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Abstract. The article analyzes data on the intra-annual variability of the vertical-temporal structure of
the background aerosol and its integral content in the stratosphere, obtained at the lidar complex of the
high-altitude atmospheric sounding station of the IAO SB RAS for 2022. As primary information for the
analysis, a data array of 93 total signals accumulated was used on select nights. The interval of sounded
heights extended from 10 to 50-60 km, the spatial resolution was 192 m. Reception of lidar signals was carried
out in the photopulse counting mode with accumulation of 12x 10* launches of laser pulses, the accumulation
time of the total signal was 2 hours. The optical characteristic R(H) is the aerosol scattering ratio (H is the
current height) as a parameter describing the vertical stratification of the aerosol. By definition, R(H) is the
ratio of the sum of the aerosol and molecular backscattering coefficients to the molecular backscattering
coefficient. Based on the monitoring results, as in previous years, a stable tendency for the accumulation
of stratospheric aerosol in the cold season of the year was established with a maximum content in January
and a decrease in the spring to virtual absence in June-July. From September, the aerosol content in the
stratosphere begins to increase to its maximum value in winter. In the upper stratosphere (30-50 km)
there is no background aerosol throughout the year. The article also presents the time dynamics of the
complete filling of the stratosphere with background aerosol starting from 2017 to 2021 and supplemented
by observations in 2022, expressed through the parameter of the integral aerosol backscattering coefficient
B.
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BrayrpurogoBasi ;uaamMuka (pOHOBOro cTpaTocdepHOro a’dpo30Jid

Ha/ TomMmckoM 110 AJaHHBbIM JIMJAPHOI'O MOHUTOPUHI'A

B. H. Mapuues*, /I. A. Boukosckut*

NuctuTyT onTrku atMmocdepsl uM. B.E. 3yeBa CO PAH, 634055, r. Tomck,
maomaab AkapeMuKa 3yeBa, 1

AnHoTtarusi. B craTke IpoBOAWMTCS aHaAM3 AAHHBIX BHYTPUTOAOBOM WM3MEHYMBOCTHM BEPTUKAABHO-
BPEMEHHOH CTPYKTYPEI (POHOBOI'O a3PO30ASI ¥ €r0 UHTETPAABHOTO HAIOAHEHUSI B CTpaTocdepe, IOAY I€HHEIE
Ha AMAAQPHOM KOMIIAEKCE CTaHI[MM BBICOTHOI'O 30HAMPOBaHUs aTMmocdepsr VIOA CO PAH 3a 2022 r
B kauecTBe mepBuuHOM MHMOPMAINKM AAS aHAAUW3a KCIOAB30OBAACS MACCHB AAQHHBIX 13 93 CyMMapHBIX
CUTHAAOB, HaKOIAEHHBIX B OTAeAbHBIE HOUM. VIHTepBaA 30HAMPYEMBIX BBICOT IIPOCTHpPaAcs oT 10 ao
50-60KM, IIPOCTPAHCTBEHHOE pa3pelleHue COCTaBASIAO 192 M. IlpmeM AMAApHBIX CHTHAAOB BEACS B
pexuMme cueTa POTOMMIIYABCOB C HakomaeHumeMm 1o 12 x 10 samyckaM AasepHBIX MMIIYABCOB, BpeMs

HaKONAEHMSI CyMMapHOrO CHUIHana — 2 dYac. B KadecTBe apaMeTpa, OIMCHIBAIOIIETO BEPTUKAABHYIO
CcTpaTUUKALUIO ad3PO30AsI, IPEACTABAEHA ONTHYeCKasi XapakTepucTuka R(H) — oTHomIeHWE a3pO30ABHOrO
paccesimmst (H —rexymas Bbeicora). [lo ompepenemumst R(H) — oTHomeHme cyMMbl K03bOUIUEHTOB

A3PO30ABHOTO ¥ MOAEKYASIPHOI'O KO3 (UIINEHTOB 06PaTHOIO PACCESTHISI K MOAEKYASIPHOMY KO3 DUIINEHTY
obpaTHOoro paccesiHusl. [lo pesyabTaTaM MOHUTOPHHTA, KaK X B IPEABIAYINUE TOABI, YCTaHOBAEHA
ycToiiunBast TEHAEHINST HAKOIIAEHNUSI CTPATOCGHEPHOI0 a3PO30AsI B XOAOAHBIM IIEPHOA I'OAd C MAKCHMAaABHBIM
copepKaHMEM B sIHBape M yOBIBaHWEM BECHON AO IPAKTUYUECKOIO OTCYTCTBUS B MioHe-mione. C ceHT6ps
Ha4YMHAETCsI POCT COAEPYKAaHUSI a3pPO30AsI B CTpaTocdepe A0 €ro MaKCUMAaAbHO 3HAUEHUS B 3UMHUI IIEPUOA,
B Bepxreit crpaTocdepe (30-50 KM) B TedeHMe BCero roaa POHOBEIA a5PO30AL OTCYTCTBYET. B cTaThbe Tak >Ke
IIpeACTaBACHA BpeMeHHas AMHAMUKA IIOAHOTO HAllOAHEHUSI CTPaTocdephl (POHOBEIM a3PO30AEM C HaYaAOM
or 2017 po 2021 r. m AOTIOAHeHHast HabalopeHusiMu 2022 T, BEIpa’KeHHAsI depe3 IIapaMeTp MHTErPaAbHOTO

KO3 puImeHTa 06PaTHOrO a3PO30ABHOrO paccesiHus B. .
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Introduction

In 2022, observations of the aerosol component of the stratosphere above Tomsk
in various months on the lidar complex of the IOA SB RAS were continued. This
period, similar to previous few years, was characterized by the absence of powerful
volcanic eruptions, which could affect a perturbation of the aerosol component of
the stratosphere of the northern hemisphere including the region of Western Siberia.
Therefore, it was possible to establish special features of the vertical-temporal variability
of the stratospheric filling with the background aerosol and its integral content for
Western Siberia including the studies given in [1-4] for a sufficiently long time interval
for previous years.

The initial information used for analysis was the dataset of 94 total signals
accumulated on single nights in 2022. The results of stratospheric lidar monitoring
in 2017-2021 were considered for comparative analysis.

Equipment, monitoring conditions, and determined parameters

The measurements were performed on the lidar complex; a LS-2137U-UV3
YAG:Nd3+ laser with the radiation wavelength of 532 nm, pulse energy of 400 mJ,
and pulse retention rate of 10 Hz was used as the transmitter. Backscattered radiation
was received with a Newton system telescope with a receiving mirror diameter and
focal length of 1 and 2 m, respectively. The receiving systems included two channels
with a separation ratio of 1:9 in order to decrease the dynamic range (near- and far
receiving zone). Separated optical beams were transformed into electric signals with
Hamamatsu photosensor modules in the photon counting regime. Further the signals
were registered with a photon counter, and the data were transferred to a personal
computer for its collection and storage. Sensing experiments were performed at night
time. The sensing altitude range was 10-50 km. The used vertical resolution of signal
measurement (a strobe length) was 192 m. Duration of a single series of measurements
was 10 min, and the average time of measurements during the night was about two
hours. Aerosol scattering ratio R(H) was used as a parameter describing the aerosol
vertical stratification determined by the following formula:

Ba (H)

_ B _ Bu(H)+Ba(H)

Bm (H) Bm (H) Bm (H)’
where H is the current altitude and 3y (H) and BA(H) are the coefficients of molecular
and aerosol backscattering.

Monitoring of the temporal dynamics of the aerosol filling of the stratosphere was
performed using the integral aerosol backscattering coefficient B:

R (H)

B = JHZ B (h) dh,

H;
where H; = 10 km and H; = 30 km. The mentioned parameters R and B are widely used
in the world practice of lidar monitoring of the atmosphere to study the spatio-temporal
dynamics of the aerosol component [5-7].
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Results of observations

Fig.1 shows aerosol stratification profiles typical for the cold period in 2022 (January,
February).
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Fig. 1. Aerosol vertical stratification profiles in January-February 2022 expressed in
terms of scattering ratio R (red curves; black curves show the standard deviation
range).

30 km decreasing monotonically with the altitude. Above 30 km, there was
practically no aerosol in the vast majority of cases. The mean value of the scattering
ratio at an altitude of 10 km was R = 1.5 in January and decreased to R < 1.4
in February. This was a typical situation of vertical stratification of aerosol in the
stratosphere compared to previous years of observations.

The aerosol vertical distribution in the spring is shown in Figure 2.
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Fig. 2. Aerosol vertical stratification profiles in Spring 2022.
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In the spring, there was a steady decrease of aerosol filling of the stratosphere. Thus,
the aerosol vertical stratification was characterized by an average R ~ 1.4 at the altitude
of 10 km in March, and the main aerosol content in a layer from 10 to 25—-30 km, whereas
in April and May the scattering ratio at a fixed level of 10 km decreased noticeably, and
the main aerosol filling layer in the stratosphere decreased to the altitudes of < 25 km.
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Fig. 3. Aerosol filling stratification in June—August 2022.

The summer period (Fig.3) was characterized by low values of the aerosol component
in the stratosphere with cases of insignificant aerosol content in some regions of the layer
10-25 km. Above 25 km the presence of aerosol was not observed.

Begging from September, an increase of the aerosol filling of the lower stratosphere

occurred (Fig.4).
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Fig. 4. Aerosol filling stratification in September—December 2022.

We note a significant increase of the aerosol content in October, which in some
cases exceeded its maximum December—January values usually observed not only in
the previous years, but also in 2022. This fact is most probably connected with the
aerosol transport from the fires in East Siberia. Note that one of the most impressive
phenomena, whose research has been developing in last two decades, was the emission
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of combustion aerosols into the lower stratosphere during the formation of powerful
pyro-cumulonimbus clouds [8-15].

Temporal dynamics of the total filling of the stratosphere with background aerosol
from the beginning of 2017 to 2021 and supplemented by observations in 2022 expressed
in terms of the parameter of the integral aerosol backscattering coefficient B is shown
in Fig.b.
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Fig. 5. Temporal dynamics of the integral backscattering coefficient over Tomsk.

Figure 5 shows special features of the temporal dynamics of the aerosol filling of the
stratosphere in 2017-2022. Thus, during the warm period (May—August) for all years
excluding 2018 there was an insignificant aerosol content (B ~ 0.2 —0.5 x 1073sr7'). As
can be seen from the figure, in general, for all the shown years, the maximum aerosol
fillings of the stratosphere are centered relative to January and are unevenly distributed
over the years. The weakest filling was observed for the winter 2016/17 compared to
other years. The maximum values of the integral backscattering coefficient reached
values B ~ 4 x 1073sr~! in December 2017 and 2019. The longest period of noticeable
aerosol filling with rather sharp fluctuations was observed from July 2018 to May 2019.
We note the rapid increase in aerosol content from June to September 2019. As the
analysis of the reverse trajectories of air mass transfer showed, the latter increase was
caused by the drift of pyrocomulative clouds from strong fires in Eastern Siberia [8].

Conclusion

According to the results of lidar monitoring of the stratosphere of Western Siberia in
2022, the fact of maximum filling of the lower stratosphere (10-30 km) with background
aerosol in winter, its low content (up to complete absence) in summer, and intermediate
values with decreasing in spring and increasing in autumn was established. In the
upper stratosphere (30-50 km), the background aerosol was practically absent in the
summer period. This fact was confirmed by previous long-term measurements. Thus,
the intra-annual cyclical nature of aerosol filling of the stratosphere of Western Siberia
was established.

References

1. Marichev V. N., Bochkovsky D. A., Elizarov A.I. Optical aerosol model of the Western Siberian
stratosphere based on lidar monitoring results, 2022. vol. 35, no. 09, pp. 717-721.

93



ISSN 2079-6641 Marichev V. N., Bochkovsky D. A.

10.

11.

12.

13.

14.

. Marichev V.N., Bochkovskii D. A.Study of variability of the background aerosol content in the

stratosphere over tomsk by lidar measurement data in 2016-2019, Proceedings of SPIE,2016.
vol. 11560, pp. 1156088-1 - 1156088-6.

. Marichev V.N., Bochkovskii D. A. Monitoring the Variability of the Stratospheric Aerosol Layer over

Tomsk in 2016-2018 Based on Lidar Data., Russ. Meteorol. Hydrol.,2021. vol. 46, pp. 43-51.

Bazhenov O.E., et al. Comparison of remote spectrophotometric and lidar measurements of
03, NO2, temperature, and stratospheric aerosol with data of satellite and radiosonde
measurements, Atmospheric and ocean optics,2016. vol. 29, no. 3, pp. 216-223 (In Russian).

. Yel'nikov A.V., Krekov G.M., Marichev V.N. Lidarnyye nablyudeniya stratosfernogo sloya aerozolya

nad Zapadnoy Sibir'yu, Izvestiya AN SSSR. Fizika atmosfery 1 okeana, 1988. vol. 24, no. 8, pp. 818-
823 (In Russian).

. Zuyev V.V., Zuyev V.Ye., Marichev V.N.Nablyudeniya stratosfernogo aerozol’'nogo sloya posle

izverzheniya vulkana Pinatubo na seti lidarnykh stantsiy, Optika atmosfery ¢ okeana, 1993. vol. 6,
no. 10, pp. 1180-1201 (In Russian).

. Trickl T, Giehl H., J"ager H., Vogelmann H. 35 yr of stratospheric aerosol measurements at Garmisch-

Partenkirchen: from Fuego to Eyjafjallaj okull, and beyond, 2013. vol. 13, pp. 5205-5225.

. Cheremisin A. A., Marichev V. N., Bochkovskii D. A., Novikov P. V., Romanchenko I.I. Stratospheric

Aerosol of Siberian Forest Fires According to Lidar Observations in Tomsk in August 2019, 2022.
vol. 35, no. 01, pp. 57-64.

. Vaughan G., Draude A.P., Ricketts H.M., Schultz D.M., Adam M., Sugier J., Wareing

D.P.Transport of Canadian forest fire smoke over the UK as observed by lidar,2018. vol. 18,
pp- 11375-11388.

Ansmann A., Baars H., Chudnovsky A., Mattis I., Veselovskii I., Haarig M., Seifert P., Engelmann
R., Wandinger U. Extreme levels of Canadian wildfire smoke in the stratosphere over central Europe
on 21-22 August 2017, Atmos. Chem. Phys.,2018. vol. 18, pp. 11831—- 11845.

Khaykin S. M., Godin-Beekmann S., Hauchecorne A., Pelon J., Ravetta F., Keckhut P. Stratospheric
smoke with unprecedentedly high backscatter observed by lidars above southern France, Geophys.
Res. Lett.,2018. vol. 45, pp. 1639-1646.

Siddaway J. M., Petelina S. V. Transport and evolution of the 2009 Australian Black Saturday bush
fire smoke in the lower stratosphere observed by OSIRIS on Odin, J. Geophys. Res.,2011. vol. 116,
pp. D06203.

Fromm M., Alfred J., Hoppel K., Hornstein J., Bevilacqua R., Shettle E., Servranckx R., Li Z., Stocks
B. Observations of boreal forest fire smoke in the stratosphere by POAM III, SAGE II, and lidar in
1998, Geophys. Res. Lett.,2000. vol. 27, no. 09, pp. 1407-1410.

Korshunov V.A., Zubachev D.S.Characteristics of Stratospheric Aerosol from Data of Lidar
Measurements over Obninsk in 2012-2015, Atmospheric and Oceanic Optics,2017. vol. 30, no. 03,
pp. 226-233.

. Gerasimov V. V., Zuyev V. V., Savel'yeva Ye. S.Sledy kanadskikh pirokumulyativnykh oblakov v

stratosfere nad Tomskom v iyune — iyule 1991 g., Optika atmosfery ¢ okeana,2019. vol. 32, no. 1,
pp. 39-46 (In Russian).

Information about authors

Marichev Valeriy Nikolaevich® — D. Sci. (Phys & Math.), Profeesor,
Main Staff Scientist, V.E. Zuev Institute of Atmospheric Optics SB RAS
(IAO SB RAS), Russia, ® ORCID 0000-0002-7367-6605.

Bochkouskiy Dmatriy Andreevich — Ph. D. (Tech.), Staff Scientist,
V.E. Zuev Institute of Atmospheric Optics SB RAS (IAO SB RAS),
Russia, ® ORCID 0000-0002-9127-2065.

94


https://orcid.org/0000-0002-7367-6605
https://orcid.org/0000-0002-9127-2065

