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IPCC, 2013

Relevance and added value

Current observations are
fragmented:

1) Greenhouse gases
2) Aerosols
3) Air quality
4) Ecosystems
5) Climate
6) …

Future aspiration: Integrated
approach

To understand feedbacks
To reduce uncertainties
To mitigate and adapt effectively

INTEGRATED APPROACH:
THE GLOBAL EARTH OBSERVATORY





SMEAR II station in Hyytiälä, Finland



Aerosols, Clouds, and Trace gases Research Infrastructure
- European ESFRI research infrastructure

• ACTRIS provides data and research, instrument, 
industry, and training services for the various user 
groups

• ACTRIS consists of observing stations, exploratory 
platforms, instrument calibration centres, data 
centre, and Head Office

• ACTRIS implementation is led by Finland and UHEL 
and FMI contributes to ACTRIS Head Office, Data 
Centre and have several ACTRIS national stations



ACTRIS Operations

Pan-European research infrastructure producing high-quality data and information                

on short-lived atmospheric constituents and on the processes leading to the variability              

of these constituents in natural and controlled atmospheres.

Data service & digital 

tools

Research services

Technical services

Innovation services

Tailored services

Training services

Aerosol, clouds and trace gases through 

in-situ and remote sensing measurement 

techniques

100+ atmospheric variables

20+ atmospheric data products

Composition, Properties

Processes, Emissions

Transport, Removal

Trends, Feedbacks



ACTRIS structure
ESFRI project 

since 2016

European level: 

~ 150 scientists & technicians 

working in ACTRIS

National level:

~ 800 scientists and technicians



Main tasks at INAR/UHEL

• CiGas-INAR (reactive trace gases)

• Measurements of condensing gases

• Provision of measurement guidelines and 
individual instrument calibrations for 
nitrate CI-APi-TOF

• intercomparison and training workshops, 

• NF site performance tests

• Method development and mobile 
calibration standard provision

• Consultation in aerosol precursor 
measurements.

• CCC in ECAC (Aerosols, <10 nm)

• Physical & chemical aerosol properties

• Individual instrument calibrations, 
intercomparison of nanoparticle and ion 
counters (PSM & NAIS). 

• NF site performance tests (PSM or NAIS). 

• Training of PSM and NAIS operators and 
scientist. 

Intrumentation relevant in ambient measurements and in controlled chamber
experiments. 

Contact: 
Tuukka Petäjä (tuukka.petaja@helsinki.fi)
Silja Häme (silja.hame@helsinki.fi)

mailto:tuukka.petaja@helsinki.fi
mailto:silja.hame@helsinki.fi


Insights into updating Ambient Air Quality Directive (AAQD, 2008/50/EC)

Kuula et al. (2021)



Application example: Green 

path for the benefit of citizens

Monitoring stations in urban and rural areas. Multiple ways to use sensors.

SMART CITYSMEAR 

Station*

SMEAR* = Station for Measuring Earth Surface-Atmosphere 

Relations (SMEAR)

https://www.atm.helsinki.fi/SMEAR/

Helsinki approach:
Very high density of stations 

= accurate and timely air 

quality monitoring

0,1–0,7 km

• Low cost mini- & micro-sensors and base 

stations across the environment supported by 

4G NB-IOT network leading to a viable 5G 

service

• Field calibration by highly accurate atmospheric 

science SMEAR Station

Enables multiple applications: 

• City planning, health and wellbeing, wearable 

and fitness devices, vehicular technology, 

mobile apps, HD-maps 

• High quality maps and calibration technique that 

takes into account correlations across 

environments.  

AI

HIGH DENSITY OF MEASUREMENT STATIONS & AUTOMATICALLY 
CALIBRATED SENSORS PROVIDING REAL-TIME MEASUREMENT DATA

https://green-paths.web.app

https://www.atm.helsinki.fi/SMEAR/
https://green-paths.web.app/


Health effects of ultrafine particle types

DAILY MORTALITY AND  PRIMARY AND SECONDARY UFP IN BARCELONA 2009-2014

• N total ◼ N primary ◆ N secondary

IQR = 7313 ng/cm3 3953 ng/cm3 5749 ng/cm3

Tobias A. et al., 2018
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Aerosol size distribution as a 
function of time over land in 
the clean sector

Aerosol size distribution 
evolves during prolonged 
biogenic influence



Air mass exposure to anthropogenic 
emissions (AME)

A describes the anthropogenic emissions in the 
certain grid.

Can be population, can be SO2 emissions, NOx 
emissions or column NO2 concentration



Aerosol size distribution is 
influenced by 
accumulated 
anthropogenic exposure



Key compounds for initial clustering

Sulfuric acid
Ammonia
Amines
Oxidized organics
Iodic acid (marine, Arctic)

Key compounds for the growth 
Oxidized organics
+ other vapors above
Considerable variability from one location to another



Different vapors responsible for 
growth as a function of size.

Different vapors responsible for the 
growth in different environments.

Ehn et al. (2014) Nature Kerminen et al. (2018) Environ. Res. Lett. 



Size scale

1Å

aerosol
particles

1μm

1nm

3nm

gas molecules

clusters

Hyytiälä 15th May 2013:

OH
H2SO4

VOCs

NH3O3

Measured
with:

NAIS

PSM

Mass
specs

In order to distinguish different processes contributing to 
the number concentration below 10 nm, we need
complementary instrumentation
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New technologies for reaching the sizes of nucleating clusters

Gas measurements

Aerosol measurements

Size scale Key instruments

The Particle Size Magnifier
(PSM)

Method

The (CI-) APi-TOF
1Å

aerosol
particles

1μm

1nm

3nm

gas molecules

clusters

1 2

Diethylene
glycol

Water / n-
butanol

Optical 
detection

Spin-off
companies





Measurements: location
• Mäkelänkatu street canyon in Helsinki

• 6 lanes, 2 tramlines, 2 rows of trees, 2 
pavements

• Highly trafficked (26 000 vehicles / day)

• Traffic counting and weather station nearby

|  24



Measurements: setup
Measurement station:

• Nitrate-ion (NO3
-)-based chemical-ionization 

atmospheric-pressure-interface time-of-flight 
mass spectrometer (CI-APi-TOF-MS) for H2SO4
concentration measurement

• PSM+CPC for aerosol number concentration 
measurement

• DMPS for aerosol particle size distribution 
measurement

• NOx and CO2 concentrations as traffic tracers

Traffic counting: vehicles/hour in both directions

Weather station: wind velocity and direction, 
solar irradiance, air temperature, pressure, RH, 
precipitation

|  25
Containers at the measurement station

CI-APi-TOF
Urban background site
900 m away

Streetcanyon 
site



Okuljar et al. (2021)

Regional and traffic related sub-3 nm particles 
have on average 50/50 contribution to the 
aerosol number concentration

Bousiotis et al. (2021)

Regional formation can double the sub-100 nm 
concentrations during event days.

Differentiation between traffic-related and regional 
formation is challenging.

Relative increase of 
N100 during regional 
nucleation event days



Both photochemistry 
and traffic emission 
have an influence
• Primary emitted H2SO4 goes to particles

• Vehicles emit SO2 which converts to 
H2SO4 photochemically 
= secondary H2SO4

• Secondary H2SO4 is not the main source 
for the traffic-originated nanoparticles

• Aerosol number emissions in real 
atmosphere requires comprehensive 
instrumentation

• Aerosol number size distribution and 
aerosol number concentration need to 
be measured down to 1-3 nm sizes close 
to traffic

• A rough calculation: 
68% of H2SO4 and 85% of nanoaerosols
originate from traffic at Mäkelänkatu at 
noontime 

|  27



Samaras, Z.C., Andersson, J., Bergmann, A., Hausberger, S., Toumasatos, Z., Keskinen, J.,

Haisch, C., Kontses, A., Ntziachristos, L., Landl, L., Mamakos, A., Bainschab, M .: Measuring

Automotive Exhaust Particles Down to 10 nm, SAE Technical Paper 2020-01-2209, 2020.

Some vehicles with new 
technologies produce real-world 
relevant particle number emissions 
more than an order of magnitude 
higher than their solid particle 
emissions

Fresh exhaust particles vs solid particles only



Research Infrastructures Services Reinforcing Air Quality 
Monitoring Capacities in European Urban & Industrial AreaS
(RI-URBANS)

Co-coord: Xavier Querol, CSIC, Barcelona
Co-coord: Tuukka Petäjä, UHEL, Helsinki

25 European partners

8 MEUR budget
4 year RIA project
2021-2025



• ACTRIS = network of 
harmonized aerosols, 
trace gases and clouds 
observations in 
Europe
• Mainly remote / 

background 
environments

• Air quality monitoring 
networks (AQMN) 
aerosol observations 
in urban environment

RI-URBANS integrates 
these two domains



RI-URBANS and the European Green Deal



Pilot cities

Athens

Barcelona

Birmingham

Bucharest

Helsinki

Milan

Paris

Rotterdam –
Amsterdam

Zurich
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+ PAUL –project 
(same call, same 
phase) related to 
GHG observations 



Athens, Barcelona, Birmingham, Bucharest, 
Helsinki, Milano, Paris, Rotterdam, Zurich

RI-URBANS has 5 pilots for testing and demonstrating services:

• Near-Real Time (NRT) aerosol source apportionment of 
carbonaceous aerosols (T4.1) and NRT aerosol number size 
distribution data (T4.2)

• urban fine scale mapping including innovative                                          
modelling, monitoring, and crowdsourcing (T4.3) with                     
novel health indicators of nanoparticles and PM components 
and source contributions (T4.4) 

• quantifying emission sources in/near urban areas (with intense 
traffic and/or industries) and identifying contribution of 
hotspots to air pollutant exposure (T4.5).

+ synthesis of outcomes of pilot studies (T4.6). 



Pilot 4.1: Near-real time aerosol source apportionment of 
carbonaceous aerosols

• Lead: Jean-Eudes Petit, CNRS (email: jean-eudes.petit@lsce.ipsl.fr) ; Hilkka Timonen, 
FMI (email: hilkka.timonen@fmi.fi)

• Implementation of near-realtime source apportionment tool (from T1.2) at pilot stations.

• Participants: FORTH, NOA, UHEL, EMPA, PSI, CNRS, CNR, FMI  

• Expected outputs:

• Automatic transfer of data (organic aerosols matrices and aethalometer BC
concentrations) to ACTRIS DC.

• Tracers and contributions of primary sources such as traffic, wood burning, and
cooking (depending on measurement site) near real-time

• Quantification of the SOA fraction



Instruments for NRT-SA

T4.1 Community Meeting 10/01/2022

Online factorization (T1.2)

Online apportionment (T1.2)

HOA
BBOA

OOAs
..

BCff

BCwb

ACSM

Aethalometer

BC

Chemical 
composition of 
PM1

Organics
Sulfate
Nitrate
Ammonium
Chloride

Absorption

Timeseries, 
contribution, diurnal
variation, mass spectra
for:



Timeline of work

T4.1 Community Meeting 10/01/2022

 Implementation of the necessary data transfer tools at pilot sites during 2022 - ongoing

 ECAC tools for online data acquisition and generation

• Connected to Windows/Linux computer 

• Python, InfluxDB, Grafana installed

• ECAC scripts installed & set up

• ECAC procedure installed on Igor 

Contact : jean-eudes.petit@lsce.ipsl.fr Contact : muellert@tropos.de

NextCloud desktop client installed on every computers

Contact : nicolas.pascal@univ-lille.fr

-> Data from each site in real-time to the server for NRT-SA

mailto:jean-eudes.petit@lsce.ipsl.fr
mailto:muellert@tropos.de
mailto:Nicolas.pascal@univ-lille.fr


WP4.2 Near Real Time (NRT) data provision of 
nanoparticles and their size distributions

• This provides:

(i) a base from which changes in 
measurement procedure can 
be carried out.

(ii) A platform onto which the 
other work packages can trial 
their improvements.

Birmingham, Helsinki, Barcelona

30th of May 2022



Pilot 3 + 5 (mapping + hot spots)
Bucharest
• Route

• Approx. 8h (8:30-17:00), including rush hours

• Main traffic roads

• Residential areas

• Industrial and commercial areas

• Model: ESCAPE Land Use Regression models + 
RLUR tool +QGIS

• Road segments: ~250 m; midpoint coordinates

• Dependent variables: average concentration of 
pollutant per road segment (UFP, PM10, PM2.5, 
PM1)

• GIS predictors variables: Corine CLC2018 Land use 
(industry, urban, green) in buffers of 100, 500, 1000 
si 5000 m, traffic variables (including traffic intensity
and road lengts variables) in buffers from 50 to 5000 
m, and population density in buffers from 100 to
5000 m. Approx. 8h



Pollution hot spot in Bucharest



Rotterdam pilot

• Mobile monitoring using a dedicated car (Google airview)

• Mobile monitoring with citizens (with VITO) 

• Existing low cost sensor measurements (with DCMR, RIVM: de 
Luchtclub Rotterdam focussed on PM2.5)

• Existing monitoring (DCMR, RIVM)



Device Pollutants Operating

GPS Location Google Ji-BOx

EPC Ultrafine Particles Google Ji-BOx

AE33 Black Carbon Google Ji-BOx

DRX DustTrack PM2,5 Manual

LiCOr CO2 Google Ji-BOx

MiniDisc Ultrafine Particles Manual

2BTech NOx Google Ji-BOx

Aerodyne NO2 Google Ji-BOx

Mobile monitoring with a car + by bike with citizens

Both dedicated routes and opportunistic sampling



The Birmingham project

• Measurements will cover a part of Selly Oak, a 
heavily populated area located south of the 
University of Birmingham, which houses 
approximately 10,000 students.

• Apart from local residential emissions, the 
area is also affected by many other sources of 
pollution (incl. train station, road traffic, etc.).

• A dense network of stationary and mobile 
low-cost sensors will be deployed in an area of 
less than 1 km2 for 1 month.

Selly Oak



• Measurements 

• Stationary measurements of size resolved PM at 5 - 10 sites will be deployed in public 
buildings (University or council owned buildings, churches etc.)

• Mobile measurements of size resolved PM will also be conducted by citizen student 
scientists. With monitors placed with GPS devices in backpacks.

• Comparison of time-resolved exposures on canal bank and roadside routes from 
University to city centre using portable sensors for PM, NO2, CO and SO2.

• Size resolved PM measurements will be achieved using Alphasense OPC-N3 sensors, 
with a size resolution of 0.36 to 40 μm, with a 10-second resolution.

• OPC measurements will be complicated by ultrafine PM numbers measured by 
Discmini devices. 

• The Birmingham Air Quality Supersite (BAQS) will be used to calibrate sensors 
throughout the campaigns.

• Data Analysis

• Measurement area will be mapped using the combination of static and mobile 
measurements. 

• Spatial and temporal mapping will be compared to modelled output from the high 
resolution (10 m ) ADMS model. 

• The effect of local pollution sources, alongside wider urban and regional sources will 
be studied. 

• The evolution and significance of these sources with distance will be explored along 
with the effect of meteorological conditions and the temporal variation. 

• Size resolved PM distributions will allow for source apportionment following Bousiotis 
et al. (2022) and Bousiotis et al. (2022).

OPC-N3 sensors 
Cost approx. €250
PM size range measured 0.36 – 40 μm 

Bousiotis et al. (2021) Assessing the sources of particles at an 
urban background site using both regulatory instruments and 
low-cost sensors–a comparative study. Atmospheric 
Measurement Techniques, 14(6), pp.4139-4155. 
https://doi.org/10.5194/amt-14-4139-2021

Bousiotis et al. (2022). A study on the performance of low-
cost sensors for source apportionment at an urban 
background site. Atmospheric Measurement Techniques 
Discussions, pp.1-40. https://doi.org/10.5194/amt-2022-84

https://doi.org/10.5194/amt-14-4139-2021
https://doi.org/10.5194/amt-2022-84


Health impacts estimated based on 
particulate matter (PM) mass concentration.

Particulate matter’s oxidative potential (OP): 
• PM’s capacity to oxidize molecules by producing reactive oxygen species 
• PM’s OP depends on chemical composition of PM.
• What are the emission sources controlling PM’s OP?

Pilot 43: Health exploring health effects of PM



PM10 sources driving mass concentration and
oxidative potential

Daellenbach et al., 2020

Crustal material

Secondary inorganic aerosol

Vehicular wear

Anthropogenic SOA

Biogenic SOA

Traffic exhaust

PM10 mass concentration PM10 oxidative potential (DTT)



Health indicators - Study locations
Athens Barcelona Zurich

Sampling of PM10 and PM2.5 started in January-April 2022, extended for 1 year period

Samples obtained at all cities will be analysed by the same institutes

Mortality data will be available for Athens, Barcelona and Paris

+ PARIS !



Pilot 4: Health effects of novel AQ metrics and 
their source contributions, including PM 
components and nanoparticles

1. Improved evaluation of health effects in epidemiologic time series studies

• Using long-term offline and online data: 
PM10 mass, PM2.5 mass, nanoparticles, organic + elemental/black carbon, trace elements, other 
constituents, oxidative potential.

2. Evaluation of the drivers of PM’s oxidative potential

• 24h-resolution, filter-based (1 year) – PM10 vs PM2.5
Water-soluble ions, trace metals, OC/EC, WSOC, sugars and polyols, other organic tracers, offline 
AMS, offline EESI, oxidative potential

• 1h-resolution, short-term, online instrumentation (months) - mostly fine PM: 
OA (ACSM), BC (Aethalometer), trace elements (Xact), online oxidative potential (sources from T4.1).



RI-URBANS annual meeting

October 19 – 20 , 2022 in Barcelona (hybrid)

• Urban air quality
• Data compilation
• New observations and technologies
• RI-URBANS pilots
• Upscaling to new cities
• Interactions with the city air quality monitoring authorities

Contact: 
tuukka.petaja@helsinki.fi or xavier.querol@idaea.csic.es

mailto:tuukka.petaja@helsinki.fi
mailto:xavier.querol@idaea.csic.es


SMEAR II station
(boreal) 1995 -

Main message:

1) Commitment to comprehensive and 
continuous environmental 
observations

2) Continuous method development 
(instrumentation, models)

3) Active and open collaboration across 
various boundaries

4) Willingness to tackle and solve grand 
challenges together



Contact:
Prof. Tuukka Petäjä, University of Helsinki
tuukka.petaja@helsinki.fi
+358 50 41 55 278

Support from Academy of 
Finland, European 
Commission, Regional Council
of Lapland, Helsinki-Uusimaa 
Regional Council,  and 
Business Finland are
gratefully acknowledged.

mailto:tuukka.petaja@helsinki.fi


Prof. Tuukka Petäjä

• Full Professor of experimental atmospheric sciences

• Vice director of INAR institute

• Head of Aerosol laboratory, Head of SMEAR research infrastructure

• Pan Eurasian Experiment (PEEX) Science director

• over 500 peer reviewed publications, 20 in Nature or Science

• H-factor 75, total number of citations over 22 500

• Vaisala award for development of scientific instrumentation for nanoparticles 
and trace gases

• Thompson Reuters Highly Cited scientist since 2014

• Science and Technology in Society Future Leader, New York Academy of 
Sciences

• Member of International Eurasian Academy of Sciences

• Research areas: 1) Aerosol-cloud interactions, 2) Development of mass 
spectrometric methods for atmospheric aerosols and trace gases; 3) 
Measurement techniques, aerosol particles; 4) Long-term and field 
campaigns; 5) Aerosol-cloud-climate-biosphere interactions;

• Cumulative personal research funding 10.0 M EUR, as a PI or co-PI 40 MEUR





WP4: Pilots in 9 cities

• Overall, the 5 pilots are organised in 9 urban areas, representing a variety of 
conditions (climate zone, size of the urban area, presence of hot spots such as 
industrial areas, harbours, airports, roadsides). 

• At least 3 cities involved in each pilot, where some STs are already implemented in 
one of the cities, and the others will replicate, in such a way that all cities will 
replicate at least one STs in the pilot.



Diurnal variations for weekdays and weekends
• At least for NCA, they clearly 

differ

• NCA increased with traffic
• Also during mornings with no 

need of radiation

• And with no need of H2SO4

• H2SO4 increased with radiation

• Are H2SO4 and NCA not 
connected?
• Although the correlation plot 

implied they are
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All weekdays All weekends

One example day

(traffic tracer)



Solar irradiance plots
• Separated into three NOx levels (traffic levels)
• H2SO4 and NCA both increase with solar irradiance
• …but the slopes behave differently

• No clear difference for NCA between the NOx levels
• Higher slopes for H2SO4 with higher NOx levels

• Also the intercepts behave differently
• NCA concentration is high even with zero radiation when 

the NOx level is high

• Conclusions from these plots
• Traffic and radiation levels influence H2SO4 and NCA levels

• Traffic is the dominant source for NCA
• Traffic enhances photochemical H2SO4 production

• Not NCA production
• At least a part of H2SO4 and NCA are not connected!
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Emission factors
• CO2 as a traffic tracer due to direct connection to fuel 

consumption

• Separated into three solar irradiance levels

• NCA has emission factors
• Already by Rönkkö et al. (2017) and by Hietikko et al. (2018)

• Vehicles emit NCA

• The effect of radiation is insignificant

• H2SO4 has emission factors
• Vehicles emit H2SO4

• The emission factors are higher with higher radiation levels
• Radiation is needed to observe vehicle-emitted H2SO4

• Where does the primary H2SO4 (SO2→SO3→H2SO4 in the 
catalyst) emitted by vehicles disappear?
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Fung et al. (2019) Sensors, 20, 182.

Zaidan et al. (2020) IEEE Sensors

Motlagh et al. (2020) IEEE Communications
Luoma et al. (2020) Atmos. Chem. Phys. Discuss. 

Fung et al. (2020) J Aerosol Science


