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Aeolian process of sand and dust transporting is known to form the near-ground surface structures over vast territories and fill the atmosphere up with
suspended aerosols-like dust particles which are spread then by winds over long distances. The presence of atmospheric dust in the planet’s environment
is one of the factors affecting the temperature and climatic conditions of vast regions of the Earth. A number of publications (Ivanov et al., 2015;
Ivanov et al., 2016; Ivanov et al., 2016; Ivanov et al., 2018) analyze the revealed effect of anomalously highly(narrow) directed backscattering of
radio waves which manifests itself in radar remote sensing (in range of local irradiation angles θ ≈ 31° ÷ 32°) in areas covered with deep sand. At the
same time, there is no specific data available from published studies investigating the impact of the near-surface wind on anomalously highlydirectional backscattering of radio waves based on the results of radar remote sensing researches of Aeolian sand and dust transport processes in
desert regions that, in turn, could have been used later to determine the parameters of such transport process. This article presents the results of
analysis of the data obtained from long-term studies of desert regions of El-Djuf, Akshar and Trarza in Mauritania by means of space-borne SAR
Envisat-1. The purpose of the analysis was actually to identify the specifics of the effect that the near-surface wind has on the anomalously highlydirectional backscattering of radio waves which is identified by radar based researches of Aeolian processes of sand and dust transport in desert
regions, so can be used for remote determination of such transportation parameters.
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1. Introduction
Aeolian processes of transporting sand and dust while blown
by the wind is a powerful erosive force that forms dunes, sand
ripples, and fills up the atmosphere with suspended aerosols of
dust particles that get spread by the winds over huge distances
(Lancaster, 2009). The areas where large-scale Aeolian
processes develop regularly, especially in the autumn-winter
period when the wind is blowing from the northeast, are the
western parts of Sahara desert (El-Djuf, Akshar and Trarza) sand
dunes located in Mauritania. At many radar images of this
region, an enormously intensive and highly-directional
backscattering of radio waves from the sand surface was
discovered which could not have been explained within the
boundaries of traditional concepts of the mechanism of such
scattering (Ivanov et al., 2015; Ivanov et al., 2016; Ivanov et
al., 2016; Ivanov et al., 2018). In this paper we analyze the
peculiarities of the effect of the near-surface wind on
anomalously highly-directional backscattering of radio waves.
This very notice able influence identified from radar based
studies of Aeolian processes of sand and dust transport in desert
regions that can be efficiently used for remote determination of
the parameters of such Aeolian transport processes.
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2. Spatial variations of the near-surface wind and
their effect on the anomalously highly-directional
backscattering of radio waves
Let us consider a pair of radar images of sandy ridges of
the same site of the erg Amatlich beds near the village of
Akzhuzht in Mauritania obtained in the high spatial resolution
mode (~ 12 m) by the Envisat SAR. Fig. 1 shows the SAR
image of this region obtained on December 21, 2004. The
direction of the near-surface wind at the time of the survey
(Archive data, 2003) was heading from northeast to
southwest. In the lower right corner of the image, an enlarged
image of the analyzed area is shown. The three-dimensional
conversion image of it is shown in Fig. 2 (X and Y axes
represent the distances along the surface, and Z-axis — the
backscattering coefficient). Similarly, Fig. 3 and 4 show SAR
images of the same area of the sandy ridges of the erg
Amatlich obtained on February 18, 2004 and the threedimensional representation of the SAR image of selected area
respectively. The direction of the near-surface wind at the
time of survey (Archive data, 2003) was heading from southwest to northeast. Fig. 5 shows the optical image of selected
section of sand ridges. The figures in all the images indicate:
1 — crest of the sandy ridge, 2 — top of the large dune, 3 —
south-west slope of the ridge, 4 — northeast slope of the
ridge.
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Fig. 1. SAR images of sandy ridges at the site of the erg Amatlich near
the village of Akzhuzh in Mauritania obtained in high spatial resolution
mode (~ 12 m) by the Envisat SAR on 21.12.2004

Fig. 3. SAR images of sandy ridges at the site of the erg Amatlich near
the village of Akzhuzh in Mauritania obtained in high spatial resolution
mode (~ 12 m) by the Envisat SAR on 18.02.2004

Fig. 2. Three-dimensional SAR images of the selected site 21.12.2004

Fig. 4. Three-dimensional SAR images of the selected site 18.02.2004

Fig. 5. Optical image (Google maps) of the selected site

The analysis of the pair of these images convincingly indicates
that irrespective to the direction of the wind, the intensity of the
scattering of radio waves on the leeward slope of the sandy ridge
exceeds by more than 12–15 dB the scattering intensity from the
slope located in the area of the “wind shadow”. This illustrates
the direct impact of the near-surface wind on the backscattering
of radio waves that gets manifested in the Aeolian transport
process of sand and dust in desert regions.

3. Effect of near-surface wind on electric field near
sandy surface
Crucial impact in the ionization of the near-surface atmosphere
layer of the formation of anomalously highly-directional
backscattering of radio waves in the Aeolian processes of sand
and dust transporting (Ivanov et al., 2015; Ivanov et al., 2016;
Ivanov et al., 2016; Ivanov et al., 2018) is produced by strong
Online ISSN 2313-2132

6

D. M. Bychkov et al / Óêðà¿íñüêèé æóðíàë äèñòàíö³éíîãî çîíäóâàííÿ Çåìë³ 24 (2020) 4–8

electric fields generated as a consequence of movements and
collisions of grains of sand (Kok, 2008; Stow, 1969; Namikas,
2003). In Fig. 6 (Kok, 2009), the experimental results for
measuring the electric field strength at various altitudes above
the surface during the Aeolian transport of sand and dust are
presented. It is clearly seen that the field strength increases with
decreasing the altitude very steeply, so reaching (in case of
sandstorms) values of 160–250 kV/m measured at altitudes of
about 1.5–2 cm from the surface. These strong fields ensure the
fact that the bulk of the transferred sand is depressed against the

Fig. 6. Experimental results of measuring the electric field strength at
various altitudes above the surface during Aeolian transport of sand and
dust (Namikas, 2003)

surface. According to model (Kok, 2008; Zheng, 2013) and
experimental data (Namikas, 2003, Greeley; 1996), about 50%
of the sand mass is transported in the layer 3–4 cm above the
surface with a maximum mass flow at an altitude of about 1 cm
above the surface.
It is also noted in (Namikas, 2003) that at field intensities
of 160–250 kV/m in the transported sand and dust mass (during
sand storms), the powerful lightning discharges are regularly
observed. And it is emphasized that the nature of this
phenomenon is not entirely understandable, since the measured
field strengths do not reach the value of the breakdown voltage
for clean air (1.25 kV/mm). The very air-sand-dust mixture
behaves like an ionized medium — a dusty plasma. Thus, the
given in (Haddad, 1983) results of an experimental study of
the attenuation of microwave radiation with a frequency of
9.4 GHz in the dust storm with a visibility of Vb≈10 m and
conductivity of the transferred sand of 2.634 ± 0.734, turned
out to be 0.034 dB/m, so exceeded in more than 30 times the
values pre-calculated according to the traditional radio-wave
scattering theory. An analytical formula for the scattered
attenuation A of microwave radio emission with wave number
k was proposed in (Zhou, 2005) under an assumption that such
a strong damping is due to the influence of the inhomogeneous
spatial distribution of the electric charge with the surface
density σ q over the sand grains surface relative to the
observation angle θσ0:
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where -is the diameter of the grains of sand, -is the conductivity
of air, -is the surface conductivity of grains of sand, -is the
conductivity of grains of sand relative to air, -is the total electric
charge of the grains of sand, -is the density of grains of sand,
Ei – is the radiation field strength.
At the same time, the experimental results (Mohd Taufik, 2014)
convincingly show that, when irradiating the plasma formations
with radio emission at a frequency equal to or exceeding the
natural plasma frequency, it behaves as a partially scattering
dielectric medium with losses (Fig. 7). The sand-dust mixture

Fig. 7. Experimental dependences (Mohd Taufik, 2014) of the
backscattering coefficient of a planar rectangular plasma formation upon
irradiation of radio emission: 1) 2.4 GHz — with a frequency much lower
than the natural plasma frequency, 2) 8 GHz — with a frequency that
coincides with the plasma natural frequency and 3) 10 GHz — with a
frequency exceeding the natural frequency of the plasma

exposed to microwave irradiation behaves in the similar way while
being under the influence of a strong electric field.
4. Effect of the near-surface wind velocity on the
intensity of anomalously highly-directional
backscattering of radio waves during the Aeolian
transport of sand and dust
Determination of intensity dependency of the anomalously
highly-directional backscattering of radio waves during the
Aeolian process of sand and dust mixture transporting was carried
out based on the archived radar images obtained by the Envisat1 satellite. The images were provided by ESA within the project
ID: C1F.30193. Selection of the images was held with the help
of EOLI-SA online catalog while taking into account
meteorological data on the direction and velocity of near-surface
wind (Taufic). The images were also calibrated by ESS (effective
scattering surface), tied to the map, and thematically processed
by the normally applied software freely distributed by ESA for
image processing purposes: NEST 4B-1.0 and NEST 5.1.
In order to determine the maximum values of the scattering
intensity, the graphs were plotted in the way similar to (Ivanov et
al., 2015; Ivanov et al., 2016; Ivanov et al., 2016; Ivanov et al.,
2018) for dependencies of the backscattering coefficient σ0 on the
angle of local irradiation θ along the sections of the fragments of
the most homogeneous parts of the radar images of the surface on
which the effects of anomalously highly directed backscattering
of radio waves are observed. The maximum values of σ were chosen
in the range of incidence angles of radio waves: θ = 31î–32î.
Fig. 8a shows the fragment of SAR image of Trarza desert
area (Envisat-1 ASA_GM1_1P, 2012-01-12), and Fig. 8b shows
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Fig. 8. a — fragment of SAR image of Trarza desert area (Envisat-1 ASA_GM1_1P, 2012-01-02), b — respective graphs of dependencies of σ from
local irradiation angle θ along the fragments sections. The cross-sections are made along the most uniform regions of the surface reflected at the
image where the effects of anomalously highly-directional backscattering of radio waves are visible. The more dense black color refers to the average
of the dependences of σ (θ)

the corresponding graphs of dependencies of the backscattering
coefficient σ from the local irradiation angle θ along the sections
of the fragments. The cross-sections are made along the most
uniform regions of the surface reflected on the image where the
effects of anomalously highly directed backscattering of radio
waves are observed. The more dense black color refers to the
average of the dependences of σ (θ).
Fig. 9 depicts the dependency of maximum values of ESS
coefficients (σ0) from the averaged (within ±1 m/s) near-surface wind
speed values given to the height of 1 m above the surface at the
radar images of desert area surface in Western Sahara Desert (ElDjouf, Akshar and Trarza) located in Mauritania. The graphs are
extracted for the image regions that exhibited effects of anomalously
highly-directional backscattering of radio waves (irradiated in the
direction opposite to the blowing direction of the near-surface wind).
It is clearly seen that the intensity of backscattering increases
steeply at speeds of near-surface wind of 2 m/s and higher. At the
high wind speeds, the strong dependency of the scattering
intensity from the wind speed is observed. When irradiating

towards the sandy surface in the direction coinciding (in horizontal
plane) with the wind blowing direction, the manifestations of
anomalously highly-directional backscattering of radio waves
were not observed. The value of σ0 did not exceed — 23 dB.
5. Conclusions
The article studies the experimental results of persistent multiyear (2004–2012) observations of desert regions of El-Djouf,
Akshar and Trarza in Mauritania by the means of space-borne
SAR Envisat-1.The research is aimed at identifying the specifics
of the near-surface wind impact at anomalously highly-directional
backscattering of radio waves in radar based registration of
Aeolian processes of transporting sand and dust in desert areas.
The observational data with high spatial resolution gives strong
evidences that the spatial distribution of the maximum values of
intensities of the backscattered radio waves directly correlates
with the spatial distribution of the near-surface winds. The
intensity of the backscattered radio waves (when irradiated along
the direction of near-surface wind blowing) steeply increases with
the near-surface wind speed starting from the speeds of 2 m/s
(normalized to height of 1 m above the surface). At high wind
speeds, the stable dependency of the backscattered intensity from
the wind speed is confirmed. This, in turn, opens the way for
development of techniques for remote parameters estimation of
Aeolian processes of transporting sand and dust based on spaceborne radar imaging. When in radar remote sensing, a sandy
surface gets illuminated in direction coinciding with the wind
blowing direction, no anomalously highly-directional
backscattering of radio waves could have been observed.
The work was carried out within the framework of the project
with ESA ID: C1F30193.
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Åîëîâ³ ïðîöåñè òðàíñïîðòóâàííÿ ï³ñêó òà ïèëó ôîðìóþòü ïîâåðõí³ âåëèêèõ òåðèòîð³é òà çàâàíòàæóþòü àòìîñôåðó ñóñïåíç³éîâàíèìè
àåðîçîëÿìè ïèëó, ùî ðîçïîâñþäæóþòüñÿ â³òðàìè íà âåëèê³ â³äñòàí³. Ïðèñóòí³ñòü àòìîñôåðíîãî ïèëó â íàâêîëèøíüîìó ñåðåäîâèù³ ïëàíåòè
ÿâëÿºòüñÿ îäíèì ³ç ôàêòîð³â, ùî âïëèâàþòü íà òåìïåðàòóðó òà êë³ìàòè÷í³ óìîâè ïðîñòîðèõ ðåã³îí³ Çåìë³. Â ðÿä³ ïðàöü àíàë³çóºòüñÿ âèÿâëåíèé
åôåêò àíîìàëüíî âóçüêîñïðÿìîâàíîãî çâîðîòíîãî ðîçñ³þâàííÿ ðàä³îõâèëü ïðè ðàä³îëîêàö³éíîìó äèñòàíö³éíîìó çîíäóâàíí³ (â ä³àïàçîí³
ëîêàëüíèõ êóò³â îïðîì³íåííÿ ïîâåðõí³ θ ≈ 31° ÷ 32°). Â òîé æå ÷àñ â ë³òåðàòóð³ â³äñóòí³ äàí³ ñòîñîâíî îñîáëèâîñòåé âïëèâó ïðè ïîâåðõíåâîãî
â³òðó íà åôåêòè ðîçñ³þâàííÿ, ÿê³ ìîæóòü áóòè âèêîðèñòàí³ äëÿ âèçíà÷åííÿ ïàðàìåòð³â åîëîâîãî òðàíñïîðòóâàííÿ ï³ñêó òà ïèëó. Â ñòàòò³
íàâåäåíî ðåçóëüòàòè àíàë³çó äàíèõ áàãàòîð³÷íîãî äîñë³äæåííÿ ïóñòåëüíèõ ðàéîí³â Åëü-Äæóô, Àêøàð ³ Òðàðçà â Ìàâðèòàí³¿ êîñì³÷íèì ÐÑÀ
Envisat-1. Ö³ëëþ àíàë³çó áóëî âèÿâëåííÿ îñîáëèâîñòåé âïëèâó ïðèïîâåðõíåâîãî â³òðó íà àíîìàëüíî âóçüêîñïðÿìîâàíå çâîðîòíå ðîçñ³þâàííÿ
ðàä³îõâèëü ïðè ðàä³îëîêàö³éíîìó äèñòàíö³éíîìó çîíäóâàíí³ ïðîöåñ³â åîëîâîãî òðàíñïîðòóâàííÿ ï³ñêó òà ïèëó â ïóñòåëüíèõ ðàéîíàõ, ùî
ìîæóòü áóòè âèêîðèñòàí³ äëÿ äèñòàíö³éíîãî âèçíà÷åííÿ ïàðàìåòð³â öèõ ïðîöåñ³â.
Äàí³ ñïîñòåðåæåíü ç âèñîêèì ïðîñòîðîâèì ðîçð³çíåííÿì ïåðåêîíëèâî ñâ³ä÷àòü, ùî ïðîñòîðîâå ðîçïîâñþäæåííÿ ìàêñèìàëüíèõ çíà÷åíü
³íòåíñèâíîñò³ çâîðîòíîãî ðîçñ³þâàííÿ ðàä³îõâèëü â³äïîâ³äàº ïðîñòîðîâîìó ðîçïîâñþäæåííþ ïðèïîâåðõíåâîãî â³òðó. ²íòåíñèâí³ñòü çâîðîòíîãî
ðîçñ³þâàííÿ (ïðè ðàä³îëîêàö³éíîìó îïðîì³íåíí³ íàçóñòð³÷ ïðèïîâåðõíåâîìó â³òðó) ñòð³ìêî çðîñòàº ïðè øâèäêîñòÿõ ïðèïîâåðõíåâîãî â³òðó
ïî÷èíàþ÷è ç 2 ì/ñ (ïðèâåäåíèõ äî âèñîòè ó 1 ì íàä ïîâåðõíåþ). Ïðè á³ëüøèõ øâèäêîñòÿõ â³òðó ñïîñòåð³ãàºòüñÿ ñò³éêà çàëåæí³ñòü ³íòåíñèâíîñò³
ðîçñ³þâàííÿ â³ä øâèäêîñò³ â³òðó, ùî äîçâîëÿº â³äïðàöüîâóâàòè ìåòîäèêè âèçíà÷åííÿ ïàðàìåòð³â åîëîâîãî òðàíñïîðòóâàííÿ ð³ñêó òà ïèëó çà
äîïîìîãîþ êîñì³÷íî¿ ðàä³îëîêàö³éíî¿ ³íôîðìàö³¿.
Êëþ÷îâ³ ñëîâà:ðàä³îëîêàö³éíå ñïîñòåðåæåííÿ, àíîìàëüíî âóçüêîñïðÿìîâàííå ðîçñ³þâàííÿ ðàä³îõâèëü, åîëîâå òðàíñïîðòóâàííÿ ï³ñêó òà
ïèëó, ïðèçåìíèé â³òåð
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Ýîëîâûå ïðîöåññû òðàíñïîðòèðîâêè ïåñêà è ïûëè ôîðìèðóþò ñòðóêòóðó ïîâåðõíîñòè îãðîìíûõ òåððèòîðèé è çàãðóæàþò àòìîñôåðó
âçâåøåííûìè àýðîçîëÿìè ïûëè, ðàñïðîñòðàíÿþùèìèñÿ âåòðàìè íà îãðîìíûå ðàññòîÿíèÿ. Ïðèñóòñòâèå àòìîñôåðíîé ïûëè â îêðóæàþùåé
ñðåäå ïëàíåòû ÿâëÿåòñÿ îäíèì èç ôàêòîðîâ, âëèÿþùèõ íà òåìïåðàòóðó è êëèìàòè÷åñêèå óñëîâèÿ îáøèðíûõ ðåãèîíîâ Çåìëè. Â ðÿäå ðàáîò
àíàëèçèðóåòñÿ âûÿâëåííûé ýôôåêò àíîìàëüíî óçêîíàïðàâëåííîãî îáðàòíîãî ðàññåÿíèÿ ðàäèîâîëí, ïðîÿâëÿþùèéñÿ ïðè ðàäèîëîêàöèîííîì
äèñòàíöèîííîì çîíäèðîâàíèè (â äèàïàçîíå ëîêàëüíûõ óãëîâ îáëó÷åíèÿ ïîâåðõíîñòè θ ≈ 31° ÷ 32°) íà ó÷àñòêàõ, ïîêðûòûõ ãëóáîêèì ïåñêîì.
Â òî æå âðåìÿ â ëèòåðàòóðå îòñóòñòâóþò äàííûå îá îñîáåííîñòÿõ âîçäåéñòâèÿ ïðèïîâåðõíîñòíîãî âåòðà íà ýôôåêòû ðàññåÿíèÿ ðàäèîâîëí,
ïðîÿâëÿþùèåñÿ ïðè ðàäèîëîêàöèîííûõ èññëåäîâàíèÿõ ýîëîâûõ ïðîöåññîâ òðàíñïîðòèðîâêè ïåñêà è ïûëè â ïóñòûííûõ ðàéîíàõ, êîòîðûå
ìîãóò áûòü èñïîëüçîâàíû äëÿ îïðåäåëåíèÿ ïàðàìåòðîâ òàêîé òðàíñïîðòèðîâêè. Â ñòàòüå àíàëèçèðóþòñÿ ýêñïåðèìåíòàëüíûå ðåçóëüòàòû
ìíîãîëåòíèõ (2004–2012 ãã.) èññëåäîâàíèé ïóñòûííûõ ðàéîíîâ Ýëü-Äæóô, Àêøàð è Òðàðçà â Ìàâðèòàíèè êîñìè÷åñêèì ÐÑÀ Envisat-1,
íàïðàâëåííûõ íà âûÿâëåíèå îñîáåííîñòåé âîçäåéñòâèÿ ïðèïîâåðõíîñòíîãî âåòðà íà àíîìàëüíî óçêîíàïðàâëåííîå îáðàòíîå ðàññåÿíèå
ðàäèîâîëí, ïðîÿâëÿþùååñÿ ïðè ðàäèîëîêàöèîííûõ èññëåäîâàíèÿõ ýîëîâûõ ïðîöåññîâ òðàíñïîðòèðîâêè ïåñêà è ïûëè â ïóñòûííûõ ðàéîíàõ.
Äàííûå íàáëþäåíèé ñ âûñîêèì ïðîñòðàíñòâåííûì ðàçðåøåíèåì óáåäèòåëüíî ñâèäåòåëüñòâóþò, ÷òî ïðîñòðàíñòâåííîå ðàñïðåäåëåíèå
ìàêñèìàëüíûõ çíà÷åíèé èíòåíñèâíîñòè îáðàòíîãî ðàññåÿíèÿ ðàäèîâîëí ñîîòâåòñòâóåò ïðîñòðàíñòâåííîìó ðàñïðåäåëåíèþ ïðèïîâåðõíîñòíîãî
âåòðà. Èíòåíñèâíîñòü îáðàòíîãî ðàññåÿíèÿ ðàäèîâîëí (ïðè ðàäèîëîêàöèîííîì îáëó÷åíèè íàâñòðå÷ó ïðèïîâåðõíîñòíîìó âåòðó) ðåçêî
âîçðàñòàåò ïðè ñêîðîñòÿõ ïðèïîâåðõíîñòíîãî âåòðà íà÷èíàÿ ñî çíà÷åíèé â 2 ì/ñ (ïðèâåäåííûõ ê âûñîòå 1ì íàä ïîâåðõíîñòüþ). Ïðè áîëüøèõ
ñêîðîñòÿõ âåòðà íàáëþäàåòñÿ óñòîé÷èâàÿ çàâèñèìîñòü èíòåíñèâíîñòè ðàññåÿíèÿ îò ñêîðîñòè âåòðà, ÷òî ïîçâîëÿåò îòðàáàòûâàòü ìåòîäèêè
îöåíêè ïàðàìåòðîâ ýîëîâîé òðàíñïîðòèðîâêè ïåñêà è ïûëè ïî êîñìè÷åñêîé ðàäèîëîêàöèîííîé èíôîðìàöèè. Ïðè îáëó÷åíèè ïåñ÷àíîé
ïîâåðõíîñòè âñëåä âåòðó ïðîÿâëåíèé àíîìàëüíî óçêîíàïðàâëåííîãî îáðàòíîãî ðàññåÿíèÿ ðàäèîâîëí íå íàáëþäàëîñü.
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