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Abbreviations
Abbreviation

Explanation

AMS

Automatic Monitoring Station

AQ

Air quality

BgCWFS

Bulgarian Chemical Weather Forecast System

CAMS

Copernicus Atmosphere Monitoring Service

DoI

District of Interest

EPA

US Environmental Protection Agency

ExEA

Executive Environment Agency, Ministry of Environment and Waters, Bulgaria

GIS

Geographic information system

LPS

Large Point Source

LEZ

Low Emission Zones

LEZ0

Low Emission Zones in the city center

LEZ1

Low Emission Zones in the wide city centеr.

NIMH

National Institute of Meteorology and Hydrology

NSI

National Statistical Institute

PAHs

Polycyclic Aromatic Hydrocarbons

PM10

Particulate Matter with diameter < 10 μm (fine dust particle)

PM2.5

Particulate Matter with diameter < 2.5 μm (fine dust particle)

PIAQ

Municipal Program for Improving the Air Quality, Municipal Air Quality Plan

PIAQ2021

Program for Improving the Air Quality in Sofia 2021-2026

SM

Sofia Municipality

TA Luft

German "Technical Instruction Clean Air"

UBA

German Federal Environmental Agency
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Abstract
The INNOAIR project envisages an innovative on demand public transportation in some districts of the
Sofia city, called here Districts of Interest -DoI. Another initiative of Sofia municipality is implementing
two low emission zones - LEZ0 in the city center and LEZ1 in the wide city centеr. Both initiatives are
expected to have a positive effect on the ambient air quality in the city.
The goal of the deliverable 6.4.3 of the INNOAIR project is to consider scenarios for changes in the air
quality caused by a potential reduction of non-environmentally friendly transport. The study focuses
on the particulate matter with diameter < 10 μm (PM10).
Two dispersion modeling systems are used - SELMAGIS-AUSTAL2000 and AERMOD View systems.
If the non-environmentally friendly transport and respectively the PM10 emissions from DoI, LEZ0 and
LEZ1 will be reduced by 50 %, the maximal annual PM10 concentrations over the territory will decrease
by 6% in the city, by 28% in LES0, by 7% in LEZ1 and by 1.6% in DoI according to AUSTAL2000. According
to AERMOD the corresponding reduction will be 0.1% in the city, 20% in LES0, 33% in LEZ1 and 37% in
DoI. As to the averaged over the territory annual PM10 concentrations, they will decrease by 17% in
LES0, by 14% in LEZ1 and by 4.5% in DoI according to AUSTAL2000, and by 15% in LES0, by 17% in LEZ1
and by 12% in DoI according to AERMOD.
Despite some differences between the AUSTALS's and the AERMOD's results, the following conclusions
can be drawn from both models.
The problems with PM10 in the Sofia municipality cannot be completely solved only with introduction
of the planned new transport schemes in Sofia. The reason is that the concentrations caused by traffic
in LEZ0, LEZ1 and DoI have less role in the formation of PM10 pollution in the city than the
concentrations caused together by all other PM10 emissions sources - traffic outside LEZ0, LEZ1 and
DoI, residential heating and background pollution in Sofia.
The general conclusion is that in addition to introducing more environmentally friendly transport in
the areas of interest and in the low-emission zones, it is necessary environmentally friendly transport
to be implemented throughout the city. It is also recommended to take measures to reduce emissions
from residential heating. Such measures are envisaged in the Action Plan of the Program for Improving
the Air Quality on the territory of Sofia Municipality for 2021-2026.
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1 INTRODUCTION
The air quality problem for the city of Sofia is related mainly to the fine dust particles with size less
than 10 microns (μm, PM10), those with size less than 2.5 μm (PM2.5) and polycyclic aromatic
hydrocarbons (PAHs). In response, the Municipality of Sofia is implementing a "Comprehensive
Program for Improving Atmospheric Air Quality on the territory of Sofia Municipality for the Period
2021-2026" (PIAQ2021). Some of the measures in this Program, like implementing low-emission zones,
coincides with some of the objectives of the INNOAIR project and will be a subject of this study.
Vehicular traffic plays an important role in PM air pollution in urban areas. The INNOAIR project
envisages changes in the transport schemes in Sofia, start of “an innovative on demand public
transportation” in some parts of Sofia (Districts of Interest, DoI) which is expected to have a positive
impact on the air quality in the city. Such an effect is also expected from the establishment of lowemission zones (LEZ) in the central urban areas where traffic restrictions will be imposed for categories
of vehicles that do not meet certain environmental standards. An interesting and important question
is how and to what extent the on demand public transportation and low-emission zones will affect the
air quality in the city. The answer is one of the main goals of the project, as its title suggests.
It is obvious that bigger and larger-scale changes in transport schemes, will lead to more significant
changes in the air quality of the city. At this intermediate stage in the implementation of INNOAIR, the
details of the traffic changes in the DoI and LEZ areas are not exactly known. An useful study at this
stage is an assessment of possible changes in the AQ, due to different potential changes of traffic in
DoI and LEZ, i.e to study possible scenarios of AQ improvement due to reduction of the non-ecological
traffic. This is the purpose of deliverable 6.4.3.
The task is formulated in details in Section 2. Section 3 describes the main tools used in the study –
modeling systems for pollutants dispersion in ambient air, used for regulatory purposes in the United
States and Germany. The current state of the air quality in Sofia is discussed in Section 4, while &4.2
presents the main "preparatory" activities: emissions’ determination and their dispersion modeling,
comparison with AQ measurements, consideration of the contribution of individual emission sectors.
Section 5 is the main one for the present study. The state of the AQ is outlined in terms of opportunities
for its improvement through changes in transport schemes in the city (& 5.1). Possible scenarios are
developed and run for how potential changes in the transport schemes, will affect the air quality (&
5.2). In Section 6 the results are summarized and the relevant conclusions are indicated/drawn.
As the traffic emits one of the main problematic pollutants for Sofia - fine dust particles (particulate
matter), they will be the subject of the present study. Traffic has a practically negligible share in PAHs
emissions - the other problematic pollutant. That is why PAHs are not subject of this study.
Measurements of PM2.5 are available only at one monitoring point, which does not allow full
validation of the models. As it will become clear, other emission sources of PM with diameter between
2.5µm and 10µm are also relevant to the topic. For these reasons and due to the fact that PM2.5 are
part of PM10, the focus of the study will be on PM10.
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Given the fact that PM10 standards are defined on an annual basis, the subject of consideration in the
present study will be 2021, the last full calendar year.

2 TASK FORMULATION
In the frame of the INNOAIR project, the areas of interest are expected to cover the districts of Buxton,
Manastirski Livadi, Gorna Banya, Boyana, Dragalevtsi and Simeonovo. Two low-emission zones are
planned to be introduced: a narrower zone - LEZ0, and the LEZ1 with a wider perimeter. The first zone
LEZ0 encompasses the central part of the city – bul. "Slivnitsa", bul. "V. Levski", bul. "P. Evtimiy", bul.
"Sĸobelev" and "Opalchenska" str. The LEZ1 zone covers the territory between bul. "Slivnitsa", Stochna
gara, bul. "Gen. D. Nikolaev," bul. "Sitnyakovo", bul. "P. Yavopov", bul. "N. Vaptsarov", bul. "Ch. vruh",
bul. "H. Ibsen", bul. "I. Geshov" and bul. "K. Velichkov". The ban on the movement of non-ecological
vehicles applies to the interior of LEZ zones and does not apply to the streets bordering the zone. The
zones DoI, LEZ0 and LEZ1 are shown in Figure 2.1.

a)
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b)
Fig.2.1. a) Calculations area
b) DoI (in purple), LEZ0, LEZ1 and Automatic Monitoring Stations of the ExEA (green dots)

Concentrations of air pollutants in a specific area are formed as a result of emissions emitted inside
the area and from pollutants emitted outside the zone but transported into it. The last ones are called
background concentrations, or background for short. Two background concentrations are important
in this case. The first one is the background concentration for the whole city, or more precisely for the
area of calculation (Figure 2.1.a). These background concentrations originate from emission sources
from outside the area of calculation. In deliverable 6.4.1 the background had been determined
according to the data from BgCWFS. Based on the assessment from BgCWFS, measurements at AMS
"Kopitoto" and on some estimates from CAMS, a value of 13 µg/m3 is assumed for the average annual
PM10 background concentration for the calculation area for 2021.
The second background concentration is that formed in the DoI and LEZ zones from sources outside
these zones, in short "DoI and LEZ background". This background is a sum of two components:
1) background concentration of 13 µg/m3 for the calculation area
2) concentrations emitted by sources in the calculation area, but outside the DoI and LEZ, called for
short - "close background".
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Determining the close background is an important part of the present study. This importance stems
from the fact that the changes in the transport schemes in DoI and LEZ will practically not affect the
traffic outside DoI and LEZ, and accordingly will not affect the close background and the background
of DoI and LEZ in general. In other words, the close background is something that the new transport
schemes cannot influence. In fact, changes in DoI and LEZ traffic will have some impact on traffic
outside DoI and LEZ, but since the latter are not expected to be too large and cannot be quantified at
this stage, we will consider that traffic outside DoI and LEZ, and respectively the close background,
remain unchanged.
The main task set in INNOAIR project for the current deliverable 6.4.3 is to answer the question “What
improvements in the AQ are expected to occur when reducing the non-ecological traffic in DoI and
LEZ, and respectively the traffic emissions in these areas by 1%, 5%, 10% and 15%?”.

3 DESCRIPTION OF TOOLS AND MODELS
The main tools that will be used in the present study are two systems modeling the dispersion of
emissions into the atmosphere. The first one is the SELMAGIS- AUSTAL2000 system, and the second is
AERMOD View. Both systems will be used in parallel to solve the same tasks. The results obtained from
the two systems will be compared, providing greater reliability of the results and the conclusions drawn
by them.

3.1 SELMAGIS - AUSTAL2000
The SELMAGIS system is an interface developed by the German company Lohmeyer GmbH & Co.
[http://www.lohmeyer.de], which links different dispersion models to the ArcGIS geographic
information system. This allows the model to use the detailed input information about the
infrastructure that GIS provides, and in addition, to present the results in an appropriate form.
In the period 2001-2018, various dispersion models had been integrated into the SELMAGIS system. In
this study, we use the combination of SELMAGIS with the 3-dimensional Lagrangian dispersion model
AUSTAL 2000. This is the official dispersion model of the German Federal Environmental Agency,
meeting the requirements of the German "Technical Instruction Clean Air" (TA Luft), repeatedly
validated on experimental data and compliant with the European AQ directives. The model allows
separate and/or combined accounting of point, area and linear emission sources. The AUSTAL 2000
model is free to use and accessible from the Internet.
The final results represent pollutants concentrations and depositions on the ground, in a network and
at pre-selected receptor points.
The SELMAGIS-AUSTAL2000 system has a built-in meteorological pre-processor - TALdia, which
calculates the fields (vertical profiles and changes in horizontal direction) of all meteorological
parameters required for the operation of the dispersion model, taking into account the topography
and changes in the earth surface. It is possible to take into account the effect of buildings, but this
procedure is considerably computer time consuming and is not used in the development of air quality
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programs. It is appropriate for individual buildings or limited parts of the city. When developing air
quality programs, buildings are usually parametrically accounted for by changing the roughness
parameter.
The SELMAGIS-AUSTAL 2000 system can work in two aspects:
• First: calculation of time series - the concentrations of the respective pollutant are calculated
hour by hour, for the whole period under consideration. For the modeling period, it is desirable to
consider 1 calendar year (8760 hours), as most AQ standards are on an annual basis. Working in this
mode, requires appropriate meteorological information - time series of the wind direction and speed,
and the atmospheric stability class for each hour of the period.
• The second mode of modeling is in the statistical aspect. For it, meteorological information
averaged over the considered period is sufficient. When working in statistical mode, it is possible to
calculate only the average value of the respective pollutant for the period under consideration, which
is sufficient for the purposes of this study. More information about SELMAGIS-AUSTAL2000 is available
at https://www.lohmeyer.de/en/software-sales-distribution/product-overview/selma-gis/.

3.2 AERMOD
AERMOD is the licensed model of the US Environmental Protection Agency (EPA). The Canadian
company Lakes Environmental has developed an interface that facilitates the work with AERMOD
under MS Windows operating system.
The system is based on a Gaussian model. Gaussian models are chronologically the first and simplest
models for describing the dispersion of emissions in the atmosphere. AERMOD has undergone a
number of modifications and now it belongs to the so-called new generation Gaussian models. It allows
estimation of diffusion from point and linear emission sources, as well as from area sources of arbitrary
shape. The number of sources is practically unlimited. The final results represent concentrations and
depositions of the pollutant on the earth's surface in a grid of pre-selected receptors.
The AERMOD dispersion model uses an AERMET meteorological preprocessor, which calculates all
meteorological parameters (including their changes in vertical direction) required for AERMOD
operation. In this study, AERMET will not be used, as the final products of AERMET are prepared in
different way by the NIMH team participating in INNOAIR project. This part will be discussed in & 4.2.1.
AERMOD uses simple terrain parameterizations and roughness parameter to account for the effect of
buildings.
Unlike SELMAGIS-AUSTAL, AERMOD works only in "time series" mode, but allows averaging the outputs
for 1, 2, 3, 6, 8, 12 and 24 hours, for a month, year and/or for the entire study period. More information
about Lakes environmental's AERMOD View is available at
https://www.weblakes.com/products/screen/resources/ lakes_screen_view_user_guide.pdf.
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4 STATUS OF THE AIR QUALITY IN SOFIA
4.1 PM concentrations measured at the regulatory AQ
monitoring stations in Sofia
In the frame of the Program for Improving the Air Quality 2021-2026 (PIAQ2021), an analysis of the
data from the monitoring stations in Sofia was recently performed. Below we present, one by one, the
data from the monitoring and analysis for the period 2014-2019 as in PIAQ2021.

Fig. 4.1.1 Average annual PM10 concentrations according to data from the AQ monitoring stations of ExEA
for the period 2014-2019

Fig. 4.1.2 Number of days with exceedances of the daily PM10 norm per years 2014-2019, registered at the
AQ monitoring stations of the ExEA
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The average annual concentration of PM10 shows a clear decreasing trend. In 2019, the values are
below the ambient AQ standards for PM10 of 40 µg/m3 in the all monitoring stations of ExEA. A
compliance with regulatory requirements is achieved - see Figure 4.1.1.
Another PM10 standard is the daily average value of 50 µg/m3. According to the European legislation,
this standard is admissible to be exceeded 35 times within one calendar year. As seen from Figure
4.1.2, with the exception of the out-of-town background station Kopitoto, at all other monitoring
stations on the territory of Sofia Municipality, an excess of the admissible number of exceedances of
the average daily standard for PM10 is registered.
Figures 4.1.3 and 4.1.4 present the average monthly and the average annual concentration of PM10
for the considered 2021 in the ExEA stations.

Fig. 4.1.3 Average monthly PM10 concentration for 2021 at the ExEA stations

Fig. 4.1.4 Average annual PM10 concentration for 2021 at the ExEA stations
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Table 4.1.1 Average monthly and average annual PM10 concentration at the ExEA stations for 2021.
month

Kopitoto

Hipodruma

Druzhba

Pavlovo

Nadezhda

Mladost

1

5.09

24.77

16.53

24.64

36.45

25.53

2

14.75

41.89

21.22

38.91

53.65

36.37

3

10.14

27.89

16.79

26.23

31.25

27.59

4

12.24

22.86

12.82

22.34

26.15

21.44

5

13.21

20.05

12.6

17.75

21.42

18.98

6

18.08

24.75

15.12

24.08

29.25

25.65

7

23.09

27.05

17.6

27.3

33.04

27.65

8

20.29

23.44

16.9

22.51

27.11

24.34

9

13.74

21.36

21.2

19.56

25.02

20.78

10

10.89

21.32

8.54

21.27

26.16

21.24

11

12.28

36.44

23.31

35.59

42.74

34.49

5.63

24.33

19.45

25.17

31.62

23.26

13.29

26.35

16.84

25.45

31.99

25.61

12
Mean
annual

70
60
50
40

2020
2021

30
20
10
0

Копитото Хиподрума Дружба

Павлово

Надежда

Младост

Fig. 4.1.5 Number of of days with exceedances of the daily PM10 norm per year 2020 and 2021,
registered at the AQ monitoring stations of the ExEA

As seen from the data for 2020 and 2021, the situation qualitatively repeats the situation from 2019.
While a compliance with regulatory requirements cocerning the average annual stantard of 40 µg/m3
is achieved in the all monitoring stations, the number of days exceeding the 24-hour PM10 standard
of 50 µg/m3 is violated in some of them. It is obvious that there is a proportional relationship between
the average annual concentration and the number of days in excess of the average daily standard. As
it will be shown in & 4.2, there are areas where the average annual concentration is significantly higher
than that observed in the ExEA stations. This means that there is a reason to expect that the number
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of days with exceedances of the average daily standard is more than 35 in many places in the city,
which is not reported by the ExEA stations.
The important conclusion to be made is that average annual concentrations lower but close to 40
µg/m3, for example around 35 µg/m3, are undesirable, as at such concentrations it is very likely that
the permissible number of days exceeding the daily standard will be surpassed.

4.2 Territorial distribution of PM concentrations
The monitoring provides accurate information, but only for separate points in the city. One of the main
advantages of the dispersion modeling is that, although less accurate, it practically provides
information for every part of the city. A second advantage of modeling is that, unlike measurements,
it allows the identification of the source of pollution. In the current & 4.2 we will take advantage of
these possibilities of dispersion modeling.

4.2.1 CONFIGURATION OF MODELING SYSTEMS
Models perform calculations in a specific geographic area on calculation grids. For a detailed
description of pollutants dispersion, it is desirable to perform the modeling on a high-resolution grid
(with a small spatial step). This increases the calculation time. The presence of relief further increases
the calculation time many times over. In such cases, it is appropriate to perform the modeling in nested
domains – first one with a larger spatial step, covering a larger area and another one with a smaller
spatial step, nested in the first domain, covering the sub-area where we want a more detailed
description of the processes.
Three domains are used in the present analysis. The first, with a horizontal step 1000x1000m, covers
an area of 47x36km. The second domain, with a horizontal step of 500x500 m and dimensions of 22x24
km. The third domain, with a horizontal step of 250x250m and dimensions of 13x18.5km - see Figure
4.2.1.1. The steps in vertical direction increase exponentially: 0, 3, 6, 10, 16, 25, 40, 65, 100, 150, 200,
300, 400, 500, 600, 700, 800, 1000, 1200, 1500m.
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Fig. 4.2.1.1. Computational nested grids used in dispersion models

Dispersion models use several groups of input information:
Geographical and urban information
The urban agglomeration, infrastructure, relief (digital relief model), characteristics of the underlying
surface (map of the roughness parameter) for the region are introduced through GIS layers. The
information is provided by Directorate “Climate, Energy and Air” of the Sofia Municipality.
Meteorological information
Meteorological information for a long period, i.e. for Sofia's climate, could be found in many open
access sources. This information is essential for the AQ in Sofia, but only the meteorological
information for 2021 is directly related to the current study. Here, we use the so-called "re-analysis".
This is a compilation of meteorological data from ground-based observations, satellite observations
and numerical weather models. The relevant information from the "re-analysis" has been processed
and reformatted for the needs of the SELMAGIS-AUSTAL and AERMOD View systems. Summarized
illustration of this information for 2021 is the so called “three-dimensional wind rose” containing data
for wind direction, wind speed and Klug-Menier stability parameter – Figure 4.2.1.2.
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Fig.4.2.1.2 Three-dimensional wind rose - repeatability of the wind direction, wind speed
and Klug-Menier stability parameter
Estimation and discretization of emissions

Along with meteorological conditions, emissions are the other AQ determining factor for an area. The
main term is the emissions inventory. This means determining emissions for a long, normally one-year,
period of time. Usually, this is done for relatively large sites - for a city, district or state and for individual
sectors - transport, residential heating, industry. Inventory is a preliminary step in defining emissions
for dispersion modeling. In most cases, the emissions inventory is not sufficient when modeling the
dispersion of emissions in the atmosphere. Emissions discretization over time (usually hour by hour)
and determination of the distribution of emission sources in space are necessary. It is a common
practice to consider emissions from a large number of small sources, like individual burning facilities
in the residential heating sector, as area sources. Emissions from the traffic are considered as emissions
from linear sources. Large, single sources of emissions, most often emitted by chimneys of industrial
enterprises, are considered individually, and the term "large point sources" (LPS) has been introduced
for such sources.
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The spatial distribution of LPS in the region is shown in Figure 4.2.1.3. The data are from PIAQ2021,
updated with additional up to date information.

Fig.4.2.1.3 Large point sources (red dots) in the considered area

The emissions from the residential heating sector are result of using fossil fuels in households. The
type and quantity of fuels used depend on many factors: the prices of different fuels, the income of
the population, the type of heating equipment, the insulation of the building, the average temperature
maintained in the dwellings, etc.
Households in the study area were grouped into 316 polygons - Figure 4.2.1.4. Data for the ways used
for home heating by the National Statistical Institute (NSI) from the 2011 were used. This data is
corrected with the trends observed in the last decade, according to the survey conducted as part of
PIAQ2021.
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Fig.4.2.1.4 Residential areas - "polygons" in the considered area

The traffic and its emissions are of paramount importance for the present study. Unfortunately, we
did not receive up-to-date information about the traffic from the cameras and other facilities for
monitoring the traffic on the road network in Sofia. A subjective estimate of the traffic introduced in a
GIS shape was used - Figure 4.2.1.5. The emissions’ calculations were performed by the built in
SELMAGIS calculator. The latter requires the road network to be represented as a set of straight lines
segments. Due to limitations in the number of road segments that AUSTAL can handle, the road
network was represented by 19640 segments for calculations with AERMOD and by 2442 segments for
calculations with AUSTAL. It is essential to separate freight and light vehicles in the traffic. Due to the
lack of information, an expert assessment was made from the general consideration that in the more
central parts of the city there are less freight vehicles - see Figure 4.2.1.5.
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Fig.4.2.1.5 Average daily traffic on the street network and % of freight vehicles.

The conditions under which both systems will be used - system configuration and input data - are the
same for both systems, with the following exceptions. The modeling with AUSTAL is performed in the
three nested computing grids, while this with AERMOD is performed in one grid only, with
1000x1000m space resolution. This is due to the fact that AUSTAL uses 2443 road segments, while for
AERMOD they are 19640, which requires more computing resources.

4.2.2 CONCENTRATIONS CAUSED BY ALL SOURCES OF EMISSION.
MODEL VALIDATION
This paragraph presents the spatial distribution of PM concentrations caused by the emissions released
together by the all sectors - residential heating, traffic and industrial enterprises. The results are
obtained by dispersion modeling with both AUSTAL and AERMOD models. The background pollution
of Sofia, accepted to be 13 µg/m3, is added to the concentrations resulted from all these sectors.
AUSTAL results will be denoted by AS and AERMOD results by AM.
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Fig. 4.2.2.1 Average annual PM10 concentration [µg/m3] for 2021 caused by all sources (residential heating,
traffic, industrial enterprises and background) according to AUSTAL and AERMOD.
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Fig. 4.2.2.1-1 Same as Fig.4.2.2.1 with a focus on the city area, with marked LEZ and DoI

Fig. 4.2.2.1-2 Same as Fig.4.2.2.1 with a focus on LEZ and DoI
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Table 4.2.2.1 Maximal and mean values of the average annual PM10 concentrations in the city, in LEZ and in DoI

Concentrations [µg/m3]
Emissions from:

All sources from the
whole territory

Model
results
AS
AM

Maximal concentration
in the specific area
city

LEZ0

LEZ1

DoI

Average
concentration over
the specific area
LEZ0

LEZ1

DoI

47.3

37.7

44.1

33.6

25.1

25.5

18.9

115.7

28.0

54.4

58.0

23.6

25.7

20.4

Table 4.2.2.1 gives some maximal and mean values of the average annual PM10 concentrations
obtained and illustrated in Figure 4.2.2.1. As seen from the figures, the high values are associated with
heavy traffic on certain roads. In the following paragraphs, the data will be supplemented and more
deep analysis will be made. The present results are suitable for comparison with the measurements.
Validation and comparison of the performance of AUSTAL2000 and AERMOD models
Table 4.2.2.2 shows the average annual PM10 concentrations measured at the stations from the ExEA
monitoring network and those obtained from the models at the same locations.
Table 4.2.2.2 Average annual PM10 concentrations from models and measurements

Kopitoto

Hipodruma

Druzhba

Pavlovo

Nadezhda

Mladost

13.29

26.35

16.84

25.45

31.99

25.61

23.25

µg/m

13.21

23.10

22.20

24.40

27.50

28.50

23.15

difference
from
measured [in %]

-0.57

-12.32

31.83

-4.11

-14.03

11.28

-0.43

µg/m3

14.75

20.97

32.80

19.29

21.08

24.74

22.27

difference
from
11.02
measured [in %]

-20.03

94.77

-24.19

-34.1

-3.6

-4.22

Measured µg/m3
3

AUSTAL

AERMOD

Averaged
over all
stations

The differences between the modeled and measured concentrations may be due to inherent errors of
the dispersion model, and mainly due to insufficient or inaccurate input data for emissions and
meteorological conditions. The averaged over all stations difference between the measured values and
modeled by AUSTAL and AERMOD is less than 5%. The difference in the performance of the two models
is discussed in & 4.2.3, where the dispersion of emissions from different groups of emission sources
are considered separately.
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4.2.3 PM CONCENTRATIONS CAUSED BY DIFFERENT GROUPS OF
EMITTERS
The concentrations caused by the industrial enterprises are shown in Figure 4.2.3.1.
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Fig. 4.2.3.1 Average annual PM10 concentration for 2021, caused by industrial enterprises

Fig. 4.2.3.1-1 The same as Fig. 4.2.3.1 with a focus on the city area

Fig. 4.2.3.1-2 The same as Fig. 4.2.2.1 with a focus on LEZ and DoI
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The concentrations caused by residential heating are shown in Figure 4.2.3.2.

Fig. 4.2.3.2 Average annual PM10 concentration for 2021, caused by residential heating
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Fig. 4.2.3.2-1 The same as Fig. 4.2.3.2 with a focus on the city area

Fig. 4.2.3.2-2 The same as Fig. 4.2.3.2 with a focus on LEZ and DoI
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The concentrations caused by the traffic are shown in Figure 4.2.3.3.

Fig. 4.2.3.3 Average annual PM10 concentration for 2021 caused by traffic
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Fig. 4.2.3.3-1 The same as Fig. 4.2.3.3 with a focus on the city area

Fig. 4.2.3.3-2 The same as Fig. 4.2.3.3 with a focus on LEZ and DoI
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Table 4.2.3.1 supplements Table 4.2.2.2. Except maximal and mean values of the average annual PM10
concentrations caused by all sources, maximal and mean values caused by industry, residential heating
and traffic separately are given.
Table 4.2.3.1 Maximal and mean values of the average annual PM10 concentrations in the city, in LEZ and in
DoI, caused by all sources and caused separately by industry, residential heating and traffic

Emissions from:
All sources in the
whole territory
Industry in the whole
territory
Households for the
whole territory
Traffic in the whole
territory

Concentrations [µg/m3]
Max. concentration in
Mean concentration in
Model result
city
LEZ0 LEZ1 DoI LEZ0
LEZ1 DoI
AS
47.3
37.7 44.1 33.6
25.1
25.5
18.9
AM
115.7
28 54.5
58
23.6
25.7
20.4
AS
AM
AS
AM
AS
AM

0.74

0.71

0.74

0.05

0.14

0.12

0.025

0.89

0.6

0.89

0.05

0.26

0.19

0.031

3.83

0.45

0.85

0.76

0.37

0.36

0.44

2.47

0.57

0.66

0.63

0.47

0.43

0.39

33.85

24.3

30.8

20

11.7

12

5.4

102.55

14.17

41 44.66

9.9

12

6.97

Both models give almost identical results in modeling the dispersion of emissions from industry and
the residential sector. The bigger differences come from modeling the dispersion of traffic emissions.
This may be due to the fact that AERMOD uses 19640 road segments to represent the road network
and runs in only one computational domain, while AUSTAL uses 2443 road segments and three nested
domains (see & 4.2.1).
Despite the differences, the following conclusions can be drawn from both models. The industry does
not cause significant air pollution. The maximal average annual concentration in the whole considered
area (city) is 0.74 µg/m3 according to AUSTALS and 0.89 µg/m3 according to AERMOD. This maximum
occurs on the territory of LEZ1, but due to its small value this should not be considered as a problem.
In general, air pollution from industry in average annual terms is negligible compared to pollution
caused by other sectors. The explanation is that emissions from industry are released at a height, while
those from the residential heating sector and especially those from the traffic are emitted at a small
height.
The residential heating sector also does not cause significant pollution. The maximal average annual
concentration in the whole considered area (city) is 3.83 µg/m3 according to AUSTAL and 2.47 µg/m3
according to AERMOD. The explanation is that fossil fuels are not widely used in the city. Fossil fuels
are used for residential heating in the small settlements surrounding the city. Due to the small area of
these settlements, the released PMs are exported from their territory and, in the average annual
aspect, high concentrations of PM10 are not reached. The maximal values are related to the districts
"Filipovtsi", "Hristo Botev", "Levski" and, to a less extent, to some other districts such as "Orlandovtsi"
- see Figure 4.2.3.2-1.
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The traffic is the main polluter with PM in the city of Sofia. The maximal average annual concentration
in the whole considered area (city) caused by traffic is 33.85 µg/m3 according to AUSTAL and 102.55
µg/m3 according to AERMOD. The maximal PM concentrations caused by the traffic in LEZ0, LEZ1 and
DoI, according to AUSTAL, are 24.3, 30.8 and 20 µg/m3, respectively. Traffic pollution will be discussed
in details in the next Section 5.
Concentrations in the predominant part of DoI do not reach high values. Exceptions are seen in small
areas near the intersections of "Tsar Boris III" and "Bulgaria" boulevards with the southern ring road,
where they reach 30-34 μg/m3. This is due to sources outside the DoI, mainly from the traffic on the
mentioned road arteries and background pollution.

5 POSSIBLE CHANGES IN THE AQ AS A RESULT OF
APPLYING NEW TRANSPORT SCHEMES
5.1 Potential for AQ improvement
This paragraph is a step towards more detailed analysis of the situation. The contribution of emissions
from each sector, emitted in different zones of the calculation area, will be discussed here. This is a
necessary step before proceeding to forecast scenarios for the effect of new transport schemes on the
air quality in the city.
The guiding idea is to divide the atmospheric pollution, in this case to divide the PM10 concentrations,
into two groups:
1) pollution that may be affected by the introduction of new transport schemes - CHANGEABLE
pollution,
2) pollution that will not be affected by the introduction of new transport schemes - NONCHANGEABLE
pollution.
The first group includes pollution caused by the traffic in LEZ0, LEZ1 and DoI. Calculations were made
in which the concentrations formed from the traffic in LEZ0, LEZ1 and DoI were obtained separately.
The following analyzes include only the pollution caused by the traffic in all three zones together. This
makes the results more visible and facilitates the analysis and, and as we will see, without significant
losses for drawing conclusions.
The second group obviously includes the background pollution of Sofia, formed by sources outside the
calculation area, as well as the pollution caused by industry and the residential heating, which are not
affecting by the traffic. The case for the traffic outside LEZ0, LEZ1 and DoI is more complicated. The
new transport schemes do not apply there. Changes in the traffic in the LEZ0, LEZ1 and DoI zones will,
in some way, affect traffic outside the zones, but at this stage it is impossible to predict exactly what
the latter will be. In addition, the changes are not expected to be too significant. For these reasons,
the traffic outside the LEZ0, LEZ1 and DoI zones is also assigned to the second group.
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Figure 5.1.1 shows the averaged annual PM10 concentrations caused by the traffic in LEZ0, LEZ1 and
DoI. These are the first group concentrations that will be affected by the introduction of the new
transport schemes - CHANGEABLE pollution.

Fig.5.1.1 Average annual PM10 concentration for 2021, caused by traffic in LEZ0, LEZ1 and DoI
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Fig.5.1.1-1 The same as Fig.5.1.1 with a focus on LEZ1

Fig.5.1.1-2 The same as Fig.5.1.1 with a focus on DoI
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Figure 5.1.2 presents the averaged annual PM10 concentrations from the second group NONCHANGEABLE pollution.

Fig. 5.1.2 Average annual PM10 concentration for 2021, caused together by the traffic outside LEZ0, LEZ1 and
DoI, by the residential heating and industry in the area and the background for the area.

04.2022 / INNOAIR © 35

Development of possible scenarios on cultural shift in
transportation on air quality

Fig.5.1.2-1 The same as Fig.5.1.2 with a focus on LEZ1

Fig.5.1.2-2 The same as Fig.5.1.2 with a focus on DoI
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Table 5.1.1 supplements Table 4.2.3.1. The old information is preserved for completeness and
comparison. New maximal and average values caused by the concentrations from group 1)
CHANGEABLE pollution that may be affected by the introduction of new transport schemes and those
from group 2) NONCHANGEABLE pollution that will not be affected by the introduction of new
transport schemes are in bold. The last rows show some of the "components" of the NONCHANGEABLE
pollution - concentrations caused by residential heating and traffic outside LEZ0, LEZ1 and DoI.
Concentrations from industry and background, not included in the table, also belong to the
NONCHANGEABLE pollution.
Table 5.1.1 Some maximal and mean over territory values of the average annual PM10 concentration caused by
different groups of emission sources from different areas of the city

Emissions from:
All sources over the whole
territory
Industrial sources
over the whole territory
Residential heating
over the whole territory
Traffic sources
over the whole territory
CHANGEABLE
NONCHANGEABLE
Residential heating
outside LEZ and DoI
Residential heating
inside LEZ and DoI
Traffic outside LEZ and DoI

Model
result

Concentrations [μg/m3]
Max. concentration in
Mean concentration in
city

LEZ0

LEZ1

DoI

LEZ0

LEZ1

DoI

AS

47.3

37.7

44.1

33.6

25.1

25.5

18.9

AM

115.7

28

54.5

58

23.6

25.7

20.4

AS

0.74

0.71

0.74

0.05

0.14

0.12

0.025

AM

0.89

0.6

0.89

0.05

0.26

0.19

0.031

AS

3.83

0.45

0.85

0.76

0.37

0.36

0.44

AM

2.47

0.57

0.66

0.63

0.47

0.43

0.39

AS

33.85

24.3

30.8

20

11.7

12

5.4

AM

102.55

14.17

41 44.66

9.9

12

6.97

AS

28.3

21.3

28.3

9

8.4

7.1

1.7

AM

42.5

10.05

18.6

42.5

6.96

8.76

4.84

AS

43.2

18.2

38.7

32.9

16.6

18.4

17.2

AM

117.22

16.72

20.26

16.85

16

16.61

15.21

AS

3.7

0.28

0.78

0.26

0.19

0.22

0.11

AM

0.9

0.1

0.18

0.09

0.02

0.1

0.05

AS

0.69

0.26

0.26

0.69

0.18

0.14

0.33

AM

0.2

0.12

0.13

0.2

0.08

0.04

0.09

AS

29.9

4.6

25.5

19.6

3.1

4.9

3.7

AM

42.5

10.05

18.6

42.5

6.96

8.76

4.84

Figure 5.1.1 suggests that traffic in LEZ0 and LEZ1 does not significantly affect DoI concentrations, and
that DoI traffic does not significantly affect LEZ0 and LEZ1 concentrations. This is the reason to consider
together the effect of the traffic in LEZ0, LEZ1 and DoI when preparing the scenarios for the effect of
new transport schemes on air quality. This is done in the next paragraph.
Even hypothetically, with no traffic at all in LEZ0, LEZ1 and DoI, the UNCHANGEABLE concentrations
shown in Figure 5.1.2 will remain at the same level.
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5.2 Scenarios – AQ improvements in the case of eventual
reductions in non-ecological traffic
The task set in deliverable 6.4.3 of INNOAIR project is to consider scenarios for AQ changes caused by
a potential reduction of non-environmentally friendly transport by 1%, 5%, 10%, 20%. We considered
more options - scenarios for reducing the non-ecological transport in LEZ0, LEZ1 and DoI by 1%, 5%,
10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, as well as the hypothetical 100% reduction, i.e. no
non-ecological transport at all. The reduction of non-ecological traffic leads to a corresponding
reduction of emissions, whose effect on concentrations is calculated with the dispersion models. Table
5.2.2.1 shows how the maximum and average concentrations will change in the whole area (city), as
well as in LEZ0, LEZ1 and DoI.
Table 5.2.1 Some maximal and mean concentrations of PM10 [µg/m3] in different areas of the city in case of
decrease in non-ecological traffic (decrease in PM10 emissions) in LEZ0, LEZ1 and DoI.

Initial 0%

Average concentration in

47.25 115.71 37.7 28.0 44.1 54.46 33.59 58.02 25.1 23.65 25.5 25.71 18.9
115.71 37.5 27.89 43.9 54.09 33.57 57.59

25

AERMOD

AUSTAL

AUSTAL

DoI

AERMOD

LEZ1

AERMOD

LEZ0

AERMOD

AUSTAL

DoI

AERMOD

LEZ1

AERMOD

AUSTAL

AERMOD

AUSTAL

Decrease
of nonecological
traffic
with

LEZ0

AUSTAL

Maximal concentration in
city

AUSTAL

Scenario

20.40

1%

47.2

5%

46.98 115.71 36.7 27.44 43.1 52.63 33.52 55.89 24.7 23.30 12.5 25.27 18.81 20.16

10%

46.71 115.70 35.6 26.88 42.9 50.80 33.45 53.77 24.2 22.95 24.8 24.83 18.73 19.92

15%

46.44 115.70 34.6 26.32 42.6 48.98 33.37 51.64 23.8 22.61 24.4 24.40 18.65 19.67

20%

46.17 115.69 33.5 25.76 42.4 47.15 33.3 49.52 23.4 22.26 24.1 23.96 18.56 19.43

25%

45.89 115.68 32.4 25.20 42.2 45.32 33.23 47.39

30%

45.62 115.68 31.4 24.64 41.9 43.50 33.16 45.27 22.5 21.56 23.4 23.08 18.39 18.95

35%

45.35 115.67 30.3 24.08 41.7 41.67 33.09 43.14 22.1 21.21

40%

45.08 115.67 29.2 23.52 41.5 39.84 33.08 41.02 21.7 20.86 22.7 22.21 18.22 18.46

45%

44.81 115.66 28.1 22.96 41.3 38.02 33.06 38.89 21.3 20.52 22.3 21.77 18.14 18.22

50%

44.54 115.65 27.1 22.41 41 36.19 33.04 36.77 20.9 20.17

23

23.58 25.4 25.62 18.88 20.35

21.91 23.7 23.52 18.48 19.19
23

22

22.64 18.31 18.71

21.33 18.05 17.98

100%
43.15 115.59 18.2 17.13 38.7 19.90 32.86 17.37 16.6 16.69 18.4 16.95 17.21 15.56
hypothetical

Figure s 5.2.2 -5.2.4 show what would be the territorial reduction of PM10 concentrations with the
realization of the scenarios of 15%, 30% and 50% reduction of non-ecological transport. For more
convenient tracking of the effect of the changes in the transport schemes, Figure 5.2.1 and Figure 5.2.5
repeat the results already set out in the previous paragraphs - the initial state before the introduction
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of traffic scheme changes, and the state of hypothetical complete cessation of non-ecological traffic in
LEZ0, LEZ1 and DoI.

Fig. 5.2.1 Scenario 0% - average annual PM10 concentration for 2021,
caused together by the traffic, residential heating sector, industry and background concentration
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Fig. 5.2.2 Scenario 15% - average annual PM10 concentration in case of
15% reduction of non-ecological traffic in LEZ0, LEZ1 and DoI
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Fig. 5.2.3 Scenario 30% - average annual PM10 concentration in case of
30% reduction of non-ecological traffic in LEZ0, LEZ1 and DoI
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Fig. 5.2.4 Scenario 50% - average annual PM10 concentration in case of
50% reduction of non-ecological traffic in LEZ0, LEZ1 and DoI
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Fig. 5.2.5 Scenario 100% - average annual PM10 concentration in case of
100% reduction of non-ecological traffic in LEZ0, LEZ1 and DoI
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scenario 0% - initial state for 2021

scenario 15%

scenario 30%

scenario 50%
Fig.5.2.6 Effect of scenarios in LEZ

The changes in LEZ are more easily traced in Figure 5.2.6, where the AUSTAL results are focused on
LEZ. The visually drawn conclusion from these figures is that, with introducing stricter restrictions on
non-ecological traffic, the areas with high PM10 concentrations are "moved out" from the LEZ.
Quantitative estimates are shown on Table 5.2.1.
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6 CONCLUSIONS
The problems with PM in the Sofia municipality cannot be completely solved only with introduction of
the planned new transport schemes in Sofia. If the non-ecological traffic and respectively the PM10
emissions from DoI, LEZ1 and LEZ0 will be reduced by 50 % as a result of introduction of innovative ondemand transport and low-emission zones (see Figure 2.1 b):
• the maximal over the territory annual PM10 concentrations, according to SELMAGIS-AUSTAL
modeling system, will decrease as follows: from 47.25 to 44.54 µg/m3 in the city, from 37.7 to 27.1
µg/m3 in LEZ0, from 44.1 to 41 µg/m3 in LEZ1 and from 33.59 to 33.04 µg/m3 in the DoI. According to
the AERMOD, concentrations will decrease as follows: from 115.71 to 115.65 µg/m3 in the city, from
28 to 22.41 µg/m3 in LEZ0, from 54.46 to 36.19 µg/m3 in LEZ1 and from 58.02 to 36.77 µg/m3 in the
DoI. The results are illustrated in Figure 6.1.
• the averaged over the territory of LEZ0, LEZ1 and DoI annual PM10 concentrations will decrease
as follows: from 25.1 to 20.9 µg/m3 in LEZ0, from 25.5 to 22 µg/m3 in LEZ1 and from 18.9 to 18.05
µg/m3 in DoI, according to the SELMAGIS-AUSTAL system, and from 23.65 to 20.17 µg/m3 in LEZ0, from
25.71 to 21.33 µg/m3 in LEZ1 and from 20.40 to 17.98 µg/m3 in DoI according to the AERMOD. The
results are illustrated in Figure 6.2.

Source: AUSTAL

Source: AERMOD

Fig.6.1 Reduction of the maximal over the area mean annual PM10 concentration as a function of possible
reductions of non-ecological traffic in LEZ0, LEZ1 and DoI. The marker on the right side shows the maximum
possible reduction of concentrations that could be achieved with hypothetical complete cessation of nonecological traffic in the LEZ0, LEZ1 and DoI zones
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Source: AUSTAL

Source: AERMOD

Fig.6.2 Reduction of the averaged over the area mean annual PM10 concentration as a function of possible
reductions of non-ecological traffic in LEZ0, LEZ1 and DoI. The marker on the right side shows the maximum
possible reduction of concentrations that could be achieved with hypothetical complete cessation of nonecological traffic in the LEZ0, LEZ1 and DoI

The figures also show the maximum possible limit in the concentrations' reduction that could be
achieved with a hypothetical complete cessation of non-ecological traffic in the LEZ0, LEZ1 and DoI
zones. Exactly this limit explains why new transport schemes in LEZ0, LEZ1 and DoI cannot radically
solve the problems with PM in Sofia Municipality. This is not unexpected, given the fact that the
concentrations caused by traffic in LEZ0, LEZ1 and DoI have less role in the formation of PM pollution
in the city than the concentrations caused by all other PM emissions sources - traffic outside LEZ0, LEZ1
and DoI, residential heating and background pollution in Sofia.
The general conclusion is that in addition to introducing more environmentally friendly traffic in the
areas of interest and low-emission areas, it is necessary environmentally friendly transport to be
implemented throughout the city. It is also recommended to take measures to reduce emissions from
residential heating. Such measures are envisaged in the Action Plan of the Program for Improving the
Air Quality on the territory of Sofia Municipality for 2021-2026.

04.2022 / INNOAIR © 46

