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Summary

Introduction. In the conditions of rapid urbanization, the share of people living in
megacities is growing. Urban development creates its own microclimate and its own
unique circulation of air masses. Road transport is the biggest polluter of the city, the
number of which is growing over the years, especially in the current environment, when
it has become more accessible. As a result, its impact on human health is becoming more
tangible. Urban canyons are the main functional unit of the metropolis. The study of the
impact of urban canyons on the ecological situation in the conditions of dense construction
of the metropolis is an extremely urgent task. Simulation divergent wind fields in urban
areas is an extremely difficult task, because the structure of urban development is uneven.
In this regard, the architectural planning urban piece was presented a set of elementary
fragments — street canyons with appropriate spatial and geometric characteristics. The
practical significance of the results is to understand the future state of the environment
in urban canyons. Purpose. The aim of the work is to model and quickly assess the
concentration of pollutants in street canyons in the projects of environmental management
of the metropolis. Results. Based on the recommended model, the air dynamics of the
level of the transport level of the atmosphere by the main flows, the concentration of
the period of the day, the amount of pollutants reaches a critical level, exceeding the
maximum allowable values. Conclusions. The proposed model will allow to model the
level of pollution of street canyons of cities, as well as to determine the critical values
of traffic intensities at which the concentration of pollutants will exceed the maximum
allowable values. The obtained results can be used to build a forecast of daily pollution of
roadside ecosystems and management of the ecological state of the metropolis.

Key words: management, transport, pollution assessment, transport flow, project,
modeling of pollution fields.
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Anomauisn

Bcemyn. B ymosax weuoxoi ypoanizayii spocmae wacmxa mooet, uio Hcueyms y meea-
nonicax. Micokuii po36umox cmeopioe 61acHull MikpOKIiMam i C6010 HeNOBMOPHY YUp-
KYZIAYII0 NOGIMPAHUX MAC. AGMOMObINTbHUL MPAHCNOPpM € HAlOINbUWUM 3a0PYOHIOBAYEM
Micma, KilbKiCmb K020 3 POKAMU 3DOCMACE, 0COONUBO 8 CYHACHUX YMOBAX, KONU BIH
cmag Oinbuw docmynHum. Y pe3yivmami ybo2o 1020 6naus Ha 300p08 s TOOUHU CIMAE
giouymuiwum. MicbKi KaHbUOHU € OCHO8HOIO (DYHKYIOHANLHOI OOUHUYEI0 Me2ANOiC).
Buesuenns ennugy micbkux KaHbllOHI8 HA eKOLORIYHY CUMYAYI0 8 YMOBAX WINbHOL 3a0)-
008U Me2anoiicy € Ha036UYAIHO AKMYATIbHUM 3a80anHAM. Modentoeanms nouie 3aopyo-
HEHHSI ammMochepHo20 nogimpsi ypOAaHi308aHUX MEPUMOpIl € HA036UHALIHO CKAAOHUM
3a60aAHHAM, OCKITbKU CMPYKMYPA MICbKO20 PO3GUMKY HEPIGHOMIpHA. Y 36 °A3KY 3 yum
y cmammi npedcmaegneno 0e3niu enemeHmapHux Qpazmenmis — eYIUYHUX KAHbUOHIE
3 GIONOBIOHUMU NPOCMOPOBO-2OMEMPULHUMY XapakmepucmuKkamu. [Ipakmuune 3ua-
YeHHs pe3ybMamie Noisaeac 6 OYiHyi ma NPo2HO3Y8AHHI CMAHY amMochepHo20 Nogi-
mpsi 8 micokux xawuvtionax. Mema. Memowo pobomu € mooentosanHs U OnepamueHa
OYIHKA KOHYeHmpayii 3a0pyOHIOI0UX PeHOSUH 8YIUYHUX KAHBUOHAX Y NPOEKMAX eKo/0-
2IYH020 MeHedwcmenmy mezanoiicy. Pesynemamu. Ha ocnogi 3anpononosanoi mooeni
BU3HAUEHO OUHAMIKY PIiHS 3a0PYOHEHHS AMMOCHEPHO20 NOGIMPS MiCH MPAHCNOPM-
HUMU NOMOKAMU, YCMAHOBIEeHO Nepiodu 000U, KOAU KOHYEeHMpayis 3a0pyOHI0I0UUX
PeUOBUH 00CA2AE KPUMUYHOSO DIGHS, NEPeGUUYIOUU SPAHUYHO OONYCTNUMI 3HAYEHHS.
Bucnoeku. 3anpononosana mooens dacmes 3mM02y MOOent08amu pigeHs 3a0pyOHeHHs
BYIUYHUX KAHBUOHIE MICT, @ MAKOMC BUSHAYAMU KPUMUYHI 3HAYEHHS IHMEeHCUBHOCmel
MPAHCHOPMHUX NOMOKIG, NPU AKUX KOHYEHMPayis 3a0pyOHIOIOUUX Peuyosut Nnepesu-
wysamume 2paHuyHo Ooonycmumi sHavenus. Ompumani pe3yiomamu Mojcyms Oymu
BUKOpUCMAH] 0718 N006Y 008U NPOSHO3)Y U0OEHHO20 3A0PYOHEHHS eKOCUCIEM NPUOOPOXHC-
Hb020 NPOCMOPY U YAPAGTIHHA eKONOTYHUM CIAHOM Me2anoicy.

Knwwuogi cnosa: ynpasninna, mpancnopm, oyinka 3a0pyOHeHHs, MPAHCHOPMHULL
HOMIK, NPOeKm, MOOEN08AHHA N0 3a0PYOHEHHSL.

Introduction. Today, the level of air pollution is one of the key factors determin-
ing the quality of living conditions in megacities. In many cities, the concentration of
pollutants significantly exceeds the maximum acceptable values [1; 2]. As a result,
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the health of the population is deteriorating and there are significant economic losses
that are directly related to human health, disease and disability. The main sources of
pollution of urban areas are traffic flows, the specificity of which is manifested in their
close proximity to residential areas, territorial distribution, ground location. The fields
of concentration of pollutants formed in the surface layer of the atmosphere have an
spatiotemporal heterogeneity, which is explained by both dynamic (intensity, traffic
flow, meteorological conditions) and static (geometric characteristics of street can-
yons, terrain, the presence of greenery, regulated intersections, spatial orientation of
the street, etc.) factors [3; 4].

Assessment of air pollution is conducted in two directions: field observations and
mathematical modeling. The construction of mathematical models is based on the
results of theoretical and experimental study of the patterns of distribution of pollutants,
which allow to build fields of pollution and reflect their spatiotemporal dynamics. Thus,
modeling of pollution fields will allow to make operative forecasts of concentration of
pollutants in street canyons of cities and by traffic control, to prevent critical situations
in which the level of pollution exceeds the maximum allowable values, and thus to man-
age the ecological state of the metropolis.

Purpose. The aim of the work is to model and quickly assess the concentration
of pollutants in street canyons in the projects of environmental management of the
metropolis.

Analysis of recent researches and publishing. There are different approaches to
solving the problem of scattering of pollutants in the atmosphere and modeling of pol-
lution fields, in particular: analytical solution of the equation of turbulent diffusion,
numerical modeling of turbulent flows, Lagrange models, Gaussian models, statistical
models, models of urban canyons: STREET (Johnson et al., 1973); Canyon Plum Box
Model (Yamartino et al., 1986); Operational Street Pollution Model (Berkowicz, 1996).
To date, there is no generally accepted model for the dispersion of pollutants due to its
complexity [5].

To determine the level of pollution in cities, there is a class of semi-empirical models
based on a priori parameterization of the conditions of transport and scattering of pol-
lutants. Among these models, the most well-known are: California Line Sours Disper-
sion Model (CALINE-4) and Danish Operational Street Pollution Model (OSPM). The
CALINE-4 model was created by the California Department of Transportation, based
on the Gaussian torch model. The stability class of the surface layer of the atmosphere is
determined using modified Pasquil-Gifford curves. This model requires a small amount
of input information, which ensures its simplicity and widespread use. However, the
simulation results can be considered only approximate, as this model does not take into
account the features of urban development, terrain, meteorological characteristics [6; 7].

The OSPM model is focused on determining the concentration of pollutants from
traffic flows in street canyons, taking into account meteorological conditions, geometric
characteristics of street canyons: different street configurations, width, height, building
density, also the model takes into account mechanical turbulence created by vehicles.
The main disadvantage of OSPM is the inability to take into account the deformation of
the wind flow depending on the configuration of buildings.

Main material. Determination of the concentration of pollutants in street canyons
from traffic flows is proposed to be based on the methodology of the Operational Street
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Pollution Model. The model is based on the Gaussian type of scattering of pollutants in
combination with the characteristics of the road network of cities [8].

Modeling of pollution fields in cities is a rather difficult task, as the structure of urban
development is heterogeneous [9]. Therefore, it is advisable to present an architectural
and planning fragment of urban development with a set of elementary street canyons
with appropriate spatial and geometric characteristics.

The street canyon is a typical architectural and planning element of the city, which
is an elementary area with buildings along the carriageway between the nearest cross-
roads. The space between buildings is an elementary ecosystem, the level of pollution
which determines the level of ecological safety of the canyon. Street canyons of the
city have different spatial and geometric characteristics: width, length, spatial orienta-
tion of the canyon, continuity and composition of buildings (weighted average height
of buildings, density of buildings, average angle of rotation of buildings to the axis of
the street). There are also symmetrical and asymmetrical street canyons. The following
zones are distinguished in the street canyon: the windward side, which is characterized
by a minimum level of pollution due to the inflow of clean air; the inner part and the
leeward side, for which the maximum level of pollution is observed [10; 11].

When modeling the level of pollution, a distinction is made between wind speed and
direction at the level of the roof of buildings, which is determined by the global trans-
fer of air masses and wind speed at the street level. There is also a recirculation zone,
which is characterized by the inflow of pollutants from another part of the street canyon
and is determined by the length of the turbulent vortex, the geometric parameters of the
canyon [11] Figure 1.

recirculation zone
boundary

road axis

leeward zide
windward side

Fig. 1. The main parameters of the street canyon
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The concentration of pollutants is determined within the street canyon and is equal
to the sum of the concentration of direct scattering of pollutants ( C, ), the concentration
caused by air recirculation in the street canyon ( C, ) and the urban background concen-
tration (C,) [6; 7].

C=C,+C +C,. 1)
The concentration of direct scattering of pollutants from the traffic flow is equal to:
2 Qdx
C, == l—=, 2
¢ \/; UWo, (x) @

where O — intensity of pollutant emissions from “efficient” transport flow, mg / m * s;

U, — wind speed at street level, m/c;

W — width of the street canyon, m;

o, (x) — the parameter of the vertical variance at a distance x from the emission
source;

The wind speed at street level is determined as follows:

In(h,/ z,)

"In(H/z,)

where U, — wind speed at the roof level, m/s;

z, — effective size of inequality, m, z,=0.6;

h,— effective height of a loop after movement of the car, m, #,=2;

H — average height of street canyon buildings (on the windward and leeward side of
the canyon), m;

p — the ratio of the height of buildings on the leeward side to the average height of
buildings on the street canyon;

@ — the angle of the wind direction at roof level relative to the axis of the street, rad;

The parameter of the vertical dispersion of pollutants at a distance x from the emis-
sion source is determined by the following formula:

U =U (1-0.2psing), 3)

X
X, @)
where o, — vertical turbulence dispersion, m/s;

x — is the distance from the source to the calculation point, m

5, =y(0.1U,) +5,,, (5)

where o,,, — turbulence variance caused by vehicle traffic, m/s;

G, =0.3 /% , (6)

where N — traffic intensity, bus/s;

V — average speed of traffic flow, m/s;

S — the average area occupied by the vehicle, m?;

Thus, the concentration of pollutants from direct scattering perpendicular to the wind
direction to the axis of the street is determined:

c.(x)=0

w
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cdz\ﬁ Q ynl1470m | 7)
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The calculation of the concentration of pollutants in the recirculation zone of the
street canyon is carried out depending on the length of the turbulent vortex:

[, =2rH, ®)
where » — an indicator that depends on the wind speed (for wind speeds <2m/c
U. .

r="7/, in other cases r=1).
The concentration from the recirculation of pollutants within the street canyon is
determined as follows:

-1
o QL
W-(o,-+o,-1)
where /_, [, [, — geometric characteristics of the recirculation zone;

o,, o — the rate of dispersion of pollutants through the upper and side of the street
canyon, respectively, m/s.

©

o, =(0,1U,) +(0,40,,)’ , (10)

o, =JU’+c,, . (11)

Based on this model, an estimate of the concentration of pollutants in the street can-
yons of the city can be performed, taking into account the daily dynamics of traffic inten-
sity. Emission intensities are estimated on the basis of the concept of “efficient transport
flow”, ie a model flow, the technogenic effect of which on the environment is equivalent
to the action of a real transport flow containing a similar number of vehicles. “Efficient”
traffic flow is a statistical set of “efficient” vehicles of the respective categories [12].

Therefore, the obtained results can be used in modeling the level of pollution in the
street canyons of cities and streets of the metropolis, which will allow to perform oper-
ational forecasts of air pollution and timely environmental measures to normalize the
environment.

Figure 2 shows the daily course of the concentration of the main pollutants, namely
carbon monoxide and nitrogen oxides in one of the most typical street canyons (I. Maz-
epa Street). The wind speed at the roof level is 5 m/s.

Thus, at the established intensities of traffic flow and wind speed of 5 m / s, the
dynamics of the concentration of pollutants in the street canyon in the period from 8:00
to 20:00 was determined [13]. Thus, in the morning periods, when the greatest traffic
intensities are observed, the concentrations reach the maximum allowable values.

12
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Fig. 2. Dynamics of the level of carbon monoxide concentration
during the day (I. Mazepa Street)
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Fig. 3. Dynamics of the level of nitrogen oxides concentration
during the day (1. Mazepa Street)

Conclusions. The main models of pollutant scattering in the atmosphere are ana-
lyzed. A model of urban street canyons (OSPM) is proposed to determine the daily
dynamics of the concentration of major pollutants in the street canyons of the metropo-
lis. The proposed model will allow modeling critical pollution levels both for individual
sites and for the network as a whole. Therefore, the obtained results can be used in mod-
eling the level of pollution in the street canyons of cities, which will make operational
forecasts of air pollution and timely environmental measures to reduce the concentra-
tion of pollutants.
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