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INTRODUCTION

The global change in climate and environment is
one of the urgent problems today, since the conse-
quences of such changes may not only adversely affect
the habitation area, but also cause natural disasters. The
growing concentration of greenhouse gases recorded in
many regions is considered crucial to this problem,
leading to an increase in the average global temperature
due to the additional absorption of infrared radiation.
As a rule, a prognosis of the climate change is based on
the calculations by regional models or by models of
general atmospheric circulation, where the measured
concentration of greenhouse gases and the tendencies
of their change serve as initial data [1–3].

Such calculations show that the contribution of cer-
tain regions to the global balance of greenhouse gases
is rather different due to their physical-geographical
features. For example, Russia has vast undisturbed or
weakly disturbed ecosystems that occupy 65% of its
territory. This country is a “blind spot” in scientific
research, as there are almost no measurement data of
greenhouse gases on its territory. It is not fortuitous that
the completed estimates have an opposite character in
the absence of such data. Thus, by the calculations [4],
the Siberian forests release about 0.035 Pg C/yr. The
authors [5, 6] proved, on the contrary, that the Siberian

forests absorb 0.42 

 

±

 

 0.07 Pg C/yr. We should mention
that the last value is comparable with carbon absorption
by all of the Northern Hemisphere according to data
[7]. Consequently, in order to eliminate such uncer-
tainty, we should correctly measure the concentration
of greenhouse gases above little-studied regions.

The purpose of this paper is to investigate the verti-
cal distribution of greenhouse gases above Western
Siberia, where these components were not studied sys-
tematically.

METHODS AND EQUIPMENT

To perform measurements, the AN-30 Optic-E air-
craft laboratory was used. It is described in detail in [8].
During the flight, air was taken in glass bottles at
heights of 0.5, 1, 1.5, 2.0, 3.0, 4.0, 5.5, and 7 km. To fill
in the bottles with the outboard air, a GAST DOA-P108
oil-free diaphragm pump maintaining a pressure of 2 atm
was installed. Then, the air from the bottles was ana-
lyzed by a chromatographic method in the laboratory of
the National Institute for Environmental Studies. The
measurement ranges and errors of concentration were:
(340–450 

 

±

 

 0.03) ppm for CO

 

2

 

, (1500–2500 

 

±

 

 1.7) ppb
for CH

 

4

 

, and (250–450 

 

±

 

 0.3) ppb for N

 

2

 

O.
Air sampling and the measurement of the gas com-

position of the air were performed after the 20th day of
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each month in clear weather starting from July 1997
until the present time. Sounding was carried out at the
same place in the southwest of Novosibirsk, as to not
allow the influence of the city. The route of the flights
went above the pine forest along the right bank of the
Ob reservoir near Zyryanka and Ordynskoye settle-
ments with initial coordinates 54

 

°

 

35

 

�

 

 N, 82

 

°

 

40

 

�

 

 E. The
flight map is shown in [9].

By the present time, the continuous measurements
have been collected for more than a ten-year period.
Even taking into account unsuccessful flights, the series
analyzed below exceeds 120 vertical profiles of CO

 

2

 

,
CH

 

4

 

, and N

 

2

 

O distribution.

RESULTS AND DISCUSSION

First, we consider Fig. 1, which presents concentra-
tions of CO

 

2

 

, CH

 

4

 

, and N

 

2

 

O by the data of all measure-
ments at all controlled heights. It is seen that two green-
house gases, CO

 

2

 

 and N

 

2

 

O, have a marked tendency to
concentration growth during the whole measurement
period at each height, despite the modulation in the
annual behavior. CH

 

4

 

 does not show such a tendency
during the same period. At first sight, its concentration
behavior seems chaotic.

The amplitudes of variations and some peaks of
concentrations are greater at heights of 0.5 and 1.0 km,
i.e., in the boundary layer. In our opinion, this fact
proves that sources and sinks of the gases in question
are located on the underlying surface [10–12].

It is also clear from Fig. 1 that for each gas, the dif-
ferences in concentration in height and amplitude of the
variations are significantly different. This is evidence of
two circumstances: the power of the mechanisms of
generation and sink of these compounds in the region
and the difference in concentrations for the global and
regional backgrounds. Thus, if concentrations of gases
at a height of 0.5–1.5 km are considered the regional
background and the global background is considered to
be at a height of 7 km, then the bigger their difference,
the greater the differences between such scales.

Figure 2 presents average long-term vertical profiles
for each month of the year. It is seen that the minimum
concentration of CO

 

2

 

 above the region is recorded in
August and at all heights. It may seem strange that the
maximum concentration of CO

 

2

 

 is reached in April and
also at all heights. The greatest amplitude of variations
in the annual behavior of CO

 

2

 

 concentration is recorded in
the boundary layer (0.5–2 km), amounting to 14–20 ppm.
The modulation in the annual behavior of CO

 

2

 

 concen-
tration remains in the free atmosphere too, although the
amplitude here is smaller (7–8 ppm).

We draw one more conclusion from Fig. 2 for the
vertical change in CO

 

2

 

 concentration. This gas is assim-
ilated by vegetation only during four months in May–
August. In the other part of the year, CO

 

2

 

 is generated
due to breathing plants.

The methane behavior (Fig. 2) discloses the features
of Western Siberia, which has the world’s biggest
swamp systems. It is seen that the methane concentra-
tion in the boundary layer is almost 100 ppb greater
than in the free atmosphere. This fact evidences that a
powerful source of CH

 

4

 

 is situated on the underlying
surface. The methane does not release into the region in
this case, as the content of CH

 

4

 

 is higher in the bound-
ary layer than in the free atmosphere, even at the mini-
mum concentration (August). The maximum concen-
tration is recorded in January–February in all atmo-
spheric depths, including the boundary layer.

The differences in the concentration of N

 

2

 

O
between the boundary layer and the free atmosphere do
not exceed 1 ppb (Fig. 2). This means that in the area in
question, there are no powerful sources and sinks of
nitrous oxide. Figure 2 shows one more interesting fact.
The gas concentrations are almost identical during
10 months of the year. Their differences increase only
near the minimum (July) and the maximum (Decem-
ber). The absence of powerful sources and sinks results
in that the average annual amplitude of the variation in
N

 

2

 

O concentration is not over 2 ppb.
To make sure that our conclusions are correct, we

plotted Fig. 3 by the same data. It is seen that there are
very powerful mechanisms of CO

 

2

 

 generation and sink
in Western Siberia which change their character during
a year. In September–April, the generation of CO

 

2

 

exceeds the sink. In May–August, the sink capacity
exceeds the generation. This fact is proven by the con-
version of concentration curves at different heights.

All year generation is typical to methane (Fig. 3). At
heights of 0.5–1.5 km, two maximums and two mini-
mums recorded by the monitoring data in the surface air
can be distinguished [13]. This fact may be explained
by two mechanisms or cycles of methane formation
[14, 15]. It can be generated by anaerobic bacteria in
soil or can emit from the swamp surface. Therefore, the
winter maximum is influenced by bacteria activity, and
the summer maximum by the release from the swamps.

We do not make additional comments regarding the
annual behavior of N

 

2

 

O, since it is not significant.
Close monitoring measurement conditions (every

month at the same time of the day (at 1:00 p.m local
time) and the same place of observation) may assign
equal statistical weight to each profile in the first
approximation. Then, it is possible to determine not
only the average monthly, but also the average annual
concentrations of the gases in question (Fig. 4).

Figure 4 shows that regardless of the short variation
period (1997–1999), the steady-state and almost linear
increase in CO

 

2

 

 concentration is recorded at all heights
every year. The growth rate was 21 ppm for 11 years or
1.9 ppm/year, which is close to the value determined by
WMO using the global monitoring network [16].

For methane, such an accurate estimate cannot be
made from Fig. 4. The data of the global network do not
provide an exact answer about CH

 

4

 

 behavior either. By the
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Fig. 1.

 

 The change in CO

 

2

 

, CH

 

4

 

, and N

 

2

 

O concentrations above Western Siberia at different heights since 1997.
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Fig. 2.

 

 The vertical distribution of greenhouse gases for each month of the year.
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Fig. 3.

 

 The annual behavior of a change in gas concentrations at different heights.
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Fig. 4.

 

 The annual average concentrations of CO

 

2

 

, CH

 

4

 

, and N

 

2

 

O above Western Siberia at different heights.
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data in [16], CH

 

4

 

 decreased by 1 ppb/year in 2005–2006
and by 2.4 ppb/year on average for the last 10 years.

According to Fig. 4, the concentration of nitrous
oxide grew at a rate of 0.73 ppb per year at all heights,
which is somewhat less than in [16].

We showed earlier in [17] that at the total growth of
CO

 

2

 

 above Western Siberia, its concentration in the
boundary layer was almost constant during the summer
period. Therefore, we made the conclusion that the veg-
etation of the region in the summer dealt with the
releasing CO

 

2

 

, i.e., assimilated it completely. The con-
tinuous measurements made us doubt the correctness of
the conclusion. It follows from Fig. 5 that in 2005–
2007, the CO

 

2

 

 concentration increased sharply in the
boundary layer (0.5 and 1 km). Such behavior does not
have obvious reasons. There was neither large-scale
deforestation nor strong fires. Therefore, it is still diffi-
cult to answer what periods—2002–2004 or 2005–
2007—were abnormal.

Figure 6 represents how the concentration of green-
house gases increased in all atmospheric depths.

It is seen that the concentrations of CO

 

2

 

 and N

 

2

 

O
grow at a different rate but in all studied atmospheric
depths, the average annual profiles of concentration do
not intersect. This is not true for methane. Except for
1997, which is represented by an incomplete series of pro-
files, all the others are located in a narrow passage with
numerous intersections of curves at different heights. Such
behavior probably shows local weather conditions that
were rather diverse during this period [18].

To complete our analysis, we present Fig. 7, which
illustrates the long-term average profiles of the vertical
distribution of CO

 

2

 

, CH

 

4

 

, and N

 

2

 

O concentrations
above Western Siberia plotted by all sounding records
(over 120 cases).

The horizontal sections designate the mean square
deviations of concentrations (

 

±

 

1 MSD) with the abso-
lute maximum and minimum concentrations indicated

at each height for the entire sampling on the right and
on the left.

We believe that the data presented in Fig. 7 may be
useful in the selection of modeling scenarios for
regional models and in other climate applications.
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 The long-term behavior of CO

 

2

 

 in July at different
heights above Western Siberia.
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CONCLUSIONS

Our investigation proves that there is a long-term
trend of CO2 and N2O concentration in the atmospheric
depth above Western Siberia at a rate of 1.9 ppm/year

and 0.73 ppb/year, respectively. For CH4, such unambi-
guity is not established.

The region varies in time from a powerful source to
sink for carbon dioxide. In September–April, Western
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Siberia is a CO2 donor; in May–August, it assimilates
CO2. For methane, it is a constant donor that changes its
intensity during the year. The small variation in the N2O
concentration at all heights points to the absence of sig-
nificant sources and sinks of this component of the air
in the region.

The greatest variation of all three greenhouse gases
is recorded in the boundary layer, where it is higher
than in the free atmosphere by 2–3 times.
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