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Abstract The results of sensing of the gas and aerosol composition of the atmosphere with the Optik
Tu-134 aircraft laboratory in the period from 31 July to 1 August 2012 are presented. The measurements
were conducted along the flight route Novosibirsk-Tomsk-Mirny-Yakutsk-Bratsk-Novosibirsk. A significant
part of the Siberian territory during this period was covered by numerous forest fires. The synoptic situation
during the measurements was characterized by the presence of low-gradient field. This fact determined the
low rate of transport and diffusion of pollutants and their accumulation in the region under study. The
maximal concentrations of CO,, CHg, and CO over fire zones achieved 432 ppm, 2367 ppb, and 4036 ppb,
respectively. The aerosol particle number density in emission plumes achieved 4400 cm™3. Outside emission
plumes, the concentration ranged within 400-1000 cm ™3 depending on the region. The mass concentration
of aerosol in plumes increased approximately 7 times (6.9). The enrichment of the concentration of some
elements and ions in the plume with respect to the background varied from 1.3 to 9.1 times. The generation
of ozone from biomass burning products was observed at plume boundaries. Two versions of this process are
possible: ozone generation under and above the plume.

1. Introduction

Historically, first traces of forest fires on the Earth were discovered in paleoclimatic data and are dated to the
period of 350-400 million years ago (Andreae, 1991). In the process of biomass burning during forest fires,
huge amounts of gas and aerosol substances are emitted into the atmosphere. These substances affect
significantly the air quality and radiative characteristics of the climatic system (lto, Ito, & Akimoto, 2007;
Lamarque et al,, 2010; Rap et al.,, 2015). Numerous investigations show that the volume of emitted burning
products depends significantly on the geographic location of a region, a season, and weather conditions
(Ito, Sudo, et al, 2007; Strode & Pawson, 2013; Van Drooge et al, 2016; Vasileva & Moiseenko, 2013;
Williamson et al., 2016; Yang et al.,, 2012). That is why the available estimates of the amount of emitted
substances differ widely and are regularly refined (Abbott et al., 2016; Allen, 2016; Schwietzke et al.,, 2016).
It is important to note that year-to-year variations of the area of forest fires and the intensity of atmospheric
emissions from them are smaller than the tendency of growing anthropogenic emissions of the analogous
compounds (Lamarque et al., 2010).

Highly detailed assessment of chemical composition of the troposphere and yearly burden of emitted atmo-
spheric pollutants can be obtained from ground-based observations. These data allow one to calculate the
emission of aerosol and gas compounds and to assess the worsening of air quality. Data from airborne
sensing measurements provide spatial and temporal distribution of biomass burning products. However,
the method of airborne sensing is characterized by complexity and high costs. That is why such measure-
ments are relatively few (Basso et al., 2016; Bian et al., 2013; Law et al., 2014; O'Shea et al,, 2013; Palmer
et al,, 2013; Virkkula et al., 2014). There is a need to expand the airborne measurements of atmospheric
composition study to characterize distribution of biomass burning products emitted by forest fires.

In Russia, seven events of very powerful forest fires were observed in the last decades: in 2002 and 2010 at the
European territory, in 2012 in Western and Eastern Siberia including Yakutiya, in 2014-2016 in the Baikal
region and Buryatiya. European fires are studied quite thoroughly by now (Chubarova et al,, 2011; Elansky
et al, 2011; Fokeeva et al.,, 2011; Kashin et al., 2016; Krol et al., 2013; Vivchar et al., 2010; Zvyagintsev et al.,
2011). The analysis of Siberian fires is not complete (Shtabkin et al. 2016; Sklyadneva et al, 2015).
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Table 1
Gas Analysis and Aerosol Equipment
Unit Device/sensor Parameter Range Error Time constant
Gas analysis system G2301-m COy, ppm o, ..., 1,000 < 0.2 ppm 1s
CHg4, ppm 0, ...,20 < 0.0015 ppm 1s
H>0, ppm 0, ..., 7,0000 < 150 ppm 1s
TEI Model 49C O3, ppm 0, ..., 200 0.001 ppm 45
TEI Model 48C CO, ppm 0, ..., 1,000 + 1% 1s
LI-6262 CO,, ppm 0, ..., 1,000 < 0.2 ppm? 1s
Aerosol system GRIMM #1.109 Dp, pm 0.25, ..., 32 — 6s
(31 hannels) 0, ...,2,000 +3%
N, a3
Diffusional aerosol Dp, nm 3,..., 200 — 80s
spectrometer (20 channels) 0, ..., 500,000 +10%
N, a3
FAN nephelometer o, km ™" — — 1s
AMA-02 aethalometer BC, pg/m3 0.01, ..., 100 0.01 ug/m3 20s
Gammabackground IRF y background, 1, ..., 1,000 30% 1s
uR/h

dCalibrated every 15 min against reference gas mixtures (NIES scale, National Institute for Environmental Studies).

Therefore, this study focuses on analyses of vertical distribution of aerosol and gas admixtures measured
during forest fires in Siberia in 2012.

2. Methods Used and Characterization of the Period Under Study

For the large-scale study of the air composition distribution in the troposphere over Siberia, we used the
Optik Tu-134 aircraft laboratory. Its detailed description can be found in Anokhin et al. (2011). The measure-
ments in this experiment were conducted with gas analysis and aerosol measurements described in Table 1.

The airborne study was carried out on 31 July and 1 August 2012 along the route Novosibirsk-Tomsk-Mirnyi-
Yakutsk-Bratsk-Novosibirsk and consisted of five parts caused by the need of aircraft refueling in airports of
the mentioned cities. During the flights between the cities, the aircraft made several ascents (up to an atti-
tude ~8.2 km) and descents down to the minimal altitude safe for the horizontal flight. Thus, a total of 20
vertical profiles of the concentrations of greenhouse gases and aerosols were obtained. The flight scheme
is shown in Figure 1.

In this period, the large part of the Siberian territory was covered by numerous forest fires, which caused the
high level of atmospheric pollution by burning products. The fire situation can be judged from the tabulated
and plotted data obtained by the Krasnoyarsk Regional EMERCOM Administration for July 31 and August 1 of
2012 (Table 2 and Figure 2). Figure 2 shows the map of hot spots and smoke plumes from fires (in yellow)
recorded for 31 July 2012 (upper panel) and 1 August 2012 (lower panel). Blue line represents the track of
the aircraft laboratory flight along the route Novosibirsk-Tomsk-Mirnyi-Yakutsk-Bratsk-Novosibirsk. The
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Figure 1. Diagram of atmospheric sensing. Yellow circle dots show the refueling sites.
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Table 2

Fire Situation at the Siberian Territory for 31 July and 1 August 2012

Federal District Subject Number of thermal points Number of fires Area of fire sites, ha Burning area, ha
37 July 2012

Siberian Novosibirsk Region 2 1 4,258 31,709

Siberian Tomsk Region 54 21 15,215 145,660

Siberian Krasnoyarsk Territory 733 220 263,303 2,360,094

Siberian Irkutsk Region 20 8 14,522 17,722

Far East Sakha (Yakutiya) Republic 744 164 428,675 1,560,742
1 August 2012

Far East Sakha Republic (Yakutiya) 800 200 531,521 1,847,748

Siberian Irkutsk Region 29 13 22,659 32,203

Siberian Krasnoyarsk Territory 274 118 109,395 1,796,093

Siberian Kakasiya Republic 2 1 309 352

Siberian Kemerovo Region 1 1 207 558

Siberian Novosibirsk Region N/A N/A N/A N/A

largest area covered by wildfires on 31 July (428,675 ha) was reported for Sakha (Yakutia) Republic (bounded
by purple lines in the right upper corner of the map, Figure 2a), which was surveyed at the end of the first day
of campaign. The most difficult situation with fires had developed over Krasnoyarsk Territory where the
maximum number of hot spots was observed. On the next day, burned area over Sakha region extended
to the west, while at Krasnoyarsk Territory it shrank. Wildfires in Siberia were observed through the whole
summer of 2012 beginning from June. Five days prior to the flight campaign, burning area over Tomsk,
Krasnoyarsk, and Yakutia regions was 749925 ha, 2,181,559 ha, and 707,723 ha, respectively.

The synoptic situation during the experiment can be judged from maps shown in Figure 3.

The analysis of the synoptic situation (Figure 3) shows that the experiment was mostly conducted under
conditions of the low-gradient field (calm weather) that led to the accumulation of pollutants in the region,
and dry lightning aggravated the situation. We have found no data about the influence of fires in 2012 on
other regions of Russia, whereas the traces of fires of 2014 and 2015 were found at large distances, in other
countries (Jung et al., 2016; Laing et al., 2016).

This can be clearly seen from the satellite data (http://giovanni.sci.gsfc.nasa.gov) of the total content of
carbon monoxide and aerosols (aerosol optical depth) shown in Figure 4.

3. Vertical Distribution of Carbonaceous Gases

Figure 5 depicts the vertical profiles of the CO,, CH,4, and CO concentrations obtained during the airborne
experiment over the Siberian territory from Novosibirsk to Yakutsk in summer 2012. The vertical distribution
of the concentrations of these gases during the 2012 summer campaign differs widely from the earlier
campaigns. The fires have led to the situation that many profiles are characterized by the presence of layers
with concentrations far exceeding the background levels as a result of intersection of smoke plumes by
the aircraft.

The vertical profiles shown in Figure 5 differ markedly from both the average (Miyamoto et al., 2013) and
model profiles (Saito et al., 2013; Shirai et al., 2012; Xueref-Remy et al., 2011), as well as from profiles measured
in the absence of forest fires (Andreae et al., 2012; Beck et al., 2012; Biraud et al., 2013; Gatti et al., 2010; Girach
& Nair, 2014; Paris et al., 2009, 2010; Xiong et al., 2010). Next, we discuss details of observed variability in CO,
CO,, and CH, profiles with regard to the age of the smoke transported from the fire sources.

The situation with forest fires in the Tomsk region in summer 2012 was severe, and this has led to heavy
smoke presence over Tomsk in the period of 24-28 July. Before the start of airborne sensing, in connection
with rains and alternation of the wind direction on 28 July, the atmosphere over Tomsk became more clean if
we look at CO profile. That is why the concentrations of all the three components were close to the back-
ground values. The sole exception was a thin smoke layer observed during the landing in the Bogashevo
Airport. This plume can be considered as residual (aged), because it was clearly pronounced only in increase
of the CO concentration up to 450 ppb. “Younger” smokes are characterized by high concentrations of not
only CO but also CO, and CH,4 simultaneously. In turn, the correlation between these concentrations
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Figure 2. Map of hot spots and smokes from fires: (a) 31 July 2012; (b) 1 August 2012. Blue line shows the flight of the aircraft laboratory along the route Novosibirsk-
Tomsk-Mirnyi-Yakutsk-Bratsk-Novosibirsk.
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Figure 3. Near-ground weather maps: (a) 31 July 2012; (b) 1 August 2012.

ANTOKHIN ET AL.

2289



@AG U Journal of Geophysical Research: Atmospheres 10.1002/2017JD026825

co (10
N . mol/em?)

702ﬂ s 3.00

2.81
2.63
2.44
2.25
2.06
1.88
1.69
1.50

60-

50

90 EV

Figure 4. Spatial distribution of aerosol optical depth (AOD) and carbon monoxide (CO) in 29 July to 3 August 2012.

allows us to identify whether an increase of the methane concentration is a consequence of emissions from
biomass burning or long-range transport, for example, from wetlands.

The highest levels of all the three studied gases during this flight campaign were observed not only in the
lower troposphere (< 1.5 km) but also in the free atmosphere at heights of 4-5 km. This fact indicates that
the gases penetrated above the boundary layer.

The maximal one-time concentrations of CO,, CH,4, and CO over fires achieved 432 ppm, 2367 ppb, and
4036 ppb, respectively. In addition to this layer, several layers with the increased concentrations of CO,,
CH,, and CO were observed in this profile at heights of 2.5, 3.5, and 5.2 km in elevated smoke plumes.

At the third part of the route (N 3 in Figure 1), when approaching Yakutsk, one more layer with the very high
one-time concentrations of CO,, CH,, and CO (up to 4,12 ppm, 2,139 ppb, and 2,606 ppb, respectively) with
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Figure 5. Vertical profiles of the CO,, CHg, and CO concentrations obtained in the flights of the 2012 campaign (averaged by smoothing in steps of 100 m on height).
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Figure 6. Vertical profiles of the background, average, and maximal concentrations of CO,, CH,, and CO at the route Novosibirsk-Yakutsk-Novosibirsk.

the vertical thickness from 2 to 5 km was observed in the free troposphere. At the landing in Yakutsk, the
concentrations were also high, since fires were located in close vicinity to Yakutsk.

For the night, the situation in Yakutsk did not improve, and the concentrations in the lower part of the bound-
ary layer remained at the level of the previous day, except for CO,, a part of which was likely already (at
13:28 local time) assimilated by plants untouched by fires. After takeoff, during the climb, the aircraft inter-
sected one fresher smoke plume in the layer of 1.2-2.2 km. Then, the flight to Bratsk was mostly carried
out under the background conditions except for several cases of passage of old diluted plumes at different
heights in the free troposphere, because the most significant increases were seen only in the concentrations
of CH, and CO.

If we consider the CO, profiles, then, if smoke plumes are excluded from the consideration, we can notice the
difference in the background values observed in the troposphere over the Irkutsk Region and regions
covered by fires (profiles 1-12 and 19-20), which amounted to =5 ppm. Most probably, this difference is
connected with accumulation of carbon dioxide emitted by forest fires in the troposphere over fire regions
under conditions of abnormally high air temperatures observed in Siberia in summer 2012 for a long period
along with the absence of considerable precipitations.

The measured concentrations of carbonaceous gases over the territory of Western and Eastern Siberia are
quite comparable with or higher than the analogous data for the vertical distributions in other regions
(Basso et al., 2016; Bian et al,, 2013; Law et al, 2014; O'Shea et al., 2013; Palmer et al,, 2013; Virkkula et al.,
2014). At the same time, the measured maximal concentrations of CO in the troposphere are smaller than
those measured in the surface layer (Elansky et al.,, 2011; Fokeeva et al., 2011; Kashin et al., 2016; Krol et al,,
2013; Zvyagintsev et al., 2011), except for CO,. Probably, in our case this is caused by the fact that the aircraft
flew over the territory occupied by boreal forests.

To estimate the emission of carbonaceous gases, some authors calculate the enrichment coefficients or emis-
sion factors (Cordell et al., 2016; Garcia-Hurtado et al.,, 2013; Huijnen et al,, 2016; Liu et al., 2016; Meyer et al.,
2012; Surawski et al.,, 2016). Due to synoptic conditions in the period of our experiment, the vertical profiles
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Figure 7. Aerosol particle number density (d > 0.25 um) along the route
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measured over the region are similar due to mixing of the pollution
from the smoke under low wind conditions (Figure 5). Thus, we have
constructed average profiles and also determined the maximum
values of the concentrations of carbon gases for flight. If we take
the similar profiles from the previous summer campaign along the
same route, then we can find the maximal and average increment
of the concentrations of carbonaceous gases. These data are shown
in Figure 6.

It can be seen from Figure 6 that for CO, the increment of the concen-
tration in the zone of action of forest fires varies with height. On aver-
age, it is 10.5 ppm in the boundary layer and 5.6 ppm in the free
atmosphere. The maximal increment can be 27 ppm in the boundary

Novosibirsk-Yakutsk-Novosibirsk.

layer and 24 ppm in the free atmosphere.

For methane, the average increment varies from 75 ppb in the bound-
ary layer to 30 ppb in the upper troposphere. The increment in the midtroposphere (3-6 km) appeared to be
smaller (30 ppb) than in the upper troposphere. The maximal concentrations of CH4 can increase from
202 ppb in the boundary layer to 180 ppb in the midtroposphere and 50-60 ppb in the upper troposphere.

For carbon monoxide, the average and maximal increments differ by an order of magnitude. Thus, in the
boundary layer, the maximal difference can achieve 2,300 ppb at the average concentration of 170 ppb. In
the layers located in the midtroposphere, the maximal increment can be 1,000 and 1,700 ppb, whereas its
average values range within 150-120 ppb. For CO, and CHy, the obtained estimates are comparable with
the data of Basso et al. (2016), Bian et al. (2013), Law et al. (2014), O’Shea et al. (2013), Palmer et al. (2013),
and Virkkula et al. (2014), while for CO they exceed the published data.

4, Vertical Distribution of Aerosol

Biomass burning emits not only carbonaceous gases but also a large amount of aerosol particles, first of all, of
the fine and submicron fractions (Popovicheva et al., 2016; Rakhimov et al., 2014). The vertical distribution of
the aerosol particle number density (d > 0.25 um) over different Siberian regions is shown in Figure 7.

It can be seen from Figure 7 that the aerosol particle number density in plumes achieved 4,400 cm ™. Outside
the plumes, the number density varied within 400-1,000 cm > depending on a region. To be noted is the
presence of plumes in the middle troposphere, that is, above the boundary layer.

The shapes of the depicted profiles differ significantly from those obtained under the background conditions
in the absence of emission plumes (Hamburger et al.,, 2012; Matsui et al., 2011). It is difficult to compare the
absolute values of the number densities, because different investigators

use different size ranges of particles measured in experiments.
-
80007 5 (‘” Analogously to the carbonaceous gases, the average and the maximal
-n. oy profiles were calculated from the data of all ascents and descends of the
60004 t_ ".;.. : entire route. The data obtained are shown in Figure 8.
=
-.."'H- e The background profile is close to those obtained in the absence of forest
| ~@-,
s " °% fire products by other authors (Hamburger et al., 2012; Matsui et al., 2011).
- 4000 - Y So s ) . L .
T ? In comparison with the background conditions, the average aerosol parti-
\"lv._‘_ cle number density increases in the atmosphere subject to forest fire emis-
LB
2000 4 Sk 5 '\"\I 2 sions 2.5 times in the boundary layer and 500 times in the middle
e ‘
7.7A3§r§grzuvnalue -— ,~ troposphere and 20-30 times in the upper troposphere. The maximal
Maximal value N 4 excess can achieve 15 times in the boundary layer, 4,000 times in the
04 T " e —— midtroposphere, and 300 times in the upper troposphere.
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Figure 8. Background, average, and maximal number densities at the route
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In addition to the particle number density, the chemical composition of

aerosol was determined during the flights. According to Calvo et al.

(2013), the chemical composition allows one to assess, in the first approx-

imation, the source of aerosol particles. Particulate matter was collected
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Figure 9. Chemical composition of aerosol: (a) background; (b) plume of forest fire.

Table 3

Values of Elemental and lonic Composition of Atmospheric Aerosol {,ug/m3; With
Standard Errors Due To Methods of Analysis) and Their Ratios in the Forest Fire

Plume and in the Background Region

onto filters of AFA type (Petryanov’s analytical aerosol filters). The chemical analysis of the samples was
carried out in the analytical laboratory of the Tomsk State University.

Figure 9 demonstrates the quite significant differences in the chemical composition of aerosol in the back-
ground air and in the plume. Both quantitative and qualitative changes can be noticed. The quantitative
changes are clearly seen from Table 3.

It follows from Table 3 that the identified mass of aerosol increased almost 7 times (6.9) in the plume. The
concentrations of some elements and ions in the plume with respect to the background were enriched from
1.3 to 9.1 times.

Similar results were also obtained by other authors both for the concentrations and for the set of elements
and ions (Zvyagintsev et al., 2010; Snider et al., 2016).

The sole exception is CI™ ion, whose content in the plume is high and the contribution to the total concen-
tration is high too. In other cases, investigators, to the contrary, more often noticed the deficit of chlorine
(Lanz et al., 2010; Sarin et al.,, 2010).

This result is not random. Similar results were obtained in the Norilsk
region, as well as in the plume of a forest fire (Arshinov et al., 2006).
Now this fact can hardly be explained. At least, so high concentrations
were not observed in emissions of industrial enterprises (Belan et al.,

1996). Possibly, it is caused by chlorine accumulation in plants as a

Plume Plume/ L . i

Component value + std.  Background = std. background result of activity of some industries.

(element or ion) error error ratio
Al N T s x 5. Vertical Distribution of Ozone
Ba 0.0033 +0.0007  0.0026 + 0.0005 1.3 The vertical ozone distribution under conditions of forest fires differs
= 0.935:£0.187 0499+ 0.100 19 drastically from profiles of carbonaceous gases and aerosol (Figure 10).
Cu 0.111 £ 0.022 0.050 £ 0.010 2.2 . K :
Fe 1786 + 0.357 0841 +0.168 21 First, the common feature for almost all profiles is the increase of
Mg 0.306 + 0.061 0.118 + 0.024 26 concentration with height. Second, they are characterized by the
Mn 0.025 + 0.005 0.010 + 0.002 25 wide spread in the content values depending on the part of the route.
Ni 0.475 £ 0.095 0.203 + 0.041 23 A close result was also obtained in Parrington et al. (2013).
Pb 0.270 + 0.054 0.074 £ 0.015 3.6
Sn 0.0053 + 0.0011  0.0018 + 0.0004 29 This distribution is explained by the fact that under conditions of a
Ti 0.086 + 0.017 0.019 + 0.004 44 high aerosol load a strong deposition of ozone on aerosol particle
v 0.0020 +0.0004  0.0006 + 0.00012 3.1 occurs (Belan et al., 1992; Belan, 2010). Due to reducing UV-B radiation
S 1.793 £ 0359 0435 £ 0.087 4.1 intensity in the layer of emission products, the ozone generation in
Co 0.0020 + 0.0004  0.0016 % 0.0003 13 y Y P ' 9
cr 0283+0057  0.139+0.028 20 the troposphere decreases.
S 0.045 +0.009 0.024 % 0.005 19 Despite the presence of sink, it can be seen from Figure 10 that the
Zn 0.040:+ 0,008 0.021 £ 0.004 19 zon ncentration is incr d in some layers. This fact indicat
Na* 1,055 + 0.106 0331 + 0033 32 ozone concentratio . s inc ease. some layers. This fac cates
K 0.533 + 0.053 0.059 + 0.006 9.1 that the photochemical generation of ozone from products of forest
c 17.873 + 2.144 0.184 + 0.022 97.3 fires proceeds even under decreased power of UV-B radiation in the
N032_ 1.670 £ 0.167 0.239 £ 0.024 7.0 troposphere. The fact of ozone generation in the surface air layer
504 12.306 + 0.984 2.388 £ 0.191 52 was already noted in the literature (Jaffe & Wigder, 2012; Jena et al,,
Total 39.936 + 4.752 5.783 £ 0.792 6.9

2015; Wigder et al., 2013).
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Figure 10. Vertical ozone distribution along the route Novosibirsk-Yakutsk-  \yere pronounced above and under the first plume. In the second

Novosibirsk.

case, the ozone maximum was observed above the upper plume.

Over Magaras, the situation was contrary. One ozone maximum was

observed under the lower plume and two maxima were associated
with the upper plume. It is likely that two plumes have been transported with air masses of different age,
because it is known that aged plumes have enhanced levels of ozone. Also, it is might be that enhanced
ozone levels was a result of the strong convection over intense fires that tend to create pyrocumulous clouds
and associated rapid cooling of the lifted air masses that lead to the strong downdraft and
stratosphere/troposphere exchange (Fromm et al.,, 2010; Trentmann, Andreae, & Graf, 2003; Trentmann,
Fruh, et al., 2003). There is also a slight likelihood that some fire plumes has been mixed with air masses
affected by anthropogenic pollution, for example, the presence of NO, in the urban plums may influence
the ozone chemistry and therefore its production (Singh et al., 2012).
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Figure 11. Vertical distribution of ozone (O3), carbon monoxide (CO), and aerosol number density (NS) over Yakutsk (a) and Magaras (b).
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6. Conclusions

Thus, this study has shown that emissions of biomass burning products from forest fires under conditions of
the low-gradient field (calm weather) at the low diffusion in the atmosphere lead to accumulation of pollu-
tants in the lower troposphere and their partial inflow to the upper troposphere. The highest levels of all
the three studied gases during this flight campaign were observed not only in the lower troposphere
(<1.5 km) but also in the free atmosphere at heights of 4-5 km. This fact indicates that the gases penetrated
above the boundary layer.

The accumulation of pollutants causes a significant increase in the concentration of carbonaceous gases in
the lower and middle troposphere and a multiple increase in the number density and mass concentration
of aerosol. The maximal concentrations of CO,, CH,4, and CO over fires achieved 432 ppm, 2,367 ppb, and
4,036 ppb, respectively. In addition to this layer, several layers with the increased concentrations of CO,,
CH,4, and CO were observed in this profile at heights of 2.5, 3.5, and 5.2 km in elevated smoke plumes. The
aerosol particle number density in plumes achieved 4,400 cm 2. Outside the plumes, the number density
varied within 400-1,000 cm™2 depending on a region. To be noted is the presence of plumes in the middle
troposphere, that is, above the boundary layer. The average aerosol particle number density increases in the
atmosphere subject to forest fire emissions 2.5 times in the boundary layer and 500 times in the middle
troposphere and 20-30 times in the upper troposphere. The maximal excess can achieve 15 times in the
boundary layer, 4,000 times in the midtroposphere, and 300 times in the upper troposphere. As this takes
place, the amounts of elements and ions in the aerosol composition increase selectively. The identified mass
of aerosol increased almost 7 times (6.9) in the plume. The concentrations of some elements and ions in the
plume with respect to the background were enriched from 1.3 (Ba, Co) to 9.1 (K*) times.

The vertical distribution of ozone has some peculiarities. The ozone concentration decreases in the layers,
where aerosol is accumulated, and increases in the absence of aerosol particles. At the same time, photoche-
mical generation of ozone is observed at the boundaries of fire plumes in the zone of entrainment of fresh air.
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