = 0.5·Eo·[exp(0.02·WTL) + (WTL-Zb)/(zET-Zb)];    if  0 < WTL:  E = Eo,
where Zb=-30 cm; zET=-8 cm.

The idea of calculating the water table annual variation consists in that, if the same meteoro-
logical parameters are used for every year, then the mire will become quasistationary and the fol-
lowing obvious assertion will be fair: the water level at the end of the year have to coincide with 
the water level in the beginning of the next year. And as far as in such model one year does not 
differ from another, so the specified assertion may apply to the same year (not to different year): 
the water level in the start of the year has to coincide with the water level in the end of the year, i.e. 
WTL(0)=WTL(12).

The typical result of calculations in a grid cell with a central coordinates 56.824 N, 82.875 E is 
shown in the Fig. As it is shown on a Fig., fluxes of such order were observed during the field cam-
paign in this region – West Siberian south taiga wetlands (Naumov, 1999; Глаголев и Шнырев., 
2008; Sabrekov et al., 2013). 
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