EKOHOMIKA MPUPOAOKOPUCTYBAHHS | OXOPOHM AOBKIAAS]

YK 364.254:322.12

MPOrHO3YBAHHA BE3MNEKW ATMOC®EPHOIO MOBITPY
Y BEJIMKUX MICTAX YKPAIHU
FORECAST OF ATMOSPHERIC AIR SAFETY
IN BIG CITIES OF UKRAINE

Volodymyr BOYKO,

Postgraduate student,

Public Institution «Institute of Environmental Economics
and Sustainable Development of the National Academy
of Sciences of Ukraine», Kyiv

Bonogumup 6OUKO,

acnipaHt,

AepxxaBHa ycTtaHoBa «IHCTUTYT €KOHOMIKUN
npUpPOJOKOPUCTYBAHHSI Ta CTaJIOro PO3BUTKY
HauioHanbHoi akagemii Hayk Ykpainn», Knis

Y cmammi po3po6aerno memoouxy npoznosyeanns 6esnexu ammocepnozo nosimps y eenuxux micmax Yxpainu. Buxonaro npozios wooo
Oesanexu ammoceprozo nogimpsa y 7 natidinvwux micmax Yipainu na nepioo 0o 2020 p. Inpopmauiiina 6aza docniodxcenns cxnadanace 3 14
NOKA3HUKIB, 5 3 AKUX CMOCYIOMbCA KibKOCMI 6UKU0i6 WKIOAUBUX PeH06ur 8 ammocepHe nosimps, a inwi 8 6idoopascarome KoHueHmpayii

1010w nowupeHux 3a6pyo uig y nogimpi. OKpiM Ub020, 6UKOPUCMAHO NOKAZHUK iHOeKcY 3a0pyonenns ammocPepu (I13A). Ouinka piens
Geanexu nosimps 6yna nposedena y dexinoka emanie: nepuiuii — nPoeedenns ananidy euxionoi ingopmayii ma euKonanns nonepeonix po3pa-
XYHKI8; Opyeuli — PO3PAXYHOK 6a206UX KoeDiyicnmie; mpemiii — 06uucaents KoeQiyicumy Gesnexu nosimps 011 xKoxcHozo micma. Pospaxynru
noxazanu, wo 3a pienem 6esnexu Xapxie 3nauno eunepeoxrcae inui micma, oxonneni docaiovcennsam. Halieuwguii cmynino 6eanexu nosimps y
Micmi 6ye y 2008 p., a natinuscuui —y 2006 p. Ipozno3ni dani ceiduams, wio koediyicnm 6esnexu ammocdeprozo nosimps m. Xaproea npomsizom
nHacmynnux poxie cizamume 6au3vro 0,008 aéo [8*10)*(-3). Kuis, JIveie ma Odeca maioms cepedriii pisens be3nexu nosimps. B Odeci cumyauiio
3HAuHO nozipwye 6Ucoka KoHueHmpauis Popmanvoezioy 6 ammocepi, a 6 Kuesi ma Jlv6osi exonoziuni npodnemu nog’a3ami 3 nepecysHumu
ocepenamu 3aopyonenns. Huzvkuil pigens Oeanexu nosimps maiono npomucaosi zieawmu JIninponemposcok, [oneyvk i 3anopisicics. 3azpo3nuey
Cumyauiio y yux Micmax cmeoprooms NiONPUEMCMEa HOPHoOi ma Koiboposoi memanypeaii, MAWUHOOYOY8AHHA U 8Y2iNbHOI NPOMUCTIOBOCMI.

The paper deals with the method of predicting the safety of air in major cities of Ukraine. Atmospheric air safety in 7 major cities of Ukraine
is forecasted until 2020. The informational basis of the study consists of 14 indicators (indices), 5 of which are related to emissions of pollut-
ants into the air, and the other 8 represent the concentration of the most common pollutants in the air. In addition, the atmosphere pollution
index indicator (API) is used. The evaluation of the safety of the air was carried out in several stages: first — the analysis of the original
data and preliminary calculations; second — the calculation of weight coefficients; third — the computation of the air safety coefficient for
each city. The calculations have showed that by the level of safety, Kharkiv is considerably ahead of the other cities under study. The highest
degree of safety of the air was in 2008 and the lowest was in 2006. The predictive data indicate that the factor of safety of the atmospheric
air of Kharkiv in the coming years will reach about 0,008 or [8*10)*(-3). Kyiv, Lviv and Odesa have a medium level of air safety. In Odesa,
the situation is greatly worsened by the high concentration of formaldehyde in the atmosphere, and in Kiev and Lviv, the environmental
problems are associated with mobile sources of pollution. The industrial giants Dnipropetrovsk, Donetsk and Zaporizhzhia have a low level
of air safety. The threatening situation in these cities is caused by the steel and nonferrous metals, machinery and coal mining enterprises.

Air is the essential natural resource that needs protection for the life of future
generations. For Ukraine, over the past decade, the process of urbanization is firm
that increased the anthropogenic impact on the environment, particularly on the
atmospheric air. This is due to the work of industrial enterprises, social sphere,
transport and other infrastructure objects, most of which are concentrated in major
megalopolises.

The development of forecasts of the atmospheric air state is now becoming
particularly relevant, since for protection of human health and the environment
asawholeitisimportant to fight against the spread of pollutantsin the airand in the
places of their formation, and to develop and apply the most effective measures
to ensure the safety of the air. Itis the ecological forecast of different levels that allows
to develop, implement and significantly improve the effectiveness of environmental
protection measures in the air, and to avoid, prevent and reduce emissions of harm-
ful pollutants into the air.

The law of Ukraine «On Environmental Protection» includes the items on the
necessity of the development and adoption of short-term and long-term forecasting
of changes in the environment (Verkhovna Rada of Ukraine, 1991), and in the Law
of Ukraine «On Fundamental principles (strategies) of the State Environmental Policy
of Ukraine for the period till 2020~ there are key target indicators, particularly onthe
reduction of emissions into the atmosphere (Verkhovna Rada of Ukraine, 2010).

Many Ukrainian and foreign scientists have been engaged in the research of en-
vironmental safety and atmospheric air condition. A significant background in this
field of research has been prepared by B. Danylyshyn, O. Ral’chuk, A. Stepanenko
[3]and other staff members of «The Institute of Environmental Economics and Sus-
tainable Development of NAS of Ukraine», Z. Gerasymchuk [4], M. Zgurovskyi [5],
[6], F. W. Stolberg [7], who investigated the environmental and natural-antropogenic
safety of cities and regions.

Among recent foreign works it is important to note the research of European
scientists in the paper entitled «Green City Index. Europe» [10], the report of the
UN - Habitat «State of the World’s Cities 2012/2013» [10], as well as reports of the
European Environment Agency «Annual report 2012 and Environmental statement
2013» and «Air quality in Europe - 2012 report» [8].

Formulation of research objectives. The aim of the paper is to develop the
methodology of forecasting and assessing the safety of the atmospheric air in big
cities of Ukraine on the basis of the comprehensive analysis of its current state.

The informational basis of the study consisted of 14 indicators (indices), 5 of
which are related to emissions of pollutants into the air, and the other 8 represent the
concentration of the most common pollutants in the air. In addition, the atmosphere
pollution index indicator (API) is used (Table 1).

For the calculation and forecast of the atmospheric air safety first of all it is
necessary to calculate predictive values for 14 indicators for the selected period.
The method of trend lines has been used for this. The equation of the trend can be
described by a wide range of dependences, in particular:

Ulinear- y=a, +at

Q power - y =a,t*;

Q logarithmic - y =log, x ;

O index- y =a,ay;

Q exponential - y = a,/**~* and others.

In our opinion, the most reliable data are obtained from the equation of step
functions. Upon obtaining all the necessary predictive values, the assessment of
the safety of the atmospheric air in major cities of Ukraine has been calculated.

The assessment of the environmental safety of the atmospheric air is a complex
process and involves many aspects that cannot be expressed by only one index. There-
fore, the researchers use a system of indices to calculate the final index of the air safety.
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Table 2. Dynamics of air safety coefficient in major cities of Ukraine*

safety of the atmospheric air of Kharkiv in
the coming years will reach about 0,008 or 8.

City 2004 2006 2008 2010 2012 2014 2016 2018 2020 Kyiv, Lviv and Odesa have a medium
Dnipropetrovsk i ituation i
prop 262910 2| 3.6310 2| 3.07+10 2 | 3.83%10 2| 417010 2 | 3,78 10 2| 3.79 10 2 | 3.80 %10 2| 3.85+10 2| level of air safety. InOdes_a, theS|tuat|0r_1 is
Donetsk greatly worsened by the high concentration
onets 482"]072 422"1072 505*]072 520*1072 457*1072 499"1072 499"1072 489*1072 477*1072 i i
) : . . . . . . ) of formaldehyde in the atmosphere, and in
Zaporizhzhia o o o o 2 2 o o 5| Kievand Lviv, the environmental problems are
3,77 * 10 4,77 *10 4,12*10 4,27 *10 3,73*10 3,86 * 10 3,89 %10 3,91*10 3,96 * 10 . . X .
K associated with mobile sources of pollution.
y 222410 2| 2,58%10 2| 2,12%10 2 [2,23%10 72 | 2,88 %10 2| 2.65%10 2 |2.64%10 2 2,64 %10 "2 | 2,70 %10 The industrial giants Dnipropetrovsk,
Lviv o o - o - - - S _,| Donetsk and Zaporizhzhia have a low level
2,40 * 10 1,94 * 10 2,10 *10 1,25*10 1,43*10 2,28 *10 2,35*%10 2,36 * 10 2,32*%10 . . . . .
% of air safety. The threatening situation in
esa e e
3,23*10 -2 2,69 * 10 -2 2,92*10 -2 2,83*10 -2 3,03*10 -2 3,16 * 10 -2 3,08 *10 -2 2,98 * 10 -2 2,84 %10 ~2|  these cities is caused by the steel and non-
Kharkiv 73 3 73 73 73 5 ; 5 | ferrous metals, machinery and coal mining
8,77 * 10 9,87 * 10 4,83 *10 7,66 * 10 6,97 * 10 8,07 * 10 8,00 * 10 7,93 *10 7,87 * 10 enterprises.
* — the lower the value is, the higher level of safety is.
The evaluation of the safety of the air was carried outin several stages: first - the CONCLUSIONS

analysis of the original data and preliminary calculations; second - the calculation of

weight coefficients; third - the computation of the air safety coefficient for each city.
Atthe first stage the standardization of indices, i.e. the transition from absolute

to relative indices was made based by the following formula:

_ Xn B Xmin

norm — ’

Xmax _Xmin

X (1)
Where X - normalized index;
X - the absolute index for which the normalized value is determined;
X, X —minimum and maximum value for the corresponding content
indicators.

At the second stage weight coefficients for each indicator were calculated, as
a particular indicator may have a different impact on the object under study. The
weight coefficients were calculated using software IBM SPSS using factor analysis.

In determining the weight coefficient the following data were used: matrix of
components of factor analysis and their modular values, the table of explained total
variance (value % of variance), and the calculated data of factors from matrix of
components and the impact of each factor.

The factors of the matrix of components for each indicator were calculated

using the formula:
X Yo .
Fjy = -0

100
where, X ;, - module from the matrix of components;
Yy - % of variance.

(2)

Inturn, the calculation of the factorimpact (£, ) for eachindicatoris defined
as the sum of all (for each indicator) £, .

On obtaining the intermediate values, the weight coefficient for each indicator
was calculated by the formula:

Fo
ZF o

where, K ) - the weight coefficient of the indicator;

Ki = (3)

Z F,,y - the amount of factor impacts for all indicators.

After receiving the weight coefficients normalized values for each indicator
were calculated, taking into account the weight factor Xy :

Xk([) :Xnorm XK[; (4)

At the third stage the safety coefficient of the air was calculated for each city
which is the sum of all the normalized parameters, taking into account the weight
coefficient divided by their number:

2k (5)
n

Thus, using the calculated normalized values the table of dynamics of the air
safety coefficient and its predictive values till 2020 (Table 2).

The calculations have showed that by the level of safety Kharkivis considerably
ahead of the other cities under study. The highest degree of safety of the air was
in 2008 and the lowest was in 2006. The predictive data indicate that the factor of

Guarantee of environmental protection is impossible without allowing for exist-
ing trends of development. Forecast of environmental safety of single parts of the
environment, including air, is an essential part of the integrated socio-economic
development and allows to evaluate the character of the natural environment in
different variants of its development, to identify the dominant relationships between
environmental and other subsystems.

This study has made it possible to predict the prospects for the development
of air safety in major cities of Ukraine on the basis of the current state in this field.
The predictive data suggest that the situation in the cities under study will develop
differently. In Dnipropetrovsk and Zaporizhzhia the situation will tend to deteriorate.
Donetsk, Odesa and Kharkiv will tend to improve. In Kyivand Lviv the stable tendency
failed to be found.

This field of science needs further attention from scientists and development
of new research methods using modern science and technology achievements.
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