
06/06/2024 Presentation Name / Firstname Lastname 1



Tuukka Petäjä and collaborators

6.6. 2024

SMEAR (Station for Measuring Ecosystem–
Atmosphere Relation) concept & measurements







Atmospheric nucleation / clustering processes

Kulmala et al., Science, 2013



Key compounds for initial clustering

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

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



• 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



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

Petäjä et al. (2016) Bull. Am. Met. Soc. 
97, 1909-1928, https://doi.org/10.1175/BAMS-
D-14-00199.1

https://doi.org/10.1175/BAMS-D-14-00199.1
https://doi.org/10.1175/BAMS-D-14-00199.1




ACTRIS FACILITIES

Instrumentation

• Puijo SMEAR IV: Aerosol & Cloud in-situ: 
Aerosol in-situ entered to labelling phase

• Atmospheric simulation chambers KASC 
EUROCHAMP & ATMO-ACCESS

• 2 simulation chambers, ILMARI for 
comprehensive emission studies



Back trajectories – wildfire episode

SMEAR IV, Finland: plume age
2-3 days
(5-day back trajectories)

Zeppelin Observatory, Svalbard, 
Arctic: plume age 3-5 days
(10-day back trajectories)

23-09-2020 to 10-10-2020 
04-10-2020 to 09-10-2020 

• Fires at South-Eastern Europe (mainly grass land fires)

Komppula et 
al., GRL, in 
review



Puijo SMEAR  IV
Wildfire
episode

Clean
period

Zeppelin
Wildfire
episode

Clean
period

Fraction of Inorganics increased during Wildfire episode Fraction of Inorganics decreased during Wildfire episode

Long range transported wild fire plume observed at Puijo & Zeppelin

Clean Fire Clean Fire

Komppula et al., 
GRL, in review





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
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