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ABSTRACT

In this work, we evaluated the balance of carbon exchange in the system ”atmosphere - biosphere”. For this
purpose, calculations of the vertical fluxes of carbon dioxide were carried out using the method of gradient
measurements. The gradient measurements of carbon dioxide concentration and meteorological parameters were
obtained on the territory of the Fonovaya Observatory of the IOA SB RAS during the period from July 2016 to
January 2022.
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1. INTRODUCTION

The concentration of greenhouse gases in the atmosphere is now clearly increasing (IPCC Special Report, 2019).
One of the main greenhouse gases is carbon dioxide (COz). The causes of its concentration growth are anthro-
pogenic human activities (Special Report of the IPCC, 2019). For a number of regions, COy emission dominates,
but for the territory of Siberia, especially during the warm period of the year, COs runoff prevails. Evaluations
of the CO2 emission and absorption balance for the territory of Siberia represent one of the most urgent tasks at
the present time. The purpose of this work is to evaluate the balance of carbon exchange between the atmosphere
and the biosphere, which is typical for the area of Western Siberia, where the observatory ”FONOVAYA” of IOA
SB RAS is located.

2. MEASUREMENT DATA AND CALCULATION METHODS

Fonovaya Observatory is located in the background area of Tomsk (56°25’ N, 84°04’ E, 80 m above sea level,
http://lop.iao.ru) [1] . There is an altitude mast installed on its territory for measurements. The equipment list
given in Table 1.

Table 1. Equipment of Fonovaya Observatory.

Device/sensor Parameter Range Error Time constant
Vaisala HMP155 t °C -40...4+60 +£01C 1s
Vaisala HMP155 £,% 0...100 +2% 1s

Young model 85004 dd, deg 0...360 + 10° 1s
Young model 85004 V, m/s 1,2..40 | £(0.5+0.05V) 1s
Young model 61302V P, hPa 150...1150 +15 0.1s

LI-COR-840 COg, ppm | 0...1000 < 0,2 ppm 1s
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Carbon dioxide concentration measurements and meteorological parameters are carried out at two altitude
levels on 10 and 30 meters. The station operates in monitoring mode with a registration parameter frequency
every 1 hour. To agreement the measurement time, linear interpolation between adjacent measurement times
was used. The concentration values obtained for the upper level were interpolated. For the flux calculations, we
used the measurements performed in the period from January 2016 to January 2022.

For the calculation vertical carbon dioxide fluxes, we used the gradient method based on the Monin-Obukhov
similarity theory, a detailed description of the method given in [2]. According to this methodology, the substance
flux is calculated by formula (1):

0CO,
Foo,(2m) = ~K—5- (1)
where, Foo,(zm) - vertical carbon dioxide flux, K - turbulent diffusion coefficient, 8%32 - concentration

gradient, z,, = /z122- reference height for which the flux is calculated, zo = 30 and z; = 10 heights of the upper
and lower measuring levels, accordingly. For the calculations, the following rule is applied, the vertical gradient,
% a in addition to this and the flux, Fro,(2,,) positive (pointing upward), if the concentration decreases with
height (ACO2 < 0) and negative (pointing downward) if the concentration increases with height (ACO; > 0).

To parameterize the turbulent diffusion coefficient, we used formulas that take into account the stratification
(¢) of the surface layer. The formulas (2-5) were used for the unstable stratified surface layer.

K= &
A (3)

P (Cm) = (1= 16Gn) "7, G < 0 (4)
on (Gn) = (1= 166) "%, G < 0 (5)

where, ux - friction velocity [3], ¢p, ((n) - universal differential functions of heat and momentum [4], ¢ -

stability parameter, k£ = 0.4 - Karman’s constant, %—[Z] - wind speed gradient. Stability parameter is calculated

by iterative method using the Richardson gradient number "Ri” according to the formulas (6,7) [2]:

g 4
Ri= %2 (6)
9 2
b (%)
¢(0.74+40.47¢
((1+4.7c)2 : ¢>0

Ri(Gm) = (7)

0.74¢ (11_71955)0.5 <0

If the surface layer was steadily stratified, then ({,, > 0), and equations (8-14) from [5] were used for the
calculation.

K =1u, (8)
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Wy =1—2.25Ri; (10)

U, = 0.228 — 0.08Ri; (11)
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where Cj, = 1.08, C. = 3, Riy is the Richardson flux number, E, is the energy of fluctuations of the vertical
velocity.
Thus, having calculated the vertical fluxes in the daytime (from 12 to 18 hours), we obtained the so-called NEE
(Net Ecosystem Exchange) value (or, otherwise, pure C'O5 exchange between the ecosystem and the atmosphere,
net ecosystem carbon dioxide exchange, pure ecosystem exchange). In turn, the calculation of fluxes at night
(from 0 to 6 o’clock) allows us to estimate R, (or ER) - total ecosystem respiration (Gross Respiration, Ecosystem
Respiration). In this way, knowing the values of N EFE and Re, we can estimate the balance of COs in ecosystems,
described by the mass conservation equation:

NEE = GPP — R, (15)

where, GPP — primary gross productivity of vegetation (Gross Primary Production).

3. RESULTS

As a result of the calculations we obtained the values of the annual variation of the values of NEE, Re for carbon
dioxide (Fig. 1).
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Figure 1. Average annual course of NEE (the square indicates the average value; the orange line indicates the median;
the rectangle indicates the values of the 1st and 3rd percentiles; the standard deviation is shown by the vertical line)
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Figure 2. Average annual course of Re (the square indicates the average value; the orange line indicates the median; the
rectangle indicates the values of the 1st and 3rd percentiles; the standard deviation is shown by the vertical line)

Calculation results show a negative median value of NEE during the year, indicating that the studied ecosys-
tem is mainly an absorber of CO2. The maximum absorption reaches in summer months and is 31 pumol /(m?s),
and the minimum in winter months is 6.2 pmol/(m?s). Re value, characterizing the intensity of ecosystem
respiration, also has a maximum in July and it is -3.2 pmol/(m?s), and the minimum is observed in February
and it is -0.2 wmol/(m?s). The total annual values are: -6.48, 0.0065, and -6.53 kgC/m?, for NEE, Re, and
GPP, relatively.
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