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INTEGRATED APPROACH is urgently needed

Current observations (see IPCC 2013) are
fragmented:

1) Greenhouse gases

2) Aerosols

3) Air quality

4) Ecosystems

5) Climate

6) Soils …

Future aspiration: Integrated approach
• To understand feedbacks
• To reduce uncertainties
• To mitigate and adapt effectively
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CONTINUOUS COMPREHENSIVE OBSERVATIONS
’SMEAR CONCEPT’
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SMEAR I; subarctic forest, protected nature reserve, Värriö
(ICOS, eLTER, AnaEE, ACTRIS, INTERACT)
SMEAR II; boreal forest, rural site, Hyytiälä
(ICOS, eLTER, AnaEE, ACTRIS, INTERACT)
SMEAR III; urban site, Helsinki 
(ICOS, ACTRIS)
SMEAR IV; urban/boreal forest, Kuopio
(ICOS, AnaEE, ACTRIS)

SMEAR-Estonia; hemiboreal forest, Järvselja
SMEAR-China; urban, subtropical: Nanjing; Beijing; Shanghai
SMEAR S-Africa; semi-arid savanna; Welgegund

SMEAR network with 7+ stations:

SMEAR = Stations for Measuring
Ecosystem-Atmosphere Relations
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1 km



aerosols, atmospheric chemistry and physics, 
cloud microphysics,  boundary layer
micrometeorology, irradiance, deposition

gas exchange, water and nutrient flows, 
biomass growth, canopy structure, 
energy capture and use

water and nutrient concentrations and  
uptake, profiles of temperature and 
moisture, gas exchange, root growth, 
microbial processes

gas and energy exchange, gas concentrations, 
dissolved org/inorg. carbon, phytoplankton
biomass and composition, lateral fluxes, 
meteorology, catchment processes

 Value of the SMEAR-II flagship station > 10 M€
 Maintenance 0.5-1  M€ / year

Photos Juho Aalto

ATMO-
SPHERE

BIO-
SPHERE

LITO-
SPHERE

HYDRO-
SPHERE
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Scientific impact 
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Continuous comprehensive measurements : powerful tool

• Trends in measured concentrations and fluxes, statistics (temporal and 
spatial variability)

• Process dynamics and partitioning

• Feedbacks between processes and compartments 
• Soil-forest-atmosphere

• Forest-soil-streams-lake

• Atmosphere-forest-soil
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CO2 concentration
Trends
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Unpublished results



Carbon sink in a boreal forest
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Unpublished results



Soil, branch and ecosystem scale fluxes 
of carbonyl sulfide (COS)
• COS is taken up by plants via same pathway as CO2 during photosynthesis
• COS may be used as a proxy for gross primary productivity GPP 

(photosynthesis)

LRU = Leaf-scale Relative Uptake

• Ecosystem and branch COS and CO2 fluxes follow the same diurnal cycle
• Offset in observed GPP could be explained by negative soil COS fluxes or 

incomplete closure of stomata during nighttime

𝐺𝑃𝑃 =
𝐹𝐶𝑂𝑆
𝐿𝑅𝑈

[𝐶𝑂2]

[𝐶𝑂𝑆]

Processes

19/09/2019 TERENO Workshop 2019 Kooijmans et al 2018, 
Erkkilä et al 2018



Atmospheric nucleation / clustering

Kulmala et al., Science, 2013

Processes
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Processes

Nikinmaa et al 2012, Hölttä et al 2016, 2018, 
Chan et al 2016,  Dewar et al 2018



Experimentation 
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• Presence of roots accelerates 
decomposition and builds up a 
stable SOM-N pool 

• Root exclusion leads to inorganic 
soil N economy, decreased 
decomposition rates and reduced 
stable SOM-N build-up

Processes

Adamczyck et al 2019



Lake Pine forest Fen

CO2 +116 -280 -51

CH4 0.2 NA 10

Lake Kuivajärvi-forest-wetland comparison of annual 

balances

Annual balance (gC m-2) (June 

2012–June 2013)

(Mammarella et al., JGR)

Longest flux data on 
the lake in the world
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Feedbacks



CO2

+ 8 %
+ 10 ppm

Kulmala et al., 2014, BER

Clouds
aerosol effects

+ 6 %  

Diffuse radiation

Global Radiation

+ 1.5 %

Photosynthesis
Carbon sink

Volatile organic 
compounds

+ 6 %

+ 0.7 %

CarbonSink+
• VOCs, Aerosols, clouds, precipitation
• Max 1.8 x carbon sink (Hyytiälä / SMEAR II results)
• Uncertainties

=> observations / models

THE potential of integration (SMEAR CONCEPT): 
GLOBAL COMPREHENSIVE FEEDBACK ANALYSIS 

Feedbacks
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1. Flagship sites
• comprehensive measurement strategy in different domains, co-location

• process studies, experimentation, long-term observations

• high cost, extensive services

• E.g. SMEAR, TERENO

2. Advanced sites
• E.g.  Fluxnet, LTER regular, GAW stations

• average cost, comprehensive in some measurement type or services

3. Basic sites
• e.g. weather stations, ICP –Forest-Waters-IM sites

• low cost, providing ‘background’ data

 Hierarchical network is able to tackle problems related to large spatial scales, heterogeneity of 
ecosystems and their complexity in landscape 
 A dense network of the Advanced and Basic stations allows application and up-scaling of the 
results obtained from Flagship stations to the global level
 Co-location of RI’s in advanced and flagship sites crucial to provide enough integration!
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Needed: A Global Earth Observatory and hierarchical in-situ 
station network as proposed by eLTER



Autumn school 2018: addressing the droughts as 
example of a data integration
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The 2018 summer drought in Europe; maps from August 2018 (source: European Drought Observatory)

Drought 

21



Soil water potential
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Unpublished results



Daytime averaged GPP and 
evapotranspiration 1999-2009 
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Gao et al 2017


