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Abstract—Features of the daily dynamics of aerosol fractions in surface air during the generation of a winter
aerosol field above the Fonovaya Observatory of V.E. Zuev Institute of Atmospheric Optics, Siberian Branch,
Russian Academy of Sciences, (Tomsk, Russia) are studied. The distributions of hourly average particulate
count are analyzed along with the spatial distributions of the probability of transport of moisture-bearing air
masses taking into account the time intervals of snow accumulation at the observatory in the first half of win-
ter 2022/23 (from November 17, 2022, to January 30, 2023). It is found that the daily variations in hourly aver-
age particulate count in the particle size range d = 0.3–2.0 μm are sometimes determined by radiometric
forces, that is, “snow” photophoresis caused by and associated with the manifestation of the microphysical
properties of aerosol in the field of infrared radiation outgoing from the snow cover. It is reasonable to assume
that “snow” photophoresis certainly affects the radiation balance in the winter atmosphere and should be
taken into account when modeling vertical transport of aerosols in the lower troposphere.

Keywords: atmospheric aerosol, aerosol lifetime, levitation, microphysical properties of aerosols, snow pho-
tophoresis, photophoretic force, infrared radiation
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INTRODUCTION

The first part of this work [1] studied the fractional
composition of ground-level aerosol during summer
vegetation period and winter dormancy of woody
plants in the boreal zone of Western Siberia and pro-
vided the results of the statistical analysis of the ratios
of concentrations of ground-level aerosol fractions.
Those results revealed a paradoxical situation: the par-
ticulate count (N) in the particle size range d = 0.3–
2.0 μm turned out to be significantly higher in winter
than in summer. This contradicts the common ideas
about the lifetime of aerosols in the surface air layer.
We have suggested that the discovered phenomenon is
caused by photophoretic forces.

The purpose of this paper is to study the peculiari-
ties of the action of photophoretic forces on the daily
dynamics of the distribution of hourly average partic-
ulate count in the surface air layer during the genera-
tion of a winter aerosol field in different periods of
snow accumulation taking into account the spatial dis-

tribution of the probability of transfer of moisture-
bearing air masses.

MATERIALS AND METHODS
Features of snow cover formation in winter

2022/2023. The snow cover started forming very
actively. Heavy snowfalls ensured a rapid increase in
the snow depth (Fig. 1a). However, a strong thaw in
mid-November completely destroyed it, and the snow
cover began to recover only after November 17, 2022.
A snow accumulation became relatively stable in the
first decade of December, after a short-term thaw
(Fig. 1a). By the time of snow measurement work, the
snow depth was 62 cm at a selected sampling point on
the territory of the Fonovaya Observatory (V.E. Zuev
Institute of Atmospheric Optics, Siberian Branch,
Russian Academy of Sciences, Tomsk, Russia).

Time span for calculating back trajectories of mois-
ture-bearing air masses, associated with the occur-
rence of stratigraphically significant snowfalls, was
408
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Fig. 1. (a) Growth of snow cover depth on the territory of the Fonovaya observatory chronologically matched to (b) periods of
snow accumulation during stratigraphically significant snowfalls (according to the weather station Kozhevnikovo): November 17—
December 5, 2022 (I), December 5–14, 2022 (II), December 14–19, 2022 (III), December 19–27, 2022 (IV), December 27, 202—Jan-
uary 9, 2023 (V), January 9–17, 2023 (VI), January 17–24, 2023 (VII), and January 24–30, 2023 (VIII); SumRR is the integral
curve of increase in the snow thickness in water equivalent (mm), R is the snowfall intensity (mm of water equivalent).
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determined from the curve of the increase in the of the
snow cover depth (Fig. 1a) and the diagram of snowfall
intensity (Fig. 1b).

Trajectory analysis of moisture-bearing air mass
transfer during the generation of a winter aerosol field
over the Fonovaya Observatory. The spatial distribu-
tions of the regional probability of air transfer over the
underlying surface to the observatory (P, %) were
retrieved from 10-day back trajectories of air masses
calculated by method [2] with the use of NOAAHY-
SPLIT_4 trajectory model [3] based on NCEP
GFS1p0 grid archive of meteorological data with a
resolution of 1° in longitude and latitude taking into
account the precipitation layer depth (mm). The cal-
culations were carried out for 20 levels (every 100 m)
above the underlying surface in the altitude range from
100 to 2100 m. Distribution diagrams of P were calcu-
lated only for those back trajectories for which precip-
ATMOSPHERIC AND OCEANIC OPTICS  Vol. 38  No
itation at a trajectory point above the Observatory was
non-zero.

Measurements of the particulate count. At the Fon-
ovaya Observatory, the distribution of aerosol particles
was hourly measured with a Grimm 1.108 aerosol
spectrometer for 10 min in 15 dispersion channels in
the particle size range d from 0.3 to 20.0 μm (geomet-
ric mean diameter of aerosol particles) with a prelimi-
nary blow for 3 min. The particulate count of ground-
level aerosol was measured in an air f low which was
isokinetically sampled from a wind tunnel at an alti-
tude of 4.9 m above the earth surface. The air f low rate
in the spectrometer was 1.2 L/min.

Statistical processing of the measurements of the
particulate count was carried out using specially devel-
oped software. It made it possible to construct nor-
malized histograms of the distribution of hourly aver-
age N values for visual representation of their daily
. 4  2025



410 TENTYUKOV et al.

Fig. 2. Layer-by-layer probability diagrams (P, %) of the transfer of air masses in the 100–2100 m altitude layer calculated both
for the full trajectories (left parts) and for the sections of these trajectories which entered only the atmospheric boundary layer
both above the Fonovaya Observatory and throughout the trajectories (right parts) chronologically matched to the periods of
snow accumulation.
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dynamics. For the calculations, we selected periods of
snow accumulation from November 17, 2022, to Janu-
ary 30, 2023. The sample included 1799 hours of mea-
surements.

RESULTS AND DISCUSSION

Transfer of Moisture-Bearing Air Masses
and Features of Winter Aerosol Field Generation

over the Fonovaya Observatory

To characterize the features of generation of winter
aerosol field above the Fonovaya Observatory, the
spatial distributions of the probability of long-range
transport of moisture-bearing air masses to the obser-
vation point were analyzed (Fig. 2). The daily average
variability of the concentration ratios of aerosol frac-
tions in the surface air layer (Fig. 3) was analyzed
along with the back trajectories of moisture-bearing
ATMOSPHE
air masses taking into account the occurrence of strati-
graphically significant snowfalls during different
stages (periods) of snow accumulation (see Fig. 1). For
each stage of snow accumulation, the distributions of
the particulate count ground-level aerosol fractions
were calculated. They are shown in the form of dia-
grams in Fig. 3. The height of each bar characterizes
the hourly average values of N in each period for each
hour of measurements.

Variability of the Ratio of Aerosol Fractions
in the Surface Air Layer over the Fonovaya Observatory 

during Different Stages of Snow Cover Growth

If local terrigenous sources are assumed to be iso-
lated in winter, and nearby anthropogenic sources are
considered to be a constant, then the main variations
in the fractional composition of winter aerosol field
RIC AND OCEANIC OPTICS  Vol. 38  No. 4  2025
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are due to the long-range transport of impurities with
moisture-bearing air masses arriving to the observa-
tion site (Fonovaya Observatory) from different direc-
tions. Therefore, the retrospective assessment of the
variability of the fractional composition of impurities
can be derived from measurements of the particulate
count concentration of aerosols chronologically
linked to specific periods of snow cover growth, which
are confined to stratigraphically significant snowfalls.

To distinguish time spans associated with certain
stages of snow accumulation, snowfall intensity dia-
grams (see Fig. 1b) and the curve of snow cover growth
(see Fig. 1a) were used. Eight time intervals of snow
accumulation were identified. For seven of them, back
trajectories of moisture-bearing air masses were calcu-
lated (see Fig. 2). The diagrams were constructed only
for those trajectories for which precipitation was non-
zero at the observation site; since there was no snow-
fall in period III, no diagram was constructed for it.

Period I (November 17–December 5, 2022). The
snow cover grew due to snowfalls from polar air
masses, which mainly came from the Eastern Euro-
pean Arctic and mixed with air masses coming from
the Central Asian deserts and the Aral-Caspian arid
region (see Fig. 2, I). N is low in all aerosol fractions in
this period. The daily variations in the hourly average
particulate counts are negligible for all aerosol frac-
tions under study, except for particles with d = 4.0–
7.5 µm (Fig. 3, I). Precipitation was practically absent
for almost three quarters of the period (from Novem-
ber 23 to December 5) (see Fig. 1b). The snow depth
increases in this time due to the deposition of surface
frost.

Period II (December 5–14, 2022). The snow cover
grew more active (see Fig. 1b), although the main
directions of air masses remained the same: from the
Eastern European Arctic and the Aral-Caspian arid
region with a slightly higher share of directions from
Central Asian deserts (see Fig. 2, II). During that
period, the hourly average N increased by almost 2–
3 times with respect to the previous period for all frac-
tions. The character of daily variations in the hourly
average N is of interest: they are weak for fine particles
with d = 0.3–2.0 and quite pronounced for particles
with d = 4.0–7.5 µm, especially in the morning and
afternoon (Fig. 3, II). Since the revealed dynamics of
hourly averages N in each range is not always associ-
ated with stratigraphically significant snowfalls, one
can assume the effect of radiometric forces. More
details about this mechanism of vertical transfer of
aerosols in the surface atmosphere are discussed
below.

Period III (December 14–19, 2022). No snowfalls
were recorded over the Fonovaya Observatory (see
Fig. 1b). The snow depth mainly increased due to the
deposition of surface frost. A steady increase in the
concentration of aerosols d = 0.3–3.0 µm was
observed in the surface air layer (Fig. 3, III). The pro-
ATMOSPHE
nounced morning peaks in the distribution of hourly
averages N looks strange. They were assumed to be
caused by the continuing arrival aerosol from Central
Asian desert, which deposited with frost in the absence
of snowfall (dry precipitation). It is known that frost
crystallization occurs most actively in morning hours [4].

Dry aerosol deposition between snowfalls can be
explained as follows. Due to the temperature differ-
ence in the snow–atmosphere interface zone, stable
gradients of temperature and moisture content arise.
Snow cover absorbs atmospheric moisture, thus dry-
ing air near snow [5]. This circumstance initiates sta-
ble water vapor mass transfer to the snow surface,
which “carries” aerosol particles from the surface air
towards the snow surface.

Snow cover also grows during snowless periods due
to frost accumulation. As is known, origination of frost
crystals requires lower relative humidity (<80%) than
snowfalls [6]. However, this fact does not explain the
absence of a peak in period I (November 17–Decem-
ber 5, 2022). During that period, the snowless period
lasted 13 days, and no noticeable increase in N was
observed in that time, whereas N was almost three
times higher in period III (which was lasting only five
days). This phenomenon is explained below.

Period IV (December 19–27, 2022). The snow fell
due to the discharge of moisture-bearing air masses
coming from the Atlantic and Mediterranean regions
through the Black Sea–Caspian region and Central
Asian deserts (see Fig. 2, IV). The values of N
decreases by almost 1.5–2 times for the whole particle
size range, but daily variations in N for particles with d =
0.3–3.0 µm were relatively weak as compared to parti-
cles with d = 3.0–7.5 µm (Fig. 3, IV).

Period V (December 27, 2022–January 9, 2023).
An aerosol field above the Fonovaya observatory is
generated due to the transfer of particles with mois-
ture-bearing air masses, which most likely arrived
from the Eastern European Arctic and the Aral-Cas-
pian arid region (see Fig. 2, V). Assessing the dynam-
ics of the total particulate count relative to the previous
period, one can notice a certain increase in the con-
centration of particles in the 0.3–2.0 μm range in size
and a significant decrease in the range 3.0–7.5 μm
(Fig. 3, V). 

These variations in the particulate counts and the
ratios of individual fractions in the aerosol field above
the Fonovaya observatory are assumed to be associ-
ated with different mechanisms of particle deposition
from air.

It is known that aerosols can deposit to the earth
surface due to turbulent and gravitational sedimenta-
tion. However, if we consider the deposition rate of an
aerosol particle as a function of its diameter, then the
deposition of fine particles (from 0.01 to 10.0 μm) is
predominantly determined by turbulent diffusion [7].
If the particle diameter exceeds 10.0 µm, then gravita-
tional sedimentation is more significant.
RIC AND OCEANIC OPTICS  Vol. 38  No. 4  2025
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We managed to visualize (Fig. 3) a state where tur-
bulent sedimentation of aerosols with d = 0.3–2.0 µm
is already ineffective and gravitational sedimentation
is still ineffective in the surface air layer in winter. As a
result, a diffusion-gravitational equilibrium arises in
this layer and is maintained by “snow” photophoresis.
Just this effect increases the lifetime of fine aerosols
and, hence, its particulate count under conditions of a
constant influx of aerosol. This is manifested in the
different dynamics of the total particulate count N in
each size fraction.

Thus, daily variations in hourly averages N of par-
ticles with d = 0.3–2.0 µm are weakly, and even strati-
graphically significant snowfalls (see Fig. 1b) have no
a pronounced effect on them. For particles with d =
2.0–7.5 µm, peaks in the distribution of hourly aver-
ages N are seen. Hence, the boundary of the diffusion-
gravitational equilibrium maintained by “snow” pho-
tophoresis passes between the size fractions 0.3–2.0
and 2.0–7.5 µm.

Period VI (January 9–17, 2023). The synoptic situ-
ation was characterized by the arrival of air masses
from the Atlantic and Mediterranean regions through
the Black Sea–Caspian region (see Fig. 2, VI). The
hourly average particulate count of aerosols of 0.3 to
0.8 µm in size was very low in that period compared to
the previous one. However, N gradually increased with
the particle size during daytime hours, first for the
narrow size range 0.8–1.0 µm, which then expanded
from 1.0 to 7.5 µm (Fig. 3, VI). This trend of variability
of hourly average N with an increase in the particle size
is associated with stratigraphically significant snow-
falls during this period (see Fig. 1b).

Period VII (January 17–24, 2023). Heavy snowfalls
came from the Atlantic and the Eastern Siberian Arc-
tic and partly from the Black Sea–Caspian region (see
Fig. 2, VII); however, such a noticeable increase in the
particulate count as in period VI, was not recorded
(Fig. 3, VII). The comparative analysis of hourly aver-
ages N revealed three gentle peaks in the range 0.8–
7.5 µm, which became more pronounced as particle
size increases. These frequency oscillations in an aero-
sol field above the Fonovaya Observatory, which cover
morning, daytime, and evening hours, possibly reflect
the features of the daily dynamics of the ratio of
incoming and scattered solar radiation in the period
under study. The noted trend towards an increase in
the contrast of daily variations in hourly average N
with d can also be associated with different degree of
manifestation of microphysical properties of aerosol
particles responsible for the absorption of optical and
thermal radiation reflected from the snow surface.
However, this assumption requires verification.

Period VIII (January 24–30, 2023) is characterized
by the active transfer of moisture-bearing air masses
from the Atlantic and, to a lesser extent, from the
Mediterranean and Black Seas, as well as air masses
from the Aral-Caspian arid region and Central Asian
ATMOSPHERIC AND OCEANIC OPTICS  Vol. 38  No
deserts (see Fig. 2, VIII). Just the last, together with
intense snowfalls, are associated with the high increase
in hourly average N, which is observed almost
throughout the range 0.3–7.5 µm (Fig. 3, VIII).

In general, the aerosol field above the Fonovaya
observatory during the observed periods was generated
under the predominant effect of long-range transport
of moisture-bearing air masses from Central Asian
deserts, the Aral-Caspian arid region, and the Atlan-
tic, and to a lesser extent, from the Arctic, Mediterra-
nean, and Black Sea regions. The sharp increases in
the particulate count in the winter aerosol field above
the observation site in periods VI–VIII are to a greater
extent associated with the arrival of dust aerosol from
Central Asian deserts and the Aral-Caspian arid
region, rather than from the Atlantic and Mediterra-
nean. The basis for this are previously obtained data
[8], which show a high frequency of winter transfer of
air masses from the arid zone to the south of Russia
(40°–50° N, 50°–80° E, Kazakhstan and the north of
the Aral-Caspian arid region). These directions are
observed in more than a third of case in the annual
dynamics.

“Snow” Photophoresis

The comparison of the dynamics of the total par-
ticulate count during snow cover growth showed a
steady increase in N in the particle size range 0.3–
2.0 µm in periods VI–VIII. The same was observed in
periods I–III. Since that increase was not always asso-
ciated with stratigraphically significant snowfalls, then
the absence of a pronounced contrast in the daily
dynamics of the distribution of hourly averages N in
the specified size range could be associated with the
action of radiometric forces.

It is known that all physical bodies with a tempera-
ture above absolute zero radiate heat. Therefore, snow
cover radiates heat, that is, long-wave (infrared) radi-
ation, under any conditions, even at the lowest tem-
perature. In this sense, subvertical movements of soot
particles in the stratosphere against gravity under the
effect of solar radiation (“solar” photophoresis [9,
10]), as well as an increase in N in the field of infrared
radiation leaving the snow surface, are caused by the
action of photophoretic forces. Therefore, in order to
distinguish one phenomenon from the other, we sug-
gest the forces which ensure the diffusion-gravita-
tional equilibrium of aerosol particles in the field of
infrared radiation leaving the snow surface to be called
“snow” photophoresis.

It is known that particles illuminated by light or
infrared radiation with sufficient f lux density can
move in different directions. The first person to note
this phenomenon was M. Thore (1877). However,
F. Ehrenhaft completely described that phenomenon
and confirmed it by experiments in 1918 (cited by
[11]). In his experiments, Ehrenhaft observed move-
. 4  2025



414 TENTYUKOV et al.
ment of some particles illuminated with a high-power
lamp away from the light source, while others particles
moved toward it. He called that effect photophoresis.
The movement of particles away from a light source
was defined as positive photophoresis, and the move-
ment towards the source was defined as negative. It
was further shown that photophoresis of aerosols
belongs to the class of gas-kinetic phenomena caused
by the radiometric effect [12, 13]. It has also been
established that incident optical radiation is inhomo-
geneously distributed over the particle volume due to
inhomogeneous structure and optical properties of the
material the particle made of [14, 15].

Studies of the motion of particles in the field of
optical radiation were of only scientific interest for a
long time, due to the lack of practical applications of
the effect. A new impetus to photophoresis research
was given by the development of experimental tech-
niques with the use of lasers [16–19]. They provided
original studies of the vertical transfer of stratospheric
aerosols in the radiation field, the essence of which
was as follows: non-uniform radiation absorption by a
volume leads to nonuniform surface temperature and,
hence, to radiometric photophoresis of particles [20,
21]. An interesting direction in the study of the effect
of solar radiation on the dynamics of atmospheric
aerosols is the study of the rate of deposition of aero-
sols in the atmosphere and vacuum [9, 22–24], which
was initiated by M.G. Markov [25].

Today, the photophoresis is commonly explained
by absorption of visible solar and thermal radiation by
an aerosol particle with nonuniformly heated surface.
After colliding with a particle, gas molecules leave its
surface in regions where it is heated more with a higher
speed, which violates the balance of momentum trans-
ferred to the particle by gas molecules.

Microphysical properties of Aerosols
and “Snow” Photophoresis

The photophoretic force acting on spherical parti-
cles has been quantitatively estimated in several works
[26, 27]. There are also model solutions for other par-
ticle shapes: spheroids [28], cylinders [29], convex
particles with rotational symmetry [30], and fractal
structures [31].

All these model studies of photophoresis concern
the movement of particles under the direct irradiation,
whereas the vertical movement of particles during
“snow” photophoresis manifests itself in the field of
infrared radiation outgoing (reflected) from the snow
surface. If we take into account that snow cover well
reflects not only optical (visible) radiation, but also
ultraviolet and infrared, then the density of the total
f lux of these three radiation types from the snow sur-
face contribute to a longer maintenance of the diffu-
sion-gravitational equilibrium of aerosol particles of a
ATMOSPHE
certain size and, consequently, a more active manifes-
tation of “snow” photophoresis.

When assessing the movement of particles in the
field of a radiation f lux outgoing from the snow sur-
face, one more important circumstance should be
taken into account. Model study [23] has shown three
particle types which can be distinguished in terms of
optical and thermal radiation absorption: weakly,
moderately, and strongly absorbing. Therefore, if we
accept that real aerosol particles are aggregates of
smaller particles or multilayer particles, then the dif-
ferent ratio of these three particle types provides vari-
ations in optical and thermophysical parameters of
such multicomponent formations and, hence, a differ-
ent manifestation of the action of photophoretic
forces, which finally affects the ratio of the aerosol size
fractions in the field of action of radiometric forces.

Microphysical properties of aerosols can have a
certain effect on the ratio of aerosol fractions. Thus,
the comparative analysis of the particulate count dis-
tribution both within time periods and between them
has shown (see Fig. 3) that two groups are distin-
guished in terms of the degree of contrast of the hour-
to-hour variation. The first group is formed by parti-
cles with d = 0.3–2.0 µm; they are characterized by
weak variations in hourly averages N. The second
group includes particles with d = 2.0–7.5 µm with
quite strong variations in this parameter. Taking into
account the nonuniform increase in the snow depth in
different periods of snow accumulation (see Fig. 1a),
this circumstance cannot be unambiguously related to
stratigraphically significant snowfalls. Therefore, if we
consider the degree of contrast of the f luctuations of
hourly average N as a relative criterion for the stability
of the manifestation of “snow” photophoresis, then
the diffusion-gravitational equilibrium in the size
range 0.3–2.0 µm is ensured by the total density of the
radiation f lux generated by the reflection of three radi-
ation types (optical, ultraviolet, and infrared) from the
snow surface. The gravitational component of this
equilibrium increases with the particle size; hence,
variations in the hourly average particulate count of
particles c d = 2.0–7.5 µm become contrasting and
pronounced peaks appear (see Fig. 3).

It is also possible that the observed increase in the
contrast of variations in hourly mean concentrations
of particles with d = 2.0–7.5 µm is the manifestation
of microphysical properties of transit aerosols arriving
at the observation site with moisture-bearing air
masses from different directions. It should be taken
into account that if an aerosol aggregate predomi-
nantly consists of light-absorbing particles, then
extraordinary behavior of the particle can be observed
due to an increase in its temperature. This photother-
mal effect gives an additional impetus to the manifes-
tation of the action of photophoretic forces, which are
the more active, the higher the fraction of such light-
heat-absorbing components in the transit aerosol.
RIC AND OCEANIC OPTICS  Vol. 38  No. 4  2025
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In the atmosphere, such a “necessary” ratio of
light-heat-absorbing components in transit aerosol is
attained due to aggregation of particles, which, in turn,
is caused by coagulation. Coagulation is understood as
the aggregation of particles from a certain size fraction
due to the adhesion of particles during their collisions.
The activity of the latter depends on solar radiation. It
is known that air is transparent to solar radiation;
therefore its temperature depends on the heating of
particles: the more particles in the atmosphere, the
higher its temperature and the more active their turbu-
lent mixing, and, hence, the large the number of par-
ticle collisions. When they contact, a connection is
created—autohesion. It is a surface phenomenon, i.e.,
a phenomenon which occurs at the interface between
contacting phases [32]. Appearance of transit aerosols
with different ratios of light-heat-absorbing compo-
nents and, hence, different microphysical and optical
characteristics is possible in this case.

Orography Effect on the Composition
of Transit Aerosols

Air is inert; therefore, properties of air masses and
the composition of aerosols acquired at the point of
their origin cannot instantly change. However,
according to [33, 34], the higher the amplitude of rel-
ative heights of the underlying surface relief, the stron-
ger the deceleration of air f lows and associated disper-
sion of atmospheric impurities during their horizontal
transfer. Air masses in cyclones horizontally move
from their place of origin to an observation site along
relatively constant trajectories over underlying surface
with a certain combination/ratio of topography ele-
ments (low mountains, intermountain plateaus, f lat
areas, and mountainous regions). Therefore, the ini-
tial composition of the aerosol and the ratio of size
fractions in them multiply perturbed during long-term
horizontal transfer of transit air masses: some particles
deposit from the transit f low and other particles enter
it. As a result, in such transit air masses, the appear-
ance of an aerosol fraction with a different ratio of
light-heat-absorbing components is possible.

Levitation of Aerosols under “Snow” Photophoresis

The deposition of fine aerosols on the snow surface
with frozen hydrometeors is accompanied by fraction-
ation caused by both the action of gravity and turbu-
lent diffusion. Due to the structural heterogeneity of
particles characterized by different ratios of light-heat-
absorbing components, the particle surface is
unevenly heated by optical, ultraviolet, and infrared
radiation reflected from the snow cover. At an equal
radiation f lux density, the balance of momentum
transferred to such a particle by gas molecules [25] is
disturbed more quickly for small particles than for
large ones. In other words, in the field of radiation
leaving the snow surface, diffusion-gravitational equi-
ATMOSPHERIC AND OCEANIC OPTICS  Vol. 38  No
librium sets more quickly for small particles, in our
case of 0.3–2.0 µm in size. They hang above the snow
cover—levitate above it. This paradoxically increases
the lifetime of certain fractions of winter aerosol.

It is obvious that “snow” photophoresis is an unac-
counted seasonal factor which significantly affects the
fraction composition of surface aerosols. This gives
grounds to consider “snow” photophoresis and asso-
ciated aerosol fractionation as a phenomenon influ-
encing the aerosol climate (i.e., the average long-term
aerosol weather [35]) in the surface atmosphere.

CONCLUSIONS

The study of the hourly dynamics of the distribu-
tion of the particulate count over 15 size ranges from
0.3 to 20.0 µm in the surface air layer has shown that
variations in the hourly average count of particles with
d = 0.3–2.0 µm during different stages of snow cover
growth are not always associated with stratigraphically
significant snowfalls. Radiometric forces can cause
these variations in different periods of snow cover
growth under conditions where turbulent sedimenta-
tion is no longer effective and gravitational sedimenta-
tion is still ineffective for small aerosols in the surface
air layer in winter. As a result, a diffusion-gravitational
equilibrium sets in the surface air layer, under which
the lifetime of winter of 0.3–2.0 µm in size paradoxi-
cally increases and, hence, their particulate count also
increases.

It is shown that the diffusion-gravitational equilib-
rium is controlled by “snow” photophoresis, under
which particles vertically move in the field of infrared
radiation outgoing from the snow cover. Since the
snow surface well reflects not only infrared, but also
optical (visible) and ultraviolet radiation, the density
of the total f lux of these three radiation types reflected
from the snow surface contributes to a more active
manifestation of “snow” photophoresis during the
fractionation of transit aerosols arriving at the Fono-
vaya observatory with moisture-bearing air masses
from different directions. The composition and ratio
of light-heat-absorbing components in transit aerosols
is assumed to differ from the initial ones as they
approach the observation site. The degree of these dif-
ferences is determined not so much by the distance
from the place where the cyclone originates, but by the
orography along the trajectory of moisture-bearing air
masses.

It should be noted that the analysis of all available
literature did not reveal any analogues to our work.
This can be due to the fact that studies of snow cover–
atmosphere interactions have traditionally been
focused on disturbances/changes in the radiation bal-
ance associated with snow cover pollution. As a result,
“the specificity of existing climate models, where pre-
cipitation is considered as a ‘loss’ from the climate sys-
tem, complicates the comprehensive estimation of the
. 4  2025
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inverse effect of snow cover on climate” (cited from:
[36. p. 104]).
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