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Spaceborne radar identification of desert regions as suppliers of dust
into the atmosphere
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Atmosphere dust represents a mixture of minute particles of various salts and minerals. Also it contains remains of animal and
vegetable organisms, spores of causative organisms and so forth. The dust is carried by winds over considerable distances and
its presence in the atmosphere is among the factors which have essential influence on the global climate of the Earth. At present
the Aeolian processes and their consequences are monitored from space using multispectral optical systems (TOMS, METEOSAT,
MODIS etc.) only. These are not capable of reliable identification of the areas themselves that are sources of raising the dust in
the atmosphere independently of the cloudiness, solar illumination and transparency of the atmosphere. This problem can be
solved with the use of space radar systems of the Earth remote sensing. The paper presents the first results of the development
of a radar technique of identification of desert regions in which dust from the surface is transported up into the atmosphere
under the action of Aeolian processes. The work was performed using data of Earth remote sensing SAR Envisat-1 obtained
over deserts of Mauritania. Specific features of display of the narrow-beam backscattering of radio waves in radar images in
dependence on the surface wind speed and direction and direction of radar illumination of the surface. It is concluded that the
radar means of remote sensing represent an efficient tool for detecting regions of dust raise into the atmosphere. Results of the
study can be used for the development of new methods of remote monitoring of the processes in desert areas that affect the
climate of vast regions of the Earth.
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Introduction

Atmospheric dust represents a mixture of minute
particles of various salts, minerals, rocks, coal, soil, and
other various mixtures and chemical compounds of
mineral and organic nature. It also contains remains of
vegetable and animal organisms, spores of causative mi-
croorganisms, and so forth. The dust is carried by winds
over considerable distances and its presence in the at-
mosphere is among the factors which have essential
influence on the planet climate [6]. Presence of the dust
of low concentrations promotes the atmosphere heat-
ing and results in global climate warming. Although, in
the case of high concentrations, the dust impedes pen-
etration of solar radiation, so leads to the Earth’s sur-
face cooling. It is known that about 4 billion tons of the
dust and sand raised into the atmosphere yearly come
back with atmospheric precipitation on the continen-
tal surface and more than 1.5 billion tons are deposited
on the surface of the great oceans to enter then the com-
position of marine sediments [4]. Taking into account
the global character of the Aeolian (wind-related) proc-
esses, it is evident that their continuous monitoring is
possible only with the use of space systems of earth re-
mote sensing.
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At present, the space monitoring of the Aeolian proc-
esses and their effects is performed with the use of multi-
spectral optical systems only (TOMS, METEOSAT, MODIS
etc. [0]). These optical systems along are incapable of pro-
viding reliable identification of the areas which represent
the sources of raising the dust into the atmosphere and fol-
lowing the dynamics of the Aeolian processes. The optical
systems are also known to be heavily affected by the cloud-
iness, solar illumination and transparency of the atmos-
phere. The problem can be solved instead with the use of
space-borne radar systems of remote sensing of the Earth.
Paper [8] presents results of detecting the appearance of
the effects of anomalous highly-directional (narrow-beam)
backscattering of radio waves associated with the above
mentioned processes. The effects are observed at practi-
cally the same angles of local illumination of the surface
©=30° in both the radar images of deserts in Mauritania
obtained by the side-looking radars of the artificial satel-
lites of Earth: “Kosmos-1500” and “Sich-1” (the operation
wavelength A= 3.15 ¢m), and by the synthetic aperture ra-
dar (SAR) of Envisat-1 (1 =5.6 cm) satellite. An explana-
tion has been suggested for the mechanism of occurrence
of the effect due to radio wave scattering by properly ori-
ented ionized spaces which embrace the sand ripple struc-
tures in the process of their formation in the course of Ae-
olian transportation of the sand-dust mixture (see Fig. 1).
It has been assumed that the ionization is produced by a
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Fig. 1. Akshar and Trarza deserts (Mauritania) radar images obtained from: SLR satellite “Sich-1” on Dec. 19, 1995 (a); ASA_GM]1_1P Envisat-1
on Dec. 08, 2010 (© ESA). Are allocated the effects of anomalous highly-directional backscattering of radio waves associated with the Aeolian
transportation of near-surface sand/dust mixture (marked by arrows). Optic image taken from the Google Earth (c)

strong inhomogeneous electric fields (up to 250 kV /m) aris-
ing as a result of the Aeolian transportation.

This paper presents the first results of application the
developed technique of identification of desert regions
which are responsible for the process of raising the dust
from the surface to the atmosphere under the action of
the Aeolian activity based on radar imaging analysis. The
work was carried out with the use of the calibrated data of
radar remote sensing of the Mauritanian deserts obtained
by the ASAR Envisat-1 between 2004 and 2012. The study
isfocused on analyzing the specific features of the appear-
ance of highly-directional backscattering of radio waves
in radar images which occur with different speeds of the
near-surface wind and mutual orientations of the radar
illumination of the surface (azimuth SAR antenna beam
pattern axis projection on the Earth’s surface) and wind
direction. Peculiarities of the formation of the ionized layer
boundary embracing the sand ripple structures in the
course of transportation of the sand-dust mixture are also
analyzed and taken into account. It is assumed that the
ionization is produced by a strong inhomogeneous elec-
tric fields generated due to motion of air-borne charged
grits, specifically, saltons and reptons, over the sandy bed.
In the conclusion, the specific features are discussed as for
efficient application of radar means of remote sensing for
detecting regions of raising the dust into the atmosphere.

Analysis of specific features of the effects of
the anomalously highly-directional
backscattering of radio waves and Aeolian
transportation of the sand-dust mixture

In order to verify the proposed explanation of the
mechanism of occurrence of the anomalously narrow-
beam scattering of radio waves suggested in paper [8],
it was estimated the efficiency of radio wave scattering
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by a sandy surface disturbed sand ripples. To that end,
in [9] was determined the maximum possible (in the
case of the oblique backscatter remote sensing) back-
scatter factor of such a structure in the steady state
(when there is no wind-produced motion of the sand
ripples) for the situation where the radio wave is nor-
mally incident upon the surface of the plane lee slope.
This was taken into account that the effective depth of
penetration of a radio wave with A= 5.6 ¢m into dry
sand makes dozens of centimeters, i.e. is equal to a few
wavelengths. Therefore, the scattering by a sand ripple
can be related to a surface-volume scattering by a great
number of scatterers. The phase relationship between
the respective spectral components of the radar signals
scattered by adjacent humps of the ripple spaced by
several A represents a random value (so, the coherent
summation of backscattered signals is impossible).

Based on the experimental data of measuring the
backscatter factor o of the desert sand in dependence
on the angle of local illumination @ [5], it was identi-
fied that the maximum possible values of o of a sandy
surface disturbed by a ripple in the steady state do not
exceed —14..—17 dB. Actually, the photos of sand rip-
ple structures (see pictures a—c in Fig. 2) indicate that
the shape of the lee slope of the ripple humps differs
essentially from a plane, and hence the above estimates
can apparently appear to be that high.

Analysis of the experimental results

The intensity of scattering from a sand surface in the
case of Aeolian transportation of the sand-dust mixture
was estimated using archive radar images from the En-
visat-1 satellite provided by the European Space Agen-
cy (ESA) for the fulfillment of the Project ID: C1E30193.
The images have been selected from the EOLI-SA on-
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a

Fig. 2. Sand ripples: (a—c) photos of the structures taken from the Google Earth

line catalog with account of the data concerning the
surface wind velocity and direction [2]. Then, the scat-
tering intensities have been standardized to the scat-
tering cross-section, with the use of standard programs
provided by the ESA for the open access to process the
images (NEST 4B-1.0, NEST 5.1).

Pictures a and c in Fig. 3 present fragments of the ra-
dar images of an area of the Trarza desert obtained by

the satellite Envisat-1 ASA GM1_1Pon January 12,2012
and January 13, 2005. Pictures b and d of Fig. 3 depict
the respective dependences of the backscatter factor o
on the angle of local illumination © along the fragment
sections (arrows 1 to 5). The sections are drawn through
the most homogeneous regions of the surface for which
the effects of anomalously high-directive backscatter of
radio waves were observed. Shown by the thick black

Fig. 3. Effect of occurrence of the anomalously high-directive backscattering of radio waves: (a) and (¢) — fragments of the radar images of a
region of the Trarza desert obtained from the satellite Envisat-1 ASA_GM1_1P on Jan. 12,2012 and Jan. 13, 2005 (© ESA), respectively; (b) and
(d) — dependences of the backscatter factor o on the angle of local illumination © along sections of the respective fragments of the radar
images; and (e¢) — sandy dunes in the region under survey (Google Earth)

Online ISSN 2313-2132



42 V. K. lvanov et al. / YKpaiHcoKuii scypHa OUcmaryitinozo 301H0yeanms 3emni 11 (2016) 39-47

lines are averaged o (@)-dependences. As can be seen,
the averaged observed values of 6 (©=31.5..32°) in
Fig. 3 b and Fig. 3 d exceed 5 and 3 dB (for the same
weather conditions) which values are greater by more
than 17..21 dB as compared with the maximum magni-
tudes calculated for the static sand ripple. According to
the meteorological data [2], the surface wind speed dur-
ing the survey was about 5 m/s, while its direction was
practically opposite to the SAR radiation direction.

Fig. 4 shows phases of developing the processes of the
anomalous scattering. In the case of alight (~ 1 m/s) sur-
face wind with unstable direction (Fig. 4 a, left-hand
part of the composite radar image Envisat-1,
ASA GM1 1P, 2004-06-11) no manifestations of the
effects of anomalously high-directive backscattering of
radio waves were observed. However, already for the
wind speed ~2 m/s and practically opposite direction

Fig. 3b (~ 5 dB) can be explained by a lower speed of
the near-surface wind during surface imaging.

Pictures ¢ and d in Fig. 4 correspond to the stage of
initiation of the effect of anomalous highly-directional
backscattering of radio waves. The bright points in the
fragment of the radar image (Fig. 4 ¢, Envisat-1
ASA GM1 1P, 2010-14-12) indicate the surface areas
where the effect starts to appear.

The observations were carried out under condi-
tions of a near-surface wind with variable direction
with respect to the SAR radiation direction which
blew with a speed between 1 and 2 m/s. It should be
noted that under these conditions the local maxima
of backscattering (see Fig. 4 d) already reach consid-
erable magnitudes (- 5..— 2 dB), however are ob-
served in a broader range of the angles © =28.5..31.5
as compared to the developed state (~31.5+£0.25).In

Fig. 4. Fragments of the radar images Envisat-1 ASA_GM1_1P (© ESA) obtained on Nov. 6, 2004 with the wind speeds ~ 1 m2/s (left-hand part)
and ~ 2 m/s (right-hand part) Envisat-1 ASA_GM1_1P (© ESA) obtained on Dec. 11, 2004, (a). Dependences of the backscatter factor o on the
angle of local illumination @ along the depicted lines of radar image sections (b). The fragment of the radar image of a desert region obtained
on Dec. 14, 2010 (¢). The backscatter factor o in dependence on the angle of local illumination © along the radar image sections (d)

of the wind with respect to the SAR illumination radia-
tion direction (the right-hand part of the composite
radar image Envisat-1 ASA GM1 1P, 2004-11-12), the
effect of anomalous scattering has proven to be signif-
icant. The lower magnitude of the maximum scatter-
ing cross-section (~ — 1 dB) at the incidence angle of
sensing ©®=31.5° in Fig. 4 b as compared with that in
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the following sections we will get back to this effect
analysis again.

Fig. 5 presents a fragment of the radar image (a) and
respective dependences ¢ (O) (b) of crosssections (En-
visat-1 ASA_GM1_1P,2005-28-12) obtained for a region
in the Trarza desert. The survey has been carried out in
the situation where the near-surface wind speed was
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Fig. 5. The effect of anomalous narrow-beam scattering of radio waves in the situation where the opposite wind direction deflected by ~ 45°
with respect to the SAR radiation direction: (a) fragment of the radar image (Envisat-1 ASA GM1 1P, 2005-28-12, © ESA) of a region in the
Trarza desert; (b) dependences of the backscatter factors o on the angle © of local illumination along the sections (arrows 1 to 3) of the radar

images shown in Fig. 4 a

about 5 m/s and its direction was deflected by ~ 45°
(within the azimuthal plane) from the direction of ra-
dar illumination of the Earth’s surface.

At that, the maximum value of o showed a decrease
by 3 or 4 dB as compared with the Envisat-1
ASA_GM1 1P on 2012-01-12 and 2005-01-13 (see
Fig. 3) obtained for the same wind speed and practical-
ly same direction with respect to the SAR radiation di-
rection.

As was mentioned above, we suppose that the main
scatterer of radio waves in the experiments is the ion-
ized air in the near-surface layer saturated by negative-
ly charged grains of sand. Therefore, in order to explain
the obtained experimental results of observation of
anomalous radio wave scattering, let us consider the
specific features of the grain motion.

Specific features of motion of the
negatively charged sand grains over the
surface

Various models are used to describe motion of the
negatively charged sand grains (“saltons”) over the sur-
face with accounting of the drag, gravitational and elec-
tric forces. For example, in paper [10] the motion of such
grains is described as follows:

max: ED[)Z/ 8* pacdl VvR | (U_ vx)

ma =D}/ 8p,[-C,|V,|v,*C (@, — U, )]-mg+gE,
where m, g and D, are, respectively, the mass, charge
and diameter of the grain; @ and a, are the grain accel-
erations along the x- and z-axis, respectively; V, is the
vector difference between the wind and grain speeds;
U is the horizontal component of the wind speed; U, ,
and U, are the wind speeds below and above the grain;
p,, stands for the air density; g is the gravitational con-
stant; and E is the electric field in the place of grain lo-
cation. The drag factor C, is calculated using the Rey-
nolds number for the respective shape of the sand
grains. The raising factor C| is equal to 0.85 C . To deter-
mine the grain motion trajectory, the motion equation
is integrated numerically.

Itwasshown in paper [12] that a result of the so-called
“splash”— which occurs when a salton (flying due to
wind) hits into a sand bed at a high speed— is knocking-
out of another charged particle of a grain, namely, an-
other salton. The salton rebounded from the sand bed
moves at a speed practically equal to that of the impact-
ing one (see Fig. 6). The rebounded saltons escape the
sand surface at an angle 34..40° to the horizon. In addi-
tion to the rebounded saltons, one or several other grains
(up to 20 depending on the speed and mass of the im-
pacting salton [3]) also get ejected from the sand surface.
These grains, known as “reptons”, move at a speed ap-
proximately equal to one tenth of the impacting salton

b

Fig. 6. A “splash” occurring due to a hit of a salton into sand ripple surface: (a) 1 — sand bad, 2 —negatively charged impacting salton, 3 —
negatively charged rebounding salton, 4 — negatively charged ejected repton, 5 — positively charged sand grains, 6 — ionized space, 7 — direction
of sand ripples movement, 8 — near surface wind direction; (b) 3-D representation of the results of computer simulation [1]
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one. At that, the reptons escape at an angle ~70° to the
horizon in different directions (in a semicircle) and do
not ascend in the layer with the accelerating wind.
Fig. 6, b shows a 3-D image representation [1] of the re-
sults of computer simulation of the processes which oc-
cur when a salton hits into a sand surface.

To estimate the mean velocity of sand grain flow in
the near-surface layer, let us use the shear velocity which
is applied for describing motion in the case of shears
associated with gas flow. The shear velocity, which is also
known as the friction speed [10], represents a form us-
ing which the shear stress can be rewritten in terms of
the velocity units, viz. u*= (7 / p)"/*where 7 is the shear
stress in an arbitrary wind layer and p is the air density.
The general rule is that the rate of shear is about 1/10
of the mean flow velocity.

Fig. 7 presents calculated and measured dependences
of the mean hop distance 1 of sand grains (diagram a:
the circles and squares correspond to the data of pa-
pers [14] and [7], respectively) and mean height zm of
the grain transportation layer (diagram b: the circles and
squares correspond to the data given in papers [5] and
[14], respectively) in the flow of Aeolian transportation
on the shear velocity [7]. The experimental results of
measuring the mean hop distance and height of the
sand grain flow due to Aeolian transportation convinc-
ingly show that the process of Aeolian transportation
developed. A further increase of the wind speed results
in increasing the flight speed and hop distance of the
saltons (and hence — in increasing the sand ripple
length; see the dash line in Fig. 7 a2). At the same time,
the effect is not accompanied by lengthening the mean
hop distance of the sand grains because of essential in-
crease of the relative contribution of the ejected slow
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length | -2 e T
in cm ”,‘
10 | e .
FEEl ()

0.2 0.4
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shear velocity 1 inm
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increasing the wind speed, one can observe a limitation
of the mean height of the sand grain flow due to
strengthening the electric field influence (see Fig. 7 b).
At that, the mean slope of the flight trajectory of the
charged sand grains can be estimated from the data
presented in Fig. 7 to be equal to ~ 30°.

Analysis of the data makes it possible to explain the
specific features of the effects of anomalously narrow-
beam backscattering of radio waves.

In the case where the near-surface wind speed is
less than 2 m/s, at the stage of origination of the
anomalous narrow-beam scattering, the saltons are
characterized by a low flight speed and hence,
“splashes” are accompanied by ejecting of a minimum
number of reptons. Here, the mean slope of the flight
trajectory of the charged sand grains that determines
the slope of the ionized space boundary which bor-
ders the sand ripple [8] and is responsible for the
“strong” radar scattering, is determined by both the
saltons and reptons. This effect is clearly seen in
Figs. 4, ¢ and d where the local maxima of the back-
scattering appear in a wider range of the © angles
(28.5t0 31.59).

The contribution of the reptons increases consid-
erably with the wind speed, and the slope of the ion-
ized range boundary is mainly determined by their
flight trajectories. Since the exit angle with respect to
the horizon (and hence, the repton flight trajectory)
depends but very slightly on the angle of salton inci-
dence upon the sand bed [1], the processes of the sand
transportation over slanting skew surfaces of sand
dunes covering the desert do not lead to broadening
the angular sector of the backscatter intensity. The
characteristic angular width of the o (®) dependence

mean 4 o [ T T T
transport ™
layer [ 7] L
height 3 |- L |
Znm
in cm
2 o n
= o
S » (SR, SN ]:P _________________
1 . i 1
m]
mO -2
0 ‘ ;
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b

Fig. 7. Calculated and measured dependences of the mean hop distance of sand grains (a) and mean height (b) of the grain layer in the flow of

Aeolian transportation on the shear velocity [13]

reptons. Specifically, the flight height of the reptons is
considerably lower than that of the saltons, and the exit
angle (and, accordingly, the flight trajectory with re-
spect to the horizon) depends but very slightly on the
incidence angle of the saltons upon the sand bed (with-
in the range 8...15° with respect to the horizon [1]). With
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for the anomalously narrow-band backscattering does
not exceed 0.5 to 1° ata 3 dB level.

The experimentally proven the fact that the
knocked-out reptons escape in different directions in
a semicircle [9] explains the rather weak dependency
of the intensity of anomalously narrow-beam backscat-
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Fig. 8. Radar image (fragment of the radar image Envisat-1 ASA_GM1_1P (© ESA) obtained on June 27, 2005) of the mesoscale eddies (a).
Optical image of Mauritania region (satellite MODIS [11]) (b). Meteorological data map (¢) [2]: 1 — wind velocity vector near surface, 2 — wind
velocity vector at a height of 10 meters, 3 — wind velocity vector at a height of 15 meters, 4 — approximate position of the center of the vortex.

Schematic representation of the lifting of the charged grains of sand in the atmospheric vortex (d) [10]

tering on the wind direction relative to the direction
(in the azimuthal plane) of radar illumination of the
surface. In the case of downwind illumination, the ef-
fect has not been observed [8].

Aeolian transportation of sand and dust-laden air
upon the surface under appropriate conditions of at-
mospheric stratification (e. g, updrafts produced in the
vortex formation) is capable of raising dust up to high
altitudes [6] and spreading it over vast distances by
means of strong wind currents in the upper atmosphere
layers. For instance, Fig. 8 a shows the radar image (frag-
ment of the Envisat-1 ASA GM1_1P (© ESA) radar im-
age obtained on June 27, 2005) of mesoscale eddies. At
the same time, Fig. 8 b — optical image (satellite MODIS
[11]) — shows that raised by the eddies dust masses are
transported over the ocean surface (marked with red
arrows). Fig. 8 a illustrates the fact that the vortex at-
mospheric processes are observed not only as near-sur-
face transport processes of sand-dust mixtures (marked
with a green arrow), but also as the rise of masses of

intensive charged sand particles into the atmosphere
(indicated by yellow and purple arrow). The presence
of a dangerous for health concentrations of dust in the
air that day was also confirmed by measurements in
Nouakchott [15]. Atmospheric vortex existence in this
area was confirmed by meteorological data Fig. 8 ¢ [2]
and by specific cloud formation (in the form of the
Greek letter “A”) marked by the blue arrow in Fig, 8 b.

Conclusion

The paper presents the first results of the develop-
ment of a radar-based technique for identification of
desert regions in which the dust from the surface is
transported up into the atmosphere as a result of Aeo-
lian processes. The work has been performed using ESA
archive data of radar remote sensing images of deserts
of Mauritania obtained by the SAR Envisat-1 between
2004 and 2012. In particular, an analysis has been pro-
vided for the specific artifacts observed on the radar
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images due to manifestation of the anomalous effects
of narrow-beam backscattering of radio waves which
occur in the course of the Aeolian transportation of the
sand-dust mixture.

The specific details of manifestation in the radar im-
ages of the narrow-beam backscattering effects on Ae-
olian processes were analyzed in respect to the near-
surface wind speed and relationship between directions
of the wind and the directions of radar illumination of
the Earth’s surface. The peculiarities of the formation
of the ionized layer boundary, which borders sandy rip-
ple structures, in the course of the Aeolian transporta-
tion of the sand-dust mixture have been considered. It
is considered the model assuming the ionization is pro-
duced by a strong inhomogeneous electric field which
is generated due to Aeolian transportation of charged
sand grains, specifically saltons and reptons, over the
sand bed. Within the model, the obtained estimates
have made it possible to propose the physical explana-
tion of the measured angular dependences between the
cross-sections of the investigated radar images of the
desert regions with Aeolian transportation processes
and combinations of wind and radar illumination di-
rections, as well as determine the optimum conditions
for observations of the effects of the anomalously nar-
row-beam backscattering of radio waves. It has been
demonstrated that the radar-based technique of earth
remote sensing is capable of detecting these effects
starting from very low speeds of the near-surface wind
(~2 m/s) within a sufficiently broad range of the direc-
tions of surface illumination (not less than 90° with re-
spect to the wind direction) within the azimuthal plane.
In order to ensure the high efficiency of radar systems
foridentification of desert regions where dust from the
surface is transported up into the atmosphere, it is nec-
essary to ensure the radar systems are capable of oper-
ating in the mode of sequential observation of desert
regions in the illuminating beam incidence angle range
of about ©=30".
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KOCMIYHA PANIOTTOKAIINHA IIEHTU®IKALISA ITYCTEIBHUX OBJIACTEN JPKEPEJ HACUYEHHS ITUJIOM
ATMOC®EPHU

B. K. IBanos, O. f. MaTBeeB, B. M. LIum6a, C. €. fAuesuy ta I, M. BuukosB

AtMOchepHUIT TN IPEACTABIIIE COOOIO CYMilll HAMMEHIIINX YaCTOK Pi3HOMAHITHUX COJIB T4 MiHEPAaiB. BiH MiCTUTb TaKOX
PEUITKN POCJIMHHUX T4 TBAPUHHUX OPIaHi3MiB, CIOPHU XBOPOOOTBOPHUX MiKPOOIB i T. I1. BiTpaMu BiH NEPEHOCUTHCS HA 3HAYHI
BiJIcTaHi i TOro NPUCYTHICTDb B aTMOC(hEPi € OJHUM i3 (PAKTOPIB 110 CYTTEBO BIUIMBAE HA KJIiMAT IVIAHETU. B MOTOYHWI yac st
KOCMIYHOT'O MOHITOPHHI'Y €0JIOBHX IPOIIECIB Ta IX HACII/IKIB BAKOPUCTOBYIOTHCS TiIIBKU 6AraTO30HAJIbHI OITHUYHI CUCTEMU
(TOMS, METEOSAT, MODIS Ta T. 11.), SIKi HE I03BOJISIIOTh HA/IIMHO i HE3A/IE3KHO Biji XMAPHOCTI, OCBITJIIEHHS TA IPO30POCTi aT-
MocdepH i1eHTHdIKYBATH CaMi PAHOHU JPKEPEIA HNiAHATTS NWIY IO ATMOCHEPH T CIiIKYBATH 32 JUHAMIKOIO €0JIOBHUX IIPO-
1eciB. Take 3aB/laHHSA JO3BOJISIIOTH BUPIIIyBATU KOCMiYHI pajjionokariiribi cucremu J133.

B crarTi npeacrasieHi nepi pe3ysisraTy BiIIpaifoBaHHs Pa/lioJIOKALITHOTO METOY ileHTU(IKaITil TyCTETbHUX OOIACTEM, B IKMX
BiZIOYBAE€TBCS €OJIOBUH MPOLIEC MiJHOMY Y 3 MIOBEPXHI B aTMOcdepy. I BiATIPalIOBAaHHS METO/ly BUKOPUCTAHI KaIiOpOBaHi
JlaHi paionoOKalifHOIO JUCTAHLIMHOIO 30HyBaHH:A ([I3) mycresnb MaBpuTanii ASAR Envisat-1, mo Hazani ESA B paMKax BUKOHAaH-
na npoekry ID: C1E30193. [lis inenTrdikanii Jpkepe niiioMy Mty BAKOPUCTAHI IPOSIBU aHOMAJIBHO BY3bKOCIIPSIMOBAHOI'O 3BO-
POTHOTO PO3CIIOBAHHA PAJiOXBHUJIb, IO BUHUKAIH TIPU JIOKATBHUX KyTaX OMPOMiHeHHst ToBepxHi @ ~ 30° . [IpoaHaisoBaHO 0CO6-
JINBOCT] NPOSIBJIEHHS HA PAZII0JIOKAIITHUX 300P’KEHHSAX AaHOMAJIBHO By3bKOCIIPSIMOBAHOI'O 3BOPOTHOI'O PO3CiIOBAHHS PA/IiOXBUIb
MIPU Pi3HUX MBUAKOCTAX PU ITOBEPXHEBOT'O BIiTPY TA Pi3HUX CITiBBiIHOMEHHAX HAIPAMKY BiTPY Ta PaAiOIOKALIIMHOIO OIIPOMi-
HEHHS MOBEPXHI. [ToKa3aHO, IO XapaKTEPHUCTUKU PO3CIIOBAHHS JJOOPE Y3TO/PKYIOTBCS 3 OCOOIMBOCTMU (POPMYBAHHS I'DAHUILL
iOHI30BAHOTO HIAPY, IKUI OOJIIMOBYE CTPYKTYPH IMIIIAHUX OPYEK B IIPOLIEC IX (POPMYBAHHS IIPU €0JIOBOMY IIEPEHOCH MIIITAHO-TTN-
JIOBOI cyMili. [Tpy 1ibOMy iOHi3a11iAg BUKIMKAETHCA OTYKHUM HEOJHOPIAHUM EJIEKTPUYHHUM IIOJIEM, IIJO BUHUKAE 32 PAXYHOK ITepe-
MiIIEHHA 1O MOBITPIO HaZ, MHIIAHOIO ITiAKIAAKOIO HEMATUBHO 3APAPKEHMX MMIMHOK — CAJIBTOHIB T4 PENTOHIB. BigMideHO, 1110 paj-
ionoxauiize /I3 03BOJIAE€ BUSBIATH PAMOHU MIIHATTS MUY B aTMOC(EPY HABITh HA €TAIli 3aPO/UKEHHS IIPOLIECY HE3IEKHO Bij]
OCBITJIEHHS, CTAaHY XMAPHOI'O ITOKPUBY T4 3AIIMJIOBAHOCTi ATMOC(EPH.

Kirro4oBi c;10Ba: KOCMiYHE Pa/IiOJIOKALIIFHE CIIOCTEPEKEHHS, AaTMOC(HEPHUH NI, BY3bKOCIIPSIMOBAHE PO3CIIOBAHHS Pa/liOXBHJIb,
€0JIOBUI IIEPEHOC TTICKY Ta MWy, BUSBJICHHSI PAHOHIB MiIHATTS WY B aTMOC(EPY, HilllaHi OprKi, ioHi3a11is, eJIEKTpUYHE 10J1e

KOCMUYECKAS PAIMOJIOKAITMOHHAS UAEHTUPUKALIMS [TYCTBIHHBIX OBJIACTENM UCTOYHUKOB HACBIIIEHUSA
ITBIJIBIO ATMOC®EPDBI

B. K. UBaHOB, A. fI. MaTBees, B. H. LIeim6aut, C. E. fitieBuy u [I. M. BbrakoB

AtMocdepHast IbUIb IPEJCTABISAET COOON CMECH METBYANIINX YACTUYEK PA3IMYHBIX COIEN 1 MUHEPAIOB. OHA COJIEPKHUT TAK-
JK€ OCTATKU PACTUTEIBHBIX U J)KUBOTHBIX OPI'AHU3MOB, CIIOPHI 60JIE3HETBOPHBIX MUKPOOOB U T. I. BeTpaMu OHA IEPEHOCUTCS
Ha 3HAYUTEJIbHBIE PACCTOSHHUA U €€ NIPUCYTCTBUE B ATMOCKHEDPE ABIAETCA OJHUM U3 (DAKTOPOB, CYIECTBEHHO BAMAIONIMM Ha
KJIUMAT IUIAHETBL

B Hacroamee BpemA 111 KOCMHUY€ECKOI'O MOHUTOPUHI'A S0JIOBBIX IPOLIECCOB U UX NOCJIEICTBUI UCITOIB3YIOTCS TOJILKO MHOT'O-
30HabHBIE onrTuuyeckue cucreMmbl (TOMS, METEOSAT, MODIS u T. 11.), KOTOPbIE HE NTO3BOJISIIOT HAZEKHO U HE3ABUCHUMO OT
06/1aYHOCTH, OCBEMEHHOCTH Y ITPO3PAYHOCTH ATMOCHEPDI UAECHTU(PUIUPOBATH CAMU PAHOHBI ICTOYHUKU ITOAHATHA ITbUIU B
aTMocdepy U CIEAUTD 32 JUHAMUKOMU 30JIOBBIX IIPOLECCOB. TAKyIO 33/1a4y ITO3BOJIAIOT PEMNUTD KOCMUYECKHE PAJUOIOKALIM-
OHHBbIE cucTeMbI J133.

B crarbe npeacTaBiaeHsl NEPBLIE PE3YIBTATH OTPAOOTKH PAJHUOJOKALMOHHOIO METO1A UAECHTU(MUKALIMA ITyCTBIHHBIX 00/1aC-
TEM, B KOTOPBIX IPOUCXOJUT S0JIOBBIH IIPOLECC IMTOJBEMA MBI C IIOBEPXHOCTH B aTMOCKHEDY. /11 OTPA6OTKH METO/A UCIIOJIb-
30BaHbl KUTMOPOBAHHBIE JAHHBIE PAIUOJIOKALIMOHHOI'O IUCTAHIIMOHHOTO 30HAMPOBaHus ([3) nmycTeiHb MaBpuTaHuu ASAR
Envisat-1, npenocrasneHnble ESA B paMkax BeinmosHeHMs npoekTta ID: C1E30193. /s njieHTuUKaIuu HCTOYHHUKOB IIO/beMa
IIBLIM UCIIOJIb30BAHBI IIPOSABJIEHH AHOMAJIbHO Y3KOHANPABAEHHOIO OOPATHOI'O PACCEAHMS PAJIMOBOJIH, BO3HUKABIINE IIPU
JIOKAJIbHBIX yIVIAX 06ydeHus nosepxuoctu O ~ 30° . [IpoaHaIM3UPOBAHBI OCOGEHHOCTH MTPOSIBICHUS Y3KOHATIPABICHHOIO
O6PATHOI'O AHOMAJIbBHOI'O PACCEAHUSA PAZJMOBOJIH HA PAZMOJIOKAIIMOHHBIX N300PAKEHUAX IIPH PA3TMYHBIX CKOPOCTAX IIPH-
IMOBEPXHOCTHOI'O BETPA M PA3HBIX COOTHOUIEHMAX HAINIPABIEHUI BETPA U PAJUOJIOKALIMOHHOIO OO/Iy4EHHA TIOBEPXHOCTH.
IToka3aHo, YTO XAPAKTEPHUCTHUKH PACCEAHUA XOPOIIO COIVIACYIOTCA C OCOOEHHOCTAMU (POPMHUPOBAHUA I'DAHULIBI HOHU3UPO-
BAHHOI'O CJIOSA, OKAMMIIAIONIETO CTPYKTYPBI IIECYAHON PAOH B IIpoLiecce ee (pOPMHUPOBAHUA ITPH 30JIOBOM IIEPEHOCE IIECUYAHO-
MbLIEBOM CMeCH. ITpH 3TOM MOHM3ALUA BBI3bIBAETCS CUWIbHBIM HEOJHOPOIHBIM 3JIEKTPHUYECKHM I10JIEM, BOZHHUKAIONUM 34 CYET
IepeMEIEHNA 11O BO3/yXy Ha/l IECYAHOM IOJIOKKON OTPULIATENIBHO 3aPAKEHHBIX NIECYUMHOK — CAJIBTOHOB U PENTOHOB. OT-
MEYEHO, YTO PAAMOIOKALHUOHHOE /I3 MO3BOJIAET BBIABIATH DAMOHDI ITIOJHATHSA BN B ATMOCQEPY JAXKE HA STAIIE 3APOKACHUA
MPOLIECCA HE3ABUCUMO OT OCBEIEHHOCTH, COCTOAHUA OOIAaYHOTI'O IMOKPOBA U 3ANBIJIEHHOCTH ATMOC(EPBDL.

Ki1rogeBbie CJI0Ba: KOCMHUYECKOE PAJIMOJIOKALIMOHHOE HAOMIOAEHUE, ATMOC(EPHAS ITbUIb, y3KOHAIIPABJIEHHOE OOPATHOE PaC-
CeqHUE PAJIMOBOJIH, S0JIOBBIH IIEPEHOC MECKA U IbUIM, BBISBJIEHHUE PAMOHOB IIOAHATHSA MBUIM B ATMOCKHEDY, NeCYaHasa pAob,
HMOHM3ALUA, JIEKTPUIECKOE TIOJIE.
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