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AIR POLLUTION FIELD STRUCTURE IN THE INDUSTRIAL CITY’S ATMOS-
PHERE: NEW DATA ON STOCHASTICITY AND CHAQOS EFFECTS

An improved theoretical scheme for sensing temporal and spatial structure of the air pollution fields in
the industrial city’s atmosphere is considered and applied to an analysis of the Odessa atmosphere aero-
sol component data. Effects of stochasticity and chaotic features in the dusty air pollution field structure

are discovered on the basis of the correlation dimension approach to empirical data.
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1. Introduction.

This paper goes on our work on complex studying temporal and spatial structure of the
air pollution fields in the industrial city’s atmosphere on the basis of new modern powerful
non-linear analysis tools, which include advanced techniques such as a wavelet analysis, mul-
ti-fractal formalism, mutual information approach, correlation integral analysis, false nearest
neighbour algorithm, the Lyapunov exponent’s (LE) analysis, and surrogate data method, sto-
chastic propagators formalism, memory functions methods and others (see, for details, [1,2]).
Let us remind [2,3] that carrying out new, effective schemes for sensing air pollution field
structure in atmosphere in general and atmosphere of industrial cities in particular is one of
the most actual and complex problems of modern atmosphere and environmental science (see
also [3-20]). A great number of different experimental methods are used in studying the at-
mosphere pollution. Besides standard physical-chemical analysis, in last years a great interest
attracts using laser emission analysis schemes. They are based on using different linear and
non-linear optical phenomena. In particular, an effect of the low threshold laser clamp on the
solid ingredients of the disperse medium [1-3]. This effect is technically realized in real at-
mosphere on the distances of hundred meters from emitter. As emitters the pulsed laser (CO»,
HF, DF etc.) are used. Generating the optical emission spectra, electric and magnetic pulses
and also acoustical emission follows the distant laser clamp. Within scheme of the distant
spectral chemical analysis laser source must provide evaporation of the aerosol component
(soil particles, products of the metallurgical and other productions, organic substances etc.)
and exciting intensive emission spectra in the corresponding vapours simultaneously. Here it
is arisen a class of tasks, connected with studying the key features of the corresponding aero-
sol components. In last years it has been shown that the aerosol particles are created in many
natural processes (coagulation of the smoke particles, clusters in the clouds, ceramic materials
etc.). and possessed by the fractal structure.

In this paper we present the results of detailed studying temporal and spatial structure of
the air pollution fields in the industrial city’s atmosphere using the last advanced data on the
atmosphere dusty till 2007 year) [1]. The first task is to carry out studying the key features of
the air pollution fields in the industrial city’s atmosphere, in particular, on the basis of the cor-
relation dimension approach to empirical data. In result, it has been rediscovered and im-
proved the data on the effects of stochasticity and fractal elements in the dusty air pollution
field structure of Odessa city.

2. Non-linear multi-fractal analysis approach.

As it has been earlier noted [1,4,8], an atmosphere as many other physical, geophysical,
biological systems (and the dynamics of their key characteristics fluctuations) can be de-
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scribed as a mechanical dissipative multi-level system, which are fundamentally non-linear. It
is well known that the similar dynamical dissipative systems very often have parameter rang-
es, in which the dynamics is chaotic. Non-linear systems typically have a long-term behav-
iour, which is described by an attractor in phase space. At the same the chaotic dynamics in
details is often unknown. It is well known that an attractor is called strange attractor if its di-
mension is non-integer, i.e. fractal. Non-linear systems of fractal objects like interfaces or
time-series is their scaling property related to invariance under magnification. For uniform
fractals one-fractal exponents, the so-called fractal dimension, uniquely describe the scaling.
For non-uniform fractals one must say about multi fractal dimension spectrum. This phenom-
enon was discovered in many systems (c.f.[1-8]).

As the key methods of the modern non-linear-analysis technique has been in details pre-
sented earlier here, we are limited only the key elements of the multifractal approach to de-
termination of the spatial structure of the dusty air pollution fields in the industrial city at-
mosphere. The presence of chaos in the dusty air pollution dynamics is investigated by em-
ploying the correlation dimension method (c.f.[1]). The correlation dimension is a representa-
tion of the variability or irregularity of a process and furnishes information on the number of
dominant variables present in the evolution of the corresponding dynamical system. It can in-
dicate not only the existence of chaos in the air pollution variability process, if any, but also
reveal whether the process is deterministic or stochastic, if not chaotic.

The correlation dimension method uses the correlation integral (or function) to distin-
guish chaotic and stochastic systems. The Grassberger-Procaccia algorithm [3] employed in
the present study for estimating the correlation dimension of the dusty air pollution series, us-
es the concept of phase-space reconstruction. For a scalar time series X i , where i =1, 2, ...,
N, the phase-space can be reconstructed using the method of delays, according to [4,8]

Y =X, X, Xjsats ooy Xjrm-1)t ) 1)

where j = 1, 2, ...., N-(m-1)t/Dt; m is the dimension of the vector Y j , also called the embed-
ding dimension; and t is a delay time.
For an m-dimensional phase-space, the correlation function C(r) is given by [10,11]

: 2
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Here H is the Heaviside step function, with H(u) = 1 for u > 0, and H(u) = 0 for u<0, where u
=r-Y i-Yj|; r is the radius of sphere centred on Y j or Y j and 1<i<j<N.

If the time series is characterised by an attractor (a geometric object which characterises the
long-term behaviour of a system in the phase-space) then, for positive values of r, the correla-
tion function C(r) is related to the radius r by: C(r) ~ar", where a is constant and n is the cor-
relation exponent or the slope of the log C(r) versus log r plot given by

_ im0 <) @3)
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The slope is generally estimated by a least-squares fit of a straight line over a certain range of

r, called the scaling region. The presence/absence of chaos can be identified using the correla-

tion exponent versus embedding dimension plot. If the correlation exponent saturates and the

saturation value is low, then the system is generally considered to exhibit low-dimensional

Ykpaincbkuii rigpomereoposaoriynuii xxypHan, 2014, Nels 23



Bunyakova Yu.Ya.

chaos. The saturation value of the correlation exponent is defined as the correlation dimension
of the attractor.

The nearest integer above the saturation value provides the minimum number of varia-
bles necessary to model the dynamics of the attractor. On the other hand, if the correlation
exponent increases without bound with increase in the embedding dimension, the system un-
der investigation is generally considered as stochastic.

3. Results and conclusions.

We present the advanced results of the applying correlation dimension method to an
analysis of the Odessa atmosphere aerosol (dusty) air pollution data and sensing the effects of
stochasticity and fractal features in the air pollution field structure. As a first step, the present
study investigates the dusty air pollution variability series of different (temporal) scales. Data
of four different temporal scales, i.e. daily, 1-week, 0,5-month, and 1-month, over a period of
about 20 years observed at the Odessa city are analysed (independently) to investigate the ex-
istence of stochasticity (chaos). The underlying assumption is that the individual behaviour of
the dynamics of the processes at these scales provides important information about the dy-
namics of the overall dusty air pollution transformation between these scales. More specifical-
ly, if the dusty air pollution variability processes at different scales exhibit chaotic behaviour,
then the dynamics of the transformation between them may also be chaotic.

Figure 1 shows the variation of the air pollution dusty component series at the Odessa
city from 1976 till 200 years. Statistics of the Odessa dusty air pollution data is as follows:
Statistics of signal <Dust>: number of data points: 3324; sample distance: 1Dust; Min. Value
0.1 at 202Dust , and Max. Value 2.5 at 65Dust; mean: 0.549012; median: 0.4; standard Dev.:
0.396051; mean abs. dev.: 0.307072; variance: 0.15685772; skewness: 1.60913; kurtosis:
2.6079;center of Mass: 113.502Dust; Integral: 177.88Dust; Absolute integral: 177.88Dust;
Linear Regression: y-offset: 1.0355 slope: -0.00301231Dust. The correlation functions and
the exponents are computed for the four series. The delay time, t, for the phase-space recon-
struction is computed using the auto correlation function method and is taken as the lag time
at which the auto correlation function first crosses the zero line.
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Figure 1 - Air pollution dusty component series at the Odessa city from 1976 till 2005 years

For the daily air pollution dusty component series, figure 2 shows the relationship be-
tween the correlation integral, C(r), and the radius, r, for embedding dimensions, m, from 1 to
10. For all the series, the correlation exponent value increases with the embedding dimension
up to a certain dimension, beyond which it is saturated; this is an indication of the existence of
deterministic dynamics. More exact saturation values of the correlation exponent (or correla-
tion dimension) for the four daily air pollution dusty component series are respectively, 2.76,
3.45, 4.18, and 5.96.
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Figure 2 - The relationship between the correlation dimension and embedding dimension

As one could wait for, the finite correlation dimensions obtained for the four series in-
dicate that they all exhibit chaotic behaviour. The presence of the deterministic chaos ele-
ments at each of the four studied scales suggests that the dynamics of transformation of air
pollution dusty component between these scales may also exhibit chaotic behaviour. This, in
turn, may imply the applicability (or suitability) of a chaotic approach for transformation of
the air pollution dusty component data from one scale to another. Conclusion is to be obvious.
Namely, the found features allow making conclusion about fractal properties of the dusty air
pollution component series, as it has been earlier indicated in [1,4,8]. Surely, besides purely
theoretical fundamental essence this effect should be used in carrying out the modern laser
emission sensor technologies [18].
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CtpykTypa nojs 3arpsisHeHus arMocgepbl NPoMbILILIeHHOT0 ropoaa: Hosble n1anHble 0 3¢pdexTam cro-
XACTHYHOCTH M Xaoca

Bynskosa 10.41.

Paccmompena ynyuwennas meopemuueckas cxema 6bl4UCIEHUA NPOCMPAHCMEEHHO-6PEMEHHOU CIMPYKIMYPbl
noneil 3azpA3HeHUs 8030yxXa 6 ammocgepe npomviuiienno2o 20poda. Cxema npomecmuposana Ha OAHHBIX NO
aspo3onvHbiM 8368ecam 6 ammocepe 2. Odeccvl. Ha ocnose ananuza smnupudeckux OaHHbIX 6 pamMKax Memood
KOpPenayuoOHHOU pasmMepHOCUY 6bIAGIEHbL COXACMUYHOCYb U dIhdeKmbl Xaoca 6 OUHAMUKe U CIMPYKMype noJis
3azpA3HenUs ammochepsbl RPOMBIULEHHO20 20pOJa.

Knrwouegvie cnosa: 3azpsasnenue 6030yxa, NPOMbIUIEHHII 20p00, KOPPENAYUOHHASA PASMEPHOCHb, CHIOXACMUY-
HOCMb, XA0C

CTpykrypa nojs 3adpyaHeHnsi armochepu npomuciaosoro micta: Hosi nani no epexram croxactuunicri
i xaocy

Bynskosa 10.51.

Pozenanymo noxpaweny meopemuuny cxemy 00YUCIEHHS NPOCMOPOBO-HACOB0I CMPYKMYPU NOI6 3a0pYOHEHHS
nosimps 6 ammocepi npomuciosozo micma. Cxemy npomecmosano Ha OAHUX NO AePO3OTLHOMY NULY 8 AMMO-
cepi m. Odecu. Ha niocmagi ananizy eMnipuyHux OaHux 6 Mexcax Memooy KopelayiiuHol po3mMipHoCcmi gusieiie-
HI cmoxacmuyHicme ma egexmu xaocy y OUHAmMiyi i cmpykmypi nojs 3a0pyOHeHHs. ammoc@epu RPOMUCTIOB020
Mmicma.

Knrouosi cnosa: 3a0pyonenus nogimps, npomMucioge Micmo, Kopeaayiliha po3MipHiCMb, CIMOXACMUYHICMb, XA0C
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