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ABSTRACT 

Formulation of the problem. The level of atmospheric air pollution in large cities is influenced by a number of factors, among 

which the most important are the emissions of pollutants into the air, the characteristics of the sources of admixtures, the landscape 

features, synoptic and meteorological conditions (Vystavnaya, Zubkovych 2014). The influence of the latter is associated with the 

scattering, washing out and transformation of harmful substances in the atmosphere, as well as the significant variability of their con-

centrations in space and time. The characteristics of the wind regime (wind direction and velocity), temperature inversions, and for-

mation of low-troposphere currents are among the meteorological factors that most influence the concentrations of contaminants in the 

layer of atmosphere near the surface (Ivus 2017), (Agayar 2018) Shevchenko 2020). 

The purpose of the article is to develop and improve methods of forecasting meteorological conditions of atmospheric pollution 

over industrial areas of Odesa, as well as characterize the variability of meteorological values over the Northwest Black Sea. 

Methods. the data of four-time observations (01, 07, 13, 19 hours) for the main pollutants on the network of eight stationary 

posts for the February, April, July and October of 2011 are used as the initial materials. The catalog of typical synoptic processes over 

the territory of Ukraine for the period of 2011-2015 is compiled at the Department of Meteorology and Climatology of the OSENU. 

To clarify specific synoptic situations, synoptic maps of all levels (ground-level, AT-925, AT-850, AT-700 and AT-500) from the archive 

of the ARMSin (‘automatic forecaster workstation’- program for processing synoptic maps that is applied in Ukraine.  

Results. 1. CO concentrations in the city of Odesa increase with distance from the coastal strip in to the depth of land with 

maximum values in places with high traffic load, regardless of the season; 2. Absence of industrial facilities and meteorological con-

ditions contribute to the low level of air pollution around post N 8. Exceedance of the maximum allowable concentrations of carbon 

monoxide is observed in 6 out of 8 observation posts; 3. Favorable conditions for the accumulation of admixtures are formed in pe-

ripheral processes with low-gradient pressure fields, in front parts of cyclones and in low-motion and small cyclones with the same air 

mass; 4. Temperature inversions almost always accompanied the accumulation of harmful admixtures in the ground layer of air above 

Odesa. 

Scientific novelty and practical significance. In this article we have analyzed influence of meteorological conditions on the 

level of atmospheric air pollution in Odesa region. For these purposes the more nuanced-based method of forecasting was adapted. We 

have demonstrated that its use has efficiency at the present time for improvement of operative prognostic units work for the Northwest 

Black Sea region. Such conclusions may be identified as a result of empirical findings. 

Keywords: maximum allowable concentration, air pollution, delay layer, light wind, synoptic processes, inversion, alternative 

method of forecasting atmospheric air pollution. 
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Formulation of the problem. The level of at-

mospheric air pollution in large cities is influenced 

by a number of factors, among which the most im-

portant are the emissions of pollutants into the air, the 

characteristics of the sources of admixtures, the land-

scape features, synoptic and meteorological conditi-

ons (Vystavnaya, Zubkovych 2014) [21], [3,4,14,15]. 

The influence of the latter is associated with the scat-

tering, washing out and transformation of harmful 

substances in the atmosphere, as well as the signifi-

© Agayar Ellina, Semerhei-Chumachenko Alina, Zubkovych Svitlana, 2022 

- 38 - 

https://doi.org/10.26565/2410-7360-2022-57-04
mailto:agayarellina@gmail.com,%20https://orcid.org/0000-0003-3914-6288
mailto:asemergey2016@gmail.com,https://orcid.org/0000-0001-8718-4073
mailto:szubkovych@gmail.com
https://orcid.org/0000-0002-6839-7572
https://doi.org/10.26565/2410-7360-2022-57-04


ISSN 2410-7360 Вісник Харківського національного університету імені В.Н. Каразіна  

- 39 - 

cant variability of their concentrations in space and 

time. The characteristics of the wind regime (wind di-

rection and velo-city), temperature inversions, and 

formation of low-troposphere currents are among the 

meteorological factors that most influence the con-

centrations of contaminants in the layer of atmos-

phere near the surface (Ivus 2017),[8, 9, 10], (Agayar 

2018) [1], [6, 7] Shevchenko 2020) [18, 20]. 

The relevance of the problem is determined by 

the fact that atmospheric air is the most important nat-

ural resource for all living beings, and human health, 

to a large extent, depends on its quality.  

That is why scientific research on the assessment 

of anthropogenic load on the air basin of large indus-

trial cities, as well as the development of methods for 

forecasting and regulating it, taking into account le-

gal and regulatory aspects, are relevant problems of 

our time. 

Purpose of the work is to develop and improve 

methods of forecasting meteorological conditions of 

atmospheric pollution over industrial areas of Odesa, 

as well as characterize the variability of meteorolog-

ical values over the Northwest Black Sea. 

Aim of this work is to develop and improve 

methods for forecasting meteorological conditions of 

air pollution over the industrial areas of Odesa, as 

well as to characterize the variability of meteorolog-

ical values over the North-Western black sea region.  

Materials and research methods. Materials 

and method of research: the data of four-time obser-

vations (01, 07, 13, 19 hours) for the main pollutants 

on the network of eight stationary posts for the Feb-

ruary, April, July and October of 2011 are used as the 

initial materials. The catalog of typical synoptic pro-

cesses over the territory of Ukraine for the period of 

2011-2015 is compiled at the Department of Meteor-

ology and Climatology of the OSENU (Ivus 2015). 

To clarify specific synoptic situations, synoptic maps 

of all levels (ground-level, AT-925, AT-850, AT-700 

and AT-500) from the archive of the ARMSin (‘auto-

matic forecaster workstation’- program for pro-

cessing synoptic maps that is applied in Ukraine. The 

Department and radiosonde data for the same period 

were also applied to clarify specific synoptic situations.  

Empirical findings. 

1.1. Air pollution monitoring stations de-

scription  

To characterize the influence of meteorological 

conditions on atmospheric air quality over the North-

Western Black Sea region, we used the data of the 

Black and Azov Seas Hydrometeorological Center on 

the content of atmospheric air pollutants of carbon 

monoxide (CO) in Odesa, wind characteristics and air 

temperature at eight pollution monitoring stations for 

the period from June to December, 2011. The posts 

are located in different parts of Odesa and character-

ized by varying degrees of air pollution within the 

city (Fig. 1) Further research was based on identify-

ing the repeatability of increased levels of air pollu-

tion. Carbon monoxide (CO) concentration data were 

used as a characteristic of air pollution. Although this 

impurity belongs to class of hazard of air pollution, it 

is a major marker of contamination. The concentra-

tion limit for CO is 5.0 mg/m3. 

At all stations, both in winter and summer sea-

sons, the highest excess of the short-term exposure 

limit/ maximum permissible concentration (MPC) of 

carbon monoxide in Odesa was 8 mg/m3 single dose. 

For the whole period, there was no double altitude of 

MPC (Table 1). As can be seen from the table, high 

carbon dioxide concentrations were observed at six 

of eight pollution monitoring posts. However, their 

distribution over time was rather uneven. In most 

cases, high CO concentration was recorded in June (9 

cases) at posts N16 and 19, in July (9 cases) - at posts 

N10 and 15. These 2 months were characterized by 

the highest number of cases of exceeding the MPC of 

carbon monoxide.  

Summer months in the south of Ukraine have 

high temperatures and there is no precipitation for a 

long time. Such weather processes contribute to the 

accumulation of pollutants in the air. In other months, 

only single cases of high concentrations were ob-

served. Post number 8, located in the resort area of 

Odesa, and also recorded the concentration of CO at 

7 mg/m3 in October and November, which is rather 

the exception for this observation post. 

October, November and December proved to be 

the most quite in terms of air pollution. This can be 

explained by the increased ability of the atmosphere 

to disperse admixtures due to the activation of cy-

clone processes during this period, which determines 

the formation of strong winds and precipitation. At 

the same time, the maximum permissible concentra-

tions have never been exceeded at more than two 

monitoring stations. 

An important role in the formation of the level 

of air pollution during the year is among other played 

by ground and elevated inversions of air temperature 

(Ivus 2012, Kipenko 2002, Snizhko 2011). The inver-

sion is characterized by the height of the lower 

boundary of the inversion layer, its thickness and the 

so-called inversion depth, that is, the temperature dif-

ference at the upper and lower boundaries of the layer 

(Vystavnaya, Zubkovych 2014). 

For cases of exceedance of the MPC of carbon 

monoxide, the vertical structure of the atmosphere 

was examined using radio sounding data at 00 UTC 

at Odesa Hydrometeorological observatory. Radio-

sonding is carried out once per day in Ukraine and 

alternative data on radiosonding does not exist. 

Therefore synoptic analysis is using the available ex-

isting data. The inversion parameters for the study pe-

riod are given in Table 2. 

https://www.multitran.com/m.exe?s=short-term+exposure+limit&l1=1&l2=2
https://www.multitran.com/m.exe?s=short-term+exposure+limit&l1=1&l2=2
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Fig. 1. Schematic representation of air pollution monitoring stations location in Odesa by numbers. 

 

Table 1 

Observation dates and values of excess carbon monoxide content (mg/m3)  

at monitoring stations N8, 10, 15, 16, 18 and 19 (Odesa, 2011) 
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It should be noted that the ground inversion 

layer was observed at all days with a high content of 

contaminants in the air over Odesa, with the excep-

tion of several. Ground inversions, whose depth 

ranged from 200 m to 400 m, prevailed, only on De-

cember 5, 2011, the inversion expanded to an altitude 

of 600 m, an altitude inversion of 500 m was ob-

served, and the change of temperature varied from 

0.2 °C. to 4.1 °C. 

Inversions were formed in different baric fields. 

Atmospheric dynamic processes have a significant 

effect on both the local concentration values and the 

total CO content in the atmosphere. In many cases, 

the origin of the air mass explains the observed 

changes in the gas composition of the atmosphere 

(Snizhko, 2011). Complex synoptic methods (physi-

cal and statistical methods and other) are used for the 

analysis of the atmospheric pollution conditions, 

which take into account the complex of meteorologi-

cal conditions and synoptic situations that determine 

the distribution and accumulation of admixtures 

(Ivus, 2012). With the low activity development of 

processes and stagnant phenomena (weak wind), the 

conditions that most contribute to pollution are cre-

ated. If the atmospheric processes are active, the sur-

face air layers are quickly cleared. 

 

Table 2 

Characteristics of temperature inversions determined from radiosoundings at 00 UTC over Odesa in 2011 
 

Date 
Type of  

inversion 

Parameters of inversion 
Characteristics of 

wind near the ground 

ΔH, м ΔT, °С γ, °С S 

03.06 ground 380 4,1 -1,1 315 / 1 

07.06 ground 180 2,9 -1,6 270 / 2 

15.06 ground 210 2,2 -1,0 315 / 2 

20.06 
ground 

elevated 

210 

240 

2,4 

0,2 

-1,1 

-0.1 
270 / 1 

21.06 ground 210 0,8 -0.4 300 / 3 

29.06 ground 410 0,5 -0,1 180 / 1 

30.06 ground 250 0,4 -0,2 Calm 

01.07 ground 190 2,3 -1,2 225 / 2 

06.07 ground 390 1,6 -0,4 180 / 2 

12.07 ground 200 0,9 -0,5 Calm 

14.07 ground 210 2,0 -0,9 360 / 1 

15.07 ground 410 2,4 -0,6 320 / 1 

25.07 ground 360 1,7 -0,5 Calm 

26.07 ground 200 3,6 -1,8 360 / 1 

27.07 
ground 

elevated 

200 

360 

0,4 

1,6 

-0,2 

-0,5 
Calm 

29.07 ground 190 1,0 -0,6 360 / 1 

30.07 ground 220 0,0 -0,0 20 / 3 

26.08 ground 340 2,3 -0,7 340 / 3 

30.08 ground 230 1,1 -0,5 45 / 1 

19.09 ground 230 0,8 -0,3 90 / 1 

02.12 

ground 

elevated 

high-altitude 

230 

350 

340 

0,8 

2,7 

1,4 

-0,3 

-0,8 

-0,4 

275 / 2 

5.12 
ground 

high-altitude 

600 

500 

3,9 

0,1 

-0,7 

-0,7 
250 / 4 

Considering the circulation of air masses near the 

surface (Table 3), it can be noted that the conditions 

for the accumulation of admixtures mainly created 

low-gradient baric fields and peripheral processes. 

1.2. Main emission sources and air pollution 

problems 

The characteristics of the wind regime (direction 

and velocity) are related to the meteorological factors 
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that most influence the concentrations of contami-

nants in the surface atmosphere. The effect of wind 

direction on the content of admixtures in the air of 

large cities is best traced when the sources of harmful 

substances are concentrated within one or more in-

dustrial zones located outside the city (Ivus 2012, 

Snezhko 2011, Glushkov 2017, Landsberg 1981, etc.) 

In Odesa, a large part of the pollutants get into the air 

from mobile sources, motor transport, which are dis-

persed all over the city, so finding the dangerous wind 

directions for the city is a difficult task. 

 

Table 3 

Identification of synoptic processes at high levels of carbon monoxide concentration over Odesa in 2011 
 

Date The nature of the baric field 

03.06; 15.06 

26.08; 19.09 
Southwestern periphery of the anticyclone 

07.06; 26.07 

02.12; 29.07 
Crest 

21.06 eastern periphery of the anticyclone 

14.07; 15.07 low pressure gradient field 

20.06; 25.07; 30.08; Anticline 

30.06 eastern periphery of the cyclone 

01.07; 06.07; 

27.07; 30.07; 5.12 
Basin 

29.06; 12.07 low pressure gradient field 

 

In the paper wind speeds at observation posts № 

8 and № 20 are compared. As can be seen from Fig. 

1, post № 20 locates near a very complex traffic in-

tersection and urban development. The impact of 

wind direction on urban air pollution is determined 

not only by the location of the emission sources, but 

also by the terrain and local circulation. It is worth 

noting that city streets with dense high-rise buildings 

cause changes in wind speed and direction and cause 

local circulation. Therefore, irrespective of the sea-

son, the wind speed at post № 20 (red line, Fig. 2) is 

much lower than the wind speed at post № 8 (blue 

line), except some cases. So during the period from 

June to September at post №20, the average daily 

wind speed did not exceed 2 m/s, with the onset of 

the autumn season the wind speed increased slightly 

and reached up to 3 m/s, and only in several days of 

October the wind was 5-6 m/s. 

Therefore, there is no clear relationship between 

wind speed and concentrations of carbon monoxide 

in the atmosphere of Odesa. The absence of such de-

pendence is the result of a large number of mobile 

sources of pollution in the city. Urban streets with 

dense high-rise buildings cause changes in wind 

speed and direction, and cause local circulation and 

calm conditions (Wapler, 2013). Wind speed at post 

№ 20 is characterized by a large number of calm con-

ditions and weak wind speeds of up to 2-3 m/s. The 

content of carbon monoxide in the air increases at 

calm and speed of 1 m/s (Fig. 2).  

Exceedance of the maximum permissible con-

centrations of carbon monoxide is observed at 6 out 

of 8 observation posts, but their distribution in time 

and space is rather uneven. The autumn season com-

pared to the summer is characterized by a smaller 

number of such cases, which is explained by the ac-

tivation of the atmospheric circulation processes and, 

as a result, the increased ventilation of the atmos-

phere. 

1.3. Forecasting method of meteorological 

conditions of atmospheric pollution 

Considering the circulation of air masses near 

the earth's surface, it can be noted that the predomi-

nantly low-gradient baric fields and peripheral pro-

cesses created the conditions for the accumulation of 

admixtures. 

Therefore, for short-term forecasting the mete-

orological conditions of atmospheric pollution over 

Odesa, a more nuanced-based method was proposed. 

It may be expedient for its operational use and for the 

use of predictors of different class, including those 

that can only be described qualitatively. It also allows 

to assess the essence of the influence of individual 

factors such as wind, types of synoptic circulation, 

inversions and other. Also, it takes into consideration 

complex of factors that influence on air pollution ob-

jectively, i.e. in this case the empirical-statistical re-

lationship between the presence of inversion and dif-

ferent predictors is revealed by the method of discri-

minant analysis. Based on the results of the calcula-

tions of the discriminant functions and based on 

physical considerations, a list of 8 potential forecasts 

that influence the formation of stagnant air over the 

city is formed: 

1. ΔP0 – Laplacian pressure near the earth's sur-

face (hPa) to determine the nature of the surface baric 

field (ΔP0> 0 - cyclone, ΔP0 <0 - anticyclone) and to 

account for the sign of vertical motions; 

2. p‘- concentration values (mgm-3) of pollu-

tants in the previous day; 
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Fig. 2. Graph of daily wind speed change (7 and 19 UTC) at air pollution monitoring  

posts № 8 and № 20 in Odesa, June-August, October-December, 2011 

 

3. V0 і V925 – wind speed (m-s-1) near the earth’s 

surface and at 925 hPa; 

4. dd0 і dd925 – wind direction (hail) near the 

earth’s surface and at 925 hPa; 

5. dd0 - dd925 – the difference between wind di-

rections (hail) near the earth’s surface and at the level 

of 925 hPa; 

6. Δ V - wind speed difference (m-s-1) at 925 hPa 

and near the earth’s surface; 

7. Δ Т - difference in air temperature (оС) near 

the earth’s surface and at the level of 925 hPa. 

8. �̄� - average vertical temperature gradient in 

the layer 0-500 m (оС / 100 m); 

The predictor ΔP0 is calculated according to the 

prognostic charts with a time of 24 hours, the predic-

tors �̄�, V925, dd925, Δ V, Δ T – are determined accord-

ing to radio sounding over Odesa at the time 00 UTC, 

and the predictors V0, dd0 and p '- according to the 

observation post # 15, which is located in Kherson 

Square, that is, in the area of the main emission 

sources of harmful substances. 

The set of predictors should more fully describe 

the initial state of the atmosphere, so only the most 

basic, physically sound and strongly related to the 

predictor should be selected, since increasing the 

number of predictors may reduce the predictive effi-

ciency of given method. 

Before constructing discriminant functions, the 

selection of the most informative predictors by the 

Mahalonobis’s parameter (Δ2) was made. Thus, the 

final list included 14 predictors, which were used in 

the construction of all discriminatory functions re-

gardless of the type of inversions, season, synoptic 

situation and timing of the forecast. 

 

𝛥2 = ∑ ∑ 𝑑𝑖𝑗

𝑚

𝑗=1

𝑚

𝑖=1

∑ 𝑛𝑘

𝑔

𝑘

(�̄�𝑖𝑘 − �̄�𝑖)(�̄�𝑗𝑘 − �̄�𝑗) − 

Mahalonobis’s distance,      (1) 

 

�̄�𝑖𝑘– average value of the i-th predictor in the k-

th group. 

Here m is the number of variables; nk is the vol-

ume of the k-th sample; dij is the element of the in-

verse covariance matrix ║k║, which is calculated as 

follows: 

K = 
∑ 𝑆𝑘

𝑔
𝑘=1

∑ 𝑛𝑘−𝑔
𝑔
𝑘=1

,    (2) 

 

where Sk = {S 𝑗𝑙
𝑘 } = ∑(х𝑖𝑗𝑘 − 𝑥

_

𝑖𝑘) ⋅ (𝑥𝑖𝑙𝑘 − 𝑥
_

𝑗𝑘) (j=L=1, m; k – group number). 
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Next, find the regression coefficients bi and the 

free term a: 

 

bi = ∑ 𝑑𝑖𝑗
𝑚
𝑗=1 ⋅ 𝑥

_

𝑗𝑘; a= - 
1

2
∑𝑚

𝑗=1 ∑ 𝑑𝑗𝑙
𝑚
𝑖=1 ⋅ 𝑥

_

𝑗𝑘 ⋅ 𝑥𝑖𝑘

_
  

(3) 

and construct the discriminant function in the fi-

nal form: 

Fk = ∑ 𝑏𝑖
𝑚
𝑗=1 𝑥𝑖𝑗𝑘 + 𝑎 (k = 1,2).   (4) 

 

The discriminant functions (5) - (8), obtained for 

the forecast of meteorological conditions of atmos-

pheric pollution (exceeding the MPC level at the post 

# 15) over the industrial zone of Odesa with a dura-

tion of 24 h depending on the season, have the form: 

 

January: F = 3,610-4 p‘ - 1,810-4V 0 – 1,110-5 �̄�+ 4,810-5;    (5) 

April: F = 5,210-4 p‘ – 2,510-4V 0 + 2,310-5 Δ V + 3,210-5;    (6) 

July: F = 3,510-4 p‘ – 3,310-4V 0 – 8,710-5 Δ P0 – 5,110-5;    (7) 

October: F = 4,110-4 p‘ – 2,910-4V 0 – 3,810-5 Δ P0 + 4,310-5;   (8) 

 

where, if F> 0, admixtures are expected to accu-

mulate, and if F <0, dispersion is expected. 

In order to improve the prognostic capabilities 

of the alternative method, the discriminant equations 

(9) and (10) are obtained, taking into account the type 

of synoptic process at which admixtures accumulate. 

Thus, to predict the conditions of air pollution in July 

in the presence of the anticyclone field (type 3) and 

peripheral processes (type 1) use the formulas: 
 

F = 5,210-4 p‘ – 4,310-4 ΔР0 + 2,910-5;    (9)  

 

F = 6,110-4 p‘ – 7,110-4 V + 4,110-5;  (10) 

 

where if F> 0, admixtures accumulation is pre-

dicted, and if F <0, dispersing is predicted. 

The effectiveness of the alternative method of 

forecasting meteorological conditions of pollution 

was tested on dependent (July 2011-2015) and inde-

pendent (July 2009) material. The results obtained in-

dicate that the effectiveness of the proposed method 

is at the level of current regional forecasts (Kiptenko 

2012, Glushkov 2017). 

Here are some general recommendations for ap-

plying this method: 

1. The proposed method can be used to forecast 

the weather conditions for 24 hours during all sea-

sons. 

2. In the alternative forecast, it is possible to ap-

ply the pollutants concentration data of previous day, 

not only at post N 15. 

3. The procedure of inversion prediction by this 

method should be preceded by an assessment of the 

macro-synoptic situation, because in the case of 

sharply marked active fronts and significant baric 

gradients (more than 2-3 hPa/100 km), the calcula-

tion of discriminant functions is not performed. 

The main criteria for January, April, July and 

October 2011-2015 are calculated to evaluate the 

quality of the alternative forecast of meteorological 

pollution conditions over Odesa on the modern mete-

orological and synoptic material. All information 

about the success of the forecast method is presented 

in Table 4. 

On the whole, the overall validity (U,%) of the 

alternative method of forecasting the meteorological 

conditions of pollution over Odesa was high, 

amounting to 87% in January,80% in April, 92% in 

July and 85% in October, i.e. the prognostic tech-

nique works well on independent material through-

out the last decade. 

As can be seen from table 4, the validity of fore-

casting the presence of pollution conditions (Uph, %) 

is higher than the general one and reached 88-94%. 

The validity of forecasting the absence of meteoro-

logical conditions of pollution (Uno ph, %) in July and 

October was almost equal to Uph, but it was lower by 

5% in July. 

The prediction of meteorological conditions 

(Pph, %) during all study periods exceeded 80%. The 

absence of admixture accumulation conditions  

(Pno ph %) was best predicted in July (93%). 

M.O. Bagrov’s (Ivus , 2012) calculations of the 

reliability criterion showed that he accepted the min-

imum value (0.71) in October, and in the remaining 

months it ranged from 0.77 to 0.88, i.e. the prognos-

tic technique is reliable. 

The use of the Piercy-Obukhov's (T) forecast 

quality criterion for the estimation of the meteorolog-

ical conditions of pollution over Odesa revealed that 

he took only positive values (from 0.70 to 0.83), that 

is, the phenomenon prediction (Pph) exceeded the ra-

tio of false forecasts of the phenomenon to the actual 

number of days without phenomena (Ivus 2012).  

Conclusions 

In this article we have analyzed influence of me-

teorological conditions on the level of atmospheric 

air pollution in Odesa region. For these purposes the 

more nuanced-based method of forecasting was 

adapted. We have demonstrated that its use has effi-

ciency at the present time for improvement of opera-

tive prognostic units work for the Northwest Black 

Sea region. Such conclusions may be identified as a 

result of empirical findings:  

1. CO concentrations in the city of Odesa in-

crease with distance from the coastal strip into the 

depth of land with maximum values in places with 
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Table 4 

Quality criteria of the alternative forecast the meteorological conditions of pollution over Odesa (2011-2015) 
 

Forecast 
Observed 

Sum U U + P 
Phenomenon No phenomena 

January 

Phenomenon 

No phenomena 

Sum 

P 

72 

9 

81 

89 

10 

60 

70 

86 

82 

69 

151 

 

T=0,75 

88 

87 

 

 

H=0,77 

177 

173 

 

 

 

April 

Phenomenon 

No phenomena 

Sum 

P 

69 

10 

79 

87 

9 

62 

71 

87 

 

78 

72 

150 

 

T=0,75 

88 

86 

 

 

H=0,78 

176 

173 

 

 

 

July 

Phenomenon 

No phenomena 

Sum 

P 

75 

8 

83 

90 

5 

67 

72 

93 

 

80 

75 

155 

 

T=0,83 

94 

89 

 

 

H=0,88 

184 

182 

 

 

 

October 

Phenomenon 

No phenomena 

Sum 

P 

65 

11 

76 

86 

12 

67 

79 

85 

 

77 

78 

155 

 

T=0,70 

84 

86 

 

 

H=0,71 

170 

171 

 

 

 

 

high traffic load, regardless of the season; 

2. Absence of industrial facilities and meteoro-

logical conditions contribute to the low level of air 

pollution around post N 8. Exceedance of the maxi-

mum allowable concentrations of carbon monoxide 

is observed in 6 out of 8 observation posts 

3. Favorable conditions for the accumulation of 

admixtures are formed in peripheral processes with 

low-gradient pressure fields, ifront parts of cyclones 

and in low-motion and small cyclones with the same 

air mass; 

4. Temperature inversions almost always ac-

companied the accumulation of harmful admixtures 

in the ground layer of air above Odesa. 

 
Bibliography 

1. Агайар, Е. В. Струйные течения нижнего уровня атмосферы при слабом ветре у поверхности земли [Текст] 
/ Е. В. Агайар // Український гідрометеорологічний журнал. – 2014. – № 15. – С. 37–42. 

2. European Environment Agency: Air quality in Europe report, European Environment Agency, Publications Office of 
the European Union, Copenhagen, Denmark, available at: https://www.eea.europa.eu//publications/air-quality-in-
europe-2020-report (last access: July 2021), 2020.  

3. Rahman, M. A. Spatial and temporal changes of outdoor thermal stress: influence of urban land cover types [Text] / 
М. А. Rakhman, E. Franceschi, N. Pattnaik, A. Moser-Reischl, C.Hartmann, H. Paeth, H. Pretzsch, T. Rötzer, S. 
Pauleit // Scientific Reports. – 2022. – Article number: 671. https://doi.org/10.1038/s41598-021-04669-8.  

4. Von Schneidemesser, Erika. Global comparison of VOC and CO observations in urban areas [Text] / Erika Von 
Schneidemesser, Paul S. Monks, Christian Plass-Duelmer // Atmospheric Environment. – December 2010. – Volume 
44. – Issue 39. – P. 5053–5064. https://doi.org/10.1016/j.atmosenv.2010.09.010. 

5. Glushkov, A. V. Modelling dynamics of atmosphere ventilation and industrial city's air pollution analysis [Text] / A. 
V. Glushkov, O. Yu. Khetselius, E. V. Agayar, V. V. Buyadzhi, A. V. Romanova, V. F. Mansarliysky // IOP Conference 
Series: Earth and Environmental Science. – November 2017. – Volume 92. https://doi.org/10.1088/1755-
1315/92/1/012014  

6. Gómara, I. Rossby wave-breaking analysis of explosive cyclones in the Euro-Atlantic sector [Text] / I. Gómara, J.G. 
Pinto, T. Woollings, G. Masato, P. Zurita-Gotor and B. Rodríguez-Fonseca // Quarterly Journal of the Royal Mete-
orological Society. – 2014. – Volume 140. – Issue 680. – P. 738–753. https://doi.org/10.1002/qj.2190  

7. Sakieh, Yousef. Green and calm: Modeling the relationships between noise pollution propagation and spatial patterns 
of urban structures and green covers [Text] / Yousef Sakieh, Shirkou Jaafari, Mohsen Ahmadi, Mohsen Ahmadi, 
Afshin Danehkar // Urban Forestry & Urban Greening. – 2017. – Volume 24. – P. 195–211. http://dx.doi.org/ 
10.1016/j.ufug.2017.04.008  

https://www.eea.europa.eu/publications/air-quality-in-europe-2020-report
https://www.eea.europa.eu/publications/air-quality-in-europe-2020-report
https://doi.org/10.1038/s41598-021-04669-8
https://doi.org/10.1016/j.atmosenv.2010.09.010
https://doi.org/10.1088/1755-1315/92/1/012014
https://doi.org/10.1088/1755-1315/92/1/012014
https://doi.org/10.1002/qj.2190
http://dx.doi.org/10.1016/j.ufug.2017.04.008
http://dx.doi.org/10.1016/j.ufug.2017.04.008


Серія «Геологія. Географія. Екологія», 2022, випуск 57  

- 46 - 

8. Ivus, G. P. Тo the question about typification of synoptic processes over the territory of Ukraine [Text] / G. P. Ivus, 
S. O. Zubkovych, E. V. Agayar, L. M. Gurskaya // International Journal of Research In Earth & Environmental Sci-
ences. – 2015. – Volume 3. – No. 01. – P. 21–27. 

9. Івус, Г. П. Спеціалізовані прогнози погоди [Текст] / Г. П. Івус. – Одеса: ТЕС. – 2012. – 400 с. 
10. Івус, Г. П. Метеорологічні та синоптичні умови забруднення атмосферного повітря міста Одеса [Текст] / 

Г. П. Івус, А. Б. Семергей-Чумаченко, Г. В. Хоменко, Л. М. Гурська // Український гідрометеорологічний жур-
нал. – 2012. – Вип. 10. – С. 28-35. 

11. Кіптенко, Є. М. Вплив метеорологічних умов забруднення повітря у промислових містах України [Текст] / Є. 
М. Кіптенко, Т. В. Козленко // Гідрологія, гідрохімія і гідроекологія. – 2007. – № 13. – С. 208–216. 

12. Кіптенко, Є. М. Прогнозування рівнів високого забруднення атмосферного повітря у містах України [Текст] 
/ Є. М. Кіптенко, Т. В. Козленко // Праці УкрНДГМІ. – 2002. – Вип. 250. – С. 288–297. 

13. Kobus, D. The conception of decision support system for assessment and management of ambient air quality [Text] / 
D. Kobus, K. Skotak // Information System in Management. – 2012. – №4. – С. 305–317.  

14. Landsberg, H. E. The Urban Climate [Text] / Н. Е. Landsberg // International Geophysics Series, New York. – 1981. 
– Vol. 28. – P. 769−779. 

15. Liao, T. Air stagnation and its impact on air quality during winter in Sichuan and Chongqing, southwestern China 
[Text] / T. Liao, K. Gui, W. Jiang, S. Wang, B. Wang, Z. Zeng, H. Che, Y. Wang and Y. Sun // Science of The Total 
Environment. – 2018. – Vol. 635. – P. 576–585. https://doi.org/10.1016/j.scitotenv.2018.04.122  

16. РД 34.02.305-98. Методіка визначення валових викидів забруднюючових речовин у атмосферу від котельних 
установок ТЕЦ [Текст]. – АООТ «ВТI». – 1998. – 38 с.  

17. Шевченко, О. Г. Уровень загрязнения атмосферного воздуха города Киева формальдегидом [Текст] / О. Г. 
Шевченко, М. І. Кульбида, С. І. Сніжко, Л. С. Щербуха, Н. О. Данілова // Український гідрометеорологічний 
журнал. – 2014. – Вип. 14. С. 5-15. 

18. Сніжко, С. І. Урбометеорологічні аспекти забруднення атмосферного повітря великого міста [Текст] / С. 
І. Сніжко, О. Г. Шевченко. – Київ: Видавництво географічної літератури "Обрії". – 2011. – 297 с. 

19. Webber, C. P. The dynamical impact of Rossby wave breaking upon UK PM10 concentration [Text] / C. P. Webber, 
H. F. Dacre, W. J. Collins and G. Masato // Atmos. Chem. Phys. – 2017. – Vol. 17. – Р. 867–881. 
https://doi.org/10.5194/acp-17-867-2017  

20. World Health Organization:(2011). Air: when breathing is a threat, https://www.euro.who.int/__data/assets/pdf_file/ 
0011/147656/WHY_Newsletter4.pdf?ua=1 (last access: July 2021) 

21. Air: when breathing is a threat [Electronic resource] // Why Newsletter World Health Organization. – Issue 4. – July 
2011, (last access: July 2021). https://www.euro.who.int/__data/assets/pdf_file/0011/147656/WHY_Newsletter4.pdf?ua=1  

22. Виставна, Ю. Ю. Аспекти вітрового режиму урбанізованого міста [Текст] / Ю. Ю. Виставна, С. О. Зубкович 
// Вісник ХНУ ім. Каразіна. – 2014. – № 1140 (11). – Серія «Екологія». – С. 70–74. 

 

Authors Contribution: All authors have contributed equally to this work  

 

References 
1. Agayar, E. V. (2014). Struynyye techeniya nizhnego urovnya atmosfery pri slabom vetre u poverkhnosti zemli [Low 

level Jets of the atmosphere with a weak surface wind]. Ukrainian hydrometeorological journal, 15, 37-42. [in Russian] 
2. European Environment Agency: Air quality in Europe (2020). Report, European Environment Agency, Publications 

Office of the European Union, Copenhagen, Denmark, available at: https://www.eea.europa.eu//publications/air-
quality-in-europe-2020-report (last access: July 2021)  

3. Rahman, M. A., Franceschi, E., Pattnaik, N., Moser-Reischl, A., Hartmann, C., Paeth, H., Pretzsch, H., Rötzer, T., 
Pauleit, S. (2022). Spatial and temporal changes of outdoor thermal stress: influence of urban land cover types. 
Scientific Reports, article number: 671. https://doi.org/10.1038/s41598-021-04669-8 

4. Von Schneidemesser, Erika, Monks, P. S., Plass-Duelmer, C. (2010). Atmospheric Environment Global comparison 
of VOC and CO observations in urban areas. 44 (39), 5053-5064. https://doi.org/10.1016/j.atmosenv.2010.09.010 

5. Glushkov, A. V., Khetselius, O. Yu, Agayar, E. V., Buyadzhi, V. V., Romanova, A. V., Mansarliysky, V. F. (2017). 
Modelling dynamics of atmosphere ventilation and industrial city's air pollution analysis. IOP Conference Series: 
Earth and Environmental Science. 92, https://doi.org/10.1088/1755-1315/92/1/012014 

6. Gómara, I., Pinto, J. G., Woollings, T., Masato, G., Zurita-Gotor, P., and Rodríguez-Fonseca, B. (2014). Rossby 
wave-breaking analysis of explosive cyclones in the Euro-Atlantic sector, Q. J. Roy. Meteor. Soc., 140 (680), 738–
753. https://doi.org/10.1002/qj.2190 

7. Sakieh, Y., Jaafari, S., Ahmadi M., Danehkar A. (2022). Green and calm: Modeling the relationships between noise 
pollution propagation and spatial patterns of urban structures and green covers. Urban Forestry & Urban Greening, 
24, 195–211. http://dx.doi.org/10.1016/j.ufug.2017.04.008  

8. Ivus, G. P., Zubkovych, S. A., Agayar, E. V., Gurskaya, L. M. (2015). Тo the question about typification of synoptic 
processes over the territory of Ukraine. International Journal of Research In Earth & Environmental Sciences, 3 (01), 
21-27. 

9. Ivus, G. P. (2012) Spetsializovani prohnozy pohody [Specialized weather forecasts]. Odesa: TES, 407. [in Ukrainian] 
10. Ivus, G. P., Semergei-Chumachenko, A. B., Khomenko, G. V., Gurska, L. M. (2012). Meteorolohichni ta synoptychni 

umovy zabrudnennya atmosfernoho povitrya mista Odesa [Meteorological and synoptic conditions of atmospheric 
air pollution in Odesa]. Ukrainian Hydrometeorological Journal, 10, 28-35. [in Ukrainian] 

11. Kiptenko, E. M., Kozlenko, T. V. (2007). Vplyv meteorolohichnykh umov zabrudnennya povitrya u promyslovykh mis-
takh Ukrayiny [Influence of meteorological conditions on air pollution in industrial cities of Ukraine]. Hydrology, 
hydrochemistry and hydroecology, 13, 208−216. [in Ukrainian] 

https://doi.org/10.1016/j.scitotenv.2018.04.122
http://meteo.univ.kiev.ua/images/SnizhkoShevchenko.JPG
http://meteo.univ.kiev.ua/images/SnizhkoShevchenko.JPG
https://doi.org/10.5194/acp-17-867-2017
https://www.euro.who.int/__data/assets/pdf_file/0011/147656/WHY_Newsletter4.pdf?ua=1
https://www.euro.who.int/__data/assets/pdf_file/0011/147656/WHY_Newsletter4.pdf?ua=1
https://www.euro.who.int/__data/assets/pdf_file/0011/147656/WHY_Newsletter4.pdf?ua=1
https://www.eea.europa.eu/publications/air-quality-in-europe-2020-report
https://www.eea.europa.eu/publications/air-quality-in-europe-2020-report
https://doi.org/10.1038/s41598-021-04669-8
https://doi.org/10.1016/j.atmosenv.2010.09.010
https://doi.org/10.1088/1755-1315/92/1/012014
https://doi.org/10.1002/qj.2190
http://dx.doi.org/10.1016/j.ufug.2017.04.008


ISSN 2410-7360 Вісник Харківського національного університету імені В.Н. Каразіна  

- 47 - 

12. Kiptenko, E. M., Kozlenko, T. V. (2002). Prohnozuvannya rivniv vysokoho zabrudnennya atmosfernoho povitrya u 
mistakh Ukrayiny [Forecast of a high level of atmospheric air pollution in the cities of Ukraine]. Proceedings of 
UkrNDGMI, 250, 288–297. [in Ukrainian] 

13. Kobus, D., Skotak, K. (2017). The conception of decision support system for assessment and management of ambient 
air quality. Information System in Management, 4, 305-317. 

14. Landsberg, H. E. (1981). The Urban Climate. International Geophysics Series. NewYork, 28, 769−779. 
15. Liao, T., Gui, K., Jiang, W., Wang, S., Wang, B., Zeng, Z., Che, H., Wang, Y., and Sun, Y. (2018). Air stagnation and 

its impact on air quality during winter in Sichuan and Chongqing, southwestern China. Science of The Total Envi-
ronment, 635, 576-585. https://doi.org/10.1016/j.scitotenv.2018.04.122  

16. Metodika vyznachennya valovykh vykydiv zabrudnyuyuchovykh rechovyn u atmosferu vid kotelʹnykh ustanovok TETS 
[Methodology for determining gross emissions of pollutants into the atmosphere from CHP boiler installations]. 
(1998). Guidance document RD 34.02.305-9, 305-98.  

17. Shevchenko, O. G., Kulbida, M. I., Snizhko, S. I., Shcherbuha, L. S., Danilova, N. O. (2014). Uroven' zagryazneniya 
atmosfernogo vozdukha goroda Kiyeva formal'degidom [The level of atmospheric air pollution in Kyiv by formalde-
hyde]. Ukrainian Hydrometeorological Journal, 14, 5-15. [in Russian] 

18. Snizhko, S. I., Shevchenko, O. G. (2011). Urbometeorolohichni aspekty zabrudnennya atmosfernoho povitrya velykoho 
mista [Urbometeorological aspects of atmospheric air pollution of a big city]. Kyiv: Publishing House of Geographical 
Literature "Obriya", 297. [in Ukrainian] 

19. Webber, C. P., Dacre, H. F., Collins, W. J. and Masato, G. (2017). The dynamical impact of Rossby wave breaking 
upon UK PM10 concentration. Atmos. Chem. Phys., 17, 867–881, https://doi.org/10.5194/acp-17-867-2017 

20. World Health Organization:(2011). Air: when breathing is a threat, https://www.euro.who.int/__data/as-
sets/pdf_file/0011/147656/WHY_Newsletter4.pdf?ua=1 (last access: July 2021) 

21. Air: when breathing is a threat (2011). Why Newsletter World Health Organization, 4. https://www.euro.who.int/__ 
data/assets/pdf_file/0011/147656/WHY_Newsletter4.pdf?ua=1  

22. Vystavna, Y. Y., Zubkovych, S. O. (2014). Aspects of the wind regime of an urbanized city. Bulletin of KhNU Karazina, 
1140 (11), 70-74. 

 

Використання та основні рекомендації прогнозу  

метеорологічних умов забруднення повітря над Одесою 
 

Еліна Агайар1, 

к. геогр. н., доцент кафедри метеорології та кліматології, 
1Одеський державний екологічний університет, м. Одеса, вул. Львівська, 15, 61016, Україна; 

Аліна Семергей-Чумаченко1, 

к. геогр. н., доцент кафедри метеорології та кліматології; 

Світлана Зубкович2, 

доцент кафедри геоінформаційних технологій та космічного моніторингу Землі,  

Харківський національний аерокосмічний університет імені М.Є. Жуковського  

«Харківський авіаційний інститут», вул. Чкалова, 17, 61070, м. Харків, Україна 

 

Однією з важливих ланок в системі моніторингу охорони чистоти атмосфери повітря є дослідження режиму 

формування шкідливих домішок і прогнозування рівня забруднення залежно від характеру макромасштабної ци-

ркуляції, стану граничного шару атмосфери і місцевих фізико-географічних умов, що особливо актуально для 

районів з великою кількістю промислових підприємств, які є постійним джерелом забруднення атмосфери. У 

статті розглянути результати дослідження метеорологічних та синоптичних умов забруднення атмосферного по-

вітря в різних районах Одеси, та запропонований  альтернативний метод прогнозу метеорологічних умов забруд-

нення для промислових районів Одеси при різних типах синоптичних процесів. Для аналізу умов забруднення 

атмосфери застосовують  такі синоптичні методи, що враховують комплекс метеорологічних умов та синоптич-

них ситуацій, які визначають розповсюдження та накопичення домішок. Особливу увагу приділено  малоактив-

ному розвитку процесів й застійних явищ (слабкий вітер), при яких  створюються умови, що найбільш сприяють 

забрудненню. Якщо ж атмосферні процеси активні, то приземні шари повітря швидко очищаються.  В статті  ро-

зглядається альтернативний метод, який може бути доцільним для оперативного використання через його зруч-

ність та можливість застосування предикторів різного класу, в тому числі таких, які можна описати лише якісно. 

Він дозволяє також об'єктивним шляхом оцінити сутність впливу окремих факторів та їх комплексу на забруд-

нення повітря, тобто у даному випадку методом дискримінантного аналізу виявлена емпірико-статистична зале-

жність між наявністю інверсії та різними предикторами. За результатами розрахунків дискримінантних функцій 

та виходячи з фізичних міркувань, сформовано перелік 8 потенційних предикторів, які впливають на утворення 

застоїв повітря над містом.  

Ключові слова: гранично допустима концентрація (ГДК), забруднення повітря, затримуючий шар, слабкий 

вітер, синоптичні процеси, інверсія, альтернативний метод прогнозу забруднення атмосферного повітря. 
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