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The temporal variability of mesoscale convective complexes (MCCs) formed over southern Western Siberia for the period
2010-2019 has been assessed. During the period of study a total of 279 cases of MCCs were recorded, and two centers having
the highest occurrence of MCC were identified. The first repeatability maximum is observed over the northwestern slopes of the
Altai Mountains, the Salair Range and the Baraba Lowland, and the second is located over the southern Omsk Region. It was
found that higher MCC repeatability over the northwestern Altai Mountains is represented by the air mass genetic type, whereas
the MCCs, occurring over the Salair ridge and the Baraba lowland, are related to the frontal type. When evaluating the character-
istics of the MCC, it was revealed that the areas of the air mass MCCs are smaller than for the frontal ones, but their cloud top
height and the cloud effective radius is higher than for the frontal ones.
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Introduction

In the second half of the 20th century and the begin-
ning of the 21st century, in the regions of Northern Eur-
asia, an increase in the proportion of convective clouds
was noted [Chernokulsky et al., 2011]. The continuation
of present trends could lead to an increase in frequency
of associated hazardous phenomena such as hail, intense
showers, squalls, etc. Mesoscale convective systems
(MCS), and especially the subtype termed “mesoscale
convective complexes” (MCCs) [Vel'tishchev, Ste-
panenko, 2006] are a severe manifestation of convective
cloudiness. The MCC is a complex of cumulonimbus
clouds united by a common quasi-oval anvil [Maddox,
1980; Houze, 2004, 2014].

Infrared images of MCCs have the following character-
istics: the area of more or less continuous cloud cover with
the upper boundary temperature below —32 °C is not less
than 10° ko, and the area of the inner region with upper
boundary temperature below —52 °C is not less than 5 x 10*
km’. The specified dimensions are retained for 6 hours or
more. The lifetime of the MCC is about 16 hours, but in
some cases can last more than a day. Most MCCs exhibit a
nocturnal life cycle that begins in mid to late midday,
reaches its peak after midnight, and ends shortly after dawn
[Laing, Fritsch, 1997]. Known for its production of severe
weather and copious rainfall [Maddox, 1980; Fritsch et al.,
1986; McAnelly, Cotton, 1989], a MCC typically forms in
association with a weak mid-tropospheric short-wave
trough and a weak surface front or outflow boundary. Its
environment often exhibits pronounced low-level tempera-
ture and moisture advection in association with a well-

defined low-level jet [Cotton, 1989; Augustine, Howard,
1991].

MCC:s can be found in different geographic regions
[Maddox, 1980; Velasco, Fritch, 1987; Augustine,
Howard, 1991; Laing, Fritsch, 1997; Houze, 2004,
2014], including in Western Siberia [Kuzhevskaya et al.,
2018; Zhukova et al., 2019]. However, in temperate lati-
tudes, their sizes may be significantly smaller than those
described for tropical regions. MCCs are known for
generating hazardous weather conditions and heavy
rainfall [Maddox, 1980; Fritsch et al., 1986; McAnelly,
1989]. It is widely known that MCCs significantly
change the environment in which they develop [Fritsch,
Maddox, 1981; Wetzel et al., 1983; Augustine, Zipser,
1987; Johnson, Bartels, 1992], and that they play an im-
portant role in initiating subsequent convective weather
events [Fritsch et al., 1994]. MCC studies over the tem-
perate latitudes of the United States [Maddox, 1980;
Augustine, Howard, 1991; Houze, 2004] revealed a ten-
dency for their formation from the anticyclonic side of a
wide and relatively weak frontal zone. It is also known
that the presence of synoptic heterogeneity is necessary
to ensure the convergence of air flows and the inflow of
a large amount of moisture into the lower atmosphere.
For North America, such conditions are easily achieva-
ble due to the proximity of the Atlantic Ocean.

The territory of the south of Western Siberia is charac-
terized by a complex terrain, which influences the devel-
opment and evolution of convective clouds, as well as the
nature of the associated hazardous phenomena. However,
this complexity makes it difficult to predict atmospheric
convection. Earlier studies analyzed the temporal and spa-
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tial dynamics of atmospheric instability characteristics over
the territory of Western Siberia in the presence of regis-
tered hazardous convective phenomena such as thunder-
storms and hail [Gorbatenko et al., 2020; Gorbatenko,
Konstantinova, 2011], and also for thunderstorms in the
cold season [Zhokhova et al., 2018]. Studies of the height
of cumulonimbus clouds were carried out in the presence
of extensive thunderstorms, hail, and squalls [Gorbatenko
etal., 2020; Ananova et al., 2007].

It has been noticed that over the last decade, the bound-
ary of active convection, assessed by the temperature and
humidity characteristics of the atmosphere, has shifted to
the north. There has also been an increase in the duration of
the thunderstorm season and the number of days with
thunderstorms per year, as well as the number of days with
prolonged hail and large diameter hail [Gorbatenko et al.,
2020; Kuzhevskaia et al., 2019]. Using information from
meteorological satellites, the cloudiness was measured di-
agnosed during the periods of heavy precipitation [Ku-
zhevskaya et al., 2018] and approaches to the numerical
modeling of the spatial localization of convective cells
were developed [Nechepurenko et al., 2016].

The synoptic situations favorable to MCC formation
and the production of hazardous phenomena were deter-
mined; the state of the atmosphere was assessed using the
instability indices KIND and LIFT. It was noted that the
MCC is formed during periods of both average and low
degree of atmospheric instability [Zhukova et al., 2019]. In
addition, estimates were obtained of the influence of pow-
erful convective clouds, including MCC, as well as associ-
ated adverse and hazardous phenomena on the electrical
state of the atmospheric surface layer in southern Western
Siberia [Nagorskiy et al., 2014; Pustovalov, Nagorskiy,
2016, 2018a, 2018b; Nagorskiy et al., 2019].
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The present study is aimed at assessing the spatio-
temporal distribution and typical characteristics of the
MCCs in southeastern Western Siberia. The assessment
of the repeatability and characteristics of the MCCs was
carried out for all recognized cases and also separately
for the MCCs of frontal and air mass origin. This sepa-
rate analysis is important because of significant differ-
ences in the conditions of formation, structure and form
of MCCs of these two genetic types [Maddox, 1983;
Houze, 2004; Zhukova et al., 2019].

Description of the study area

The study was carried out for an area in southern
Western Siberia, located in the central part of Eurasia,
far from any oceanic coastline. The study area is mainly
represented by flat terrain — the Vasyugan, Ket-
Tymkaya, Ishim and Kulundinskaya plains and the Bar-
abinskaya lowland (Fig. 1). The exception is the south-
eastern part of the territory, which is characterized by
the mountainous Salair Ridge, Kuznetsk Alatau, as well
as the northern part of the Altai Mountains and the west-
ern part of the Western Sayan. The northern part of the
study area is heavily swampy and includes the largest
swamp system in the northern hemisphere — the
Vasyugan Swamp [Gorbatenko, Tunaev et al., 2020].
According to the authors [Tunaev, Gorbatenko, 2018],
the Vasyugan Swamp plays a significant role in the for-
mation and development of young cyclones, and the
maximum contribution of swamps is noticeable in the
summer. Above the Vasyugan Swamps, there is a so-
called energy “recharge” and a significant increase in the
moisture content and convective potential of the atmos-
phere.

Altai Krai,
Altai Republic

75 80 85 90 95
Longitude

Fig. 1. Location of the study area

Puc. 1. Pacnonosxkenne TeppuToOpuH NUCCIEI0BAHNSA
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The main part of the study area is occupied by a
unique landscape zone — the forest-bog zone of Western
Siberia, with swamp systems covering about 40 %, and
in some areas, up to 90 % of the area. To the south of
the forest-bog zone, there is a forest-steppe zone, which
is also characterized by high (up to 25 %) boggy terrain
and a large number of lakes. The influx of a large
amount of moisture into the atmosphere in this region
occurs with the arrival of transformed air masses of
southern Mediterranean cyclones, but could also be due
to evaporation directly from the underlying boggy (wa-
ter-rich) surface.

Based on the classical ideas about the climate pattern
in Southern Siberia in summer, cyclonic circulation
should dominate here. Observations of the last two dec-
ades have revealed features in the summer circulation
over the regions of Siberia. An increase in the frequency
of occurrence of meridional southerly flows in summer
over Western Siberia is noted [Kononova, 2015; Podne-
besnykh, Ippolitov, 2019]. Such synoptic situations con-
tribute to the formation of abnormally warm air over
vast areas, which, given the existing synoptic heteroge-
neity, contribute to the development of powerful cumu-
lonimbus clouds and even MCCs.

Data used and research methodology

RGB images of clouds [https://worldview. earthda-
ta.nasa.gov/] and second-level processing products
MODATML2 and MYDATML2 (resolution 5x5 km)
[http://ladsweb.nascom.nasa.gov/], obtained from the
MODIS spectroradiometer data, were selected. The
MODIS spectroradiometer (Moderate Resolution Imag-
ing Spectroradiometer) is one of the key instruments on
the Terra and Aqua spacecraft [Qu et al., 2006]. Addi-
tionally, the synoptic charts with frontal analysis
[https://meteoinfo.ru/mapsynop] were used.

The first stage of the study was based on satellite im-
ages, and a visual interpretation of MCSs of an asym-
metric type was carried out [Vel’tishchev, Stepanenko,
2006; Houze, 2014], these have a quasi-oval shape and a
cross section of at least 50 km. Over the period from
2010 to 2019, more than 460 such cases were recorded.
Based on synoptic maps [https://meteoinfo.ru/ mapsyn-
op], the noted MCS cases were divided into air mass and
frontal genetic types. A distinguishing characteristic of
the frontal MCS is the entry into the cloudy band of a
warm or cold front, which is detected near the occlusion
point from the side of the warm air mass. Air mass
MCSs are interpreted as single cloud structures, occur-
ring in clusters of Cumulonimbus clouds, in the frontal
zones of the cold front and zones of fully occluded cloud
systems. The timing of selected MCSs was identified
and the coordinates of their centers were determined.

Comparison of selected cases of asymmetric MCS
passage in the southeast of Western Siberia (Fig. 2, a)

with MCC over different regions of the globe (Fig. 2, b,
¢) showed that despite the fact that the selected convec-
tive systems, as a rule, do not reach the threshold size
established for the MCC [Vel'tishchev, Stepanenko,
2006; Houze, 2014], in terms of their other characteris-
tics and characteristics of the accompanying atmospher-
ic phenomena [Zhukova et al., 2019], they generally
correspond to MCCs. Thus, the authors made the as-
sumption that the selected MCS of an asymmetric type
in the southeast of Western Siberia, in general, can be
considered MCCs, however, due to regional features,
their sizes are somewhat inferior to the MCCs in the
tropical belt and the threshold sizes described in
[Vel’tishchev, Stepanenko, 2006; Houze, 2014], are not
fully applicable to the study area. Thus, it is necessary to
develop new criteria for identifying MCC in the south-
east of Western Siberia.

The second stage of the study involved formalization
of the recognized MCS cases and the calculation of their
morphological and microphysical characteristics based
on the data of MODIS cloud products and according to
the methodology developed by the authors (see below).
The MODATML2 / MYDATML2 [http://ladsweb. nas-
com.nasa.gov/] files were selected for the transit date
and coordinates of the selected MCS of the asymmetric
type, containing two-dimensional data arrays (cells of
which are 5 x 5 km in size) with cloud products, the fol-
lowing of which were used in this work: Cloud Optical
Thickness (COT); Cloud Effective Radius (CER); Cloud
Top Height (CTH); Cloud Water Path (CWP); Cloud
Top Pressure (CTP); Cloud Top Temperature (CTT).

Based on MODIS cloud products, a mask was con-
structed consisting of pixels of 5x5 km, with the fol-
lowing recognized conditions: CTT < 200 K (=32 °C)
[Maddox, 1980], COT > 30. For each case, the mask
area was computed as the sum of all pixels within the
mask multiplied by the area of one pixel (25 km?). The
lengths of the mask chords along latitude (/ia)) and
longitude (/ioni)) Were also calculated as the product of
the sum of pixels along the meridian and parallel, re-
spectively, multiplied by the pixel size (5 km). The
values /¢ and /,, corresponding to the 95th percentile
were taken as the lengths of the entire convective com-
plex along latitude and longitude — L, and Lj,,. In ad-
dition, based on the values of the products CTH, CWP,
CER, CTT, CTP in pixels falling inside the mask, the
average values of the upper boundary height, integral
moisture content, effective particle radius, temperature
and pressure at the upper boundary of the MCC were
calculated. The scheme for performing these calcula-
tions is shown in Figure 3.

To exclude small convective complexes from further
consideration, additional filtering of cases was carried
out. We eliminated those convective complexes with a
mask area less than a certain threshold area (S;). Two
variants of S, were used:



118 T.S. Koshikova, K.N. Pustovalov, V.A. Zhukova, L.V. Kuzhevskaya, P.M. Nagorskiy

2) 10,000 km® (1/10 of the threshold area determined

1) 5,000 km? (1/20 of the threshold area determined
for tropical regions [Maddox, 1980]).

for tropical regions [Maddox, 1980]);

Latitude
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Fig. 2. Examples of asymmetric MCC (mesoscale convective complexes) images in the southeast of Western Siberia
(06/29/2017; a), in central Africa (09/19/2019; b) and over the Great Plains of the USA (06/17/2017; c) according
to data from 31 channels (10.8-11.3 pm) of the MODIS spectroradiometer (Terra satellite)

Puc. 2. lTpumeps! nzo6pakennii MKC acumMeTpuaHOro THNa (Me30MACIITAOHBIX KOHBEKTHBHBIX KOMILIEKCOB)
Ha 0ro-Boctoke 3anagnoii Cudupu (29.06.2017; a), B uenrpanabuoii Adppuxe (19.09.2019; b)
u Hajg Besmkuvu Pasaunamu CHIA (17.06.2017; ¢) mo nanasivM 31 kanana (10,8-11,3 mxm)
cnexkrpopaguomerpa MODIS (cmytHuk Terra)
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Fig. 3. Scheme for calculating the linear characteristics of the MCC

Puc. 3. Cxema pacuera nuHeitnbix xapakrepuctuk MKK

Each of the categories of the selected MCC cases
was subdivided into frontal and air mass. Since the use
of S; = 10,000 km” leads to a strong decrease (by a fac-
tor of five) in the number of cases under study, then in
the further study, we considered the cases of MCC se-
lected at S, = 5,000 km?.

The third stage of the study assessed the spacio-
temporal variability of the MCC over the study area, as
well as the typical values and variability of the morpho-
logical and microphysical characteristics of the MCC
cloudiness. To assess the MCC occurrence frequency
over the study area, the number of cases per cells 2 x 2°
in latitude and longitude was calculated, both for all cas-
es and separately for frontal and air mass cases. Based
on the calculations performed, smoothed frequency dis-
tributions (in % of the total) were constructed over the
study area of MCCs (Fig. 4).

Results obtained and their analysis

Based on the methodology described above, 279 cases
of the MCC were identified in southern Western Siberia for
the period from 2010 to 2019. The frequency of MCC re-
currence is shown in Figure 4; an average of 27 cases of
MCC were noted per year. The maximum frequency of
occurrence was recorded in 2017 (42 cases), the minimum
in 2019 (13 cases). This minimum can, presumably, be
explained by the fact that in 2019 there were strong forest
fires in Siberia, smoke plumes from which spread over the
study area, creating zones of stable stratification. There is

cyclicity of MCC occurrence with a period of ~ 5 years.
So, in 2010, 2015 and 2019, a minimum of recurrence is
noted, and in 2011 and 2017, the maximum. This cyclicali-
ty is due to the variability of the MCC occurrence frequen-
cy of air mass origin. At the same time, in the occurrence
frequency of frontal MCC:s, it is also possible to trace the
cyclicality with a period of 10 years or more. In addition, it
can be noted that in 2010-2011 and from 2016 to 2019, air
mass MCCs prevailed over frontal ones, and from 2012 to
2015 they were inferior to them.

The highest frequency of MCC is observed in south-
western Western Siberia (Fig. 5), in particular, over the
northwestern slopes of the Altai Mountains, the Salair
Ridge and the Barabinsk Lowland. A weaker maximum
is noted over the southern Omsk Oblast. In addition, it
can be noted that above the floodplain of the Ob River
and the Ob reservoir, there is a decrease in the frequency
of MCCs, and an increase over the southwest of the
Tomsk Oblast (the Vasyugan Swamp). The analysis of
the occurrence frequency of frontal and air mass types of
MCCs separately (Fig. 5, b, ¢) showed that the source of
the MCC recurrence over the northwest of the Altai
Mountains is represented mainly by the air mass type,
and the sources over the Salair Ridge and the Baraba
Lowland are of the frontal type.

Next, we consider the characteristics of the MCC
over southwestern Western Siberia. Table 1 shows the
values corresponding to the 5th, 50th and 95th percen-
tiles of some MCC parameters, both for all cases, and
separately for those MCC of frontal and air mass origin.
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Fig. 4. The frequency of occurrence of MCCs formation in different years (a), of air mass (I)
and frontal (II) origin separately (b) for the period 2010-2019
Puc. 4. Bpemennoii xon nosropsiemoctu MKK pazimuHoro rene3uca (a), a Tak:ke 0T/AeJILHO
BHYTPHMAaccoBOro GpoHTATbHOrO Mpoucxoxaenus (b) 3a nepuox 2010-2019 rr.
Table 1
Values corresponding to the Sth, 50th, and 95th percentiles of some parameters of the MCC various genesis
Taonuma 1
3HaveHus1, COOTBETCTBYIONIME S5-, 50- 1 95-nponeHTHIAM, HEKOTOpPbIX NapameTpoB MKK pa3iu4yHoro renesuca
Parametr / [Tapamerp S, x10° km® CTH, km CWP, kg/m2 CER, pm
All cases with MCC 5,2/8,3/17,1 9,2/10,6/12,1 1,0/1,3/1,5 23/26/29
Frontal MCC 5,3/9,2/18,4 9,3/10,6/12,0 1,0/1,3/1,5 22/26/29
Air mass MCC 5,2/7,9/15,9 9,0/10,7/12,1 1,0/1,3/1,5 23/27/29

In general, for all studied cases, the median value of
the MCC area is 8.3x10° km’, and its minimum and
maximum values (at a confidence level of 95 %) are
5.2x10° and 17.1x10° knr’, respectively (Table 1). The
height of the MCC, as a rule, varies from 9.2 to 12.1 km,
and its median value is 10.6 km. The cloud water path
for MCC in the south of Western Siberia averages 1.3
kg/m® and varies from 1 to 1.5 kg/m’. The median, min-
imum, and maximum (with a confidence level of 95 %)
of the cloud effective radius in the MCC are 23, 26, and
29 um, respectively. Comparison of the characteristics
of MCCs of frontal and air mass genesis shows that air
mass MCCs are much smaller in area than frontal ones,

but their cloud top height and cloud effective radius are,
in general, larger than those of frontal ones.

Conclusion

Assessment of temporal variability of the MCC for
the period 2010-2019 was carried out. On average, there
were 27 cases of MCC per year in the southern part of
Western Siberia. The maximum frequency of MCC was
observed in 2017 — 42 cases and the minimum was ob-
served in 2019 — 13 cases.

A total of 279 cases of MCC were recorded during
the study period. During the study period, a cyclic recur-
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rence of the MCC (period ~ 5 years) was observed inthe  mass MCCs prevailed over frontal ones, and was less in
southwestern Siberia. In 2010-2011 and 2016-2019, air  2012-2015.
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Fig. 5. Smoothed distribution of the occurrence frequency for all selected cases of MCC (a), distribution
of the occurrence frequency separately for MCC of frontal (b) and air mass (c¢) origin
in southeastern Western Siberia

Puc. 5. CraaxeHHoe pacnpeaeieHrue MOBTOPsSIeMOCTH Beex oToopaHubIx ciaydaeB MKK (a),
a TaKxke pacnpejeseHue nopropsemoct oraeibHo0 MKK ¢pourtanbnoro (b) u BHyrpumMaccoBoro (c)
NMPOMCXO0KAEHNsI HA I0T0-BoCcTOKe 3anaanoii Cudupu
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When assessing the spatial heterogeneity of the
MCC, it was found that the highest frequency of the
MCC was observed over the northwest slopes of the
Altai Mountains, Salair Ridge and Baraba Lowland.

A lower maximum is observed over southern Omsk
Oblast. The location of the centers of high MCC fre-
quency over the peripheral parts of Altai and the Salair
Ridge can be explained by the intensification of con-
vective processes when the air flow enters the wind-
ward slopes of these mountain massifs. The centers of
high frequency of MCC over the Barabinskaya lowland
and the southern part of the Omsk region are associated
with intense daytime heating of large volumes of air
over the plain territory, mainly covered with meadow-
steppe and bog vegetation with low albedo. In addition,
the source of moisture for the formation of MCCs is
reservoirs and lakes located in the Baraba lowland. A
decrease in the frequency of MCC is observed above
the Ob river floodplain and the Ob reservoir, while an
increase is noted over the Vasyugan Swamp. Analysis
of the occurrence frequency of MCCs of frontal and air
mass origin separately, showed that the MCCs over the

north-western Altai Mountains are mainly belong to
the air mass genetic type, and the centers over the
Salair Ridge and the Baraba Lowland belong to the
frontal type.

In general, the following parameter values are char-
acteristic for all investigated cases of MCC: area is from
5.2 to 17.1x10° km?; the cloud top height is between 9.2
to 12.1 km; cloud water path ranges 1 to 1.5 kg/mz; the
cloud effective radius is 26—29 pm. When comparing the
obtained characteristics with the characteristics given by
the authors [Maddox, 1980; Vel’tishchev, Stepanenko,
2006], for other regions of the study, it can be concluded
that MCCs over southeastern Western Siberia are much
less frequent, but at the same time, they are no less dan-
gerous for human activities. An assessment of the MCCs
characteristics of frontal and air mass origin showed that
the areas of air mass MCCs are much smaller than the
frontal ones, but they characterized by larger values of
the cloud top height and cloud effective radius.

This work was supported by the grant of the Presi-
dent of the Russian Federation (MK-489.2020.5).
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Hncumym monumopunza xnumamuueckux u sxonoeuveckux cucmem CO PAH, Tomck, Poccus
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Hayuonanvnuiii uccneoosamenvcxuii Tomcxuii 2ocyoapemsennwii ynugepcumem, Tomck, Poccus

ME30OMACIHITABHBIE KOHBEKTUBHBIE KOMILIEKCBI HA FOI'0-BOCTOKE 3AIIATHOI CUBUPU
N UX MPOCTPAHCTBEHHO-BPEMEHHOE PACIIPEJIEJIEHUE

[IpoBeneHa oreHKa XapaKTEPUCTHK ME30MACIITa0HBIX KOHBEKTUBHBIX KoMIUIekcoB (MKK) ¢ moMormpio TaHHBIX, TOMydeHHBIX C UC-
KYCCTBEHHBIX CITyTHHKOB 3eMin. OTMEUeHO, YTO HMPOCISKUBACTCS ABYXJICTHSS IIMKINIHOCTE H3MeHINBOCTH Xapakrepuctuk MKK na
tore 3amaguoi Cubupu 3a nepuox 2010-2019 rr. YcraHOBIEHBI TPEHABI MOBBIIICHHS BIArOCOICP KAaHMS U pa3Mepa 00JIauHbIX YACTHII,
YTO MOXKET SBJIATHCS MHAUKATOPOM POCTa SHEPTeTHKH MPOLECCOB, CISACTBUEM UETO SBISICTCS yBEIHMUCHUE MOBTOPSEMOCTH OMACHBIX
SIBIICHUI TIOTOJIBL.
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