
Introduction

Air pollution modeling has received increasing political
attention in terms of development of emission abatement
strategies, city planning measures, and the identification of
human exposure to air pollution. Policy action based on
modeling results requires accurate reproduction of the spa-
tial and temporal distribution of air pollutants [1].

Research findings published in recent decades consis-
tently indicate that outdoor air pollution is harmful to
human health, and the empirical evidence reveals that traf-
fic is an important contributor to air pollution [2-6]. One of
the fundamental problems is the fragmentation of valuable
natural areas caused by an abundance of high-traffic roads
[7]. The present trend toward increasing traffic volume, and
the associated risk of compromising air quality and health,
threaten the policy objectives of many countries to achieve

pollution levels that tend to decrease harmful effects on
human health and the environment [5, 8]. In Europe, high
particulate matter (PM10) and nitrogen dioxide (NO2) pollu-
tion is predominantly encountered in highly-populated
areas, where these are recognized as the main contributors.
The urban and local sources of NO2 and PM10 contribute to
air pollution within street canyons in European cities by
more than 60% and up to 50%, respectively [9]. An impor-
tant source of PM10 in urban areas is road transport, where-
as NO2 is a product of anthropogenic and natural combus-
tion processes and chemical oxidation of nitrogen monox-
ide (NO). According to the extant study findings, traffic
contributes to overall nitrogen oxide (NOx) emissions by
approximately 50%. Nitrogen dioxide (NO2) is a very dan-
gerous pollutant due to its high toxicity (nitrogen dioxide is
about 4 times more toxic than nitrogen monoxide). 

Stationary measurements are the basis of ambient air
quality assessments. An integrated approach using both
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measurements and models enhances the quality of spatial
information and allows the estimation of air pollutant con-
centrations in areas that are not covered by monitoring sta-
tions [10-12]. 

Air quality management requires the use of screening
and advanced modeling tools capable of projecting road-
side pollution levels under a variety of meteorological and
traffic conditions. As traffic is the predominant pollution
source in many cities, a significant number of models has
been developed specifically for the evaluation of its effects
on air quality in street canyons [13-16], as well as in a wider
city area [17-20].

Dispersion models are employed in estimating the air
quality in terms of the boundary values determined by
appropriate standards and guidelines. Averaged annual and
daily limits are imposed for the protection of human health
from urban air pollutants [21]. In 2008 Mensink and
Cesemans developed a model that was applied to the street
network of the city of Antwerp and its NO2 and PM10 esti-
mates were compared with the measurements obtained in
2003 from an urban monitoring station. The results of this
validation exercise reveal a very good agreement, i.e. with-
in 15% accuracy [22]. Similar research was conducted in an
urban area in southwestern Luxembourg, the results of
which indicate that the simulated annual mean NO2 and
PM10 concentrations are in good agreement with the con-
centrations reported from the official monitoring location
[11]. The results of NO2 modeling on the Copenhagen ter-
ritory indicated that the modeled concentrations were on
average slightly higher than the measured concentrations,
as well as that the agreement between the two was better in
the rural areas than in densely populated (and thus more
traffic-congested) urban areas [23].

Owing to the wide range of studies in significant areas
and the implementation of modern technology for data
measurement and storage, in Novi Sad, the key prerequi-
sites have been met for the application of advances in soft-
ware technology for modeling the effects of traffic on pol-
lutant emission levels. This paper presents the simulation
results pertaining to the effect of traffic on the NO2 and
PM10 emission levels at the most heavily used city roads as
a function of the pollution levels and meteorological condi-
tions. 

Study Area

Street network development in Novi Sad has historical-
ly not accommodated the growing motorization trends,
increasing travel demand and freight transport needs.
Consequently, the results of the former traffic policies,
whereby the problems were solved by stimulating private
car usage, is evident in more frequent traffic congestion, life
quality degradation in the city, increased pollutant and envi-
ronmental noise levels, inadequate basic traffic safety ele-
ments, degradation of road and land quality, etc. According
to the 2009 data [24], private car share (26%) in the overall
daily travel distribution significantly exceeds that of public
transport (22%). 

Motorization levels in the city area is relatively low
(250 PA/1000 inhabitants) in comparison with European
cities of similar size. However, according to the traffic
demand forecast study conducted in 2009 [25], in 2029,
133,000 vehicles will be registered in the same area, which
is equivalent to 450 PA/1000 inhabitants. This increase of
64% corresponds to the 2.5% annual growth in the number
of private vehicles. In the analyzed period, an increase in

1838 Basarić V.,  et al. 

Fig. 1. Locations of the network sections, automated monitoring stations and cross-sections used for modelling.



resident mobility is also expected, and is projected to reach
3.0 trips (including walking) per day in 2029.

Based on the extant and expected changes in traffic
demand, the key sections are identified (cross-sections − Pi)
along the Novi Sad street network, where the data utilized
in this work was collected and measurements conducted
(Fig. 1).

Cross-sections P1-P3 are located at the city streets com-
prising the city transit road network, where freight vehicle
traffic is permitted. Cross-sections P4-P15 are located on
the main city transport routes and belong to the city center
street network.

Methodology

The methodology adopted in this work allows for the
projection of annual mean NO2 and PM10 levels as a func-
tion of traffic and ambient conditions in the studied area.
Input parameters consist of data obtained as a part of the
NOSTRAM traffic study [24], which have been evaluated
and supplemented by another study conducted in 2012, as
well as data pertaining to land use and meteorological con-
ditions. In order to obtain the most realistic estimates and
calibrate the model for projecting the traffic effects on NO2

and PM10 pollutant emissions, mean annual pollutant levels,
obtained in 2011 at automatic monitoring stations in (Fig.
1) [26], were used as simulation inputs. The most widely
adopted modeling practice is based on using background
concentrations obtained from measurements at urban loca-
tions that are not directly affected by local pollutant emis-
sion sources.

In addition to meteorological conditions, emission fac-
tors of the fleet and the measured NO2 and PM10 values
sourced from two automatic monitoring stations, all other
data collected by special surveys were further processed
and adapted for calculation and simulation using the
PROKAS software package.

The output of the data processing and preparation per-
taining to the traffic intensity and composition within the
city territory were: 
• annual average daily traffic – AADT
• traffic flow composition (% freight vehicles)
• traffic conditions
• temporal distribution of the number of vehicles during

the day
Emission factors pertaining to the pollution incurred by

the fleet vehicles were obtained within the scope of the
Twinning project. They were established based on the fore-
casted changes in the fleet composition for specific time
intervals, i.e. years 2010, 2015, and 2020. The factors were
generated from the Manual of Road Transport Emission
Factors [27] and represent fleet emission levels (mg/s)
depending on: 
• vehicle type (personal and freight transport)
• road type (urban or rural, imposed speed limit, and typ-

ical traffic flow density)
• emission type (cold start, evaporation, or hot emission)

• fleet composition (forecast changes in the fleet compo-
sition across time intervals, motor types, motor capaci-
ty, fuel type, etc.) 

• pollutant type (NOx, NO2, PM10, etc.)
Georeferenced boundaries and information on building

height were used for the calculation and selection of land
use input parameters. Depending on the street profile shape
(free, L or U profile), the building height/profile width ratio,
and the percentage of the openings between the buildings,
the street network sections were classified as typical profile
types (e.g., type 201 – U profile, with the building
height/profile width ratio = 1/3, and up to 20% gaps).

Data obtained at the automatic monitoring station M1
(Fig. 1) used for measuring the air quality in Novi Sad was
used as input (flow) for the simulation of the impact of traf-
fic on NO2 emissions. Monitoring Station 1 is located in a
residential area of the city and away from the busy city
streets. It was assumed that the measured pollutant concen-
trations at the sampling points where traffic is not the pri-
mary contributor represent the effect of other sources of
pollution in the city (heating, industry, etc.).

Measured annual average NO2 value, which served as a
benchmark for assessing the concentration increases as a
result of traffic, is 19.9 µg/m3 [26]. For the 98 percentile
value, 55 µg/m3 was adopted, which exempted the mea-
surements in which extremely high values were recorded.
Since the M1 monitoring station does not take PM10 mea-
surements, for this pollutant an average annual value of 20
µg/m3 was adopted as a basis for assessing the impact of
traffic. 

This value is proposed on the basis of the field data
obtained at other automated stations in Serbia located in
urban areas and away from the city's main streets. Data
from monitoring station M2 (Fig. 1), located in the vicinity
of the main city centre street characterized by extremely
high traffic volumes, was used to compare the simulation
and calibration outputs.
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Fig. 2. Annual wind distribution for Novi Sad, Serbia (%).



Meteorological conditions were demonstrated through
the weathervane, based on data provided by the Republic of
Serbia Hydrometeorological Service for 2009.
Meteorological condition data are provided for 365 days at
hourly intervals and include wind speed and direction, tem-
perature, relative humidity, and cloud cover (Fig. 2).

Results

The greatest traffic volume (AADT) during the day is
recorded on the cross-sections of P6 and P7 (Bulevar
Oslobodjenja). On the same section, the greatest number of
heavy vehicles (buses) is noted in relation to the rest of the
Boulevard (Table 1).

The cross-sections P1, P2, and P3 (Kornelija
Stankovica and Partizanska streets) are characterized by
lower traffic volumes and a significantly higher share of
freight vehicles in comparison to the rest of the network.
These conditions are explained by the fact that part of the
street network comprising the selected sections belongs to
the transit roadway on which freight vehicle traffic is per-
mitted.

According to the data recorded at the automated stations
for air quality control in Serbia [26], the greatest annual
average NO2 concentration was recorded at the M2 station
in Novi Sad. Hence, data from this location was used for
calibration of the modeled values, whose comparison yield-
ed the difference of approximately 17% (the modeled 51. 3
µg/m3 NO2 was compared to the recorded 61.7 g/ µg/m3

NO2). Calculated (simulated) annual mean concentration
values for each section are shown in Table 1.

In all sections included in the pollutant modeling in
Novi Sad, the average annual NO2 value exceed the 40
µg/m3 threshold, imposed by the Republic of Serbia
Directive on Air Quality Monitoring Conditions and
Requirements [28]. The highest modeled value of this pol-
lutant has been recorded along Partisan street (sections P2
and P3), characterized by a high share of freight vehicles
(about 25%) in the traffic flow composition.

On the same transit road, the highest values of the mod-
eled annual mean PM10 concentrations were also recorded.
In contrast to the output of the simulation results pertaining
to the NO2 concentrations, the simulated PM10 values
revealed that the limit of 40 µg/m3 was not exceeded in any
of the observed sections [28]. Comparison of the model
results and the values recorded at the monitoring station M2
(i.e., 31 µg/m3 vs. 45 µg/m3 PM10) indicates a greater varia-
tion in the results obtained for NO2. The values recorded at
the M2 monitoring station indicate breaches of the limit and
tolerance values of PM10 [26].

Fig. 3 shows a portion of the simulation results on the
part of the street network characterized by a high participa-
tion of freight vehicles in the traffic flow composition (sec-
tion P1). Reduction in the pollutant concentrations in the
studied section is anticipated to occur with the completion
of the ring road around Novi Sad and the relocation of the
transit traffic of freight vehicles outside the area intended
for housing.
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Table 1. Traffic volumes and pollutant levels for all cross sections used in modeling.

AADT 
(vehicle per day)

GV+BUS 
(%)

PM10

µg/m3

NO2

µg/m3

NO2– 98 percentil
µg/m3

P1 29,858 15.37 37.0 56.8 123.5

P2 29,829 25 36.9 64.4 136.2

P3 30,470 20.62 36.0 63.1 136.0

P4 36,928 10.18 29.1 47.5 99.8

P5 39,810 7.76 29.6 48.3 100.7

P6 44,254 7.66 29.6 48.3 100.8

P7 47,343 6.34 31.0 51.3 104.1

M2 45 61.7

P8 43,175 5.16 28.6 45.8 96.3

P9 40,528 5.7 28.2 44.9 95.3

P10 40,216 5.53 28.1 45.1 94.7

P11 37,460 6.05 27.9 44.6 95.5

P12 33,396 6.3 29.6 42.6 93.9

P13 31,079 10 20.3 47.4 99.0

P14 27,398 9 29.6 51.0 107.4

P15 28,255 6.92 31.1 51.3 107.3

AADT – annual average daily traffic, GV – goods vehicles, BUS – buses



Conclusions

The methodology applied in this work indicates that,
based on the data from only two automatic stations for air
quality control, the impact of traffic on the pollutant emis-
sions throughout the street network can be estimated as a
function of land use indicators (street profile width, build-
ing height, and distance between objects) and meteorologi-
cal conditions.

A simple evaluation of the base case shows that the sim-
ulated annual mean NO2 concentrations are in good agree-
ment with the values reported from the official measure-
ment locations and the model is able to predict urban-scale
annual average air pollution. The achieved model error for
NO2 annual mean concentrations was 17%, which complies
very well with the required accuracy standards (30%) given
by the European Directive and the Republic of Serbia
Directive on Air Quality Monitoring Conditions and
Requirements. The obtained results are also in good agree-
ment with the values reported by other authors [21-23],
indicating that, with more accurate initial values, better
simulation of PM10 and other pollutant emissions can be
obtained. According to the same directives, the maximum
feasible model error of PM10 annual averages (50%) [1] is
met by the model with a value of 31%. Greater deviation
can be justified by the unreliable (assumed) initial values,
i.e. input data used in PM10 simulation. More reliable results
of modeling the traffic impact on the level of NO2 emis-
sions indicate that, even in PM10 modeling, lesser variations
can be achieved by the inclusion of additional calibrations
and more accurate input parameters.

The importance of the research presented in this paper
lies in the potential application of the obtained results in
several different directions, from air quality monitoring and
analysis in urban areas, where traffic is one of the dominant
pollutant sources, to the development of air quality plans
and testing the transport policy effects. Along Bulevar
Oslobodjenja (sections from P4 to P11), as the city's busiest
street, the established transport regime prohibits heavy
vehicle traffic. Thus, potential solutions to the air pollution
problem should be based on the implementation of other
transport policy instruments.

In addition to renewing the fleet and increasing the
share of “clean” vehicles, the focus should primarily be on
measures that would reduce the use of cars and the redistri-
bution of travel to other forms of environmentally friendly
transport (public transport, cycling, walking). Quality data-
bases and the availability of modern software technologies
enable testing the effects of different transport policy instru-
ments at the pollutant emission level and defining the strat-
egy of sustainable urban transport and the overall system.

Acknowledgements

This research was conducted as part of the Serbian
Ministry of Science and Technological Development scien-
tific projects: 36024, Transport system integration models,
and 36021, Global challenges effects on transportation
planning and traffic management in cities, and in
Vojvodina: 114-451-2273/2011, Models of Sustainable
Transport Development in Vojvodina.

References

1. Directive 2008/50/EC of the European Parliament and of the
Council of 21 May 2008 on ambient air quality and cleaner
air for Europe, 2008.

2. (HEI) Health Effects Institute, Boston, Massachusetts,
Special Report 17: Traffic-Related Air Pollution: A Critical
Review of the Literature on Emissions, Exposure and Health
Effects, 2010.

3. KÜNZLI N., KAISER R., MEDINA S., STUDNICKA M.,
CHANEL O., FILLIGER P., HERRY M., HORAK F., PUY-
BONNIEUX-TEXIER V., QUÉNEL  P. Public-health
impact of outdoor and traffic-related air pollution: a
European assessment. Lancet. 356, (9232), 795, 2000.

4. ALDRIN M., HOBÆK HAFF I. Generalised additive mod-
elling of air pollution, traffic volume and meteorology.
Atmos. Environ. 39, 2145, 2005.

5. (WHO) World Health Organization: Health effects of trans-
port-related air pollution, ISBN 92 890 1373 7, 2005.

6. BOKWA A. Environmental Impacts of Long-Term Air
Pollution Changes in Kraków, Poland. Pol. J. Environ. Stud.
17, (5), 673, 2008. 

Effects of Traffic on NO2 and PM10... 1841

Fig. 3. Visual presentation of modeling results.



7. MACIAS A., GADZIŃSKI J. Assessment of Road
Transport Environmental Impact as Illustrated by a
Metropolitan Area. Pol. J. Environ. Stud. 22, (6), 749, 2013. 

8. (WHO) World Health Organization : Health effects of black
carbon, ISBN 978 92 890 0265 3, 2012.

9. (EEA) Technical Report No. 1/2006: Air pollution at street
level in European cities, 2006.

10. BERKOWICZ R., WINTHER M., KETZEL M. Traffic pol-
lution modelling and emission data. Environ. Modell. Softw.
21, 454, 2006.

11. BUCHHOLZ S., KREIN A., JUNK J., HEINEMANN G.,
HOFFMANN L. Simulation of urban-scale air pollution pat-
terns in Luxembourg: contributing sources and emission
scenarios. Environ. Model. Assess. 18, (3), 271, 2013.

12. GUALTIERI G., TARTAGLIA M. Predicting urban traffic
air pollution: a GIS framework, Transport Research – Part
D, 3, (5), 329, 1998.

13. GHENU A., ROSANT J.M., SINI J.F. Dispersion of pollu-
tants and estimation of emissions in a street canyon in
Rouen, France. Environ. Modell. Softw. 23, 314, 2008.

14. MAZZEO N., VENEGAS L. Air pollution despersion inside
a street canyon of Gottinger Strasse (Hannover, Germany) –
New result of the analysis of full scale data. Proceedings of
the 10th International Conference on Harmonisation within
Atmospheric Dispersion Modelling of Regulatory Purposes,
2007.

15. VENEGAS L., MAZZEO N. Traffic pollution modelling in
a complex urban street. Proceedings of the 13th International
Conference on Harmonisation within Atmospheric
Dispersion Modelling for Regulatory Purposes, 2010.

16. VARDOULAKIS S., VALIANTIS M., MILNER J., APSI-
MON H. Operational air pollution modelling in the UK –
Street canyon applications and challenges. Atmos. Environ.
41, 4622, 2007.

17. KARPPINEN A., KUKKONEN J., ELOLAKHDE T.,
KONTTINEN M., KOSKENTALO T. A modelling system
for predicting urban air pollution: model description and
applications in the Helsinki metropolitan area. Atmos.
Environ. 34, 3735, 2000.

18. XIA L., SHAO Y. Modelling of traffic fow and air pollution
emission with application to Hong Kong Island. Environ.
Modell. Softw. 20, 1175, 2005.

19. BRIGGS D., HOOGH C., GULLIVER J., WILLS J.,
ELLIOTT P., KINGHAM S., SMALLBONE K. A regres-
sion-based method for mapping traffic-related air pollution:
application and testing in four contrasting urban environ-
ments. Sci. Total Environ. 253, 151, 2000. 

20. SU J., JERRETT M., BECKERMAN B., WILHELMB  M,
GHOSH J., RITZ B. Predicting traffic-related air pollution
in Los Angeles using a distance decay regression selection
strategy. Environ. Res. 109, 657, 2009.

21. MORENO T., QUEROL X., ALASTUEY A., VIANAA
M., GIBBONS W. Profiling transient daytime peaks in
urban air pollutants: city centre traffic hotspot versus urban
background concentrations. J. Environ. Monitor. 11, 1535,
2009.

22. MENSINK C., COSEMANS G: From traffic flow simula-
tions to pollutant concentrations instreet canyons and back-
yards. Environ. Modell. Softw. 23, 288, 2008.

23. RUWIM BERKOWICZ R., KETZEL M., JENSEN S.,
HVIDBERG M., RAASCHOU-NIELSEN O. Evaluation
and application of OSPM for traffic pollution assessment for
a large number of street locations. Environ. Modell. Softw.
23, 296, 2008.

24. City of Novi Sad Traffic study with the transport structure
dynamics – NOSTRAM, Public Company “Urbanizam”
Department of City Planning, Novi Sad,
http://www.nsurbanizam.rs, Novi Sad, 2009. 

25. Traffic Study for the general design of the Petrovaradin
Bypass, Centre for Vojvodina road network (CPV), Novi
Sad, 2010.

26. Annual air quality report for Serbia in 2011, Republic of
Serbia, Ministry of Environment, Mining and Spatial
Planning, Environmental Protection Agency, 2011. 

27. The Handbook of Emission Factors for Road Transport
HBEFA, http://www.hbefa.net, 2010.

28. Regulations on the monitoring conditions and air quality
requirements (Official Gazette, RS No.11/10), 2010. 

1842 Basarić V.,  et al. 


