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The better input, the better output

Air pollution, particular aerosols and their precursors, 

has a substantial impacts on 

local weather and climate 

by 

increasing cloud condensation nuclei and 

altering how much solar energy is absorbed or reflected by 
the atmosphere. 

To accurately model impacts of aerosol to local weather

- emissions inventories

- dispersion models, and 

- receptor models

perform best when using high-resolution inputs. 

Europe has adopted 

Directive (EU) 2024/2881 on ambient air quality and cleaner 
air for Europe

aimed at improving air quality and encouraging detailed 
studies of emission sources. 

Introduction

The effects of aerosols on Earth's climate are shown in this infographic, including both their direct and indirect impacts. 

(Adapted from The European Space Agency, https://www.esa.int/ESA_Multimedia/Images/2024/05/Aerosols_and_climate)
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Background

While emission records over time indicate an overall decline,

the transport sector has grown in recent decades, 

mostly because an annual increase in vehicle numbers. 

Southern European and Mediterranean destinations remain the 

most popular choices among tourists in Europe (Šulc et. al., 2021).

Slovenia, in the year 2021, the total tourist arrivals were over 4 

million, and overnight stays were around 11.3 million (SURS, 

2024). 

A 1% increase in tourist numbers can be related to up to a 0.45% 

increase in PM10 concentration levels (Saenz-de-Miera & Rosselló, 

2014).

Introduction
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Aim of our work 

Our study identifies and evaluates the issue of vehicle congestion

on the roads during the summer, 

primarily driven by 

transit demands and tourism activities.

Year: 2021

Parameters: PM2.5, NOx, and NMVOCs

Location: Ljubljana, highway ring

Introduction
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Air Quality in Ljubljana and source contributions

Introduction

Table: Average yearly and daily concentrations of PM2.5 and NOx. 

Figure: European city air quality viewer (EEA), 2025
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Study Case 
Slovenian highways cross-section is in 29.1 km Ljubljana ring junction.The 
mostly transit traffic is concentrated in the Ljubljana highway ring.

27 vehicle counters has been analyzed, owned by the Slovenian 
Infrastructure Agency:

recognized the traffic in both directions 

8 different vehicle categories: 

• motorcycles,

• ppassenger cars, 

• Buses

• light duty trucks (< 3.5 t), 

• middle duty trucks (from 3.5 to 7 t), 

• light duty trucks (> 7 t),

• semi-trailer trucks and

• tow trucks.

Table: Yearly and daily vehicle number statistics. 

Methodology
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COPERT transport emissions model 5.7

Estimated emissions = hot emissions + cold-start + warming-up effects Table: Emissions factors for NOx, PM2.5, and NMVOCs for 5 vehicle categories on 

highways, as calculated by the COPERT emission model, reported in unit g/km.

Methodology

The g/year emissions from vehicles that passed the 

Ljubljana junction in 2021 were calculated according to: 

In 2021, the Slovenian vehicle fleet comprised 

1,707,488 road vehicles.

The average Slovenian passenger car

is 10.9 years old, 

meanwhile 46% of all cars are aged 

between 10 and 20 years.

Eq. (1)
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Traffic Analyses in the Ljubljana Ring Junction

Figure: The average yearly vehicle number from counters located on 

Ljubljana’s from the year 2015 to the year 2022 by 8 vehicle types. The upper 

figure includes all vehicle categories and the downer figure excludes 

passenger cars. 

Figure: The average yearly sum of all vehicles is followed by weekly (a)

and monthly (b) distributions.

Results & Discussions
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Summer Traffic Peak

2. The difference in the number of vehicles

Methodology

The mean concentrations of 

different types of vehicles 

during other months

The mean concentrations of 

different types of vehicles during 

summer months

(June, July, August, and 

September)

𝛿𝑥,𝑣

1. The summer traffic peak

was calculated as a 

percentage difference

3. Calculate the change in 

emissions of NOx, PM2.5, and NMVOCs 

122 days long summer periodthe changes in the 

number of vehicles

on the highways 

Emissions calculated 

according to Equation (1). 

Eq. (3)

Eq. (2)

Eq. (4)
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Summer Traffic Peak

• Motorcycles have an increase of 85%, up to 88%.

• There is a 34% increase in buses, with the rise 

reaching up to 63%. This is associated with the rise of 

tourists in Slovenia during that period. 

• The increase in passenger cars is on average 19%, 

with increases up to 33% .Due to summer holiday, the 

usual traffic load is lower. 

• 15% fewer heavy duty vehicles. 

• There is a recognized increase in light duty vehicles of 

17% on average, with increases up to 32%.These could 

also include holiday vans weighing more than 3.5 tons.

Figure: The summer traffic peak is presented in changes of 
percentage (a) and changes of average vehicle numbers 

Results & Discussions
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Emissions of NOx, PM2.5, and NMVOCs from the Summer 
Traffic Peak

• The highest emissions were NOx emissions from 

passenger cars, which reach up to 41,875 kg with 

an average of 15,893 kg. 

• NMVOC emissions are mainly from passenger 

cars, with a peak of 9542 kg and an average of 

3622 kg. 

• PM2.5 emissions are the smallest and are also 

mostly contributed to by passenger cars, with a 

maximum of 3057 kg and an average of 1160 kg. 

Figure: Calculation of NOx (a), PM2.5, (b) and NMVOC (c) emissions in 
units of kg

Results & Discussions
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Take-home messages:

The results of this study will help understand the additional emissions 
sources, which indirectly affect the local weather. 

The transport sector has grown an annual increase in vehicle numbers, 
especially the transit and tourist vehicles during summer. 

On an average summer day, there are up to 11,520 additional transit and 
tourist vehicles which contribute: 

16 tons up to 42 tons NOx, 

4 tons up to 10 tons NMVOCs, 

2 tons up to 3 tons PM2.5. 

Conclusions



Thank you for your attention.

I‘m open to any questions. 

Please, check my paper here:

Dolšak Lavrič, P.; Kukec, A. Estimating the Contribution of the Summer Traffic Peak 
to PM2.5, NOx, and NMVOCs. Atmosphere 2025, 16, 112. 
https://doi.org/10.3390/atmos16010112
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Description of vehicle counters
Supplement material
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Slovenian Vehicle Fleet Data
Supplement material
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Study limitations and future improvement

1. The driving conditions were constant and smooth.

2. The driving conditions during road construction were not included.

3. During the summer break, there are fewer daily workers in the traffic, and so we expect that our 

methodology underestimates the emissions from the summer traffic peak.

4. Year 2021 was effected by COVID-19 period. 

5. The vehicle fleet from tourist and transit transport is unknown. 

----------------------------------------------------------------------

In future works:

1. more data available (traffic volume, speed, and vehicle fleet categorization),

2. greater data to go beyond the analysis of the annual emissions. 

Supplement material
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Source contributions in Ljubljana

Sum is 1,847 tons. Sum is 315 tons. Sum is 1,935 tons. 

Supplement material


