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Rockström et al. (2009) A safe operating space for humanity, Nature 461, 472-475.
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IPCC, 2013

Relevance and added value
Current observations (see IPCC 
2013) 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 / GLOBAL SMEAR





SMEAR II station in Hyytiälä, Finland







ACTRIS-Finland Symposium – November 25, 2020

Supported by the European Commission under the Horizon 2020 – Research and 
Innovation Framework Programme, H2020-INFRADEV-2019-2, Grant Agreement 
number: 871115.

What is the Aerosol, Clouds and Trace Gases
Research Infrastructure?



ACTRIS-Finland Symposium– November 25, 2020 @ACTRISRI
Exploring the Atmosphere

What is ACTRIS?

ACTRIS is a 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.



Exploring the Atmosphere
ACTRIS-Finland Symposium– November 25, 2020 @ACTRISRI

135 atmospheric variables

24 atmospheric data products

Composition
Properties
Processes
Emissions
Transport
Removal
Trends

Short-lived 
atmospheric constituents



Exploring the Atmosphere
ACTRIS-Finland Symposium– November 25, 2020 @ACTRISRI

135 atmospheric variables

24 atmospheric data products

Overcoming current knowledge gaps will require:

• Improved knowledge of emission intensity 
and source attribution

• Improved capacity for characterizing intrinsic 
properties of aerosol and clouds

• Improved capacity for a 4D approach of 
multi-component interactions 
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Exploring the Atmosphere
ACTRIS-Finland Symposium– November 25, 2020 @ACTRISRI

ACTRIS services =
support for researchers

Virtual Access
ACTRIS data products
ACTRIS VRE with tools 
and computing

Physical Access
Research access
Instrument calibration
Industry Services
Training services

Access platform

Service and 
Access 

Management 
Unit 

ACTRIS w
ebsite



Exploring the Atmosphere
ACTRIS-Finland Symposium– November 25, 2020 @ACTRISRI

ACTRIS structure
ESFRI project 
since 2016

European level: 
~ 150 scientists & technicians 

working in ACTRIS

National level:
~ 800 scientists and technicians



Exploring the Atmosphere
ACTRIS-Finland Symposium– November 25, 2020 @ACTRISRI

Target timeline

2017 - 2019 Preparatory phase

2020 Implementation Phase

2025 Operational Phase

2021 ACTRIS ERIC



Exploring the Atmosphere
ACTRIS-Finland Symposium– November 25, 2020 @ACTRISRI

ACTRIS Data Centre – an atmospheric data portal
www.actris.net à ACTRIS data: actris.nilu.no (currently)

135 atmospheric 
variables
65 active sites
25 methodologies

http://www.actris.net/


ACTRIS-Finland Symposium– November 25, 2020
Exploring the Atmosphere @ACTRISRI

Open Calls, Opportunities & Activities

https://www2.helsinki.fi/en/i
nar-institute-for-
atmospheric-and-earth-
system-
research/infrastructure/trans
national-access



Filling a 
critical gap 

for top-class 
science at the 

continental 
scale

Long-term ecosystem observations for 
understanding the change:
eLTER 

•University of Helsinki 

•Jaana Bäck



The eLTER Research Challenges and examples 
of related European/global  policies

Climate change
European Green Deal, Strategy on adaptation to Climate 
Change, UNFCCC Paris Agreement

Socio-ecology - Environmental protection, 
sustainable management of natural resources, 
water, soils, biodiversity & ecosystems

CAP, Strategy on adaptation to Climate Change, Soils thematic 
strategy

Biodiversity dynamics
EU Biodiversity Strategy, Water Framework 
Directive, Habitats Directive

Eutrophication and pollution
Water Framework Directive, UNECE-

CLRTAP



eLTER concept: Whole System -Approach

eLTER provides
• Basic site infrastructure
• Information Clusters
• Standard Observations on site (“EEVs”)
• Multiple other data sources (RS, 

modelling)
• User access to data
• Site access

Site categories 
differ in their focus 
on different system 
layers

eLTSERMasterRegular

Continuous long-term operation of ~200 innovative hubs



Whole system approach in practice: simultaneous analysis of climate change and 
biodiversity

Maximise
biodiversity

Maximise carbon
pools and fluxes

Maximise both
biodiversity and carbon
pools and fluxes

Forsius et al 2021



Example of  “Whole system” SMEAR II

Input
energy, matter, 
water

Output
energy, matter, 
water

Ecosystem Change
Vegetation, soil, 
catchments, fluxes, 
biodiversity, habitats, 
population, land use, … 

© S. Smidt

© F. Rokop

© J. Bogner

© Umweltbundesamt

© Umweltbundesamt



eLTER RI Design – The Modular Structure of Site Categories (2021)

eLTER Satellite Sites

eLTER Master Sites

Theoretical examples of NRI specific spatial
assemblage
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eLTER Focal Sites

eLTER Regular Sites



Overview of eLTER services
• ACCESS

• Research site access

• Long-term in-situ data  (legacy, Standard Observations) 

• DATA & ANALYSES

• Integration of data from various sources (RS, 
national statistics, modelling, mapping)  

• Analytical tools, virtual labs etc.

• High-level data products tailored to inform policy

• SUPPORT

• Research project design support

• Research technology/ R&D

• Education & training



The long-term ecosystem observation sites in Eurasia

Deims.org



Representativeness
of ILTER sites

• Dense coverage in 
Northern temperate 
regions and anthropogenic 
zones in the US, Europe 
and East Asia

• Gaps in wide areas in 
western Asia, Africa, S-
America 

Wohner et al 2021



ICOS ERIC – Integrated Carbon Observation System 
European Research Infrastructure Consortium

Annalea Lohila, ICOS Finland focal point

Most of the slides from Maiju Tiiri, Observation Network Officer, ICOS ERIC

ICOS – EUROPEAN DATA ON GHG



Agreements require the best available science 
on GHG
• ICOS as a benchmark on measurement standardisation and open data 

distribution
• ICOS is the European pillar for global GHG observations, strengthening 

Europe as a global influencer in GHG observations and research

Observations     Services     Knowledge   Decisions

SBSTA



• Variety of technologies in place
• One of the most important ones

especially for the ecosystem
measurements is the Eddy
Covariance method

• https://www.youtube.com/watch?v=
CR4Anc8Mkas

How to measure GHG emissions –
sources and sinks?

https://www.youtube.com/watch?v=CR4Anc8Mkas


ICOS ERIC* is an European research infrastructure
producing standardised greenhouse gas data

• Measurements at atmosphere, 
ecosystem and ocean stations

• Data is open and free for all, used by
policymakers and scientists alike

• ICOS ERIC established in 2015

• Countries: Belgium, Czech Republic, 
Denmark, Finland, France, Germany, 
Italy, The Netherlands, Norway, Spain, 
Sweden, Switzerland, United Kingdom

• Head Office in Finland

*ERIC=European research infrastructure consortium; European joint-ventures (based in multiple countries) and 
established to provide data and carry out research programmes and projects.



ICOS Station 
Network

Atmosphere 
stations: 38
Ecosystem 
stations: 86
Ocean 
stations: 23

31

www.icos-cp.eu/observations/station-network

http://www.icos-cp.eu/observations/station-network


• Operate standardized, comparable, high-precision and long-term
observations

• Facilitiate research to understand carbon the carbon cycle and providing
necessary information on greenhouse gases

• ICOS-based knowledge supports policy- and decision-making to combat
climate change and it’s impacts

• ICOS promotes technological developments and demonstrations related to 
greenhouse gases by the linking of research, education and innovation

• ICOS is the European pillar of greenhouse gas observation system

ICOS mission

Source: 
ICOS ERIC Statutes



• Standardized measurements 
in measurement stations 
across Europe

• Standardized data processing 
and quality control in 
Thematic Centres

• Centralized data provenance, 
curation and archiving in ICOS 
Carbon Portal

Distributed organisation 
producing high-quality data



A very rigid standardisation 
and compliance policy

The steps of the ICOS station labelling:

Left: example of a labelling facts sheet



Atmosphere measurements



Ecosystem measurements

ICOS ERIC Head Office, Helsinki, Finland | www.icos-ri.eu 36



Ocean measurements

ICOS ERIC Head Office, Helsinki, Finland | www.icos-ri.eu 37



ICOS Carbon Portal – ICOS data center
A website offering users:
• Open and free of charge access to ICOS data 

products
• Search, visualisation, download service for 

data and products
• Statistics and comparison tools 
• Synthesis reports and educational materials
• Community platform for elaborated products
• https://data.icos-cp.eu/portal

https://data.icos-cp.eu/portal


https://data.icos-cp.eu/portal
• >200 000 visible data objects
• Download/preview count

• Per data object
• Per domain
• Per contributor
• Per country etc.

39

Find, preview and download ICOS data

https://data.icos-cp.eu/portal


Data preview



Thank you!



European 
Environmental 
RI landscape
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The Global Atmospheric Watch (GAW) Network



Pan Eurasian Experiment (PEEX) analysis of existing capacity à capacity building in 
education, training, instruments, new stations for regional representation

WG: T. Petäjä, I.Bashmakova, A.Borisova, P. Alekseychik, H.K. Lappalainen, A. Mahura, N. Altimir, S. 
Chalov, P. Kontantinov, N. Zaitseva + many active stations



Second, to foster creativity, we plan 
to support people who want to work in 
new areas — especially young researchers 
setting up their own labs. Most scientists 
do their most creative work at this early 
stage of their careers. But — understand-
ably — it’s often hard to obtain funding 
unless you can demonstrate expertise in 
a particular area. The Chan Zuckerberg 
Initiative could fill a niche by taking on 
more risks than other funders. That risk 
is worthwhile if it brings people into bio-
medical areas in which the need is great 
but current research is narrowly directed. 
Unfortunately, disease-relevant fields can 
be some of the hardest to break into for 
someone with a new idea or approach. 
Certain disease foundations, such as the 
Hereditary Disease Foundation for Hun-
tington’s disease or the Simons Founda-
tion Autism Research Initiative, have 
done this well in the past. But we think 
that there is room to scale up this model 
to many other biomedical problems. 

Finally, on openness. We believe that 
research advances when people build 
on each others’ work. So our princi-
ples include making data, protocols, 
reagents and code freely available for 
other scientists to use. As an example 
of this approach, the HCA has com-
mitted to making its reference data 
publicly available after quality-control 
checks. Indeed, the Chan Zuckerberg 
Initiative engineering team and our 
HCA collaborators are building all of 
the software for the ‘data coordination’ 
arm of the project on the open-source 
platform Github.

We’re also supporting external groups 
that share these values and goals. For 
instance, we’re funding bioRxiv, the larg-
est and fastest-growing preprint reposi-
tory for the biological sciences — and a 
leader in bringing biology towards the 
level of sharing that’s expected in the 
physical and computer sciences. 

The Chan Zuckerberg Initiative is 
just starting, and we have a lot to learn. 
But I’ve been lucky to work in areas in 
which the free exchange of ideas and 
results is the norm. In my experience, 
such an approach creates the most 
dynamic fields. Now I have the chance 
to lead a new funding venture, and to 
explore whether openness or dynamism 
comes first. After all, as scientists we 
do experiments; as funders, we can do 
experiments too. ■

Cori Bargmann is president of science 
at the Chan Zuckerberg Initiative in Palo 
Alto, California; and professor of genetics, 
neuroscience and behaviour at the 
Rockefeller University, New York, USA.
e-mail: science@chanzuckerberg.com

Build a global 
Earth observatory
Markku Kulmala calls for continuous, comprehensive 

monitoring of interactions between the planet’s  
surface and atmosphere.  

Climate change. Water and food 
security. Urban air pollution. These 
environmental grand challenges are 

all linked, yet each is studied separately. 
Interactions between Earth’s surface and 

the atmosphere influence climate, air quality 
and water cycles. Changes in one affect the 
others. For example, increasing carbon diox-
ide enhances photosynthesis. As they grow, 
plants withdraw greenhouse gases from the 
atmosphere, but they also release volatile 
organic compounds such as monoterpenes. 
These speed up the formation of aerosol par-
ticles, which reflect sunlight back into space. 
Our actions — such as emission-control 
policies, urbanization and forestry — also 
affect the atmosphere, land and seas1–5. 

Satellites and stations on the ground track 
greenhouse gases, ecosystem responses, 
particulate matter or ozone independently 
of each other. Coupled observations are 
occasionally performed, but in intensive 
bouts. Vast areas of the globe — including 
Africa, eastern Eurasia and South America 
— are barely sampled. 

The result is a cacophony of information 
that yields little insight. It is like trying to 
forecast weather in November with spotty 
measurements of rain, wind, temperature or 
pressure from June. 

The answer is a global Earth observatory 
— 1,000 or more well-equipped ground 
stations around the world that track 
environments and key ecosystems fully 
and continuously. Data from these stations 
would be linked to data from satellite-based 
remote sensing, laboratory experiments and 
computer models. 

Researchers could find new mechanisms 
and feedback loops6 in this coherent data set. 
Policymakers could test policies and their 
impacts. Companies could develop envi-
ronmental services. Early warnings could 
be provided for extreme weather, and quick 
responses initiated during and just after 
chemical accidents. 

A global observatory has been discussed 
for more than a decade, but is only now 
feasible7. Instruments have matured; for 
example, today’s mass spectrometers 
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An enclosure for measuring gas exchange between plants and the atmosphere at a station in Finland.
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Nature Comment (2018), Nature 553, 21–23 Nature Comment (2018), Nature 554, 25-27

Academician, Academy Professor Markku Kulmala
University of Helsinki, Faculty of Science
Institute for Atmospheric and Earth System Research 
markku.kulmala@helsinki.fi

Academician, Professor Guo Huadong
Chair of DBAR 
The Institute of Remote Sensing and Digital Earth
Chinese Academy of Sciences
guohd@radi.ac.cn

Sharing big data from satellite imagery and other Earth observations

Global SMEAR and Digital Belt & Road - DBAR



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


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


Extra material



World is getting warmer: continuous rise in global average 
temperature and atmospheric CO2 concentration



Changes in GHG alter the near-surface temperature & sea level



29%
11.6 GtCO2/yr

Fate of anthropogenic CO2 emissions (2008–2017)

Source: CDIAC; NOAA-ESRL; Houghton and Nassikas 2017; Hansis et al 2015; Le Quéré et al 2018; Global Carbon Budget 2018

22%
8.9 GtCO2/yr

34.4 GtCO2/yr

87%

13%
5.3 GtCO2/yr

17.3 GtCO2/yr

44%

Sources  =  Sinks

5%
1.9 GtCO2/yr

Budget Imbalance: 
(the difference between estimated sources & sinks)

Not all 
emissions 
stay in the 
atmosphere!

Atmosphere

Ecosystems

Oceans

http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://www.esrl.noaa.gov/gmd/ccgg/trends/
https://dx.doi.org/10.1002/2016GB005546
http://dx.doi.org/10.1002/2014GB004997
https://doi.org/10.5194/essd-10-2141-2018
http://www.globalcarbonproject.org/carbonbudget/


Paris Agreement signed in 2015
• Goal is to keep the increase in global 

average temperature to well below 2°C 
above pre-industrial levels and to 
pursue efforts to limit the increase to 
1.5°C

• The EU wishes to reduce GHG 
emissions by at least 40% by 2030 
compared to 1990

• Finland has agreed to be carbon neutral 
in 2035



How is ICOS data utilised? 



• ICOS organizes a scientific conference every other year, showcasing climate 
science and use of ICOS data

• Latest one was held on September 2020 entirely online
• More than 1000 participants, almost 200 presentations during three days
• https://www.youtube.com/watch?v=0wHEFBGLr5o

https://www.youtube.com/watch?v=0wHEFBGLr5o


• Higher mortality of elderly
• Forest fires
• Crop failures (up to 80%)
• Increased pests in forests
• Biggest algae bloom in the 

Baltic
• Shutdown of nuclear 

reactors
• Electricity grid failures
• Relieve funds for farmers 

compensating crop yield loss

The 2018 summer drought in Europe



Extreme events - Drought 2018

11/2018
Scientists from all ICOS fields 
meet re data and publications

Spring 2019
Data processing, 
manuscript drafting

08/2019
First datasets 
released, 30 stations, 
period 1989-2018

11/2019
Second datasets 
released, 70 stations

9/2020
The analyses were published in a 

special issue, 20 publications.
Summer 2018
Heats record-high

© Phil. Trans. R. Soc. B

© EuroNews

2019 2020

© ICOS Sweden, A. Lindroth

July 2017 July 2018



• Drought in Europe decreases carbon uptake and crop yields
• Forest carbon sinks decreased, crops were lost, and grasslands 

browned down
• Joint research effort of over 200 top scientists
• Results published in The Philosophical Transactions B: ‘Impacts of the 

2018 severe drought and heatwave in Europe: from site to continental 
scale’ https://royalsocietypublishing.org/toc/rstb/375/1810

Using ICOS data – 2018 Drought studies

https://royalsocietypublishing.org/toc/rstb/375/1810


Using ICOS data to 
detect COVID effects 
on emissions

ICOS Data shows reduction in 
urban CO2 emissions due to 
COVID-19 lockdown across Europe 
(1/2)

CO2 flux diurnal cycles from February 5th 
to May 6th 2020 



Average daily CO2 flux from February 5th 
to May 6th 2020 

Using ICOS data to 
detect COVID effects 
on emissions

ICOS Data shows reduction in 
urban CO2 emissions due to 
COVID-19 lockdown across 
Europe (2/2)



• ICOS Finland network is maintained by
the University of Helsinki, Finnish
Meteorological Institute and 
University of Eastern Finland 

• The network has in total 13 stations: 
• 4 Atmosphere stations, 
• 4 Ecosystem stations, 
• 5 Associated Ecosystem stations. 

• These stations provide good
representatives of boreal and 
subarctic Eurasian environment in a 
transition zone from marine to 
continental climate

ICOS Finland



Long-term greenhouse gas concentrations –
Pallas ICOS ATM station in 68°N


