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Dynamics of time variations of the air pollutants (dioxide of nitrogen, sulphur etc) concentrations in an
atmosphere of the ukrainian industrial cities (Mariupol) with using advanced non-linear analysis, predic-
tion and chaos theory methods is studied.
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The present paper concerns the results of the research for dynamics of variations of the
atmospheric pollutants (dioxide of nitrogen, sulphur etc) concentrations in an air basins of the
large ukrainian industrial cities by using the non-linear prediction and chaos theory methods
[1-12]. A chaotic behaviour in the nitrogen dioxide and sulphur dioxide (sulphurous anhy-
dride) concentration time series at several sites in the Mariupol city numerically investigated.
Using the non-linear prediction and chaos theory methods includes the chaos tests, recon-
struction of the corresponding attractors, determination of the time delay and embedding di-
mension. The former is provided by using the methods of autocorrelation function and aver-
age mutual information. Besides, during the total investigation one should use the correlation
dimension method, an algorithm of false nearest neighbours, the Lyapunov’s exponents anal-
ysis and determination of the Kaplan-Yorke dimension and Kolmogorov entropy etc
[1,3,9,13-19]. Under availability of an existence of the low-dimensional chaos in the studied
system, it would be possible the further short-terminal forecast of the atmospheric pollutants
fluctuations dynamics.

As a useful indications regarding the topics studied, let us remind about satisfactory re-
sults during investigation of the time fluctuation dynamics, for example, for Oz concentra-
tions in Cincinnati (Ohio) and Istanbul, when it has been proved the chaotic feature of the cit-
ed dynamics [20,21].

In ref. [14] there is an analysis of the NO,, CO, O3 concentrations time series in a
Gdansk region and it has been definitely received an evidence of chaos. Further it has been
developed principally new effective approach to a short-range forecasting the atmospheric
pollutants fluctuation dynamics using non-linear prediction method. These studies show that
a chaos theory methodology can be successfully applied to investigation of the air pollution
dynamics in atmosphere of the industrial cities. At the same time, one could remember about
the fact that not all time series of concentrations are always chaotic, and, as a rule, the avail-
ability of chaotic behaviour for each time series should be preliminary proved.

In this paper we present the results of studying a dynamics of the time variations of the
air pollutants (dioxides of the nitrogen and the sulphur) concentrations in an atmosphere of
the ukrainian industrial cities (on the example of Mariupol) with using advanced non-linear
analysis, prediction and chaos theory methods [1-12].

In our study, nitrogen (NO,) dioxide and sulphurous anhydride (SO,) concentration data
observed at the above cited Ukrainian industrial cities (Mariupol) from 1985 till 2004 years.
There are eight and five sites (N8-N20) in the region of the investigated cities [1]. In our
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studying we use the multi year hourly concentrations (one year total of 20x61440 data points).
The temporal series of concentrations (in mg/m®) of the NO, and SO, are presented in figures
1and 2.
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Figure 2. The temporal series of concentrations (in mg/m?®) of the of the SO,

Table 1 summarizes the results for the time lag calculated for first 10° values of time se-
ries. The autocorrelation function crosses 0 only for the NO, time series at the site 15, where-
as this statistic for other time series remains positive. The values, where the autocorrelation
function first crosses 0.1, can be chosen as 1, but in [1] it’s showed that an attractor cannot be
adequately reconstructed for very large values of 1. So, before making up final decision we
calculate the dimension of attractor for all values in Table 1.

Table 1 - Time lags (hours) subject to different values of C, and first minima of average
mutual information,Inin, for the time series of NO, , SO at the sites of the Mariupol

Site 10
NO, SO,
C|_ =0 — —
C.=01 138 228
C.=05 6 13
Iminl 9 18

The outcome is explained not only inappropriate values of t but also shortcomings of cor-
relation dimension method [2]. If this algorithm is used, then a percentages of false nearest
neighbours are comparatively large in a case of large t. If time lags determined by average
mutual information are used, then algorithm of false nearest neighbours provides de = 6 for all
air pollutants.

Table 2 shows the calculated parameters: correlation dimension (d,), embedding dimen-
sion (dg), Kaplan-Yorke dimension (d.), two Lyapunov exponents, E(A1,A,), Kaplan-Yorke
dimension (d,), and average limit of predictability (Prmax, hours) for time series of NO,,SO, at
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sites of Mariupol (Jan.-Dec.1985). From the table 2 it can be noted that the Kaplan-Yorke
dimensions, which are also the attractor dimensions, are smaller than the dimensions obtained
by the algorithm of false nearest neighbours.

Table 2. The correlation dimension (d,), embedding dimension (dg), first two Lyapunov ex-

ponents, E(A1,A2), Kaplan-Yorke dimension (d.), and average limit of predictability (Prmax,
hours) for time series of NO,,SO; at sites of Mariupol (Jan.-Dec.1985).

Site 13 Site 13 Site 9 Site 9
NO, SO, NO, SO,
A 0.0176 0.0161 0.0185 0.0146
Ao 0.0058 0.0057 0.0045 0.0043
d, 5.31 1.65 5.29 3.53
de 6 6 6 6
do 4.12 5.08 3.97 4.68
Prmax 39 44 41 46

The presence of the two (from six) positive Lyapunov exponents A; suggests the investigated
air pollutants fluctuation temporal dynamics system broadens in the line of two axes and con-
verges along four axes that in the six-dimensional space. The time series of SO at the site 9
have the highest predictability (more than 2 days), and other time series have the predictabili-
ties slightly less than 2 days.
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YacoBa AuHaMika KOHIEHTpAaIliii 3a0pyIHIOIYNX aTMOcdepy NPOMHUCIOBUX MicT YKpaiHU peyoBUH
Cepra L.M., Bynsaxosa 10.4., I'pymeBcbkuii O.M., Hlaxman 1.O.

Buguaemosca ounamixa mumyacosux 3min Konyenmpayii 3a0pyoniouux (Oiokcuo azomy, cipku) ammocgepy
VKpaincokux npomucnogux micmax (Mapiynons) peuosun 3 UKOPUCMAHHAM Y3A2ATbHEHUX HENIHIUHUX Memooig
ananizy, npocHo3y ma meopii xaocy ..

Knwowuoei cnosa: memoou meopii xaocy, npomuciose micmo, ammocghepa, eKono2iuHuil CmaH, 4acosi psou KOH-
yenmpayiil, 3a0pYOHIOIOYE PEUOSUHU

BpemenHasi TMHAMMKA KOHIEHTPAUUiA 3arpsA3HAIIINX aTMOC(epy NPOMBILLIEHHBIX TOPO/I0B YKPanuHbI
BellecTB

Cepra U.H., Bynsikosa 10.51., I'pymeBckuii O.H., {axman U.A.

H3yuaemcs Ounamuxa 6pemeHHbIX USMEHeHUll KOHYEeHMpAayull 3a2pasHAwWux (OUOKcuo asoma, cepvl) ammo-
chepy yrkpaunckux npomvluiiennslx 20podax (Mapuynoaw) éewecma ¢ ucnoib3osanuem 0600UeHHbIX HelUHel-
HbIX Memo008 aHanu3d, NPOSHO3d U Meopul Xxaocd. .

Knrouegvie cnosa: memoovl meopuu xaocda, NpoOMbIULEHHbII 20p00, ammoc@epa, IKOL02uyecKoe CoCmosHue,
8peMeHHble PAObL KOHYESHMPayull

Yxpaincbkuii rizpomereoposoriunmii :xkypuai, 2014, Nelb 237



