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The size distribution function for aerosol particles, generated on the underlying surface by 
sand-wind flow, is reconstructed from the measured fluctuations in the arid aerosol microstructure in 
a deserted area. An estimate for the threshold wind velocity is obtained for the case when submicron 
and coarse-dispersed aerosol is carried out from the underlying surface. 
 

Introduction 

Earlier measurements of fluctuations in 
differential number concentrations of aerosol particles 
in the arid coastal region of Aral Sea1–3 made it 
possible to reconstruct the microstructure of aerosol 
components, generated on the underlying surface 
under effect of the sand-wind flow, in a size range 
0.3–1.6 μm.4–6 In this paper, we reconstruct the size 
distribution function for the above-mentioned aerosol 
component in a range 0.5–5.0 μm from the 
measurement data on fluctuations in the aerosol 
microstructure in August, 2007 in Kharabali site of 
Astrakhan Region7,8 (the nature reserve “Berli 
Peski”). Fluctuations in the aerosol microstructure 
were compared with turbulent pulsations of wind 
velocity components.9 

Instrumentation 

Fluctuations in differential number 
concentrations of aerosol particles were measured 
with the optoelectronic particle counter OEAC-05 
designed at L.Ya. Karpov Scientific Research 
Institute of Physical Chemistry and registered in the 
Russian State Register of Measurement Tools 
(RU.Å.31.002.À No. 134713047/1). Table 1 presents 
numbers of the counter channels, range boundaries, 
and average diameters of particles in the channels.  
 The measurement range for number 
concentration of aerosol particles was between 1 and 
103 particles/cm3 in all above-mentioned channels. 
The limit of accessible relative measurement error for 
the number concentration of aerosol particles (at the  
 

number of measured particles in each channel not less 
than 100) was ± 20%. The particle counter was 
controlled by a PC: the measurement interval and the 
number of series were the input data. The 
measurements were recorded to a hard disc and 
displayed in the real-time mode. The number 
concentrations were averaged over nine-second 
intervals. The length of the averaging interval was 
chosen based on the compromise between a 
sufficiently high time resolution and statistical 
resources for the measured concentrations (for more 
detail see Ref. 11). 

The particle counter was mounted at a height of 
1 m, and the air intake was oriented toward the air 
flow. At a distance of about 10 m from the counter, 
two acoustic meteorological stations, Meteo-2M 
(made at Institute of Atmospheric Optics, Tomsk) 
and Metek were mounted at a height of 2 m, which 
recorded three components of wind velocity and air 
temperature with a time resolution of 0.1 sec. 

Discussion 

Fluctuations of aerosol differential number 

concentrations  

The microstructure and differential number 
concentrations of the arid aerosol were measured in 
August, 2007 in a sandy arid territory (Astrakhan 
Region). A bounded sandy area (about 100 × 150 m) 
was chosen for measurements, aiming at more reliable 
separation of contributions of two aerosol 
components: the background one and generated by 
the wind-sand flow on the underlying surface. 

 

Table 1. Specifications of the particle counter OEAC-05 and characteristics of arid aerosol 

Channel number 1 2 3 4 5 6 

Size ranges, μm 0.5–0.7 0.7–1.0 1.0–1.5 1.5–2.0 2.0–3.0 3.0–5.0 

Average diameter, μm 0.6 0.85 1.25 1.75 2.5 4.0 

Background distribution, cm–3
 ⋅ μm –1 2.5 0.73 0.25 0.12 0.05 0.02 

Distribution of a generated  
aerosol component, cm–3

 ⋅ μm –1 0.86 0.73 0.26 0.20 0.07 0.02 

Correlation coefficient *

iρ  0.912 0.964 0.958 0.948 0.907 0.881 
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Figure 1 presents the turbulent pulsations (time 
averaging is 1 sec) of the wind velocity modulus 
(curve 1) and fluctuations of the total concentration 
N of arid aerosol with sizes more than 0.5 μm (2), 
measured in August 14, 2007.  

 

 
Time, h : min 

Fig. 1. Fluctuations of the horizontal wind velocity 
modulus (1) and number concentration of aerosol particles, 
whose sizes are more than 0.5 μm (2) according to the 
measurements on August 14, 2007 in the natural reserve 
“Berli Peski,” Astrakhan Region (I, II, III, and IV are 
distinguished gusts and aerosol spikes). 

 
According to our measurements, the results are 

typical for arid territories of Kalmykia and Astrakhan 
Region at an average wind velocity of less than 7–
8 m/sec. The average wind velocity at a height of 
2 m in the considered period was 4.6 m/sec. 

According to classification proposed in Ref. 1, 
the spiking regime of fluctuations in the aerosol 
microstructure took place during the considered 
period, which was due to the spiking regime of 
aerosol generation on the underlying surface under 
action of a sand-wind flow.4,6,10–12  

Figure 1 illustrates a typical situation under 
wind drift of submicron and coarse-dispersion aerosol 
from deserted territories.2,6 It is easy to see that 
aerosol spikes are observed at gusts. In Fig. 1 the 
strongest gusts and corresponding spikes of the 
aerosol number concentrations are marked (I, II, III, 
and IV). Between the spikes, the number 
concentration of aerosol particles remains almost 
constant. Under conditions of our experiment, it is 
determined by the background aerosol component. 
Statistical characteristics13 of variation of particle 
concentration N were calculated. For the case, 
presented in Fig. 1, the mean concentration of 

particles N  turned to be equal to 1350 dm–3 at the 
standard deviation σ = 700 dm–3. The empiric 
distribution function (EDF) for N (Fig. 2) has a 
distinct asymmetry  

 1 3 3

k kA n N N
− −

= σ − =∑ ( ) 2.75  

and a comparatively high excess13,14 

 1 4 4
3 k kE n N N

− −

= − + σ − =∑ ( ) 9.06.  

In the first approximation, EDF for N (Fig. 2) can 
be represented as a sum of two lognormal 
distributions13 
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where p is the approximating distribution of 
probabilities. 
 

 
Fig. 2. The empiric distribution function w(1), the first (3) 
and second (4) modes, and total (2) approximating 
distribution for the logarithm of number concentration of 
particles, whose size exceeds 0.5 μm, according to the data 
of measurements on August 14, 2007 in the natural reserve 
“Berli Peski,” Astrakhan Region. 

 

Analysis of measurements of fluctuations in the 
aerosol microstructure shows that the differential 
number concentrations of particles Ni (i = 1÷6) of 
submicron and coarse-dispersed aerosol in size range 
from 0.5 to 5.0 μm fluctuate synchronically. This 
agrees with the earlier results for the particle size 
range 0.3–1.6 μm.1 As an example, figure 3 presents 
the measurement results on differential number 
concentrations of particles for the size range 0.5–
0.7 (curve 1) and 1.0–1.5 μm (2).  

We calculated the matrix of the correlation 
coefficients ρ1k (Table 2) between variations of 
number concentration of particles in different size 
ranges. In particular, coefficients ρ1k of correlation 
between the particle concentration in the first 
channel and the concentrations of particles in other 
channels vary within 0.747–0.835 (see Table 2). 

Correlation coefficients *

iρ  of differential 

number concentrations Ni with total concentration N 
(particle size is larger than 0.5 μm) are even larger: 
0.881–0.964 (see Table 1). The observed correlation 

coefficients ρ1k and *

iρ  can be even larger if to use 

counters of aerosol particles with countable volume 
optimized in parameters of statistical support of 
measurements  of  the  aerosol  number  concentrations. 
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Fig. 3. Fluctuations of number concentrations of aerosol 
particles of 0.5–0.7 μm (1) and 1.0–1.5 μm (2) according 
to the measurement data on August 14, 2007 in the natural 
reserve “Berli Peski,” Astrakhan Region (3 is the 
background aerosol concentration). 

 

Table 2. Coefficients of correlation between differential 
number concentrations of aerosol particles 

Size ranges, μm 0.7–1.0 1.0–1.5 1.5–2.0 2.0–3.0 3.0–5.0

0.5–0.7  0.835 0.826 0.821 0.776 0.747 

0.7–1.0  1 0.912 0.899 0.851 0.823 

1.0–1.5  1 0.906 0.858 0.843 

1.5–2.0    1 0.859 0.844 

2.0–3.0     1 0.818 

 

A high correlation between fluctuations in 
concentrations of different particles points to 
synchronous generation of submicron and coarse-
dispersed particles up to 5 μm in a sand-wind flow.1  
 

Distribution functions for the background 
aerosol and the aerosol, generated on the 

underlying surface 

If the aerosol microstructure fluctuations are 
measured at bounded deserted (sandy) areas, the 
concentration of submicron and coarse-dispersed 
aerosol particles is determined almost solely by the 
background component of aerosol. Parameters of this 
component vary within narrow limits in our case  
(see Figs. 1 and 3). So the differential number 

concentrations of background aerosol b
iN  may be 

treated as constant in the considered period. In 
particular, line 3 in Fig. 3 determines the background 
level of concentration for aerosol particles with 0.5–
0.7 μm in size. Thus, the relation  

 = −

g b( ) ( ) ,i ii
N t N t N  (1) 

where t is time, yields particle differential number 
concentrations of aerosol generated on the underlying 
surface. 

Figure 4 presents the particle size distribution 
function gb(D), which was obtained by us (curve 1). 

 It can be satisfactorily approximated by the 
power function  

 ( )* ( ) / ,
ν

=

b

0b bg D C D D  (2) 

where Ñb is a constant and D0 = 1 μm. The index of 
the power νb is equal to – 2.50 in our case. The 

approximating function ( )*

bg D  (2) for the background 

component of aerosol underestimates the concentration 
of particles within a size range 0.5–0.7 μm as 
compared to the observed distribution (see Fig. 4). 
Possibly, it cannot be extrapolated to the submicron 
range of particle sizes less than 0.5 μm. The values of 
gb(D) for six size intervals are presented in Table 1. 
 

 
Fig. 4. Particle size distribution function for the 
background component of arid aerosol in size range 0.5–
5.0 µm (1) according to the data of measurements on 
August 14, 2007 in Kharabali, Astrakhan Region (the 
natural reserve “Berli Peski”) and the approximating power 
distribution (2) with an index of –2.5. 
 

The particle size distribution functions for the 
aerosol component gg(D), generated on the 
underlying surface, were determined separately for 
four spikes marked in Fig. 1 (I, II, III, and IV). The 
distribution function averaged by these spikes is 
presented in Fig. 5 (curve 1), and Table 1 presents 
the values of this function in the above-mentioned 
ranges of particle sizes. Note that the total length of 
spikes reaches 40–45% of the total length of the 
analyzed realization. This distribution can be 
approximated with a satisfactory accuracy by the 
power function (curve 3 in Fig. 5): 

 
ν

⎛ ⎞
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⎝ ⎠

g

*
g g

0

( ) ,
D

g D C
D

 (3) 

where . .ν = −g 2 25   

In each of the four spikes, time intervals of 2–
3 min with maximal concentrations of aerosol 
particles (outliers) were discerned. The particle size  
distribution gg(D) averaged by these outliers is 
represented by the curve 2 (see Fig. 5). It is seen that 
the shape of the distribution is qualitatively similar 
to the distribution 1. However, the index of the 
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approximating power function ( )*
gg D  (curve 4 in 

Fig. 5) is equal to– 2.17, which is larger than the 
corresponding index for the previous function (curve 3 
in Fig. 5).  

 

 
Fig. 5. Particle size distribution function for the arid 
aerosol component, generated on the underlying surface in  
size range of 0.5–5.0 µm (according to the measurement 
data on August 14, 2007 in Kharabali district, Astrakhan 
Region): average by four spikes (1) and average  
by four maximal spikes (2). Approximating power spectra 
have indices of – 2.25 (3) and – 2.17 (4). 

 

The available data are still insufficient to 
understand the influence of wind velocity on the 
function gg(D).15–24 So, to estimate microstructure 
parameters of the aerosol generated on the underlying 
surface, we use the data obtained for the “wide” 
spikes (see Table 1 and curve 1 in Fig. 5). Naturally, 
the proposed power approximation ( )*

gg D  noticeably 
distorts the distribution gg(D) in the submicron 
range of particle sizes. If necessary, the observed 
distribution function gg(D) can be approximated by a 
sum of two or three lognormal distributions. This 
makes it possible to represent the observed extremes 
of gg(D). It follows from the above-stated that the 
most significant difference between gg(D) and gb(D) 
is in peculiarities of their time variations. 

Wind effects on aerosol generation 

As is seen from Fig. 1, spikes of aerosol 
concentration are observed at gusts. It should be 
noted that concentration and vertical flows of the 
mineral aerosol at arid territories are comparable 
with the average wind velocity or dynamic velocity,18 
which characterizes the turbulence regime during a 
sufficiently long time interval, with characteristics of 
the saltation process of sand particles.11, 12, 15 To 
understand the mechanisms of aerosol generation on 
the underlying surface, it is necessary to compare 
fluctuations of aerosol parameters with turbulent 
pulsations of wind velocity components and the air 
temperature.4–6,10,16,17 

In particular, it is not difficult to estimate the 
threshold velocity of aerosol generation on the 
underlying surface from data on synchronous 
measurements of fluctuations of the aerosol 
microstructure and turbulent pulsations of wind 
velocity. According to Fig.1, it was about 5 m/sec in 
the period of measurements.  

In this paper we presented the measurements of 
aerosol microstructure, obtained in convective 
conditions. This, in particular, follows from Fig. 6, 
which shows the power density spectrum for 
fluctuations of wind velocity modulus (1), computed 
by measurements on August 14, 2007. 

 

 
Fig. 6. Spectral power density of wind velocity module (1) 
by measurements on August 14, 2007: the boundary of 
turbulence regimes (4); approximating power spectra (2), (3).  

 

The observed spectrum S(V) can be 
satisfactorily approximated by a piecewise-power 
function, whose components are matched at a 
frequency f0 of about 0.07 Hz (curve 4 in Fig. 6). In 
the frequency range ƒ > ƒ0 the power index of the 
approximating function (curve 2 in Fig. 6) is about 
5

3
− , what takes place for locally isotropic 

turbulence.18 At low frequencies (f < f0), the power 
index of the approximating function is about – 0.9 
(the straight line 3), what is characteristic for 
convective conditions. In the low frequency range in 
Fig. 6 some maxima or convective modes19 are 
discerned rather clearly. This is usually connected 
with quasi-periodical (coherent) vortex structures5,20–22 
or cell convection.10,17,23  

Conclusion 

1. Fluctuations of the submicron and coarse-
dispersed aerosol microstructure, as well as turbulent 
pulsations of wind velocity components were 
measured at a deserted territory in Kharabali, 
Astrakhan Region.  

2. Differential number concentrations of arid 
aerosol particles vary synchronously in size range of 
0.5–5.0 µm. 



A.V. Karpov Vol. 21,  No. 10 /October  2008/ Atmos. Oceanic Opt.   737 
 

 

3. For the spiking mode of aerosol generation on 
the underlying surface, particle size distribution 
functions were retrieved for background aerosol and 
for aerosol, generated on the underlying surface 
under action of sand-wind flows. 

4. The spikes of differential number 
concentrations of aerosol are shown to be caused by 
wind gusts. According to the data of measurements in 
the natural reserve “Berli Peski,” the threshold 
velocity of aerosol generation is approximately equal 
to 5 m/sec. 

5. Turbulent pulsations of the wind velocity 
modulus during measurements of fluctuations of the 
arid aerosol microstructure in the frequency range 
less than 0.07 Hz are shown to be determined by 
convective motions. 
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