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Abstract: In this study the transboundary transport of air masses over the water table of Lake Baikal during the
raining period of July—August 2010-2019 was investigated. For this purpose the backward trajectories with an
interval of 6 hours were constructed by using the NOAA hysplit method. These trajectories started at the center
of Lake Baikal at altitudes of 250 and 2500 m. It was shown that during these years the western air mass transport
passed over the marshland of Western Siberia, as well as over the steppe and forest-steppe regions of south of
Western Siberia, and the angular sectors of WNW (West-North-West) and WSW (West-South-West) directions,
accordingly, dominated. In July, at altitudes of 2500 m, in average 23.68 % percents of the total amount of
trajectories have passed over the arid areas, which are located at WSW direction, and 34.42 % of trajectories
passed from the WNW direction. In August, at altitudes of 2500 m, in average arid WSW part in the trajectory
ensemble was equal to 24.22 %, and the wet WNW part from the swamps of Western Siberia was equal to 41.05 %.
It was also shown that the air masses that passed in July and August 2010-2019 over the polluted industrial
agglomerations, that are allocated in the south of Beijing, did not passed over the area of the Lake Baikal, and
therefore these air masses can not participate both in the ecological situation change in the area of the Lake
Baikal, and in the processes of nuclearization at the cloud formation. For the period of 20102019 the average
value of the SSE (South-South-East) part in the trajectory ensemble, which is corresponding to the transfer from
the Central regions of China, was equal at an altitude of 250 m: in July to 1.00 %, in August to 0.49 %. At an
altitude of 2500 m SSE sector in July was equal to 1.77 % and in August — 2.09 % of the total number of studied
trajectories.
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Introduction

The Lake Baikal is the largest freshwater reservoir on the Earth, holding ~ 20 % of the world’s
total fresh water. The largest river, Selenga, running into Lake Baikal, provides up to half of the
annual inflow of water, (Ilyicheva et al., 2014). The changes in water inflow into Lake Baikal, runoff
and runout fluctuations of river system were studied in (Korytny et al., 2012),  (Sinyukovich et al.,
2013), (Tornqvist et al., 2014), (Ilyicheva et al., 2014), (Ilyicheva et al., 2015), (Dabaeva et al., 2016),
(Frolova et al., 2017a), (Frolova et al., 2017b), (Sinyukovich and Chernyshov, 2017), (Dobrovol’skii,
2017), (Sinyukovich and Chernyshov, 2019).

The details of investigation of environment aspects in the Baikal basin could be found in e.g.
(Karthe et al., 2015), (Kasimov et al., 2017). The water regime of the Lake Baikal and river Selenga are
characterized by low spring flood, rainfall floods in July—August, and moderate inflow in autumn-
winter. Note that the impact of climate change and wildfires on the natural landscape of Lake Baikal
for the period 2010-2018 was studied earlier in (Safronov, 2020).

In that way, it is interesting to identify and analyze the sources of anthropogenic air pollution,
as well as the main directions of transport of pollutants and moisture in the area of the lake Baikal by
using methods of reverse modeling and statistical analysis of ensemble backward trajectories. In this
work, we have studied the possibility of reducing the number of condensation nuclei due to the
transfer from central China the combustion products of solid fuel and of agricultural rests (stubbles).

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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Respectively such transfer may probably lead to a decrease in precipitation in the Baikal offshore and
in the mountainous territory of its basin, and it makes a significant contribution to lowering the lake
level.

The central part of the Baikal, over which the air masses passed, is defined in this study as the
spatial object, and the raining season in July-August of 2010-2019 is defined as the time studying
interval. This work may be of some interest to hydrologists, ecologists and climatologists, who
investigated the biological natural complex of Lake Baikal.

Materials and Methods

For estimation of the processes of the pollutants and moisture transport in the area of Lake
Baikal, the NOAA hysplit model was used. The details about this model could be found in (HYSPLIT
Model Guide), (Rolph and Draxler, 1990), (Draxler, 1996), (Draxler and Hess, 1998), (Draxler, 2006),
(Stein et al., 2015). Also we will note the recent publications (Osipova and Osipov, 2019), (Osipov and
Osipova, 2020), in which the NOAA hysplit method was used for investigation of atmospheric
circulation processes and precipitation regime in the northern part of the Baikal Mountain Region
and in the East Sayan Range. In this study the results of calculations were visualized by using a GIS
system built into the TrajStat package (Wang et al., 2009), as well as by full geographic information
system (GIS) map systems (ESRI ArcInfo, 2024). The analysis of backward trajectories was made for
raining season, July-August of 2010-2019. The reverse trajectories of air masses transport were
calculated at intervals of 6 hours, that is, they started every day of the month at 00, 06, 12 and 18 UTC.
All backward trajectories started from a point located in the middle of the lake Baikal water area with
coordinates 53.3°N, 108.0°E. The duration of the backward trajectories was 5 days (120 hours). The
Global Data Assimilation System (GDAS1) meteorological fields with a spatial resolution of 1°x1°
were used for calculations. The description of these meteorological fields is provided on the NOAA
ARL website (ARL); the data itself is available via the (ARL FTP server). In this work were considered
two cases of altitude of air masses coming, namely at the small heights, 250 m, and at heights of 2500
m, which is equal to approximately half of Planetary Boundary Layer height (PBL) at none time.
During calculating of backward trajectories, the NOAA hysplit model option has been chosen, in
which the vertical wind speeds from the initial meteorological data were obtained; please see
description in (HYSPLIT Model Guide).

The angular statistical analysis of the air masses incoming in the vicinity of Lake Baikal was
performed for 8 angular sectors: NNE, ENE, ESE, SSE, SSW, WSW, WNW and NNW, located
clockwise. The symbols in the angular sectors names are standard: N is North, E — East, S — South and
W — West. The angular sectors are shown in Fig. 1. Individual backward trajectory could intersect
several sectors, so the total number in difference sectors may vary from case to case. Therefore, the
contribution to air mass transfer is given as a percentage of the total for all angular sectors. The area
of regional transport near Lake Baikal, which was marked with a red circle in Fig. 1, was not taken
into account. Backward trajectories were cut on sector parts by using GIS methods built in full-scale
GIS system ESRI Arclnfo.
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Figure 1. The NNE, ENE, ESE, SSE, SSW, WSW, WNW, NNW transboundary sectors were used
during backward trajectory statistical analysis. The local territory, allocated inside of a red circle, was
not taking into account during the statistical analysis.

Results and Discussion
The Spatial Distribution of Backward Trajectories

The backward trajectories were calculated and analyzed for all raining seasons during 2010-
2019. The examples of calculations of the ensemble of backward trajectories for July and August of
2012, 2015 and 2017 are shown in Fig. 2 (July) and Fig. 3 (August). In these figures the left column
(a,b,c) corresponds to the trajectories that came in the center of Lake Baikal at the heights of 250 m
above a sea level (a.s.l.). Similarly, the right column (d,e,f) in figures corresponds to heights of 2500 m.
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Figure 2. The backward NOAA hysplit trajectories, beginning at the altitude of 250 m (a, b, c) and at
the altitude of 2500 m (b, d, f), were presented for July 2012 (a, d), 2015 (b, e) and 2017 (c, f).

As it can be seen from the calculation results, in July, the western transport dominated, so in
these cases the air masses could not passed over the Pacific Ocean and could not be saturated with
monsoon moisture. Also we will notice that the significant transfer to the Baikal water area from the
polluted air from industrial agglomerations, located to the south of Beijing, was not observed in most
of the cases under consideration; exception is made by individual trajectories in July, 2017.
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Figure 3. The similar set of backward NOAA hysplit trajectories, as which are drawn above in Fig. 2,
but for August 2012 (a, d), 2015 (b, ) and 2017 (c, f).

The similar results of calculations of the ensemble of backward trajectories for August of 2012,
2015, and 2017 are presented in Fig. 3. In August of 2012, 2015, 2017, as well as in July, the western
transport dominated, so in August also the Pacific monsoon could not significantly affect the moisture
content of air masses spreading over the Lake Baikal. The exception was for August 2017, when both
the north-western air masses carrying over the wetlands of Western Siberia and the eastern carrying
from the Pacific coast were observed.

Angular Sector Statistics of Backward Trajectories

Due to the limited size of the paper, the other results of ensemble trajectory calculating for the
remaining years are presented below in Tables 1-4. The percentage of trajectories that reached
altitudes of 250 m and 2500 m in the area of the Lake Baikal center in July of 2010-2019 is shown in
Tables 1 and 2, correspondingly. The dominant values greater than 20 % in Tables are marked in gray.
As can be seen from the Tables 1 and 2, in July the dominant direction of air masses transfer was the
direction of WNW, that is, the majority of air flows were carried out from the marshland of Western
Siberia. At small altitudes the contribution of northern transport from the NNE and NNW angular
sectors is observed, furthermore, the contribution of the NNE sector in 2013, 2016 and 2018 and NNW
sector in 2015 and 2018 exceeded 20 % of the total number of trajectories over all sectors. At the same
time at altitudes of 2500 m in July in 2010, 2011, 2013, 2016, 2017 and 2019, it should be noted the
contribution to the transfer of air masses from the WSW direction, which formed over the arid regions
of the Gobi desert and the foothills of Tibet (see Table 2). Like this in July, at altitudes of 2500 m, the
average value of WSW sector from arid territories is equal to 23.68 %, and the average value of wet
WNW sector from the swamps of Western Siberia is equal to 34.42 %.
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Table 1. The percent of backward trajectories that were coming in July to Baikal area at altitude of
250 m from difference directions.

Years Angular sector contributions at 250 m asl, in %

July NNE ENE  ESE SSE SSW  WSW  WNW NNW
2010 3.8 3.8 11.39  5.06 253 12.03 519 9.49
2011 493 5.63 4.23 0. 0. 4.93 67.61 12.68
2012 17.22 23.18 2.65 0. 0. 3.31 39.07 14.57
2013 26.29 1543 1.71 1.14 057 286 38.86 13.14
2014 17.28 1728 494 0. 0. 1543  37.04 8.02
2015 10.14 2.03 2.03 2.03 0. 12.16 4595 25.68
2016 39.38 23.13 0. 0. 0. 3.75 15.0 18.75
2017 7.77 0.97 0. 0. 0. 1359  66.99 10.68
2018 34.87 13.16  5.26 0.66 0.66 0. 23.68 21.71
2019 17.05 18.75 10.8 1.14 227 795 26.14 15.91

Average 17.87 12.34  4.30 1.00 060 7.60 41.22 15.06

Table 2. The percent of backward trajectories that were coming in July to Baikal area at altitude of
2500 m from difference directions.

Years Angular sector contributions at 2500 m asl, in %

July NNE ENE ESE SSE SSW WSW WNW  NNW
2010 2.63 4.74 6.84 421 6.84 33.16 36.32 5.26
2011 3.05 5.58 508 254 355 37.06 41.62 1.52
2012 15.81 17.09 556 0. 2.14 17.09 2991 12.39
2013 10.48 6.11 044 044 262 2358 37.55 18.78
2014 12.55 17.32 39 0. 0.87 17.75  33.33 14.29
2015 4.52 8.54 9.05 3.02 402 21.11 34.67 15.08
2016 21.32 1624 3.05 203 1.52 1726  22.34 16.24
2017 10.33 3.80 054 217 272 2337 47.28 9.78
2018 13.86 1584 6.93 149 297 2277 26.73 941
2019 13.47 1714 816 367 49 1429  22.04 16.33

Average 10.51 1058 4.60 1.77 3.03 23.68 34.42 11.42

The percentage of trajectories, which are coming to the center of Lake Baikal in August 2010-
2019 at altitudes of 250 m and 2500 m are presented in Tables 3 and 4. In August, as well as in July,
the dominant direction of air mass transfer is the direction of WNW from the marshy area of Western
Siberia. Further, in August, at altitudes of 2500 m, the average value of arid WSW sector is equal to
24.22 %, and the wet WNW sector gives 41.05 % of the total trajectories.

Thus the main goal of this study was to establish the possibility of influence of the Central
industrial complex of China on the environmental and precipitation situation on the Lake Baikal; we
estimated the participation of the SSE sector (please see Fig. 1). As it can be seen from Tables 1-4
during the raining season, the transfer of pollutions from the Central industrial areas of China is not
significant. In July-August the contribution of SSE did not exceed 5 % during all years, both at
altitudes of 250 m and at altitudes of 2500 m. During 2010-2019 the average value of the SSE sector at
an altitude of 250 m was equal to 1.00 % in July and in August it was equal to 0.49 %; while at an
altitude of 2500 m in July it was equal to 1.77 % and in August it was equal to 2.09 %. Quite often the
SSW and SSE contributions at altitudes of 250 m were completely absent. So in July of 2011, 2012,
2014, 2016 and 2017 and in August of 2013, 2014, 2016-2018 the contributions of the SSW and SSE
angular sector were equal to zero (see Table 1 and Table 3).

d0i:10.20944/preprints202410.2059.v1
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Table 3. The percent of backward trajectories that were coming in August to Baikal area at altitude
of 250 m from difference directions.

Years Angular sector contributions at 250 m asl, in %

August  NNE ENE ESE SSE SSW  WSW WNW NNW
2010 9.52 4.76 0. 1.79 0. 8.33 53.57 22.02
2011 7.23 3.61 1.2 241 241 2048 57.23 5.42
2012 2.8 2.8 7.69 0. 14 13.29  66.43 5.59
2013 33.33 21.21  0.61 0. 0. 0.61 30.3 13.94
2014 0. 0. 0. 0. 0. 5.38 84.62 10.0
2015 0. 1.97 1.97 066 197 3224 5526 5.92
2016 11.64 13.7 3.42 0. 0. 13.7 50.0 7.53
2017 6.73 7.69 2.88 0. 0. 3.85 70.19 8.65
2018 0.92 5.5 9.17 0. 0. 55 68.81 10.09
2019 17.24 16.09 747 0. 057 9.2 37.93 11.49
Average 8.94 7.73 3.44 049 064 1126 5743 10.07

The Northern industrial area of China, including such industrial cities as Harbin, Jilin, Qiqihar
and Changchun are located in the ESE sector. In addition, this sector includes both Korea and Japan.
The impact of ESE sector on environmental of Baikal was slightly higher, than the impact of SSE
sector. For the period of 2010-2019 at an altitude of 250 m the average value of ESE sector in July is
equal to 4.30 % and in August it is equal to 3.44 %; similarly at the altitude of 2500 m in July it was
equal to 4.60 % and in August — to 3.73 %.

Table 4. The percent of backward trajectories that were coming in August to Baikal area at altitude
of 2500 m from difference directions.

Years Angular sector contributions at 2500 m asl, in %
August  NNE ENE ESE SSE SSW WSW WNW NNW
2010 1.63 2.72 3.8 3.8 4.89 2391 4891 10.33
2011 493 2.96 0.49 345 10.84 3498  36.95 5.42
2012 7.87 3.93 0.56 225  1.12 32.02 47.75 449
2013 15.53 13.7 3.2 365 274 1142  35.16 14.61
2014 6.08 2.76 0. 1.1 442 17.68  57.46 10.5
2015 1.05 3.16 3.16 3.68 421 43.68  40.0 1.05
2016 10.2 12.76 7.14 255 357 17.86  36.73 9.18
2017 11.24 18.34 6.51 0. 0. 8.28 37.28 18.34
2018 0.56 0.56 1.69 0. 6.18 34.83  43.82 11.24
2019 13.9 19.73 10.76 045 0.45 1749  26.46 10.76
Average 7.30 8.06 3.73 209 3.84 2422  41.05 9.59
Conclusions

By using the method of constructing backward trajectories and analyzing the landscape of the
areas, over which these air masses passed, the next observation has been established. There was no
significant impact of the Pacific monsoon during the raining July—August seasons of 2010-2019 on the
moisture content of air masses at the area of Lake Baikal. In these years, the western transfer from the
marshlands of Western Siberia, as well as from the steppe and forest-steppe regions of Western Siberia
dominated. In July at altitudes of 2500 m, the average value of the arid WSW angular sector gave
contribution in 23.68 % cases of the total amount of backward trajectories, and the wet WNW sector,
in which the air masses passed over swamps of Western Siberia, gave contribution in 34.42 % cases.
In August at altitudes of 2500 m the average value of WSW sector was equal to 24.22 %, and of WNW
sector was equal to 41.05 %.

d0i:10.20944/preprints202410.2059.v1
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Further the air masses that passed in July and August 2010-2019 over polluted industrial
agglomerations that are located in south of Beijing did not pass over the area of Lake Baikal, and
therefore these masses can not affect both the environmental situation in the area of Lake Baikal, and
the processes of nuclearization during cloud formation. Moreover, the average value for the period
of 2010-2019 of the SSE sector, which corresponding to the transfer from the central regions of China,
at an altitude of 250 m, in July was equal to 1.00 % and in August — to 0.49 %; at an altitude of 2500 m
in July it was equal to 1.77 % and in August — to 2.09 %.
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