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SMEAR II station in Hyytiälä, Finland







Different sizes of aerosol 
particles

Linsey Marr, Virginia Tech, May 2020 5

influenza
0.1 µm

SARS-CoV-2
0.12 µm

rhinovirus
0.03 µm

https://www.cdc.gov/flu/resource-center/freeresources/graphics/images.htm, http://solutionsdesignedforhealthcare.com/rhinovirus,
https://phil.cdc.gov/Details.aspx?pid=23312, https://pdb101.rcsb.org/motm/132

adenovirus
0.1 µm

Note that the viruses are 
shown here with a different 
size scale!





Quantification 
of natural 
feedback 
mechanisms 
slowing down 
climate change 
providing the 
society time to 
reduce the 
emissions of 
CO2.

• Kulmala et al. (Boreal Environ Res) based on 18 years of SMEAR II
data from Hyytiälä

• Paasonen et al. (Nature Geosci) based on global aerosol data and
cloud albedo parameterization, feedback strength varies from
location to location. The highest gain in clean boreal environments.
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Kulmala et al. 2014, 
Boreal Environ Res. 19, 
122-131.

Paasonen et al. 2013, 
Nature Geosci.



Atmospheric nucleation / clustering processes

Kulmala et al., Science, 2013

From gas phase precursors to 
nanoparticles (solid or liquid) 
suspended in air

Aerosol particle sizes from 1 
nm to 1000 nm



Problem: 
how to measure new particle formation?
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Hyytiälä 15th May 2013:
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Size scale
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Hyytiälä 15th May 2013:

OH
H2SO4

VOCs

NH3O3

Measured
with:

NAIS

PSM

Mass
specs

Discovering the world below 3 nm
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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

Slide courtesy of Katrianne Lehtipalo
Spin-off
companies



Riccobono et al. (2014) ScienceEhn et al. (2014) Nature



Recent advances in understanding 
secondary organic aerosols: 
implications for global climate forcing

Shrivastava et al. (2017) 
Reviews in Geophysics



• Biogenic emissions, SOA 
formation (mass and 
number)

• LVOC and ELVOC in SOA  
growth

• Particle phase state

• Biomass burning SOA

• Laboratory systems

• SOA interactions with 
clouds

• Optical properties of SOA
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Mace Head: coastal and continental 
nucleation. 



Mass defect plot from CI-APi-TOF (neutral clusters) during
coastal event.  Nucleation due to iodine oxides





• Mass spectrometric
measurements of nucleating ion
clusters

19

CLOUD project in CERN
Kirkby et al., 2011, Nature



Airmodus products
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Particle Size Magnifiers and nano particle sizing

Condensation Particle Counters

Improved 
Mass Spec-sampling 

Air quality research
Vehicle emissions
Ambient aerosol monitoring

Aerosol research
Vehicle emission research

Aerosol research

A20 CPC
A23 CPC

A10 PSM
A11 nCNC



Most Accurate detection with Scenthound Complex

http://karsa.fi/scenthound/


• What is the role of newly formed particles in the 
cloud activation in-situ?

• Do they alter the cloud properties / precipitation?

Petäjä, T. (2013) Science Plan Biogenic Aerosols – Effects on Clouds and 
Climate (BAECC), US Department of Energy, Office of Science, DOE/SC-ARM-
13-024.

1. From Emissions to 
Aerosols

2. From Aerosols to 
Clouds

3. From Clouds to 
Precipitation

4. Feedbacks and 
Interactions



Biogenic Aerosols: Effects on 
Clouds and Climate (BAECC) 

The Atmospheric Radiation Measurement (ARM) Climate 
Research Facility is a U.S. Department of Energy scientific 
user facility, providing data from strategically located in situ and 
remote sensing observatories around the world.

ARM Mobile Facility 2 in Hyytiälä, Finland, February 2014 –
September 2014
Goal:  To understand the impact of biogenic aerosol formation
on cloud properties and climate
Tools: Aerosol Observing system (AOS), Balloon-borne
sounding system, laser distrometer, micropulse lidar, microwave
radiometer, high spectral resolution lidar, Scanning W-band and 
Ka-band cloud radars (SWACR, M-WACKR, Ka-band zenith
radar (KAZR)
Principal investigator: Tuukka Petäjä, UHEL
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The key scientific questions:
• What is the minimum spatial scale of boreal forest that can produce its own clouds and thereby
produce its own precipitation and modify the regional water cycle and sustain forest growth?
• Under which conditions is the water cycle self-sustained on the regional scale?
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CONTINENTAL BIOSPHERE–AEROSOL–
CLOUD–CLIMATE (COBACC) FEEDBACK

Kulmala et al., 2014, BER

BVOC=biogenic volatile 
organic compounds
SOA=secondary organic 
aerosol
CS=the condensation sink 
Atot=total aerosol surface 
area
Vtot=total aerosol volume
CCN=cloud condensation 
nuclei
CDNC=cloud droplet 
number concentration
GPP=gross primary 
productivity



Development of Aerosol and Haze 
laboratory at BUCT

November, 2017 January, 2018



Feedbacks and interactions can slow down (negative) the change, or enhance it (positive).

These need to be verified against observations and monitored in a continuous, systematic manner.

Science, 2009

Example:

Control measures to improve air quality can
reduce the amount of cooling sulfate aerosols.

Good for the health, bad for the climate.

Poor air quality episodes
are amplified by the
feedback mechanisms!



Trace concentrations of 
sulfuric acid, amines and 
condensable organic 
vapors control formation 
of new aerosol particles



SO2
DMA

VOCs
Primary 
particlesDMANH3

VOCs

H2SO4 + DMA 
NH3

> 80 % airborne

Heterogenous
chemistry 

Hygroscopity

LVOC

Kulmala et al., in prep. 

SA + DMA mechanism: Lei Yao et al. 2018
Science

BLH - air pollution feedback: Petäjä et al., 2016, Sci Rep



Application example: Green 
path for the benefit of citizens

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

SMART CITY

SMEAR 
Station*

SMEAR* = Station for Measuring Earth Surface-Atmosphere Relations (SMEAR)
https://www.atm.helsinki.fi/SMEAR/

Real-time monitoring!

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


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



Thank you! Спасибо!
https://www.helsinki.fi/en/inar-institute-for-atmospheric-and-earth-system-research

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

https://www.helsinki.fi/en/inar-institute-for-atmospheric-and-earth-system-research
https://www.atm.helsinki.fi/peex
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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 480 peer reviewed publications, 19 in Nature or Science
• H-factor 73, total number of citations over 24 900
• 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
• Academician, 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 7.0 M EUR, as a PI or co-PI 32.7 MEUR


