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BACKGROUND AND SCOPE 

 
The Finnish Center of Excellence (FCoE) in Physics, Chemistry, Biology and Meteorology of Atmospheric 
Composition and Climate Change (2008-2013) is completing �L�W�¶�V�� research activity by  in the end of  this 
year. This moment can be considered as a turning point summarizing scientific results of a long-term 
approach that started already in 2002 when the first Center of Excellence (2002-2007) was established.  
 
The backbone of the scientific approach  has been the supra-disciplinary research work by different teams 
from Departments of Physics, Chemistry and Forest Sciences at the University of Helsinki, Finnish 
Meteorological Institute and Department of Physics at the University of Eastern Finland. In the begin of 
the 2nd period of  FCoE,  in 2008,  the FCoE set the following objectives:  �³Our main objective is to 
contribute to the reduction of scientific uncertainties concerning global climate change issues, 
particularly those related to aerosols and clouds. We aim at creating a deep understanding on the 
dynamics of aerosol particles and ion and neutral clusters in the lower atmosphere, with the emphasis of 
biogenic formation mechanisms and their linkage to biosphere-atmosphere interaction processes, 
biogeochemical cycles and trace gases. The relevance and usage of the results in the context of global 
scale modelling, and the development and utilization of the newest measurement techniques are addressed. 
The cores of activities are a) in continuous measurements and database of atmospheric and ecological mass 
fluxes and aerosol precursors and CO2/aerosol/trace gas interactions in SMEAR field stations and GAW 
station and b) in focused experiments and modelling to understand the observed patterns.�  ́
 
These objectives emphasized the new understanding of  role of biogenic formation mechanisms and their 
linkage to biosphere-atmosphere interaction processes, biogeochemical cycles and trace gases. During the 
last three years the scientific scope of the FCoE has moved from a new understanding of the phenomena 
towards so called all scale concept. In practice this means that the relevance and usage of the scientific 
outcome starting from the molecular scale can be applied and upscaled in the context of a global-scale 
phenomena such as prediction of climate change.  Today the scientific orientation of the FCoE research 
community �L�V�� �F�D�O�O�H�G�� �³Atmospheric Science �± From Molecular and Biological processes to The Global 
Climate�´�����$�7�0���� which will be also the name of the new, the 3rd  FCoE, targeted for the years 2014-2019.  
 
This abstract presents an overview of our scientific approach, including the main results and scientific 
highlights and the identification of the most important methodological developments and data pools. 
Furthermore, we introduce the main research collaboration and training and public outreach activities of 
the last three years. The FCoE scientific work has also initiated the development state-of-the-art research 
infrastructures, increased the volume of education activities and opened opportunities for innovation  and 
climate policy making both national and international levels. We present here the overall organization of 
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there activities. At the end, we will outline the scientific approach of the new FCoE starting in January 
2014, for next six years. 
 

SCIENTIFIC APPROACH  
 
 
Here we summarize the research activities and scientific highlights especially for the last three years 
(2011-2013) of the FCoE2. The research work has been carried out by 12 main teams (Fig 1.) and 2 
supporting teams with a focus on specific research areas of the land �± atmosphere interactions in a boreal 
forest domain; for e detailed description of results see the Chapter of Team overview abstracts. The FCoE 
teams cover several critical parts needed for a holistic understanding of land-atmosphere interactions.  The 
main themes of the FCoE science scope on main objectives, have been: (i) Aerosol  physics and chemistry 
(Teams: Vehkämäki, Petäjä, DalMaso/Kerminen, Riekkola), (ii)  Aerosol-cloud-climate interactions 
(Teams: Laaksonen, Lihavainen, Kerminen), (iii) Biosphere-Atmosphere interactions (Teams: Vesala, 
Bäck, Pumpanen, Rinne, Laurila, Hakola), (iv) Modelling approaches bridging the gaps from process level 
via mesoscale and reaching up to global scales (Teams: Boy, Laaksonen, Kerminen)  and (v) Development 
of  analytical methods in the laboratory (Riekkola, Hakola, Petäjä). 
 
 

 
 
Fig. 1. FCoE main teams  and team leaders and their research focus area: 1) Computational aerosol 
physics; H.Vehkamäki, 2) Aerosol measurements; T.Petäjä, 3) Aerosol phenomenology; M.Dal Maso/VM 
Kerminen, 4)Atmosphere modelling; M.Boy, 5) Soil dynamics, J.Pumpanen, 6) Biogenic hydrocarbon 
fluxes; J.Rinne, 7) Micrometeorology; T.Vesala, 8) Ecosystem processes; J.Bäck, 9) Sophisticated 
instrumental analytical techniques; M-L. Riekkola, 10) Atmospheric aerosols and aerosol cloud 
interactions; A.Laaksonen, 11) Aerosols and climate; H.Lihavainen, 12) Organic chemistry of the 
atmosphere; H Hakola. 
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AEROSOL PHYSICS AND CHEMISTRY  

 
The aerosol physics and chemistry group has made crucial advances in understanding the initial steps of 
aerosol formation and addressed the relative roles of condensing vapors on the nucleation and growth. The 
work includes both detailed laboratory experiments as well as a wide variety of intensive field campaigns 
around the world in different environmental conditions (Team Petäjä). Based on the experimental 
evidence, we have formulated the atmospheric aerosol formation as a two-step process involving 
atmospheric chemistry (oxidation), clustering (acid-base chemistry) and multi-component condensation. 
The key results have been published by Kulmala et al. (2013). The conceptual methodology for measuring 
and analyzing atmospheric aerosol formation is presented in Kulmala et al. (2012). 
 
In more detail, we have studied several base compounds and their role in the aerosol formation process by 
combining theoretical approaches, field studies, process analysis and development of new laboratory 
techniques on aerosol composition (Teams Vehkamäki, Petäjä, Dalmaso/Kerminen). We have studied the 
nucleating molecules and atoms aimed to understand how and why a certain group of molecules 
eventually forms a cluster that has the potential to grow towards climatically important sizes. See 
Manninen et al. and Sipilä et al., this issue, for more details.  
 
The main focus in the theoretical group (Team Vehkamäki) during the last three has been on extent of the 
computational task to develop the Atmospheric Cluster Dynamics Code (ACDC) and to perform related 
quantum chemical calculations and to build a methodology for and starting novel molecular dynamic 
simulations of atmospheric cluster formation. The ACDC has now been validated and used the model to 
assess the role of the critical cluster concept in atmospheric particle formation. Despite the fact that the 
model can not accurately simulate the atmospheric particle formation, we can now test the feasibility of 
the different particle formation mechanisms (Vehkamäki et al., this issue). 
 
In the second approach we have used complementary information from state-of-the-art laboratory and 
long-term field experiments in order i) to comprehensively characterize the physical, chemical and optical 
properties of atmospheric aerosol particles in various environments, ii)  to identify the compounds 
participating in atmospheric new particle formation, iii) to investigate gas phase precursors, ions and their 
interactions leading to new particle formation, iv) to explore anthropogenic and biogenic influences on the 
atmospheric aerosol population and their connections to the global change, and v) to develop the 
instruments We have also been focused on  process studies of the formation, evolution and transportation 
of aerosols and associated trace gases  in the following focus areas: i) charaterization of physical, chemical 
and dynamical parameters from aerosol field measurements; ii) aerosol dynamics model studies to develop 
tools for the parameterization of the evolution of aerosol particle populations; iii) transportation and 
dispersion studies of atmospheric trace elements, especially aerosols and other air pollutants; and iv) 
multivariate methods for analysis of atmospheric field observations (Team Petäjä). As an example, the 
teams have made a comprehensive analysis of the diurnal �± seasonal and annual behavior of BVOC 
emissions and linked these patterns to the initial steps of atmospheric nucleation. This work has been 
enabled by the measurement tools developed to detect the particles in the  sub-3 nm diameter size range.  
 
A facility for studying the formation of secondary organic aerosol from real plant emissions as a means of 
studying realistic atmospheric processes under controlled conditions has been developed (Virtanen). The 
laboratory and field observations have been used interactively for studying a variety of atmospheric 
models from process level to global scale. 
 
The scientific  approach by  the Teams  Petäjä, Dal Maso, Kerminen and Vehkamäki combines several 
outstanding results on the wide spectrum of the aerosols formation- characteristics and links between 
aerosols and biosphere and clouds. The approach has expanded into even to a wider scale compared with 
the original objectives set for the teams. In other words, the aerosol formation as a phenomenon could be 
connected to the ecosystem-atmosphere interactions as a whole, as this sensitive process is tightly 
regulated by the gas phase concentrations, biosphere and anthropogenic emissions. The hypothesis is that 
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by resolving the chemical composition of initially forming aerosol particles we are able to probe the 
coupled carbon-water-nitrogen-sulfur cycles (Fig.1). 
 

AEROSOLS, CLOUDS, CLIMATE AND AIR QUALITY  
 

The research on aerosol-cloud-climate interactions has covered studies on cloud condensation nuclei 
(CCN), clouds and aerosol-cloud interactions, as well as  integration of these results into large-scale 
applications (Teams, Laaksonen, Kerminen, Lihavainen). The main interest has been in characterizing the 
physical and chemical properties of atmospheric aerosol, especially particles that form from nucleation, 
and understanding the role of aerosols as CCN. The work has included the development unique 
instruments that measure aerosol chemical composition both directly and indirectly, and deploy these in 
intensive field studies in Puijo, Finland as well as throughout the world. Process and cloud models have 
been developed and better parameterizations to describe aerosol-cloud interactions in global models have 
been produced (Laaksonen et al. this issue). 
 
The connections between atmospheric aerosols, climate and air quality have been investigated in various 
environments. The approach has been based on continuous (the SMEAR-station network in Värriö, 
Hyytiälä, Helsinki and Puijo, the Pallas-Sodankylä Global Atmospheric Watch (GAW) station, the Utö 
Atmospheric and Marine Research Station and Virolahti measurement station) and campaign-type (India, 
Tiksi in Siberia, Saudi Arabia, and Marambio in Antarctica) measurements, laboratory experiments and 
modeling. The observational data contributes to model development and provides a solid basis for the 
result integration and synthesis. Examples of the conducted work include comprehensive analyses of 
observation data from the recent field campaigns, interpreting results from the lab experiments 
investigating the growth of nano-sized sulphuric acid particles,  interpreting results from single particle 
soot photometer (SP2) and climate modeling, and investigating the possibities to mitigate warming of 
Arctic climate by black carbon (BC) emissions reduction at mid-latitudes, especially in Europe 
(www.maceb.fi). The impact of the current air quality and climate relevant legislation in the northern 
hemisphere on BC emissions, their transport to the Arctic, and eventually Arctic warming has been 
investigated as well (Lihavainen et al. this issue). 
 

BIOSPHERE-ATMOSPHERE INTERACTIONS  
 
The  interdisciplinary teams (Teams Vesala, Laurila, Bäck, Pumpanen, Rinne)  of forest, peatland and 
freshwater ecologists and atmospheric physicists and chemists within FCoE have been concentration on 
the biosphere �± atmosphere interaction  processes. The bio-atm interactions approach has addressed the 
process understanding of various types of energy flows between the biosphere and atmosphere. The 
approach has covered different environments such as forest canopies, soil and lake.  The large-scale 
research interest has been focused on vegetation control vs. ecosystem biogeochemical cycles, vegetation 
affect vs. exchange of greenhouse gases and BVOCs and the analysis of mechanisms involved in the 
control.  The research question are also addressing,  how do the biogeochemical cycles and atmospheric 
processes  and forest development affect vegetation (Bäck et al., this issue, Vesala et al. 2013, this issue). 
The main data pool for the modeling  approach have been GHG flux and concentration measurements 
(Teams Vesala, Laurila) together with  BVOC concentration and emission  data (Teams Rinne, Hakola, 
Bäck). For more details, see Bäck et al., this issue, Vesala et al., this issue, Laurila et al. this issue).     
 
The forest canopy has been the long-term research focus areas of the bio-atm teams, however the role of 
lakes and soil research has increased during the later period of FCoE. Soils play an important and active 
role in controlling the greenhouse gas balance in the atmosphere and it also affects indirectly the radiative 
forcing of the atmosphere through various feedback effects (Pumpanen et al. this issue).  The flux studies 
over lakes are scarce: there are only seven articles reporting eddy-covariance EC measurements of CO2 
fluxes over, and none over rivers, and the lengths of the records are rather short. 
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The Vesala and  Bäck teams have made  major progress in tree related physiological analysis, measuring 
aquatic ecosystem gas exchange, peatland methane emissions and  detecting  biogenic VOC (amines, 
sesquiterpenes) compounds in field conditions. Overview of the methods developed is provided by 
Kulmala et al. 2012. 
 
 

MODELLING APPROACH FROM MESOSCALE TO GLOBAL SCALE  
 
The understanding of the whole process of formation of secondary aerosols, starting from the emissions of 
precursors from the canopy up to their activation to form cloud droplets is in the core of the models 
simulating the behavior of the climate system (Teams Boy, Laaksonen, Kerminen).  
 
The mesoscale modeling approach is bridging the gap between the most novel instrumentations operated 
at our SMEAR stations and the global modeling community by detailed process-oriented studies in the 
lower part of the troposphere. Special focus is to achieve a comprehensive picture of the climate change 
by models from nanometer to global scale and from seconds to centuries. This includes investigating  the 
mechanism related to the formation of secondary organic aerosols (SOA), the role of vertical mixing in 
photochemistry and SOA formation, and future trends in the formation of new particles with resulting 
impacts on climate through direct and indirect aerosol effects. During the last three major part of the meso 
scale modeling  has been concentrating to improve the following models: MALTE-BOX, a zero-
dimensional model: both chemical and aerosol dynamical processes; SOSAA, a one-dimensional 
chemistry-transport mode gas-phase chemistry and aerosol dynamics; ASA, a Large-Eddy-Simulation 
model; MEGAN, a canopy module and the emission module; a PENCIL-CLOUD, a model of 
hydrodynamic flows; and FLAMO, a regional meteorological model (Boy et al., this issue). 
 
Global-scale analyses have been made using the global aerosol-climate model ECHAM5-HAM(2) (Teams 
Laaksonen, Kerminen). For example, we have investigated the impact of the increasing aerosol emissions 
in China and India between 1996 and 2010 on global climate. The warming contribution of black carbon 
concentrations above clouds nearly cancels the cooling effect of sulfate aerosols, thus making it unlikely 
that the increase in aerosol emissions in China and India has caused the "hiatus" in global warming during 
the last decade.  Recent work has been done to produce faster aerosol modules capable of presenting all 
relevant aerosol processes (sectional aerosol module SALSA tested). More detailed evaluation showed 
that currently commonly used modal representation of aerosol in large scale models suffers several issues 
in describing aerosol-cloud interactions (Laaksonen et al., this issue).  In order to imropve the BVOC-
aerosol-climate interactions,  several processes that couple organic vapours to particle formation and 
growth in ECHAM5.5-HAM2  has been  implemented. Five different nucleation mechanisms were 
introduced to the model, including nucleation rate formulations with organic gases (Kerminen et al, this 
issue).  
 
 

DEVELOPMENT OF ANALYTICAL METHODS  
 
Intensive development of analytical methods have been made concerning (i)  in situ measurements of 
volatile organic compounds and inorganic gases and particles (Hakola et al., this issues) and (ii) 
measurement of the chemical composition and physicochemical properties of individual compounds in the 
gas phase and atmospheric aerosol particles (Sipilä et al., this issue, Riekkola et al this issue).  
 
Various chemical ionization methods have been tested and developed during the FCoE. These include 
implementation of nitrate ion source for acidic cluster detection (Sipilä et al., this issue, Jokinen et al. 
2012, ACP) as well as a bi-sulphate ion source for bases (Sipilä et al., this issue). These techniques have 
been applied both to field and chamber studies (Schobesberger et al. 2013, in press) revealing the 
concentrations of key precursors in sub-ppt concentration levels as well as the temporal evolution of the 
cluster composition during nucleation (Kulmala et al. 2013).  
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The development work of volatile organic compounds and inorganic gases and particles have included the 
developed of an inlet for in-situ GC measurements enabling mono- and sesquiterpene measurements. The 
system was conducted for the first time in-situ biogenic VOC measurements, including sesquiterpenes, in 
a boreal forest covering the whole year. Furthermore the team has made in-situ measurements of inorganic 
gases and aerosols in urban and rural air and studied the chemical composition of organic aerosols and 
measured for the first time, for example, caryophyllenic acid concentrations in ambient particles  (Hakola 
et al., this issues). 
 
One part of the aerosol physics and chemistry approach has been the development of new laboratory 
techniques for analyzing the atmospheric aerosol particle composition to cover the identification of 
organic compounds in different size atmospheric aerosol particles as well as determination of aliphatic and 
aromatic amines in atmospheric aerosol particles and vapor pressures of several atmospherically relevant 
compounds.  During the last yeas a novel gas chromatographic methodology for the determination of 
vapour pressures of compounds in mixtures has been developed and utilized in aerosol studies. Vapor 
pressures of several atmospherically relevant compounds were determined for the first time. The method 
proved to be superior over all the existing techniques in terms of time, sensitivity, precision and sample 
preparation (Riekkola et al., this issue). 
 

SCIENTIFIC HIGHLIGHTS  
 

In years 2011 �± 2013 we have published altogether 10 papers in Nature, Nature Geosciences, Nature 
Protocols or Science. The total number of all peer reviewed publications by members of the FCoE in 
2011�±2013 (until Sep 30th) is more than 200. In 2011�±2013 our most important scientific results are on the 
new sights on the atmospheric new particle formation (Kirkby et al. 2011; Kulmala et al. 2013) and 
growth (Riipinen et al. 2012), atmospheric oxidation (Mauldin et al. 2012), linkages and processes in the 
land- atmosphere interface (Kulmala and Petäjä 2011, Yvon-Durocher  et al. 2012), and biosphere-
atmosphere feedbacks (Paasonen et al., 2013). We have also attributed the hot spot of the current climate 
policy debate on the role of black carbon in the climate system by presenting results on absorption features 
of and mixing state of black carbon (Cappa et al. 2012 

One of the key strength of the FCoE2 approach has been a successful combination of new methods, 
instrument development, and comprehensive measurements, which have been used to improve 
fundamental process understanding and to develop parameterizations to various models. As a synthesis of 
a long-span instrument development on aerosol measurements, the team published a scientific protocol on 
the measurement of the nucleation of atmospheric aerosol particles in Nature Protocols (Kulmala et al. 
2012). The protocol describes the procedures for identifying new-particle-formation (NPF) events, and the 
methods for determining the nucleation, formation and growth rates during such events under atmospheric 
conditions. Also the descriptions of the present instrumentation, best practices and other tools used to 
investigate the atmospheric nucleation and the NPF at a certain mobility diameter (1.5, 2.0 or 3.0 nm) are 
addressed. Furthermore, the reliability of the methods used and requirements for the proper measurements 
and data analysis are discussed (Kulmala et al. 2012). This work provides a summary of methodology 
development within the FCOE2 during the last two decades. It will be used as a benchmark, to which 
future research on the experimental nanoparticle formation in the atmosphere will be compared 

The latest research highlight is presented in Kulmala et al. (2013) we gave an improved insight on 
atmospheric new particle formation and cluster dynamics.  Atmospheric nucleation is the dominant source 
of aerosol particles in the global atmosphere and an important player in aerosol climatic effects. The key 
steps of this process occur in the sub-2 nm size range, in which direct size-segregated observations have 
not been possible until very recently. In Kulmala et al. (2013) we presented detailed observations of 
atmospheric nanoparticles and clusters down to 1 nm mobility diameter. We identified three separate size 
regimes below 2 nm diameter that build up a physically, chemically and dynamically consistent 
framework on atmospheric nucleation, more specifically aerosol formation via neutral pathways. Our 
findings emphasize the important role of organic compounds in atmospheric aerosol formation, 
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subsequent aerosol growth, radiative forcing and associated feedbacks between biogenic emissions, clouds 
and climate. 

The results indicates clearly how simultaneous use of particle Size Magnifier, ions spectrometers and mass 
spectrometers allows us to find out physic and chemistry of new particle formation in the atmosphere. 

List of FCoE Nature / Nature Geosciences / Nature Protocols and Science papers published in 2011-
2013: 

 
1. Kirkby, J., Curtius, J. Almeida, J. Dunne, E., Duplissy, J., Ehrhart, S., Franchin, A., Gagné, S., Ickes, 

L., Kürten, A., Kupc, A., Metzger, M., Riccobono, F., Rondo, L., Schobesberger, S., Tsagkogeorgas, 
G., Wimmer, D., Amorim, A., Bianchi, F., Breitenlechner, M., David, A., Dommen, J.,  Downard, A, 
Ehn, M., Flagan, R. C., Haider, S., Hansel, A., Hauser, D., Jud, W., Junninen, H., Kreissl, F., Kvashin, 
A., Laaksonen, A., Lehtipalo, K., Lima, J., Lovejoy, E. R., Makhmutov, V., Mathot, S., Mikkilä, J., 
Minginette, P., Mogo, S., Nieminen, T., Onnela, A., Pereira, P., Petäjä, T., Schnitzhofer, R., Seinfeld, 
J. H., Sipilä, M., Stozhkov, Y., Stratmann, F., Tomé, A., Vanhanen, J., Viisanen, Y., Vrtala, A., 
Wagner, P. E., Walther, H., Weingartner, E., Wex, H., Winkler, P. M., Carslaw, K. S., Worsnop, D. 
R., Baltensperger, U. and Kulmala, M.: The role of sulfuric acid, ammonia and galactic cosmic 
rays in atmospheric aerosol nucleation, Nature, 476, 429-433, doi:10.1038/nature10343, 2011. 

2. Kulmala, M. and Petäjä, T.: Soil nitrites influence atmospheric chemistry, Science, 333, 1586-1587, 
doi:10.1126/science.1211872, 2011. 

3. R.L. Mauldin III, T. Berndt, M. Sipilä, P. Paasonen, T. Petäjä, S. Kim, T. Kurtén, F. Stratmann, V.-M. 
Kerminen and M. Kulmala: A new atmospherically relevant oxidant of sulphur dioxide. 2 0 1 2  4 
8 8 | 1 9 3- 197. doi:10.1038/nature11278 

4. Yvon-Durocher G., Caffrey J.M, Cescatti A., Dossena M., del Giorgio P., Gasol J.M, Montoya J.M, 
Pumpanen J., Staehr P.A, Trimmer M., Woodward G. & Andrew A.P.: Reconciling the temperature 
dependence of respiration across timescales and ecosystem types. doi:10.1038/nature11205 

5. Riipinen I., Yli-Juuti T., Pierce J.R,  Petäjä T., Worsnop D.R., Kulmala, M.& Donahue N.M.:The 
contribution of organics to atmospheric nanoparticle growth. Nature Geoscience 5, 453�±458 
(2012) doi:10.1038/ngeo1499 

6. Cappa, C.D., Onasch, T.B., Massoli, P., Bates, T.S., Gaston, C.J., Hakala, J., Petäjä, T., Hayden, K., 
Kolesar, K.R., Lack, D.A., Mellon, D., Li, S.-M., Nuaaman, I., Prather, K.A., Quinn, P.K., Song, C., 
Subramanian, R., Vlasenko, A., Worsnop, D.R. and Zaveri, R.A., Radiative Absorption 
Enhancements Due to the Mixing State of Atmospheric Black Carbon, Science, 337, 1078-1081 
DOI: 10.1126/science.1223447  
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Atmospheric Aerosol Nucleation. Science 22: 943-946. [DOI:10.1126/science.1227385] 
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Williams, E.J. and Zaveri, R.A. (2012) �5�H�V�S�R�Q�V�H�� �W�R�� �&�R�P�P�H�Q�W�� �R�Q�� �³�5�D�G�L�D�W�L�Y�H�� �$�E�V�R�U�S�W�L�R�Q��
Enhancements Due to the Mixing State of Atmospheric Black Carbon�´���� �6�F�L�H�Q�F�H�� ����������
393c. 

10. Paasonen, P., Asmi, A., Petäjä, T., Kajos, M.K., Äijälä, M., Junninen, H., Holst, T., Abbatt, 
J.P.D., Arneth, A., Birmili, W., Denier van den Gon, H., Hamed, A., Hoffer, A., Laaksonen, 
A., Laakso, L., Leaitch, R., Plass-Dülmer, C., Pryor, S.C., Räisänen, P., Swietlicki, E., 
Wiedensohler, A., Worsnop, D.R., Kerminen, V.-M. and Kulmala, M. (2012) Warming-
induced increase in aerosol number concentration likely to moderate climate change, 
Nature Geosci., doi: 10.1038/NGEO1800. 
 



26 
 

  
PARTICIPATION IN LARGE SCALE, INTEGRATED FIELD AND LABORATORY 

EXPERIM ENTS 

The backbones of our research activities have been data products from our SMEAR and GAW station 
network. The access to  global and European scale aerosol and other climate data pools have been attained 
by  the active coordination or participation to European Union FP6 projects such as EUCAARI (European 
Integrated project on aerosol, cloud, climate and air quality interactions) (Kulmala et al. 2011) and 
Integrated Infrastructures Initiatives project EUSAAR (European Supersites for Atmospheric Aerosol 
Research). In order to ensure the access to best data pools in the field of atmospheric sciences and 
biosphere�±atmosphere interface the FCoE teams have continued active participation to the ongoing 
European FP7 research and infrastructure projects. The most crucial projects here are the four-year 
projects FP7-ACTRIS-I3 (Aerosols, Clouds, and Trace gases Research InfraStructure Network (Petäjä et 
al. this issue) and FP7-PEGASOS (The Pan-European Gas-AeroSOls Climate Interaction Study 
(Manninen et al this issue), FP7- EXPEER-I3 (Experimentation in Ecosystem Research), and the recently 
concluded FP7-MarieCurie-ITN-CLOUD representing  a leading edge laboratory experiments at CERN.  
The data analysis of these activities is ongoing. For example we have started the extensive analysis and 
compared the computational results with CLOUD experiments and Hyytiälä field data. The work is aimed 
to provide theoretical support for experiments and instrument development and seek to improve and test 
our model by comparing to a wide selection of experiments (Vehkamäki et al., this issue).  We have also 
made a major scientific outcome of the CLOUD experiment on formation of aerosol particles both via 
neutral and ion induced pathways. 
 
One of the most extensive field campaigns conducted by our teams so far took place in May �± June 2012 
when the Zeppelin lights over Hyytiälä, Southern Finland. The measurements of the vertical and the 
horizontal extension of NPF events were performed using an instrumented airship, Zeppelin. The vertical 
profile measurements represent the particle and gas concentrations in the lower parts of the atmosphere. At 
the same time, the ground based measurements records present conditions in the surface layer. Horizontal, 
almost Lagrangian, experiments were possible as the airship drifted with the air mass (Manninen et al. this 
issue). 
 
Participation in the European large-scale projects has provided standardized and quality-controlled data 
products, in addition to which it has brought good visibility and active use of the SMEAR- data products.  
To ensure the continuous development of national data products and the research infrastructures used by 
the FCoE teams, the data product development has been networked to the ongoing EU-FP7-projects: FP7-
ENVRI-�S�U�R�M�H�F�W�� �³Commo�Q�� �2�S�H�U�D�W�L�R�Q�V�� �R�I�� �(�Q�Y�L�U�R�Q�P�H�Q�W�D�O�� �5�H�V�H�D�U�F�K�� �,�Q�I�U�D�V�W�U�X�F�W�X�U�H�V�´�� �L�Q�� �(�X�U�R�S�H and FP7-
COOPEUS-�S�U�R�M�H�F�W�� �³�7�U�D�Q�V�D�W�O�D�Q�W�L�F�� �F�R�R�S�H�U�D�W�L�R�Q�� �L�Q�� �W�K�H�� �I�L�H�O�G�� �R�I�� �H�Q�Y�L�U�R�Q�P�H�Q�W�D�O�� �U�H�V�H�D�U�F�K�� �L�Q�I�U�D�V�W�U�X�F�W�X�U�H�V�´����
between Europe and USA.  The aim of these research infrastructure projects is the identification of next 
generation user friendly data structures and formats (Sorvari et al. this issue). 

As a summary FCoE research community has worked towards building internationally leading, 
multidisciplinary research environment for atmospheric and Earth system science to study biosphere-
aerosol-cloud-climate-air quality interactions. This work has included establishment of Super sites 
(SMEAR stations, Pallas, several experimental field sites and laboratories, process and climate/Earth 
system components, and databases to store and distribute the data. So far these different types of 
infrastructures have been operated separately and managed by the FCoE partners individually. The future 
aim is to establish an Integrated Atmospheric and Earth System Science Research Infrastructure �± INAR 
RI to increase the coordination, management, interoperability and interworkability of the research 
infrastructure components (Sorvari et al. this issue).  

 

 

 

 



27 
 

  
RESEARCH  TRAINING  

 
In 2011-2013 FCoE has continued the collaboration among Nordic centers of excellence CRAICC 
(Cryosphere-Atmosphere Interactions in a Changing Arctic Climate), DEFROST and SVALI, appointed 
by NordForsk. In 2011-2013 FCoE researchers have participated in Earth System Modelling - CRAICC-
SVALI-DEFROST workshop in June 2012 at the University of Helsinki, Finland, Black Carbon workshop 
June 2012 at the Lund University, Sweden, the Ice Nucleation workshops in February 2012 at ETHZ, 
Zurich, Switzerland, the Eddy covariance flux workshop in January 2013 in Helsinki, as well as the annual 
workshops of the Nordic centers. 
 
Altogether over 50 �0�6�F�¶�V�� �D�Q�G��36 �3�K�'�¶�V�� �I�L�Q�D�O�L�]�H�G�� �W�K�H�L�U���W�K�H�V�H�V��within the FCoE during 2011-2013 (until 
August 31st 2013). Until the end of 2013, the education and knowledge transfer of the Centre of 
Excellence has been formalized in the National ACCC Doctoral Programme (Atmospheric Composition 
and Climate Change: From Molecular Processes to Global Observations and Models), involving more than 
200 doctoral students. However, the funding scheme is changing in 2013. The Academy of Finland 
doctoral programmes will cease to exist, and the funding will be transferred to the budget funding of the 
Finnish universities. Both University of Helsinki and University of Eastern Finland have started their local 
programmes directly related to FCoE (University of Helsinki: Doctoral Programme in Atmospheric 
Sciences; University of Eastern Finland: Doctoral Programme in Aerosol Science). ACCC will remain as 
a national network, but without own funding. As a recognition of the scientific excellence of the FCoE 
work, M. Kulmala and S. Zilitinkevich were granted the ERC-Advanced Grants, and H. Vehkamäki and I. 
Riipinen the ERC-Starting Grants. 
 
Between last three year period the FCoE units organized a total of 14 intensive graduate courses. In total, 
more than 300 students participated in these courses. The intensive courses were usually organized in 
collaboration with several international projects and programmes, e.g. iLEAPS, CLOUD-ITN, CLOUD-
TRAIN���� �W�K�H�� �1�R�U�G�L�F�� �0�D�V�W�H�U�¶�V��Degree Programme ABS, and the Nordic Centres of Excellence CRAICC, 
DEFROST and SVALI.  
 
In order to maintain the good working atmosphere and to support the equal carrier opportunities between 
men and women , an Equality task group was established at the Division of Atmospheric Sciences (Univ 
of Helsinki) in 2011. The group works towards identifying and prevention of any kind of inequality or 
discrimination of the personnel. The task group executed an Equality Questionnaire in summer 2012, and 
the results were presented in autumn 2012. The questionnaire was aimed at screening the work atmosphere 
and attitudes, and it gathered up over 100 replies. 

 
OUTREACH  

 
The non-scientific end-users of the data are informed using distributed written material and press 
conferences, which generates interviews and articles in popular science magazines and in domestic and 
international newspapers as well as in the television and radio. FCoE  teams are also been active players  
in several platforms for outreach: (1) Hiukkastieto (www.hiukkastieto.fi/) for aerosol information, (2) 
Hiilipuu (www.hiilipuu.fi) for illustration of CO2 fluxes of boreal tree and (3) Ympäristötiedon foorumi 
(www.ymparistotiedonfoorumi.fi), which is a collaborative network of actors in environmental science to 
promote dialogue between scientists and decision makers at different levels.  One more example of a 
modern approach  to get the public attention to science  was launched  by Helsinki University in 2011.  
�)�&�R�(�� �U�H�V�H�D�U�F�K�� �Z�D�V�� �S�U�H�V�H�Q�W�H�G�� �D�W�� �W�K�H�� �³�7�K�L�Q�N�� �&�R�U�Q�H�U�´�±science cafe, as a part of the Helsinki Design year 
activities (http://blogs.helsinki.fi/wdc-2012/think-corner/).   During one week in June 2012, the FCoE 
researchers gave 15  presentations  to public audience, and a scientific exhibition showing e.g. 
measurement tools and the interactive Carbon tree software were included in the program of the week. All 
the presentations �D�Q�G���G�L�V�F�X�V�V�L�R�Q�V���Z�H�U�H���U�H�F�R�U�G�H�G���I�R�U���D���Z�L�G�H�U���D�X�G�L�H�Q�F�H���Y�L�D���W�K�H���³�7�K�L�Q�N���:�D�O�O�´���I�D�F�H�E�R�R�N���V�L�W�H��
(http://www.helsinki.fi/thinkwall/). 
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RESEACH INFRASTRUCTURES, EDUCATION,  INNOV ATION AND POLICY 

MAKING ACTIVITIES INITATED BY THE SCIENTIFIC APPROACH  

 
The scientific approach of the FCoE has been the primus motor for expanding the scientific outcome into 
the wider context and for the use of the international research community and society. The FCoE , 
presently the ATM,  approach in has awaked  new actions in a national, Nordic, European and global scale 
and has provided critical mass and scientific mandate for the FCoE partners to take leadership role in 
several sectors related to science approach in Europe and to promote atmospheric sciences globally and to 
make a climate policy impact. 

In the national scale one of the core stones of the FCoE-ATM has been the continuing development of 
SMEAR stations infrastructure. SMEAR stations data pools have been the main material for several  in 
situ first-observations and scientific  breakthrough of the FCoE.  The  FCoE  teams (Teams Petäjä, 
Lihavainen) have been intensively involved with a super-site concept development in Europe and outside 
Europe. In spring 2012, the Chinese research bodies introduced a SMEAR-type station near Nanjing. In 
addition, the co-operation to establish atmospheric measurement stations in Estonia, South Africa and 
Saudi Arabia is on the way. We are also involved in a collaboration to establish a state of the art, long 
term measurement station to Siberia (Tiksi)  in Russia, especially to attain year-round observations of 
important climate forcing agents within the Russian side of the Arctic (Lihavainen et al., this issue). These 
collaborations are a direct consequence of the FCoE2 activities.  
 
Active development of the SMEAR station concept  including instrument and methodological innovations, 
data products, data delivery and storage systems has provided a strong international role for the FCoE 
partners, Univ.Helsinki and FMI to contribute  the European Research Area initiatives. Today FCoE 
partners are central players in ESFRI infrastructures (European Strategy Forum on Research 
Infrastructures) via ICOS, the Integrated Carbon Observation System leading the  ICOS headquarters in 
Helsinki (Kaukolehto et al., this issue), ANAEE, the Infrastructure for Analysis and Experimentation on 
Ecosystems (Siitonen et al, this issue.) and via strategic planning of European aerosol and atmospheric 
chemistry infrastructure (ACTRIS-I3) (Petäjä et al. this issue). In 2012 it was decided that ICOS 
headquarters will be established in Helsinki.  
 
In the global scale the most important large scale initiative is just recently established Pan Eurasian 
Experiment (PEEX), which is the first of the kind bottom up �±top down (co-design) organized initiative in  
a global scale. PEEX geographical domain covers one on the most curial regions of the Earth in terms of 
the Global change. PEEX domain covers Siberian boreal forests region being the curial source for the 
bvoc emissions  in a global scale. Furthermore, the domain is covering extensive areas of  fast thawing 
permafrost regions of the Northern Pan Eurasian region,  regions of Arctic sea  and deals with the  air 
quality problematic of  Moscow and Peking, the megacities. PEEX is in a phase �R�I�� �F�R�Q�V�R�O�L�G�D�W�L�Q�J�� �L�W�¶�V��
position in the global scale research �±research infrastructure-education initiative landscape. In practice this 
means the finalization of PEEX Science Plan and giving the frames and structure the PEEX 
implementation. Also the commitment of PEEX partners and collaborators in Europe, Russia and China is 
ongoing. First steps towards implementation has just been taken by selecting  the core stations the 
development of a coherent coordinated atmospheric-ecosystem measurements   in Pan Eurasian region 
(Lappalainen et al. of this issue). 
 
The main channels for the European and global climate policy impact for the FCoE activities are the IGBP 
iLEAPS, Integrated Land Ecosystem �± Atmosphere Processes Study and  participation to the IPCC panels 
(Suni et al. this issue). Helsinki University is hosting the iLEAPS international project office at Helsinki 
and prof. Kulmala was a co-chair of the iLEAPS Scientific Steering Committee in 2010-2012. 
Futhermore,  FCoE PIs prof. V-M-Kerminen and prof. T. Vesala are participating in the IPCC Fifth 
Assessment Report (AR5, years 2010�±2014) processes and future developments of the global research 
programmes (IGBP/WCRP). Prof. Kerminen is a lead author of the �F�K�D�S�W�H�U�� �³�&�O�R�X�G�� �D�Q�G�� �$�H�U�R�V�R�O�V�´�� �L�Q��
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Working Group 1 (WG1) of AR5, and Prof. Vesala is a Review Editor of the �F�K�D�S�W�H�U���³�&�D�U�E�R�Q���D�Q�G���R�W�K�H�U��
�E�L�R�J�H�R�F�K�H�P�L�F�D�O���F�\�F�O�H�V�´���L�Q��WG1 of AR5.  

 
The Finnish Ministry of Environment established a national Climate Panel in December 2011 and 
nominated Prof. Kulmala as the chair of the panel for the period 1.12.2011 �± 31.12.2013. As a chair of the 
Climate Panel Prof. Kulmala  has given a great number of  TV and radio interviews providing publicity 
and visibility also to the FCoE research.  The national climate panel is collating climate change research 
for politicians. The panel consists of 13 members, who are senior scientists in the fields of  natural 
sciences, economics and other social sciences, engineering and international politics.  One of the first tasks 
of the national Climate Panel has been to mediate the insights of the science community for the 
preparation process of Climate Act for Finland. The preparation work Climate Act is one examples 
demonstrating the policy impact.  

 
Fig. 2. Research infrastructure, research, education and innovation activities of the ATM community.  

Abbreviations: ABS=Atmosphere-Biosphere Studies; ACTRIS=European aerosol and atmospheric chemistry 
infrastructure; ANAEE=Analysis and Experimentation on Ecosystems; BACCI=Biosphere-Aerosol-Cloud-Climate 
Interactions; CBACCI=Carbon- Biosphere-Atmosphere-Cloud-Climate-Interactions; CLOUD=Cosmics Leaving 
Outdoor Droplets; COPAL=COmmunity heavy-PAyload Long endurance Instrumented Aircraft for Tropospheric 
Research in Environmental and Geo-Sciences; CRAICC=Cryosphere-Atmosphere Interactions in a Changing Arctic 
Climate; DEFROST=A changing cryosphere�±depicting ecosystem-climate feedbacks as affected by permafrost, 
snow and ice; EINAR=European Institute of Atmospheric Sciences and Earth System Research; 
EUCAARI=European Integrated Project on Aerosol-Cloud- Climate-Air Quality Interactions; EXPEER=Distributed 
Infrastructure for EXPErimentation in Ecosystem Research; FCoE=Finnish Centre of Excellence in Physics, 
Chemistry, Biology and Meteorology of Atmospheric Composition and Climate Change; FLUXNET=Integrated 
CO2 flux measurement network; GHGEurope=Greenhouse gas management in European land use system 
GAW=Global Atmospheric Watch; IAGOS=In-service Aircraft for Global Observing System; ICOS=Integrated 
Carbon Observation System; IGBP=International Geosphere-Biosphere Program; iLEAPS=integrated Land 
Ecosystem Atmosphere Processes Study; IPCC=Intergovernmental Panel for Climate Change; LifeWatch=e-science 
and technology infrastructure for biodiversity data and observatories; MC=Marie Curie Initial Training Network; 
NordFlux=A Nordic research network for greenhouse gas exchange from northern ecosystems; P-S GAW=Pallas-
Sodankylä Global Atmosphere Watch Station; PEEX=PanEurasian Experiment; PEGASOS=Pan-European Gas-
AerosSOls-climate interaction Study; SIOS=Svalbard Integrated Arctic Earth Observing System; SMEAR=Station 
for Measuring Ecosystem-Atmosphere Relations; SVALI=Stability and Variations of Arctic Land Ice. 
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FUTURE PROSPECTS AND the 3rd  FCoE  
 

During last six years  FCoE  has taken the world leading position in building up scientific understanding 
related to the dynamics of aerosols, ions, and neutral clusters in the lower atmosphere and their links to 
biosphere-atmosphere interaction processes, biogeochemical cycles and trace gases. Current knowledge on  
formation and growth mechanisms of atmospheric aerosols, aerosol and air ion dynamics, the effect of 
secondary biogenic aerosols on global aerosol load, aerosol-cloud-climate interactions, air pollution-
climate interactions and the relationships between the atmosphere and different ecosystems, particularly 
boreal forest is largely based on scientific approach by the FCoE1 and the ending FCoE2 . 
 
However, in spite of the improved understanding on the aerosol formation process and related dynamics, 
there is still a great challenge in the assessment and prediction of climate change and especially upgrading  
processes understanding into a global scale. In June 2013 the ATM research community was  granted for a 
new center-of-excellence-period for the years 2014-2019 and to mobilize a group of 200 scientists to 
study, solve  and quantify  the feedbacks of the so called COntinental Biosphere-Aerosol-Cloud-Climate 
(COBACC)  hypothesis.  Kulmala et al. (2004) has suggested  a negative climate feedback mechanism 
whereby higher temperatures and CO2-levels boost continental biomass production, leading to increased 
biogenic secondary organic aerosol (BSOA) and cloud condensation nuclei (CCN) concentrations, tending 
to cause cooling. The COBACC feedback can be considered as a broad framework which connects the 
human activities, the continental biosphere, and the changing climate conditions. The COBACC 
(COntinental Biosphere-Aerosol-Cloud-Climate) feedback  is similar to the so-called CLAW-hypothesis 
by Charlson et al. (1987) which connects the ocean biochemistry and climate via a negative feedback loop 
involving CCN production due to sulfur emissions from plankton (e.g. Quinn & Bates, 2011). In general 
the future ATM-FCoE vision is based on a solution oriented approach, which will provide reliable 
prediction tools for the society to cope with environmental impacts of climate change. Refer to Fig.1 the 
understanding of the feedback and link of biogeochem cycles will be brought to the next level in the 
�E�H�F�R�P�L�Q�J���)�&�R�(�������6�W�X�G�\���G�R�P�D�L�Q���Z�L�O�O���E�H���U�H�P�R�Y�H�G���I�U�R�P���E�R�U�H�D�O���I�R�U�H�V�W���V�F�D�O�H���W�R���J�O�R�E�D�O���V�F�D�O�H���D�Q�G���Y�L�D���W�K�H���³�D�O�O��
�V�F�D�O�H���D�S�S�U�R�D�F�K�´���W�K�H���Q�H�Z���N�Q�R�Z�O�H�G�J�H���Z�L�O�O���E�H���L�Q�W�H�J�U�D�W�H�G���L�Q�W�R���(�0�6�� 
 
 

 
 

Fig. 3. The two feedback loops associated with the COBACC feedback. 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, 
and GPP=Gross Primary Productivity, which is a measure of ecosystem-scale photosynthesis. 
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INTRODUCTION 

Climate change is currently one of the central scientific issues in the world and affects the life of billions 
of people in many ways. For making political decisions, it is crucial to achieve a reliably understanding of 
the climate system. The effects of long-lived greenhouse gases like carbon dioxide or methane are fairly 
well known, whereas the impacts of radiative forcing through aerosols are still very uncertain. Aerosols 
may also have adverse effects on human health and visibility. 

 

OBJECTIVES 

The Atmosphere Modelling Group in the Division of Atmospheric Sciences at the University of Helsinki 
was established in the beginning of 2009. In average 6 to 8 under- and graduated students and two post-
docs have worked in the group during the last three years. The main scientific focuses are to quantify 
seasonal and vertical distributions of organic compounds, and their reaction products, including organic 
nitrates from the forest canopy and the soil. To pinpoint where the formation and growth of particles 
happen inside the PBL including the effect of turbulent flow, and to predict the below- and in-cloud 
activation of CCNs. Further the group investigates how the new developed mechanisms will affect the 
ecosystem-atmosphere interactions under future climate conditions.  In this way the group is bridging the 
gap between the most novel instrumentations operated at our SMEAR stations and the global modelling 
community by detailed process-oriented studies in the lower part of the troposphere. 

 

METHODS 

Our scientific activities combine detailed chemistry, aerosol and cloud microphysics from zero-
dimensional modelling up to high-resolution 3-dimensional chemistry-transport models. These 
outstanding computational experiments are not concentrate on single mechanisms but aim for 
comprehensive understanding of the forest-atmosphere interrelations by including turbulence explicitly. In 
total five different models (explained in more detail below and in Figure 1), which were fully or partly 
developed by the group are used to contribute to the main scientific aims of our Finnish Centre of 
Excellence.   

MALTE-BOX is a zero-dimensional model and includes modules for the simulation of both chemical and 
aerosol dynamical processes. SOSAA is a one-dimensional chemistry-transport model and includes the 
same modules for gas-phase chemistry and aerosol dynamics as MALTE-BOX. It is a parallelized model 
operating on a high-performance super cluster to investigate different atmospheric processes for longer 
periods with high vertical resolution. ASAM is a Large-Eddy-Simulation model and implements the moist 
compressible Euler equation set in its dynamic core. A canopy module and the emission module MEGAN 
were implemented in order to parameterize and simulate the turbulent flow of organic compounds above 
and within the canopy. PENCIL-CLOUD model is a high order finite difference code for compressible 
hydrodynamic flows. A detailed chemistry module, including an accurate description of all necessary 
quantities, and an aerosol module have been implemented. FLAMO is a regional model using offline 



meteorological input from the Weather Research and Forecasting Model (WRF). The emission module 
MEGAN has been implemented and next step is the implementation of a chemistry module. A more 
detailed description with references from all models used inside the group is available at the group 
website: http://www.physics.helsinki.fi/tutkimus/atm/english/research/atmosphere_modelling.html. 

 

 

 

Figure 1: The scientific concept of our computational tools without the regional model FLAMO 

 

RESULTS 

All students and post-docs from the group will submit their own abstract about their newest findings. On 
the following I, as a group leader will present certain selected results which demonstrate the wide-spread 
activities of the Atmosphere Modelling Group on different topics crucial for increasing our understanding 
on the forest-atmosphere system.  

 

Emissions of VOCÕs 

In a recently submitted publication by Smolander and co-workers (2013) we describe three monoterpene 
emission models (G97 Ð original version of MEGAN, MEGAN-new, SIM-BIM) and used these, together 
with the chemistry-transport model SOSA (Boy et al., 2011, Mogensen et al., 2011), to model 
monoterpene concentrations in the air at different heights in the canopy, and compared the simulations to 
the measured concentrations over the year in and above the boreal pine forest stand at the SMEAR II 
station in HyytiŠlŠ. All three models agreed fairly well with the measurements upon the seasonal emission 
patterns (especially in the midsummer period), although the theoretical bases of the models were quite 
different.  

The new MEGAN brought the estimates closer to SIM-BIM approach with the introduction of the 
preceding temperature and a leaf age factor. Monoterpenes emitted from conifers were identified as 
specific storage in resin canals, or resin ducts, and the emissions did continue during the night. Available 
forest floor emission data were included in the model for several months as well, and we found that the 
high forest floor emission seasons were spring and autumn with active microbes and increased litterfall. 
The modelled dominant compounds of monoterpene composition were !-pinene, followed by 3Ðcarene 
and "-pinene, which is compatible with the measurements. The model as well as the observations reported 
prominent seasonal variations with the highest concentrations in summer and small cycles throughout the 
year. The diurnal maximum monoterpene emissions appeared during the afternoon hours, whereas the 
monoterpene concentrations in ambient air were small at daytime. The vertical concentrations were found 
at very low values near ground but to reach their maximum in canopy region and then to decrease with 
height. 



To investigate the impact of chemodiversity pattern inside the pine forest stand at the SMEAR II station in 
HyytiŠlŠ on the atmospheric chemistry we performed simulations with the model SOSA. The results 
showed that the modelled monoterpene concentrations and distribution at the site were significantly 
influenced and hence the chemical reactions in the atmosphere (BŠck at al., 2012). 

 

Atmospheric chemistry 

According to several studies (e.g. SipilŠ et al., 2010; Lauros et al., 2011) sulphuric acid is one of the initial 
or required molecules in the atmospheric nucleation mechanism(s). In order to quantify future atmospheric 
sulphuric acid concentrations a complete understanding of the sink and source terms is crucial. Although 
the precursors for sulphuric acid (at least some of them), as well as the main sink term (condensation on 
atmospheric aerosols) have been measured in several places, the closure between measured and calculated 
sulphuric acid concentrations has rarely been investigated (e.g. Boy et al., 2005).  

The effect of increased reaction rates of stabilized Criegee intermediates (sCIs) with SO2 to produce 
sulphuric acid was investigated using data from two different locations, SMEAR II, HyytiŠlŠ, Finland, and 
Hohenpeissenberg, Germany. Results from MALTE, a zero-dimensional model, showed that using 
previous values for the rate coef#cients of sCI + SO2, the model underestimates gas phase H2SO4 by up 
to a factor of two when compared to measurements. Using the rate coef#cients published by Mauldin et al. 
(2012) increases sulphuric acid by 30Ð40 %. Increasing the rate coef#cient for formaldehyde oxide 
(CH2OO) with SO2 according to the values recommended by Welz et al. (2012) increases the H2SO4 
yield by 3Ð6 %. Taken together, these increases lead to the conclusion that, depending on their 
concentrations, the reaction of stabilized Criegee intermediates with SO2 could contribute as much as 33Ð
46 % to atmospheric sulphuric acid gas phase concentrations at ground level. Using the SMEAR II data, 
results from SOSA, a one-dimensional model, show that the contribution from sCI reactions to sulphuric 
acid production is most important in the canopy, where the concentrations of organic compounds are the 
highest, but can have signi#cant effects on sulphuric acid concentrations up to 100 m. The recent #ndings 
that the reaction of sCI + SO2 is much faster than previously thought together with these results show that 
the inclusion of this new oxidation mechanism could be crucial in regional as well as global models, 
especially when comparing modelled and measured sulphuric acid values at ground level. 

 

Figure 2: Cumulative percentage contribution of the different SO2 oxidation mechanisms for HyytiŠlŠ 

 

Atmospheric aerosols Ð formation and growth 

Biogenic volatile organic carbon (BVOC) compounds, such as !-pinene, are emitted by the vegetation and 
oxidized in the atmosphere to form less volatile compounds. These compounds can take part in the 



formation and growth of secondary organic aerosols (SOA). We have modelled the formation and growth 
of secondary particles along an air mass trajectory over the northern European boreal forest and compared 
the results with size distribution measurements from three stations the air mass passes close to (Abisko, 
Pallas and VŠrriš). The models used is an updated version of the aerosol dynamic and particle phase 
chemistry module ADCHEM model (Roldin et al 2011) and MALTE-BOX (Boy et al., 2013), both 
coupled with the Master Chemical Mechanism version 3.2. The emission of BVOC (represented by !-
pinene in our model) is estimated using a method described in Tunved et al (2006). The model then 
considers the gas-to-particle partitioning of all oxidation products. Liquid saturation vapour pressures of 
each oxidation product are decided by using the method proposed by Nannoolal et al (2008). 

During the first 54 hours of the trajectory, the air mass is over the Atlantic Ocean, while it spends the 
remaining hours over land where the particle mass starts increasing. The modelled growth is mainly 
caused by organic gas-to-particle conversion and seems to be a bit slower than the measured growth. 
Despite this, the model seems to be able to handle SOA formation relatively well at realistic BVOC-
emissions and low primary particle concentration (Figure 3). 

 

 

 

Figure 3: Three ÒreferenceÓ gas-phase scenarios coupled to ADCHEM are show (2DVBS refers to 
Jimenez et al., 2009 and EMEP refers to Simpson et al., 2012). Also two runs with only condensation: 
MCM Ð only condensation (coupled to ADCHEM) and MCM-MALTE Ð only condensation (coupled to 
MALTE-BOX). 

 

Activation of CCN 

Direct numerical simulations (DNS) were used to study the structure of the cloud edge area. In this study 
we used the direct numerical simulation high-order public domain finite-difference PENCIL Code for 
compressible hydrodynamic flows. This code is widely documented in the literature and used for many 
different applications (e.g. W. Dobler et al., 2006). A detailed chemistry module has been implemented, 
including an accurate description of all necessary quantities, such as diffusion coefficients, thermal 
conductivity, reaction rates etc. (Babkovskaia et al., 2011). The new developed aerosol-module coupled to 
the PENCIL Code was used to calculate evaporation and condensation processes of aerosol particles, 
which consists of a solid core covered by liquid water. 

In the first study (Babkovskaia et al., 2013) we checked how crucial is the Smagorinski approximation for 
calculation of activation and evaporation of aerosol particles. We compare the results of 2D and 3D 
simulations for 4, 2, 1 and 0.5 cm cell size (Fig 4). We conclude that the results of 2D and 3D simulations 



differ much smaller than the results of 2D simulations with different cell sizes. We suppose that for 
studying of particle activation 2D model is appropriate, and therefore, 2D simulations with high resolution 
give more realistic results than low resolved 3D simulations. Next we studied the effect of aerosol 
dynamics on the temperature of air. We conclude that activation of particles decreases the air temperature 
by about 0.03 K, and evaporation of particles increases the temperature by about 0.26 K. Further we 
investigated the effect of initially generated turbulence on the air temperature (with included aerosol 
dynamics). We see that the turbulent friction increases/decreases the air temperature by about 2.5K. This 
is much larger than the effect of aerosol dynamics on the air temperature, and therefore, air dynamics. We 
inspected the influence of turbulent motion on aerosol dynamics and vice versa. We find that aerosol 
dynamics increases the supersaturation in the most part of the domain on 16 %, and in some places up to 
46 %. 

 

Figure 4: A ratio of a number of activated particles to the total number as a function of time for 2D model 
runs with grid cell of 4 cm (red solid curve), 2 cm (blue dotted curve), 1 cm (green dashed curve) and 0.5 
cm (black dotted-dashed curve); and for 3D model runs with grid cell of 4 cm (red asterisks), 2 cm (blue 
diamonds) and 1 cm (green triangles) 

 

SUMMARY AND OUTLOOK 

During the last three years about half of the time inside the group was used for new and further model 
development. As a model is ÔneverÕ in his final state we will continue to improve our tools and update 
them with the newest findings in the different scientific areas. One important target for next year is to 
implement in our aerosol dynamic module the particle phase chemistry module (which considers acid 
catalyzed oligomerization, heterogeneous oxidation reactions in the particle phase and non-ideal 
interactions between organic compounds, water and inorganic ions) and a kinetic multilayer module for 
diffusion limited transport of compounds between the gas phase, particle surface and particle bulk phase. 
These modules were developed by Dr Pondus Roldin at Lund University who will join the group for two 
years post-doc in the beginning of 2014.  
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INTRODUCTION 

The Ecosystem processes Ðteam in the Center of Excellence has concentrated on analyzing the structure and 
functioning of boreal forest ecosystems in changing climate. Our main aim has been to develop a 
comprehensive understanding of the feedbacks and linkages between different compartments in the 
ecosystem and the environment. We have approached this from several viewpoints, on the one hand from the 
properties and functions of ecosystem itself, and on the other hand from the environmental drivers that are 
reflected in the functions or influenced by them. Simultaneous and continuous high quality and high time 
resolution measurements of the various complex processes in a forest ecosystem and plant individuals are 
crucial for achieving this aim.  

Our main activities have concentrated on a) the exchange of CO2 and water vapor between soil, vegetation 
and atmosphere, and on how this depends on driving variables (irradiation, temperature and humidity); b) 
how the physiological state of the vegetation explains variation in the exchange responses to the driving 
atmospheric variables; c) how the physiological and environmental variation is reflected to plant level 
volatile organic compound (VOC) synthesis and emissions; d) how forest composition and management 
activities influence these interactions. 

A significant achievement of our team - jointly with the whole FCoE - during the 2008-2013 funding period 
was the publication of two Springer volumes: ÔBoreal Forest and Climate ChangeÕ (ed. by P. Hari & L. 
Kulmala, 2008) and ÔPhysical and Physiological Plant EcologyÕ (ed. by P. Hari, K. Helišvaara and L. 
Kulmala, 2013). These books outline our research philosophy, utilizing the intensive, systematic, long-term 
measurements in boreal environments, and present the applications in a global climate change context. The 
books provide detailed, schematically illustrated insights into both conceptual and mechanistic process 
models describing associated processes, their interactions, and scale dependencies.  

Below we summarize some highlights during the second FCoE funding period, 2008-2013.  

1) HOW DOES VEGETATION CONTROL ECOSYSTEM BIOGEOCHEMICAL CYCLES BY 
ALTERING MATERIAL AND ENERGY FLOWS?  

At SMEAR stations one of our main goals is to understand how vegetation controls the carbon and water 
fluxes. We quantified the forest stand carbon balance with different methods (Ilvesniemi et al. 2009, Kolari 
et al. 2009). The interannual variability of EC-based and modelled stand GPP was in the order of 10% of the 
annual GPP (Ilvesniemi et al. 2009, Kolari et al. 2009). The annual NEE varied relatively more, 
approximately ±25%. The interannual variability of NEE can be largely explained by tree growth (Ilvesniemi 
et al. 2009) which matched flux-based productivity estimates well. Annual net uptake of carbon was highest 
the earlier was the onset of the growing season (Kolari et al. 2009) while warm autumns resulted in increased 
respiration (Vesala et al. 2010). 



Quantification of respiration components has long been a major deficiency in ecosystem carbon exchange 
models. We analyzed this using detailed gas exchange measurements from major contributing sources over 
several years. The contribution of stem respiration to the ecosystem respiration was about 10% (Kolari et al. 
2009). The variability was connected to temperature in a delayed fashion which can be explained by 
slowness in diffusion of CO2 out of the stem. The temporal dynamics and vertical variability were also 
strongly modified by diffusion of CO2 transported by sapflow upstream of the sites of CO2 production. We 
constructed a novel dynamic model of stem CO2 efflux that incorporates the vertical transport of CO2 in 
sapflow (HšlttŠ and Kolari 2009). The model can explain well the spatial and temporal variability in stem 
CO2 effluxes. We have also developed method to use simultaneous observations of xylem and bark diameters 
to predict the sugar transport in phloem (Mencuccini et al. 2013). This ability will further allow us to better 
estimate above and below carbon allocation and the role of different processes in ecosystem respiration. 

The annual cycles of photosynthesis and respiratory fluxes were similar. Respiration in standard temperature 
showed higher values during spring recovery and onset of growth than in autumn. Respiration also 
responded in a similar way to drought as photosynthesis which manifests the close linkage of respiration to 
photosynthetic productivity (Kolari et al. 2009). Our stand modelling framework SPP developed during the 
long-term ecophysiological research in our group (MŠkelŠ et al. 2006, Duursma et al. 2008, Kolari et al. 
2009) proved successful in predicting the seasonality and the drought response of photosynthetic production 
(Kolari et al. 2009). Also the interannual variability could be predicted relatively well. Further analysis of the 
roles of different environmental factors in the seasonality of photosynthesis and transpiration revealed also a 
strong effect of low soil temperature on spring recovery (Wu et al. 2012). 

In a closed-canopy pine stand, trees contribute to almost 90% of ecosystem GPP (Ilvesniemi et al. 2009). 
The role of ground vegetation in the photosynthetic productivity at different-aged stands was further assessed 
in a modelling study by Kulmala et al. (2011). GPP peaked couple of years after clear felling at 
approximately one third of total GPP of a closed canopy forest stand. The age-related dynamics of GPP in 
the ground vegetation was consistent with the development of ground vegetation biomass and species 
composition from grasses and forbs towards less productive dwarf shrubs and mosses and the increasing 
shading by tree canopy. 

We analysed the annual cycle of gas exchange with a network of 12 eddy covariance stations from the 
evergreen coniferous forest. To each site we fit a simple phenomenological model of gas exchange based on 
MŠkelŠ et al. (2004). The inclusion of an annual cycle model of gas exchange, assuming that photosynthetic 
capacity reacts to the running mean average temperature, improved the fit for all sites, except the warmest 
and very maritime Douglas-fir sites. There was a certain dependence of the summer time maximum 
photosynthetic capacity on the NDVI. The phenology, i.e. the transition of photosynthesis from the winter 
state to the summer state does not seem to differ between species, but sites in cold climates did change more 
slowly from winter to summer states (Gea et al. 2010). 

We also analysed the evapotranspiration of different boreal ecosystems using a network of 65 eddy 
covariance towers in the boreal and arctic domain. Parameters of the physically based Penman-;Monteith 
equation were estimated for all sites assuming a stomatal conductance model and assuming that there are 
temperature dependent differences in winter and summer transpiration. Wintertime stomatal resistances were 
smaller in all vegetation types but coastal Douglas fir. A temperature driven transition from winter to 
summer state improved usually the fit of the models. Evapotranspiration was usually higher for forests, due 
to a quite high canopy conductance and high aerodynamic conductances. 

In a satellite based study we used land cover maps and the satellite derived MODIS albedo product to 
evaluate the effects of land use on albedo. We developed a linear unmixing method to attribute albedo values 



to land cover types (Kuusinen et al. 2012a). The results can be used to estimate unbiased albedos estimates 
for large landscapes. We analysed also the annual variation of canopy albedo at the SMEAR 2 station in 
HyytiŠlŠ. We found that the summer albedo was rather constant, but that the variation of the winter albedo 
could be attributed to snow or frost cover of the forest canopy (Kuusinen et al. 2012b). This snow cover was 
important during the early winter (when radiative fluxes were low) but decreased during late winter (late 
February, March, April) when radiative fluxes were higher. The reason seems that the global radiation 
warms the canopy and drops the snow from the trees. The research shows that care has to be used for the use 
of albedo models in the boreal region. 

We checked experimentally the effect of changes in snow cover on the leaf development and gas exchange 
of black spruce and trembling aspen in Canada. Snow was either removed prematurely or we tried to 
prolonged soil frost and snow cover by removing snow during the mid-winter and returning more snow in 
early spring to ensure a deeper soil penetration of frost. Other treatments were removal of mosses and adding 
Sphagnum to the plants. We followed the yield of photosynthesis of aspen and black spruce. Contrary to our 
expectations the negative effects of snow and moss removal dominated, while negative effects of snow 
addition were not detectable. We believe that the protective role of snow and moss, which insulate the soil 
from late frosts might be more important than previously thought (Frechette et al. 2011).  

We tested to what extend trees at the treeline were sink limited using a series of manipulation experiments. 
Removal of sinks (buds) resulted into a larger growth of the remaining buds while there were no indications 
of a downregulation of sapflow. We think, therefore, that sink limitation are not dominant at the treeline of 
Scots pine in VŠrriš (Susiluoto et al. 2010) 

2) HOW DOES VEGETATION AFFECT THE EXCHANGE OF GREENHOUSE GASES AND 
BVOCS?  

Field measurements on BVOC exchange between ecosystems and atmosphere have been conducted for over 
10 years at the SMEAR II forest, and they have provided us novel understanding on which processes are 
playing key roles, on what are the critical periods for this exchange, and on how the boundary layer 
atmospheric chemistry is influenced by vegetation. 

The atmospherically most significant group of biogenic VOCs in boreal coniferous forests is terpenoids, 
most importantly mono- and sesquiterpenes. Based on enclosure measurements, the two most abundant 
compounds in pine emissions at SMEAR II are !-pinene and "3 carene, followed by #-pinene, myrcene and 
camphene, and several minor compounds (Tarvainen et al 2005, Hakola et al 2006). However, unlike 
previously thought, there is huge variation in the VOC blend that is emitted by trees of the same species in a 
seemingly homogeneous stand (BŠck et al., 2012, Yassaa et al., 2012). This has important implications for 
emission models, which are normally parameterized using information from one tree individual only (BŠck 
et al 2012, Smolander et al., ms submitted to BGD). The most abundant sesquiterpenes in pine emissions are 
#-caryophyllene and !-farnesene (Hakola et al., 2006, Yassaa et al., 2012). In recent years, with the novel 
online measurement technique PTR-MS (proton-transfer reaction mass spectrometer), also significant fluxes 
of other volatile compounds have been measured from boreal forests (Lappalainen et al., 2009, 2012, 
Aaltonen et al 2011). These include short-chained alcohols, aldehydes and ketones such as methanol, 
ethanol, acetaldehyde and acetone. Also one larger alcohol, methyl butenol (MBO) was detected in Scots 
pine emissions (Tarvainen et al 2005, Hakola et al 2006). 

Estimates of the above-canopy fluxes of VOCs are needed for quantitative Earth system studies and 
assessments of past, present and future air quality and climate. The main short-term drivers for emissions are 
temperature and irradiation, which control the volatilization and synthesis of compounds, respectively. 
Emission estimates are traditionally obtained for mature leaves under standard (constant) conditions to yield 



standard emission potential values (ÔGuenther approachÕ), which then are used as model parameters (e.g. 
Guenther et al 2006). However, seasonality (aside from the direct temperature effect) has been recognized to 
strongly influence isoprene and monoterpene emission rates as well as the emission capacity (e.g. Tarvainen 
et al 2005, Hakola et al 2006). A particular feature in boreal regions is that evergreen vegetation is dormant 
in winter, but recovers from dormancy when temperatures rise in spring. Surprisingly, the maximum 
emission rates for monoterpenes are observed before growth even starts. Our measurements showed that the 
new biomass growth processes induce high emissions of VOCs from buds and shoots (Aalto et al 2013 ms 
submitted). New shoots make up a small biomass in the beginning, but their absolute contribution to the 
emissions from foliage is 50-75% for monoterpenes, 25-50% for methanol, 25% for acetone and 25-50% for 
MBO.  

The dynamic enclosure system (Kolari et al., 2012) in SMEAR II enables detailed measurements of 
environmental and physiological factors driving the trace gas exchange under field conditions, and permits 
the analysis of simultaneous contributing processes. The setup is used for measurements of VOC emission 
rates with good accuracy, while at the same time minimizing the disturbance caused by the enclosure to the 
object being measured. The system slightly underestimates the isoprene, monoterpene and oxygenated VOC 
fluxes (5-30%), mainly due to the enclosure itself, whereas the measurement design with >60 m Teflon 
tubing seems to contribute only little to the actual measured flux. The systematic error is higher at high 
relative humidity than in drier conditions, which suggests that the thickness of the water film adsorbed on the 
chamber inner surfaces (and thus transpiration) contributes to the VOC loss rate in the chamber.  

In addition to emissions from green tissues, VOCs are also originating from other sources in boreal 
ecosystems. The below-canopy compartments, both the ground vegetation, decaying litter, and soil 
processes, are important sources for VOCs in particular during spring and fall, when fresh litter is dropping 
down to the ground and decomposing (Aaltonen et al., 2011, 2012b). The forest floor plays a substantial role 
(from a few per cents to several tens of per cents, depending on the season) in the total VOC emissions of the 
boreal forest ecosystem. Somewhat surprisingly, the wintertime fluxes within the snowpack can be equal to 
those from the soil during warmer periods, especially after strong winter storms when large amounts of litter 
and other residues are accumulating in the snow (Aaltonen et al., 2012a). The common species of soil fungi 
are also potent contributors for the soil VOC fluxes, especially emitting the oxygenated compounds 
(methanol and acetone) (BŠck et al., 2010).  

Although significant advancements have been made in quantifying the role of forest vegetation to 
atmospheric reactivity in recent years, we still need to improve our understanding on the processes 
contributing to emissions from the whole ecosystem and the driving factors over short and long time scales. 
The next steps are to analyze the role and regulation of non-foliage sources in canopy scale flux and their 
links to main physiological processes (e.g. water and sugar transport, growth and resource allocation). 
Although Scots pine is covering 50% of coniferous forests in Finland, we still are lacking emission 
measurements from other important boreal tree species. We have initiated measurements of pine stem resin 
flow and VOC emissions (Vanhatalo et al and Rissanen et al, this issue). We are also measuring VOC 
exchange between the lake and atmosphere (Ojala et al this issue) and the effect of tree roots and forest floor 
vegetation on soil VOC exchange (Heinonsalo et al this issue). 

3) WHAT MECHANISMS ARE INVOLVED IN THE CONTROL, AND HOW?  

With our continuous and comprehensive measurement strategy, we can analyze the processes and linkages 
between processes over time and in different structural elements. The overall conclusion is that in order to 
understand the ecosystem scale phenomena, very often a more detailed understanding of the smaller scale 
processes are needed. Best example of such linking is provided by our long term analysis of factors 



influencing tree gas exchange. We have shown that by using evolutionary optimization principle in leaf 
stomatal control, it is possible to predict very accurately the tree gas exchange (e.g. Hari et al. 2009). This 
approach requires determination of marginal cost of water in terms of carbon. This variable can be 
determined from quite limited number of field observations and subsequently used to predict the gas 
exchange (Hari et al. 2009). Recently we showed that stomata regulate leaf gas exchange in a manner that 
maximizes assimilate transport from leaves to carbohydrate sinks, such as growing tissue (Nikinmaa et al. 
2013). This approach yields identical behavior to the previously described optimality approach, but as it is 
based on the mechanistic description of water and sugar transport and the sugar source and sink processes in 
trees, it opens a new avenue to derive, how the stomatal behavior could depend on tree structure, growth 
activity or soil conditions.  

The above approach forms a framework to connect various localized metabolic processes to whole tree level 
response to environment. Structural development is the major sink of carbon in trees and has feedback to 
carbon fluxes. One of the key issues is the contradictory demands that high water conductivity and safety 
against spreading of air-bubbles , i.e. cavitation, is achieved in tree stems. Larger water conduits are more 
efficient at conducting water, but also more susceptible to cavitation Lintunen et al. (2013). Lintunen et al. 
(2013) found that large water conduits also more susceptible to freezing nucleation, i.e. they freeze at 
temperatures closer to zero. Spreading of air bubbles has a dual role since if it only takes place in a moderate 
degree, it can help the tree to use water stored in stem to overcome transitory lack of water and allow leaves 
to continue photosynthesizing, but in ample scale will cause a collapse of the whole transport system (HšlttŠ 
et al. 2009). We showed that an optimal solution for structural properties at cellular, tissue and the whole tree 
level can be found (HšlttŠ et al. 2011). Regularities stem in structures can be expected as the water transport 
and associated water tension gradient set strong boundary conditions for the growth of new xylem cells 
(HšlttŠ et al. 2010). This approach automatically emphasizes the role of tree size for stem growth and the 
resulting fine structure of wood but the position of growing shoots also influences their growth dynamics 
(Schiestl-Aalto et al. 2013). Environmental factors that influence photosynthesis influence growth also 
because of the linking with sugar concentration and water potential that directly influence growth (HšlttŠ et 
al. 2010). In addition both current temperature and the previous yearÕs temperature particularly during the 
formation of new buds influence the growth (Schiestl-Aalto 2013) 

In addition to the short term immediate drivers such as temperature and irradiation, BVOC emissions are 
responsive to medium-term changes in growth conditions, which may affect the emission capacity, the shape 
of the light response as well as the temperature optimum of emission (Arneth et al., 2007, Lappalainen et al., 
2012). Branch scale BVOC emissions follow closely plant biological activity most of the time in summer, 
but in stressful periods (e.g. drought), the emissions are decoupled from physiological parameters (Porcar-
Castell et al 2009, Yassaa et al 2012). During the most active growth period, the emissions from growing 
shoots originate mainly from growth processes (Aalto et al ms submitted to BGD). 

Photosynthetic activity can be estimated using optical data. Chlorophyll fluorescence (ChlF) and spectral 
reflectance have been widely used to infer the dynamics of photosynthesis at the diurnal scale (seconds-day), 
but the processes that control the signals still remain unclear at the seasonal scale. Understanding the link 
between optical data and photosynthesis at the seasonal-scale is a pre-requisite to implement remote sensing 
to the study of photosynthesis. There is probably linkage between the activity of light reactions and above 
described source Ð sink relations as excess photosynthetic activity relative to sugar transport and utilization 
leads to photosynthetic down regulation (Nikinmaa et al. 2013). During the last three years we have 
substantially advanced in this field by developing theoretical and methodological tools to study the seasonal 
dynamics of photosynthesis using spectral reflectance and ChlF: 



We presented the first annual time series of leaf-level ChlF, and a theoretical framework to interpret the data 
(Porcar-Castell 2011). This study opened a number of research questions that will be especially relevant for 
the remote sensing of ChlF and its use in interpreting regional gross primary production (GPP). The new 
challenges are the subject of a review currently under preparation (Porcar-Castell et al. In prep). Diurnal 
variation in the photochemical reflectance index (PRI) is known to be controlled by the operation of the 
xanthophyll-cycle, but the seasonal controls remained untested. Further, we presented the first annual-level 
analysis of the physiological controls behind leaf level PRI and validated the hypothesis that PRI is 
controlled by the slow acclimation of carotenoid and chlorophyll contents at the seasonal scale in addition to 
other conformational arrangements of the thylakoid membrane (Porcar-Castell et al. 2012). We have also 
identified and characterized a new dynamic process that interacts with the seasonal variation in leaf level 
light absorption, i.e. the dynamics in reflectance properties of epicuticular waxes (Olascoaga et al. submitted 
manuscript). Leaf-level measurements of ChlF are conducted with active methods that involve the supply of 
a pulse of saturating light. The saturating pulse induces a transient peak in the fluorescence emission and the 
information is used to derive the light use efficiency of photochemistry. However, the approach cannot be 
exported to the remote sensing of ChlF, and modeling tools are still needed to bypass this limitation. We 
have been evaluating two potential model alternatives: 

The potential of the PRI as a seasonal proxy of variations in thermal energy dissipation (NPQ) in the 
photosystems has been assessed. We found that although PRI and NPQ are strongly correlated in needles of 
Scots pine during the year the signals decouple during early spring due to differences in controlling factors 
(Porcar-castell et al. 2012). These differences challenge the use of the PRI as a proxy of NPQ as well as the 
integration of PRI and ChlF data.  

We have also characterized the seasonal relationship between leaf-level fluorescence yield and 
photochemical yield both in the field and in the lab with controlled experiments (Olascoaga & Porcar-
Castell, in prep). We recognized three different phases linking ChlF yield and photochemical yield:  
photochemical phase (PQ) under low light, non-photochemical phase (NPQ) under high light, and 
Photoinhibitory Phase (PI) under severe stress and high light (see Olascoaga & Porcar-Castell in this issue). 
These novel findings have implications in the detection of stress using remotely sensed data because NPQ an 
PI phases overlap with each other. To solve this conundrum we have developed a mechanistic model 
(Porcar-Castell et al. In prep; see also Abstract by Porcar-Castell et al.). The model is also coupled to a leaf-
level radiative transfer model so that it can be used to interpret variations in ChlF obtained either with active 
or passive fluorescence methods (Atherton et al., In prep). 

4) HOW DO THE BIOGEOCHEMICAL CYCLES AND ATMOSPHERIC PROCESSES AFFECT 
VEGETATION AND THE DEVELOPMENT OF A FOREST?  

 
Plant responses to global changes in carbon dioxide (CO2), nitrogen, and water availability are critical to 

future atmospheric CO2 concentrations, hydrology, and hence climate. Our understanding of those responses 
is incomplete, however. Multiple-resource manipulation experiments and empirical observations have 
revealed a diversity of responses, as well as some consistent patterns. But vegetation modelsÑ currently 
dominated by complex numerical simulation modelsÑ have yet to achieve a consensus among their predicted 
responses, let alone offer a coherent explanation of the observed ones. We have proposed an alternative 
approach based on relatively simple optimization models (OMs) and used this approach to derive growth as a 
function of carbon and nitrogen availabilities to boreal pine and spruce stands (MŠkelŠ et al. 2009, MŠkelŠ 
and Valentine 2012). The method and results were further highlighted in a summary paper on the results of 
three recent forest OMs, which together explain a remarkable range of observed forest responses to altered 
resource availability (Dewar et al. 2009). We concluded that OMs now offer a simple yet powerful approach 



to predicting the responses of forestsÑ and, potentially, other plant typesÑ to global change. We 
recommended ways in which OMs could be developed further in this direction (Dewar et al. 2009). 

We have developed novel methods for utilising eco-physiological information for predicting material flux 
rates and forest growth in large geographical areas. The objective of this work has been to develop models 
with inputs that are readily available in the regional scale, so as to reduce the input uncertainties of the 
results. These models also apply results from the above OM approach. We have developed and tested models 
for daily canopy processes (MŠkelŠ et al. 2008, Peltoniemi et al. 2010, Duursma et al. 2008, 2009, Gea-
Izquiedro et al. 2010) and canopy structure (Duursma et al. 2010, Valentine et al. 2013) and applied these 
succesfully in regional growth predictions (HŠrkšnen et al. 2010) and gas exchange estimations (HŠrkšnen et 
al. 2011, 2013). The long term growth analysis seems to emphasize the faith of nitrogen in changing climate 
in the ecosystem (Hari, Helišvaara and Kulmala 2013) as the boreal forest ecosystems are far from being 
nitrogen saturated despite of the relatively abundant nitrogen deposition from atmosphere (Korhonen et al. 
2013). However, simulations would suggest that during the next decades the growth response is dominated 
by the age structure dynamics resulting from forest management and only after 2050 would the climate 
impact start to be clear (Forsius et al. 2013) 

We used data from the international tree ring data base to analyse the growth of Scots pine in Eurasia north 
of 60 oN. While we initially searched for a growth increase caused by CO2, we found that actually most of 
the sites decreased their growth. When we further analysed the growth decerase we found that the decrease 
was correlated with the sulphur deposition. Both the proportion of trees which decreased growth and the 
diameter growth decreased when sulphur deposition increased. Also, we found that sulphur deposition 
increased the sensitivity of tree growth to drought. (Savva and Berninger 2010). 
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INTRODUCTION 
 

The overall research themes of the chemical analytical research are the short-term variability of organic 
and inorganic gases using chromatographic techniques, and the chemical characterization of fine particles. 
Our recent achievements have been the following. (i) We have developed an inlet for in-situ GC 
measurements, enabling mono- and sesquiterpene measurements, and conducted for the first time in-situ 
biogenic VOC measurements, including sesquiterpenes, in a boreal forest covering the whole year. (ii) We 
have conducted in-situ measurements of inorganic gases and aerosols in urban and rural air.  (iii) We have 
studied the chemical composition of organic aerosols and measured for the first time, for example, 
caryophyllenic acid concentrations in ambient air. 

 
 
 

1. INLET DEVELOPMENT FOR MONO- AND SESQUITERPENE MEASUREMENTS 
 

 
We optimized the heated, stainless steel inlet for the ozone removal and for the measurements of mono- 
and sesquiterpenes in ambient air (HellŽn et al., 2012a). Five different inlets were used with different 
flows, temperatures and ozone and biogenic volatile organic compound (BVOC) concentrations. Both 
ozone removal capacities and recoveries of BVOCs were determined. Recovery tests of BVOCs were 
conducted both with zero air and with ozone rich air. Inlets were optimized especially for online GC and 
adsorbent tube measurements of mono- and sesquiterpenes. 

Study shows that it was possible to remove ozone without removing most VOCs with this set up. Setting 
the temperature, stainless steel grade and flow correctly for different inlet lengths was shown to have a 
crucial role. Results show that ozone removal capacity increases with increasing temperature and inlet 
length.  Stainless steel grade 316 was shown to be more efficient than grade 304. Based only on ozone 
removal capacity longest possible stainless steel inlet with heating would be the optimum solution. Of the 
tested set ups 3 m inlet (! in. grade 304) heated to 120oC with the flow of 1 or 2 l min-1 was showing the 
best results with the respect of the ozone removal efficiency and compound recovery.   
 
 

2. THE MEASUREMENTS OF VOCs IN URBAN AIR 
 
Sources, concentration levels and effects of isoprene and monoterpenes on local atmospheric chemistry 
were studied in urban background air in Helsinki (HellŽn et al., 2012b). Ambient air concentration 
measurements were conducted using an in-situ gas chromatograph with a mass spectrometer at an urban 
background station during different seasons in 2011.  



Highest concentrations of isoprene and monoterpenes were measured in summer (990 ng m-3), but 
concentrations were clearly above detection limit also in winter (230 ng m-3). The concentrations of 
aromatic hydrocarbons were higher during all seasons, but reactivity scaled concentrations showed that 
also isoprene and monoterpenes have a strong influence on local atmospheric chemistry also in urban air. 
In winter and spring the urban background concentrations were higher than in a forested site in Finland 
indicating anthropogenic sources of isoprene and monoterpenes. Source estimates obtained by Unmix 
multivariate receptor model showed that traffic and wood combustion are main local contributors to the 
measured concentration levels in winter, spring and November, but in July and October biogenic sources 
are dominating. 
 
 

 

 
Figure 1. a) Concentrations of measured VOCs during different seasons at urban background site Helsinki in 2011 
and b) monoterpene concentrations at the urban background site and in a forest 220 km North from Helsinki in 2011 
(Hakola et al. 2012). 
 
  

 
3. THE MEASUREMENTS OF VOCs IN FORESTED AREA 

 
 
 
We conducted VOC measurements over the period October 2010-October 2011 in HyytiŠlŠ, at 
least one week every month (Hakola et al., 2012). Isoprene, mono- and sesquiterpene and 
aromatic hydrocarbon mixing ratios were measured in a boreal pine forest using an in situ gas 
chromatograph mass-spectrometer. The measurements covered the whole year, at least one week 
every month. To our knowledge there are no earlier species-speciated semi-continuous BVOC 
data also covering dormant periods. During the winter months, and still in March, the mixing 
ratios of all biogenic compounds were very low, most of the time below detection limits. 
Occasionally, the mixing ratios of monoterpenes, particularly camphene and p-cymene, increased 
together with NOx mixing ratios, implying an anthropogenic source. These episodes lasted from a 
few hours to few days and were originated from nearby sawmills or the city of Tampere.  



 
The monoterpene mixing ratios increased in April and started to show diurnal variability, with 
maximum mixing ratios at night and minima during the day as expected, since Scots pine VOC 
emissions are only temperature-dependent. The diurnal variability continued until October, after 
which the mixing ratios decreased, with only occasional episodes taking place. The diurnal 
variability during summer is shown in Figure 2. The diurnal variation was affected by the friction 
velocity, high mixing ratios being found with low friction velocities and low mixing ratios being 
observed high friction velocities. Sesquiterpenes diurnal curve was measured for the first time in 
boreal areas and was similar as that of monoterpenes, but only in August. The main 
sesquiterpenes were longifolene and isolongifolene. The diurnal variation of isoprene was 
opposite to the mono- and sesquiterpene diurnal curve, due to its totally light-dependent 
emissions. Due to its daytime maximum mixing ratios, isoprene also dominated hydroxyl radical 
reactivity in summer even though our isoprene measurements are underestimates due to 
breakthrough in a cold trap. 
 

 

 

 
 
Figure 2: The mean diurnal variability of monoterpenes, longifolene and isoprene in summer (Jun, July, 
Aug). Longifolene data is from August only.  Isoprene concentrations are underestimates due to 
breakthrough of the cold trap. 



4. THE MEASUREMENTS OF INORGANIC GASES AND AEROSOLS IN URBAN AIR 
 
 
 We measured concentrations of 5 gases (HCl, HNO3, HONO, NH3, SO2) and 8 major inorganic ions in 
particles (Cl-, NO3-, SO42-, NH4+, Na+, K+, Mg2+, Ca2+) with an online monitor MARGA 2S in two 
size ranges, Dp < 2.5 µm and Dp < 10 µm, in Helsinki, Finland from November 2009 to May 2010 
(Makkonen U. et al., 2011). There were clear seasonal cycles in the concentrations of the nitrogen-
containing gases: the median concentrations of HNO3, HONO, and NH3 were 0.09 ppb, 0.37 ppb, and 
0.01 ppb in winter, respectively, and 0.15, 0.15, and 0.14 in spring, respectively. The gas-phase fraction of 
nitrogen decreased roughly with decreasing temperature so that in the coldest period from January to 
February the median contribution was 28 % but in April to May 53%. There were also large fractionation 
variations that temperature alone cannot explain. HONO correlated well with NOx but a large fraction of 
the HONO-to-NOx ratios were larger than published ratios in a road traffic tunnel suggesting that a large 
amount of HONO had other sources than vehicle exhaust. Aerosol acidity was estimated by calculating 
ion equivalent ratios. The sources of acidic aerosols were studied with trajectory statistics that showed that 
continental aerosol is mainly neutralized and marine aerosol acidic. 
 
 

5. THE MEASUREMENTS OF INORGANIC GASES AND AEROSOLS IN HYYTI€L€ 
 

 
We measured concentrations of gases (HCl, HNO3, HONO, NH3, SO2) and inorganic ions (Cl-, NO3

-, 
SO4

2-, NH4
+, Na+, K+, Mg2+, Ca2+) in PM10 and PM2.5 particles with an online ion chromatograph MARGA 

2S in boreal forest environment in HyytiŠlŠ (SMEAR II station), Finland from 21 June 2010 to 31 April 
2011. As part of the quality control laboratory tests, NO2 in the sample was found to produce artifacts on 
HONO and HNO3 after the wet rotating denuder. From the laboratory tests a correction function was 
derived and it was applied to the field data. The MARGA data were compared with those of the filter 
samples and the on-line aerosol chemical composition determined by Aerosol Mass Spectrometer. Linear-
regression slopes derived from MARGA against the filter data were 0.98, 1.08 and 0.83 for SO2, SO4

2- and 
HNO3+NO3, respectively. The respective correlation coefficients (r2) were 0.89, 0.90 and 0.87. After 
installing the concentration column improved cation slopes were 1.19,  0.88, 1.00, 0.73 and 0.89 for 
NH4+NH3, Na+, K+, Mg2+, and Ca2+, respectively. The corresponding correlation coefficients (r2) were: 
0.83, 0.95, 0.90, 0.85 and 0.62.  According to these results traditional filter collection can be replaced with 
the MARGA instrument at background sites, if a concentration column is used at least for the cations. This 
would improve the temporal resolution of the observations. The average concentrations of nitrogen-
containing gases were the highest in summer (NH3: 0.47 ppb, HNO3: 0.10 ppb and HONO: 0.10 ppb) and 
the lowest in winter (0.05, 0.03 and 0.04 ppb), which can be explained by the fact that agriculture- and 
soil-related sources are low when the ground is frozen and covered with snow and also photo-chemical 
reactions are limited during the dark period. In the summer clear diurnal cycles were found in all N-
containing gases, but in winter the concentrations remained low and no diurnal cycles were observed (Fig. 
3). Concentration of ammonia was found to depend exponentially on the prevailing temperature and the 
increase with temperature was the strongest in dry conditions.  
 



 
Figure 3. Diurnal cycle of nitrous and nitric acid during different seasons. 
 
 
 

6. THE MEASUREMENTS OF BIOGNIC ACIDS 
 
 
There are studies on concentrations of pinonic and pinic acids in real atmospheres but very little 
on concentrations of other biogenic acids mainly due to the lack of authentic standards. 
Especially products of fast sesquiterpenes are of interest since the parent compounds are often too 
reactive to be measured in ambient air. " -Caryophyllene has been found to be the main 
sesquiterpene in many emission studies in boreal forests but it has never been detected in the 
ambient air due its high reactivity. The organic laboratory of Helsinki University synthesized the 
" -caryophyllinic acid, limonic acid and carenic acid for us and we analyzed these and 
commercially available pinic and pinonic acids from filter samples collected from HyytiŠlŠ from 
October 2010 to October 2011. 



The highest biogenic acid concentrations were measured in summer (Fig. 4) concomitant with the 
parent mono- and sesquiterpene mixing ratios. Pinonic and "-caryophyllinic acids were the most 
abundant acids in summer. The "-caryophyllinic acid contribution was higher than expected on 
the basis of emission calculations implicating that "-caryophyllene emissions are underestimated. 
Limonic acid concentration peaked already in spring. This is in accordance with the measured 
spruce emissions that also reach their maximum in spring. Pinonic and limonic acids had quite 
high concentrations in winter too. These winter concentrations can be of anthropogenic origin. 
The " -caryophyllinic and caric acids were correlated with the accumulation mode particle number 
concentrations implicating they participate in the particle growth process (Fig. 5). 
 

 
 
Figure 4: Monthly means of biogenic acid concentrations in PM2.5 fraction and mean temperature 
at a time of the measurements. 

 
  



 
Fig.5 Correlations between "-caryophyllinic and caric acids and the accumulation mode 
particle number concentrations. 

 
 

ACKNOWLEDGEMENTS 
 

The financial support by the Academy of Finland Centre of Excellence program (project no 1118615) is 
gratefully acknowledged. 
 
 

REFERENCES 
 

Hakola H., HellŽn H., Henriksson M., Rinne J. and Kulmala M., 2012. In situ measurements of volatile organic 
compounds in a boreal forest. Atmos. Chem. Phys., 12, 11665-11678. 

HellŽn, H., Kuronen, P., Hakola, H.: Heated stainless steel tube for ozone removal in the ambient air measurements 
of mono- and sesquiterpenes.  Atmospheric Environment 57 35-40, 2012a 

HellŽn H., TykkŠ T., and Hakola H, 2012. Importance of monoterpenes and isoprene in urban air in Northern 
Europe. Atmospheric Environment 57 35-40, 2012b 

Makkonen U., Virkkula A., MŠntykenttŠ J., Hakola H., Keronen P., Vakkari V., and P. Aalto 2012. Semi-continuous 
gas and inorganic aerosols measurements at a Finnish urban site: comparisons with filters, nitrogen in 
aerosol and gas phases, and aerosol acidity Atmos. Chem. Phys., 12, 5617-5631, 2012 

Makkonen U., A. Virkkula, H. Hellen, M. HemmilŠ, J. MŠntykenttŠ, M. €ijŠlŠ, M. Ehn, H. Junninen, P. Keronen, T. 
PetŠjŠ, D.R. Worsnop, M. Kulmala, and H. Hakola, 2013. Semi-continuous gas and inorganic aerosol 
measurements at a boreal forest site: seasonal and diurnal cycles of NH3, HONO and HNO3.  manuscript 

Vestenius M., HellŽn H., Levula J., Kuronen P., Helminen K.J., Nieminen T., Kulmala M. and Hakola H. Acidic 
reaction products of mono- and sesquiterpenes in atmospheric fine particles in a boreal forest, manuscript. 

 
 

 
 



AN OVERVIEW OF THE ACTIVITIES BY AEROSOL -CLOUD-CLIMATE INTERACTIONS 
GROUP OF THE UNIVERSITY OF HELSINKI  

 
V.-M. KERMINEN, N. L. PRISLE, P. PAASONEN, A. ASMI, J. HONG, J. KONTKANEN, E.-M. 

KYR…, H. LAPPALAINEN, R. MAKKONEN, T. NIEMINEN, M. PARAMONOV, O. PER€KYL€ , L. 
RIUTTANEN, S.-L. SIHTO, M. VOGT, 

H. VUOLLEKOSKI, T. YLI -JUUTI, T. PET€J€ , M. DAL MASO, and M. KULMALA  
 

Department of Physics, 00014 University of Helsinki, Finland  
 
 

INTRODUCTION 
 
Concentrations of greenhouse gases, aerosol particles and reactive trace gases are tightly connected with 
each other via physical, chemical and biological processes occurring in the atmosphere, biosphere and at 
their interface (Hallquist et al. 2009, Arneth et al. 2010, Carslaw et al. 2010, Mahowald 2011). The 
continental biosphere plays an important role in the climate system by affecting the accumulation of 
carbon dioxide and other greenhouse gases to the atmosphere (e.g. Heimann and Reichstein, 2008), and by 
acting as a major source of natural aerosol particles and their precursors (e.g. Pšschl 2005, Guenther et al. 
2012). 
 
Kulmala et al. (2004) suggested a negative climate feedback mechanism whereby higher temperatures and 
CO2-levels boost continental biomass production and volatile organic compound (VOC) emissions, 
leading to increased biogenic secondary organic aerosol (SOA) and cloud condensation nuclei (CCN) 
concentrations, and by that way tending to cause cooling in a manner similar to the CLAW-hypothesis that 
linked climate change with the ocean biochemistry (Charlson et al. 1987, Quinn and Bates 2011). Kulmala 
et al. (2013a) extended the idea of the continental biosphere-aerosol-cloud-climate (COBACC) feedback 
further by adding the connection between aerosol particles, radiation and gross primary production (GPP) 
which is a measure of ecosystem-scale photosynthesis. In this extended view, the COBACC feedback 
mechanism has two major overlapping feedback loops, both initiated by increased CO2 concentrations and 
acting toward suppressing global warming (Fig. 1). 
 

 

 
 
 

 

 

 

 

 

 
 

 
Figure 1. The feedback loops associated with the COBACC feedback (Kulmala et al., 2013a). Here GPP is gross-
primary production, BVOC and SOA refer to biogenic volatile organic compounds and secondary organic aerosol, 
respectively, CS is the condensation sink, Atot and Vtot are the total aerosol surface area and volume concentrations, 
respectively, CCN refers to cloud condensation nuclei, and CDNC is the cloud droplet number concentration. 
 
 
Most of the work made within the aerosol-cloud-climate interactions group can be tied to the lower branch 
of the COBACC feedback mechanism that connects biogenic VOC emissions, atmospheric new-particle 



formation and growth, CCN formation, interaction of aerosols with clouds, indirect radiative effects, and 
the ambient temperature. Below we will summarize the current status of this work. 
 

ADVANCES IN UNDERSTANDING AND HIGHLIGHTS OF THE RESULTS  
 

Biogenic volatile organic compounds: emissions, concentrations and chemistry  
 
Volatile organic compounds (VOCs) originating from bio- or anthropogenic sources play a significant role 
in atmospheric chemistry and physics. Recent studies have shown the potential of VOCs to influence the 
climate on both local and global scales through aerosol and cloud condensation nuclei formation as well as 
direct and indirect greenhouse effects. Despite the global climate effects, BVOCs have multiple impacts 
on the atmospheric composition, including enhanced ozone formation rates, decreased oxidizing capacity 
and substantial contribution to tropospheric aerosol abundances. 
 
We have investigated the seasonal and diurnal variations of the mixing ratios of nine volatile organic 
compounds. In general, BVOCs show the highest mixing ratios during summertime, most likely due to 
higher emissions during that period, whereas anthropogenic VOC mixing ratios peaked in wintertime.  
Diurnal patterns can be seen for all the investigated compounds. The features of the diurnal pattern may be 
explained by sink or dilution processes (e.g. boundary layer evolution). We have also investigated the 
oxidation capacity and rate of monoterpenes over a boreal forest in Finland and its connection to new 
particle formation (PerŠkylŠ et al., abstract in this collection).  
 
Initial steps of atmospheric nucleation  
 
The progress in this subject area includes improved understanding of atmospheric nucleation mechanisms 
and refinement of semi-empirical nucleation rate parameterizations for large-scale modeling frameworks. 
Crucial factors in the progress have been the development of new measurement tools in the sub-3 nm 
diameter size range and systematically combining data from field and laboratory measurement with 
theoretical understanding and modeling activities. 
 
As an overall summary of our work on initial steps of atmospheric nucleation, Kulmala et al. (2013b) 
provide an observational-based framework on atmospheric aerosol formation. This framework identifies 
three size regimes below 2 nm diameter and combines in a consistent way i) molecules, small atmospheric 
clusters and growing nanoparticles, ii) sulphuric acid, strong bases and organic vapours, and iii) various 
dynamical processes. The framework confirms that atmospheric aerosol formation is essentially a two-step 
process. In the first step taking place in the second size regime, atmospheric nucleation or the formation of 
stabilized clusters will occur. The second step, characterized by enhanced cluster growth rates due to the 
activation of the growing clusters by organic vapours, is initiated in the third size regime just below 2 nm. 
This second step determines the formation rate of 3 nm particles and is efficient only during periods of 
active aerosol formation. 
 
Our findings emphasize the important role of organic compounds in atmospheric new particle formation 
and the usual dominance of neutral nucleation pathways in the lower troposphere. The next step is to 
investigate whether, and to which extend, these findings can be generalized to different atmospheric 
environments. A work toward this goal has been initiated (e.g. Kontkanen et al., abstract in this 
collection). 
 
In terms of parameterizing atmospheric nucleation, Paasonen et al. (2010) generated, and compared with 
observations, several nucleation parameterizations involving sulphuric acid and low-volatility organic 
vapours. The concentrations of low-volatility organic compounds were determined from growth rates of 
2Ð4 nm particles. Including organic compounds as nucleating vapours enhanced the predictability of the 
nucleation rate, especially between different sites, as compared with parameterizations involving only 
sulphuric acid. 



 
Atmospheric new particle formation and growth  
 
In this subject area, we have been involved in plenty of new field observations, related theoretical studies, 
model development, and in developing new parameterizations. 
 
As examples of atmospheric observations, Kyrš et al. (2013) provided the first evidence of Antarctic new 
particle formation from biogenic precursors originating from melt-water ponds in continental Antarctica, 
and JŠrvinen et al. (2013) showed that Antarctic new particle formation may also take place during dark 
winter conditions. Kyrš et al. (manuscript in preparation) investigated long-term trends in new 
particle formation in Eastern Lapland and demonstrated that the frequency of atmospheric new particle 
formation has been influenced by decreasing sulphur emissions from Kola Peninsula area since the late 
1990s. Nieminen et al. (2013, manuscript in preparation) analysed long-term changes in the character of 
new particle formation events at the SMEAR II station in HyytiŠlŠ, Southern Finland, repsenting the 
longest field data set on this phenomenon. 
 
Kulmala et al. (2012) compiled a detailed protocol for making atmospheric nucleation measurements, and 
for analysing atmospheric nucleation events. Nieminen et al. (abstract in this collection) developed a tool 
to forecast new particle formation at the SMEAR II station in HyytiŠlŠ, Finland, extending to the next 5-
day period from the beginning of the forecast. 
 
Considerable progress has been made in understanding and modelling the growth of both neutral and 
charged newly-formed particles. Yli-Juuti et al. (2011) made a comprehensive analysis of the growth rates 
of nucleation mode particles at the SMEAR II station, and completed this work by developing a new 
aerosol dynamical model (Yli-Juuti et al., 2013). HŠkkinen et al. (2013) derived a new parameterization 
for size-dependent nanaparticle growth in continental environments and tested this parameterization in a 
global modelling framework. LeppŠ et al. (2011) investigated the role of charged particles and electric 
interactions on nanoparticle dynamics and found that the presence of charges may significantly affect 
nuclei self-coagulation and coagulation scavenging. LeppŠ et al. (2013) analysed the validity of various 
methods used commonly to determine either nanoparticle growth rates or the contribution of ion-induced 
nucleation from field measurement data.   
 
Cloud condensation nuclei 
 
Sihto et al. (2011) investigated the seasonal variation of CCN concentrations and aerosol activation 
properties at the SMEAR II station. One of the main results of this paper was a clear, observed 
contribution of atmospheric new particle formation to measured CCN concentrations. 
 
Paramonov et al. (2013) presented a long-term multi-year Cloud Condensation Nuclei Counter (CCNC) 
dataset obtained at the SMEAR II station. They reported a seasonal pattern of aerosol hygroscopicity !  for 
particles of ~150 nm in diameter, with a maximum in February and a minimum in July. The 
hygroscopicity of particles grown to CCN sizes from freshly-nucleated particles was found to be 
indistinguishable from that of already existing particles of the same size. Due to the !  distributions being 
different for different particle sizes, the paper calls for a careful reconsideration of the use of a single 
value of !  when describing the hygroscopicity of an ambient aerosol population. 
 
Hong et al. (abstract in this collection) demonstrated the benefit of combining information on aerosol 
hygroscopicity and volatility behaviour when investigating their CCN properties. 
 
Prisle et al. (2011) proposed a simple representation of the overall effect of surface activity on organic 
aerosol CCN activation and tested it against comprehensive thermodynamic model calculations, as well as 
laboratory measurements of CCN activity for binary organic-inorganic particle mixtures, comprising 4 
different organic surfactants (3 atmospheric fatty acid salts and model surfactant sodium dodecyl sulfate) 



mixed with sodium chloride in different ratios. For these mixtures, the simple representation gave close 
agreement with both detailed model and measurements. 
 
Clouds and aerosol-cloud interactions 
 
Aerosol effect on shallow clouds has been studied widely in recent decades, deep convective clouds 
getting much less attention. Bister and Kulmala (2011) propose that aerosol effect on microphysics of 
deep convective clouds may increase upper tropospheric humidity in convectively active areas. Water 
vapor in the upper troposphere affects radiation balance strongly and therefore even small increases have a 
strong positive radiative forcing (Riuttanen et al, 2013, abstract in this collection). 
 
Kyrš et al. (2009) parameterized aerosol snow scavenging during light, continuous snowfall. The 
parameterization was based on field observations from HyytiŠlŠ and was further tested with the 
University of Helsinki Multicomponent Aerosol Model (UHMA). 
 
Integration and large-scale applications 
 
Asmi et al. (2011) studied the phenomenology of submicron aerosol number size distributions in Europe 
by collecting and consistently analysing data from 24 EUSAAR network stations. The results gave a 
comprehensive overview of the European near surface aerosol particle number concentrations and number 
size distributions between 30 and 500 nm of dry particle diameter and analysed the spatial and temporal 
distribution of aerosols in the particle sizes most important for climate applications. Asmi et al. (2013) 
investigated long-term trends of total aerosol particle number concentrations from stations located in 
Europe, North America, Antarctica and Pacific Ocean islands. The majority of the sites showed clear 
decreasing trends. The most likely cause of many northern hemisphere trends was found to be decreases in 
the anthropogenic emissions of primary particles, sulphur dioxide, or some co-emitted species. 
 
Kerminen et al. (2012) made a synthesis of existing knowledge about atmospheric CCN formation 
associated with atmospheric nucleation, including field observations, theory and large-scale modeling. The 
paper concludes that in order to better quantify the role of atmospheric nucleation in CCN formation and 
Earth System behaviour, more information is needed on i) the factors controlling atmospheric CCN 
production and ii) the properties of both primary and secondary CCN and their interconnections. In future 
investigations on this subject, more emphasis should be put on combining field measurements with 
regional and large-scale model studies. 
 
Prisle et al. (2012) implemented the simple representation of the overall effect of surface activity on 
organic aerosol CCN activation in the global model framework of ECHAM-HAM, together with another 
recent surfactant representation taking surface partitioning into account (Topping et al, GMD 2010) as 
well as a framework where surfactants are included according to bulk properties. This analysis showed 
that the difference in predicted cloud droplet number concentrations and radiative forcing, from the base 
case of not including surfactant effect, but simply treating surface active organic aerosol as a regular and 
fully soluble solute, is highly significant if macroscopic properties are assumed, and only minor when 
using representations based on comprehensive thermodynamics. In the absence of global data for 
comparison, we can not say conclusively that the partitioning-based representations more closely resemble 
conditions in the real atmosphere, but we do show quite clearly that if you consider surfactant effects of 
organic aerosol, then it makes a significant difference on a global scale, how this is done. 
 
Makkonen et al. (2012a) investigated BVOC-aerosol-climate interactions in ECHAM5.5-HAM2 by 
implementing several processes that couple organic vapours to particle formation and growth. Five 
different nucleation mechanisms were introduced to the model, including nucleation rate formulations 
with organic gases (Paasonen et al., 2010). Two mechanistically different BVOC emission datasets were 
tested, namely MEGAN2 and LPJ-GUESS. Although the sensitivity tests produces some variance in CN 



and CCN concentrations with different nucleation and BVOC emission schemes, these effects were 
significantly smaller than e.g. the effects of anthropogenic emission change until year 2100. 
 
Paasonen et al. (2013) demonstrated for the first time that the lower branch of the COBACC feedback 
takes place continental size scale. The analysis was based partly on long-term field observations (the 
relation between temperature, BVOC, SOA and CCN) and partly on existing parameterizations (the 
relation between CCN, CDNC and temperature relation) (see Fig. 1). The paper pointed out the prominent 
role of the boundary layer height on the climate effects of biogenic and anthropogenic formation of CCN 
sized particles. 
 
Work is currently in progress in investigating the climatic effects of biofuel adoption with focus on Brazil 
(Vuollekoski et al, abstract in this collection) and in deriving particle number emission inventories for 
both present day and future conditions (Paasonen et al., abstract in this collection). 

 
 

OUTLOOK 
 

During the last few years, our overall understanding on biosphere-atmosphere interaction has been 
increased, and even more so when considering some specific processes like atmospheric new particle 
formation and growth. Future progress in this area requires dedicated field, laboratory and modeling 
activities on one hand, and more integrative work on the other hand. The latter includes versatile use of 
continuous and comprehensive in situ observations from multiple measurement sites, active utilization of 
various remote sensing techniques, developing new model parameterizations, and improving large-scale 
modeling frameworks. 
 
One example of new activities integrating different approaches is the BAECC (Biogenic Aerosols: Effects 
on Clouds and Climate) project that will start operational phase in January 2014. In BAECC, versatile 
cloud observations with ground-based remote sensing will be combined with in situ measurements at the 
SMEAR II station. This, along with application of hierarchy of models and satellite observations, aim to 
getting better understanding on the impact of biogenic aerosol formation on cloud properties and climate.   
 
Finally, it is important to point out that most of the natural feedback mechanisms involving the biosphere 
and atmosphere are somehow tied with human and societal actions, including the emission policy, forest 
management and land use change (Arneth et al. 2009, Makkonen et al. 2012b, Shindell et al. 2012). As a 
result, the COBACC feedback illustrated in Figure 1 can be considered as a broad framework which 
connects the human activities, the continental biosphere, and the changing climate conditions. 
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INTRODUCTION 
 
Our main interests lie in characterizing the physical and chemical properties of atmospheric aerosol, 
especially particles that form from nucleation, and understanding the role of aerosols as cloud 
condensation nuclei (CCN). We develop unique instruments that measure aerosol chemical composition 
both directly and indirectly, and deploy these in intensive field studies throughout the world. Together 
with FMI we maintain a long term measurement station, the SMEAR IV station at the top of the 75m 
Puijo Tower in Kuopio, for studying aerosol properties and aerosol-cloud interactions. In the laboratory, 
we have developed a facility for studying the formation of secondary organic aerosol from real plant 
emissions as a means of studying realistic atmospheric processes under controlled conditions. We interpret 
our laboratory and field observations using a variety of atmospheric models from process level to global 
scale. In the group we are also developing both process and cloud resolving models to produce better 
parameterizations to describe aerosol-cloud interactions in global models. 
  
AEROSOL-CLOUD-CLIMAT E INTERACTIONS 
 
UEF aerosol physics group is mainly working on the field of aerosol-cloud microphysics by developing 
theories and modelling tools, and conducting both experimental and modelling studies. The main activities 
during 2011-2013 can be summarized as: 
 

¥ Measurements at Puijo station show that there are differences in partitioning of different chemical 
compounds between interstitial particles and cloud droplets due to both activation kinetic as well 
as transfer of semivolatile components through gas phase in the cloud (Hao et al. 2013).  

¥ The sizedependent information on aerosol composition is needed in order to correctly estimate the 
CCN-concentration of aerosol population. In the experiment conducted at Pallas measurement  
station it was shown that using the bulk composition from AMS can cause overestimation in 
aerosol hygroscopicity leading to overestimation of CCN concentration estimates (Jaatinen et al.. 
2013).  

¥ The aerosol effect on cloud droplet concentration can be saturated already at relatively low 
(~250cm-3) droplet concentrations. This was seen both with in situ measurements conducted at 
Puijo station and in MODIS retrieved data (Ahmad et al .2013). In more polluted conditions this 
effect is even more evident and thus using aerosol concentration or AOD as a proxy for cloud 
droplet concentration is not recommended as it can cause overestimation of the first aerosol 
indirect effect (Romakkaniemi et al. 2012).   



¥ Nitric acid effect on global radiation trough indirect aerosol effect was taken to global models, and 
it was found that the nitric acid contribution to the present-day cloud albedo effect was 
!0.32±0.01Wm!2, and to the total indirect effect !0.46±0.25Wm!2 (compared to a nitric acid 
free atmosphere) (Makkonen et al. 2013). Related to topic, the first experimental setup to quantify 
the effects emivolatiles on CCN-activity was introduced (Romakkaniemi et al. 2013). 

¥ In several studies the surface active compounds have been speculated to affect the cloud droplet 
formation, although theory of surface partitioning does not support these findings (Sorjamaa et al. 
2005). Now we performed modelling studies showing that even in the case of semivolatile 
surfactants the effect on CCN activity  is very small (Romakkaniemi et al. 2011) and in the global 
scale the effect on global radiation budget is negligible if surfactants are represented with state of 
the art methods (Prisle et al. 2012). 

¥ Using the ECHAM5-HAM2, we investigated the impact of the increasing aerosol emissions in 
China and India between 1996 and 2010 to global climate. The warming contribution of black 
carbon concentrations above clouds nearly cancels the cooling effect of sulfate aerosols, thus 
making it unlikely that the increase in aerosol emissions in China and India has caused the 
"hiatus" in global warming during the last decade. (Kuhn et al. 2013).  

¥ The change in mean temperature in Finland was investigated with Dynamic Linear Models 
(DLM) in order to define magnitude of the trend in the temperature time series within the last 165 
years. The mean temperature has risen by a total of 2.7 ¡C in the years 1847-2012, which amounts 
to 0.16 ± 0.03 ¡C/decade. After year 1968, the trend rate has been as high as 0.27 ± 0.01 
¡C/decade. The observed warming is somewhat higher than the global trend, which confirms the 
assumption that warming is stronger in higher latitudes. (Mikkonen et al. 2013). 

¥ Recently the group has focused more on production of faster aerosol modules that are still capable 
of presenting all relevant aerosol processes. Bergman et al. (2012) presented the model 
development study where sectional aerosol module SALSA was tested and evaluated in 
atmospheric model ECHAM5.5. More detailed evaluation study by Korhola et al. (2013) shows 
that currently commonly used modal representation of aerosol in large scale models suffers 
several issues in describing aerosol-cloud interactions. We have been also developing new 
methodologies to correct approximation errors due to coarse representation of aerosol in the 
models (Lipponen et al. 2013). 

¥ There is no trend visible towards decreasing greenhouse gas emissions so researchers have started 
to plan optional methods to counteract the global warming. Partanen et al. (2012) found that by 
artificial emission of sea salt particles on persistent stratocumulus regions -0.8Wm-2 radiative flux 
perturbation can be achieved, making the technique promising candidate. This study is continued 
with more detailed models on cloud resolving scale (Maalick et al 2013). In Laakso et al. (2012) 
the possibility to use passenger aircrafts to increase the amount of particles in the stratosphere was 
studied, but this method was found inefficient with the radiative flux perturbation being only -0.1 
Wm-2 even with highly elevated sulfur emissions as compared to current fuels used.  

 
ORGANIC AEROSOL PROPERTIES 
 
Our recent plant chamber and field results show that atmospheric SOA particles from biogenic origin can 
be amorphous solid in their physical phase (Virtanen et al., 2010).  The phase state of SOA particles has 
important implications for a number of atmospheric processes because the phase of particles may 
influence the partitioning of volatile compounds, reduce the rate of heterogeneous chemical reactions, 
affect the particlesÕ ability to accommodate water and act as cloud condensation or ice nuclei, and change 
the atmospheric lifetime of the particle. During years 2012-2013 there has been significant increase in the 
understanding of the occurrence of solid phase of SOA particles and implications of the finding. 
 
The main activities on the field of organic aerosols properties during the years 2011-2013 are: 
 
 



¥ To study phase state of aerosol particles, a novel method based on impaction and subsequent 
counting of bounced particles by a condensation particle counter have been developed (Saukko et 
al., 2012a) and applied to study the effect of humidity on physical state of the particles (Saukko et 
al., 2012b). All the studied SOA systems, both form biogenic and anthropogenic precursors were 
amorphous solid or semi-solid in their physical state at RH <50 % and showed full or partial 
deliquescence when the humidity increased up to 65%.  

¥ We have estimated the viscosity of SOA from pine emitted VOCs based on SEM images 
revealing agglomerated particles. According to coalescence time analysis, the viscosity of the 
particles is be close to the viscosity of glasses (1012 Pas). (Pajunoja et al., 2013a) 

¥ The particle hygroscopic properties and phase were studied in detailed in Boston College flow 
tube reactor. We saw a clear correlation between the particle O:C ratio and precursor molar mass 
both on hygroscopic behaviour and phase: particles with low O:C and with high precursor molar 
mass were less hygroscopic and also remained in solid phase even at high humidities. The 
hygroscopic behaviour of particles in sub-saturation conditions implies also, that there are clear 
kinetic limitations of molecules in particle bulk. (Pajunoja et al., 2013b) 

¥ We have further studied the physical and chemical factors affecting the SOA particle phase in 
chamber studies in Univ. Manchester. According to our results the aging of SOA particles from 
anthropogenic and biogenic mixtures increases the O:C ratio of the particles modestly. Also a 
slight increase in hygroscopicity was detected. Interestingly, the particle liquefication humidity of 
the particles clearly decreased with age. We also studied the effect of evaporation on phase: after 
thermodenuder treatment particles remained in solid phase at higher humidities implying that the 
fraction of oligomers increased in particle phase after the thermodenuder treatment. (Pajunoja et 
al., 2013c) 

¥ Recently, we have studied the role of low volatile organics on secondary organic aerosol 
formation based on VOC partitioning using chamber experiments and model calculations 
(Kokkola et al. 2013). The results showed that the underestimation of SOA yields in large-scale 
atmospheric models can partly be explained by wall-losses of SOA forming compounds during 
chamber experiments. 

¥ We have also studied the effect of biotic stress (i.e. insect herbivory) on SOA formation and 
aerosol forcing of climate (Joutsensaari et al., 2013). The results from field and laboratory 
experiments, global modelling (GLOMAP), and satellite observations suggest that more frequent 
insect outbreaks in a warming climate could result in ample increase in biogenic SOA formation 
in the boreal zone and affect both aerosol forcing of climate at regional scales. 

¥ Finally, we have developed methods to analyses VOC and HONO concentrations (dynamic flow-
through chamber) as well as to study particle formation (UV flow reactor) from soils and plants 
emissions. Our results showed that drainage of pristine peatlands enhances their HONO 
production in northern acidic soils (Maljanen et al. 2013) as earlier reported for the N2O and NO. 

¥ In addition to SOA studies described above, we have also studied the chemical composition of 
particles from wood combustion by using High Resolution Aerosol Mass Spectrometer (HR-
AMS). A positive matrix factorization method was used for the first time to analyse combustion 
aerosols emitted from the burner. Results show that particulate emissions from wood combustion 
can be varied significantly when combustion conditions are changed, even for very short periods. 
The overall PAH emissions can be entirely dominated by short disturbances of the combustion 
process and, thus, formation of PAH formation can be reduced efficiently when keeping 
combustion conditions stable. (Kortelainen et al., 2013) 

 
 

ATMOSPHERIC NEW PARTICLE FORMATION 
 
New particle formation (NPF) events have been observed frequently almost everywhere globally (Kulmala 
et al., 2004 and references therein). However, the fundamental processes causing nucleation and 
subsequent growth into the size-range of a few nanometres are still not well understood. Most likely there 
is not just one mechanism that controls atmospheric nucleation processes. To improve the understanding 



of atmospheric NPF, we have performed numerous field measurements, laboratory experiments and 
theoretical and model studies. During 2011-2013 the main results are:  
 

¥ Statistical proxies for H2SO4 concentrations were formulated by Mikkonen et al. (2011).  For the 
EUCAARI sites, Mikkonen et al concluded that the best predictive proxy of H2SO4 at different 
European sites was achieved by multiplying combinations of global solar radiation, SO2 
concentration, condensation sink and relative humidity 

¥ Hamed et al. (2011) considered the reasons for the apparent correlation found between 
atmospheric NPF events and relative humidity. It was concluded that High RH is correlated with 
cloudiness, and therefore with decreased UV radiation levels, which in turn causes lower OH 
concentrations and diminished H2SO4 production. NPF events therefore tend to occur easier at low 
RH. Additionally, RH often exhibits a diurnal minimum close to midday, when OH concentrations 
and H2SO4 production are peaking, which causes an anticorrelation between RH levels and NPF 
rates. 

¥ New particle growth in the CLOUD experiments conducted at CERN was analyzed by Keskinen 
et al (2013). The main result was that in experiments of NPF from sulfuric acid, ammonia, and 
organics (oxidation products of pinanediol), the organic volume fraction in the particles increased 
with increasing particle size. 

¥ Measurement data from the San Pietro Capofiume station was employed by Westervelt et al. 
(2013) in a study comparing modelled CCN production in NPF events to observations from 
different measurement stations. It was found thet the global aerosol microphysics model GEOS-
Chem-TOMAS underestimates the CCN production by up to a few tens of percents. 

¥ Simultaneous NPF events measured at San Pietro Capofiume and Bologna measurement sites 
situated some 40 km apart were studied by Laaksonen et al. (2013). In the studied cases, the first 
new particles appeared 1-2 hours earlier in SPC than in Bologna. This appears to be associated 
with the morning boundary layer development (start of vertical mixing) that starts earlier in SPC.  
In order to characterize the boundary layer evolution during the morning, the mixed layer height 
was modelled using the high-resolution weather model HARMONIE. The reason for the delayed 
onset of the boundary layer evolution in Bologna was found to be the urban heat island effect. 

¥ To extract further information on the nucleation process behind observed NPF, the first nucleation 
theorem has been routinely used. This theorem links together the number of molecules in so-
called critical nucleus, presenting bottleneck for vapour-to-particle transition, the rate of NPF and 
concentration of condensing species (e.g. sulphuric acid). Recently, we have demonstrated for a 
model systems that coagulation losses of clusters smaller than the critical size distort the results of 
this analysis (Malila et al., 2013a) towards larger sizes, while cluster-cluster interactions 
(VehkamŠki et al., 2012) have dominantly an opposite effect. Work to extend these results for 
atmospherically relevant systems is in progress (Malila et al., 2013b).  

¥ The 3nm particle formation rate (J3) and the nucleation rate (J1) are central quantities for 
nucleation and NPF analysis. The estimation of J1 is usually extrapolated from the apparent 
formation rate of 3 nm particles (J3), which is obtained from measured particle size distributions. 
Many of uncertainties around this issue were discussed lately in many publications (e.g. Korhonen 
et al., 2011).  Lehtinen et al (2013) are developing a new method for estimating the nucleation 
rates from apparent particle formation rates and vice versa, taking into account the effect of size 
dependent growth rates as was recommended by latest study of Kuang et al., (2011). 

 
 

REFERENCES 
 
 
Ahmad, I., T. Mielonen, H. Portin, A. Arola, A. Leskinen, M. Komppula, K.E.J Lehtinen, A. Laaksonen, S. 
Romakkaniemi: Long term measurements of cloud droplet concentrations and aerosol-cloud interactions in 
continental boundary layer clouds, accepted to Tellus B, 2013 
 



Bergman, T., Kerminen, V.-M., Korhonen, H., Lehtinen, K. J., Makkonen, R., Arola, A., Mielonen, T., 
Romakkaniemi, S., Kulmala, M., and Kokkola, H. (2012). Evaluation of the sectional aerosol microphysics module 
SALSA implementation in ECHAM5-HAM aerosol-climate model, Geosci. Model Dev.,5, 845-868  
 
Hamed, A., H. Korhonen, S.-L. Sihto, J. Joutsensaari, H. Jarvinen, T. Petaja, F. Arnold, T. Nieminen, M. Kulmala, J. 
N. Smith, K. E.J. Lehtinen, and A. Laaksonen (2011)  The role of relative humidity in continental new particle 
formation. J. Geophys. Res. 116, D03202, 12 PP.. doi:10.1029/2010JD014186 
 
Hao, L. Q., Romakkaniemi, S., Yli-PirilŠ, P., Joutsensaari, J., Kortelainen, A., Kroll, J. H., Miettinen, P., 
Vaattovaara, P., Tiitta, P., Jaatinen, A., Kajos, M. K., Holopainen, J. K., Heijari, J., Rinne, J., Kulmala, M., Worsnop, 
D. R., Smith, J. N., and Laaksonen, A. (2011). Mass yields of secondary organic aerosols from the oxidation of  
alpha-pinene and real plant emissions. Atmos. Chem. Phys.,  11, 1367-1378 
 
Hao, L.Q., S. Romakkaniemi, A. Kortelainen, A. Jaatinen, H. Portin, P. Miettinen, M. Komppula, A. Leskinen, A. 
Virtanen, J.N. Smith, D.R. Worsnop, K.E.J. Lehtinen, and A. Laaksonen: Aerosol Chemical Composition in Cloud 
Events by High Resolution Time-of-Flight Aerosol Mass Spectrometry , Environ. Sci. Technol., 47, 2645Ð2653, doi: 
10.1021/es302889w, 2013. 

 
Joutsensaari J., P. Yli-PirilŠ, H. Korhonen, A. Arola, J. D. Blande, J. Heijari, M. KivimŠenpŠŠ, L. Hao1, P. 
Miettinen, P. LyytikŠinen- Saarenmaa, A. Laaksonen, J. K. Holopainen (2013). Biotic stress accelerates formation of 
climate-relevant aerosols in boreal forests. Nature Climate Change, submitted 
 
Jaatinen, A., S. Romakkaniemi, T. Anttila, A.-P. HyvŠrinen, L. Hao, A. Kortelainen, P. Miettinen, J.N. Smith, A. 
Virtanen and A. Laaksonen: The 3rd Pallas Cloud Experiment: consistency between the hygroscopic growth and 
CCN activity parameterisations, submitted toBoreal Environ. Research. (2013). 
 
Keskinen H., S. Romakkaniemi, A. Jaatinen, P. Miettinen, E. Saukko, J. Joutsensaari, J. M. MŠkelŠ, A. Virtanen,  J. 
N. Smith, and A. Laaksonen (2011) On-Line Characterization of Morphology and Water Adsorption on Fumed Silica 
Nanoparticles. Aerosol Science and Technology, Vol. 45, Iss. 12, 1441-1447. 
 
Keskinen, H., Virtanen, A., Joutsensaari, J., Tsagkogeorgas, G., Duplissy, J., Schobesberger, S., Gysel, M., 
Riccobono, F., Slowik, J. G., Bianchi, F., Yli-Juuti, T., Lehtipalo, K., Rondo, L., Breitenlechner, M., Kupc, A., 
Almeida, J., Amorim, A., Dunne, E. M., Downard, A. J., Ehrhart, S., Franchin, A., Kajos, M.K., Kirkby, J., 
KŸrten, A., Nieminen, T., Makhmutov, V., Mathot, S., Miettinen, P., Onnela, A., PetŠjŠ, T., Praplan, A., 
Santos, F. D., Schallhart, S., SipilŠ, M., Stozhkov, Y., TomŽ, A., Vaattovaara, P., Wimmer, D., Prevot, A., 
Dommen, J., Donahue, N. M., Flagan, R.C., Weingartner, E., Viisanen, Y., Riipinen, I., Hansel, A., Curtius, J., 
Kulmala, M., Worsnop, D. R., Baltensperger, U., Wex, H., Stratmann, F., and Laaksonen, A.: Evolution of particle 
composition in CLOUD nucleation experiments, Atmos. Chem. Phys., 13, 5587-5600, doi:10.5194/acp-13-5587-
2013, 2013. 
 
Kokkola, H., Yli-PirilŠ, P., Vesterinen, M., Korhonen, H., Keskinen, H., Romakkaniemi, S., Hao, L., Kortelainen, 
A., Joutsensaari, J., Worsnop, D. R., Virtanen, A., and Lehtinen, K. E. J.: The role of low volatile organics on 
secondary organic aerosol formation, Atmos. Chem. Phys. Discuss., 13, 14613-14635, doi:10.5194/acpd-13-14613-
2013, 2013. 
 
Korhola T., H. Kokkola, H. Korhonen, A.-I. Partanen, A. Laaksonen, and S. Romakkaniemi: Reallocation in modal 
aerosol models: impacts on predicting aerosol radiative effects, Geosci. Model Dev. Discuss., 6, 4207-4242, 2013. 
 
Korhonen, H., Sihto, S.-L. , Kerminen, V.-M. and Lehtinen, K. (2011): Evaluation of the accuracy of analysis tools 
for atmospheric new particle formation. Atmos. Chem. Phys., 11, 3051-3066, 2011 
 
Kortelainen, A., Joutsensaari, J., Tiitta, P., Jaatinen, A., Miettinen, P., Hao, L., Leskinen. J., Sippula, O., Torvela, T., 
Tissari, J., Jokiniemi, J., Worsnop, D.R., Laaksonen, A., and Virtanen, A. Real-time Chemical Composition Analysis 
of Particle Emissions from Woodchip Combustion. Submitted to Environ. Sci. Tech., September 2013. 
 
Kuang, C., Chen, M., Zhao, J., Smith, J., McMurry, P.H., and Wang, J.(2012): Size and time-resolved growth rate 
measurements of 1 to 5 nm freshly formed atmospheric nuclei. Atmos. Chem. Phys., 12, 3573-3589, 2012 
 



Kulmala, M., VehkamŠki, H., PetŠjŠ, T., Dal Maso, M. Lauri, A., Kerminen, V.-M. W., Birmili, W., and McMurry. 
P. H.: Formation and growth rates of ultrafine atmospheric particles: a review of observations, J. Aerosol Sci., 35, 
143Ð176, 2004. 
 
KŸhn T., A-I Partanen, A Laakso, Z Lu, T Bergman, S Mikkonen, H Kokkola, H Korhonen, P RŠisŠnen, D G Streets, 
S Romakkaniemi, and A Laaksonen (2013):  Climate impacts of changing aerosol emissions since 1996. Nature 
Geosci., in review 
 
Laakso A.,  A.-I. Partanen, H. Kokkola, A. Laaksonen, K.E.J. Lehtinen, H. Korhonen (2012). Stratospheric 
passenger flights likely an inefficient geoengineering strategy. Environ. Res. Lett, in press.  
 
Laaksonen Ari,  Amar Hamed, Sami NiemelŠ, Larisa Sogacheva, Federico Angelini, Gian Paolo Gobbi, Stefano 
Decesari, Jorma Joutsensaari,  Vanes Poluzzi5, M. Cristina Facchini (2013): The urban heat island effect, boundary 
layre evolution, and triggering of new particle formation: A case study from Bologna, Italy Manuscript in 
preparation. 
 
Lehtinen, K., Kerminen, V.M, and Korhonen, H (2013): Estimating nucleation rates from apparent particle formation 
rates and vice versa 2: effect of size dependent growth rates. Manuscript under preparation 
 
Leskinen, A., Arola, A., Komppula, M., Portin, H., Tiitta, P., Miettinen, P., Romakkaniemi, S., Laaksonen, A., and 
Lehtinen, K. E. J. (2012). Seasonal cycle and source analyses of aerosol optical properties in a semi-urban 
environment at Puijo station in Eastern Finland. Atmos. Chem. Phys., 12, 5647-5659. 
 . 
Lipponen A., V. Kolehmainen, S. Romakkaniemi and H. Kokkola: Correction of approximation errors with random 
forest applied to modeling of aerosol first indirect effect, Geosci. Model Dev. Discuss., 6, 2551-2583, 2013. 
 
Maalick Z., H. Korhonen, H. Kokkola, A. Laaksonen, and S. Romakkaniemi: Large eddy simulations of marine 
stratocumulus geoengineering, This issue. 
 
Makkonen, R., Romakkaniemi, S., Kokkola, H., Stier, P., RŠisŠnen, P., Rast, S., Feichter, J., Kulmala, M., and 
Laaksonen, A. (2012). Brightening of the global cloud field by nitric acid and the associated radiative forcing, 
Atmos. Chem. Phys., 12, 7625-7633. 
 
Malila, J., R. McGraw, A. Laaksonen and K. E. J. Lehtinen (2013a). Losses of precritical clusters and the first 
nucleation theorem. Manuscript in preparation. 
 
Malila, J., R. McGraw, A. Laaksonen and K. E. J. Lehtinen (2013b). Precritical cluster scavenging and nucleation 
theorems for binary H2SO4-H2O nucleation. Submitted to FCoE, 2012. HyytiŠlŠ, September 19-21,2012.   
 
Maljanen, M.E., P. Yli-PirilŠ, J. Hytšnen, J. Joutsensaari and P.J. Martikainen (2013) Acidic northern soils as 
sources of atmospheric nitrous acid (HONO). Soil Biology & Biochemistry, accepted. 
 
Mikkonen, S., Romakkaniemi, S., Smith, J. N., Korhonen, H., PetŠjŠ, T., Plass-Duelmer, C., Boy, M., McMurry, P. 
H., Lehtinen, K. E. J., Joutsensaari, J., Hamed, A., Mauldin III, R. L., Birmili, W., Spindler, G., Arnold, F., Kulmala, 
M., and Laaksonen, A. (2011). A statistical proxy for sulphuric acid concentration. Atmos. Chem. Phys., 11, 11319-
11334 
 
Mikkonen, S., M. Laine , H. TietŠvŠinen, H. Gregow, H. Tuomenvirta, M. Lahtinen, A. Laaksonen: Trends in the 
average temperature in Finland 1847-2012, Submitted to Stochastic Environmental Research and Risk Assessment 
2013. 
 
Pajunoja, A., Malila, J., Hao L., Joutsensaari, J.,  Lehtinen, K. E. J. and Virtanen, A. Estimating the Viscosit Range 
of SOA Particles Based on Coalescence Times, Submitted to Aerosol Sci. Tech., April 2013a. 
 
Pajunoja, A., et al. Hygroscopic growth of SOA particles is restricted by their amorphous solid phase. Manuscript in 
preparation, 2013b 
 



Pajunoja A,  M. R. Alfarra, A. Buchholz, W.T. Hesson, G.B. McFiggans, A. Virtanen (2013c): Investigation of the 
effects of chemical and physical factors on the phase state of SOA particles. Abstract, European Aerosol Conference, 
2013 

 
Partanen, A.-I., H. Kokkola, S. Romakkaniemi, V.-M. Kerminen, K. E.J. Lehtinen, T. Bergman, A. Arola, and H. 
Korhonen (2012). Direct and indirect effects of sea spray geoengineering and the role of injected particle size, 
J. Geophys. Res., 117, D2 
 
Portin, H. , T. Mielonen, A. Leskinen, A. Arola, E. PŠrjŠlŠ, S. Romakkaniemi, A. Laaksonen, K.E.J. Lehtinen, M. 
Komppula (2012). Biomass burning aerosols observed in Eastern Finland during the Russian wildfires in summer 
2010 Ð Part 1: In-situ aerosol characterization. Atmos. Environ. 47, 269-278 
 
Prisle, N. L., Asmi, A., Topping, D., Partanen, A-I., Romakkaniemi, S., Dal Maso, M., Kulmala, M., Laaksonen, A., 
Lehtinen, K.E.J., McFiggans, G. and Kokkola, H. (2012) Surfactant effects in global simulations of cloud droplet 
activation, Geophys. Res. Lett., vol 39, L05802, doi:10.1029/2011GL050467 
 
Romakkaniemi S., Kokkola H. and Laaksonen A. : Parameterization of the nitric acid effect on CCN activation. 
Atmos Chem Phys 5 879-885, 2005. 
 
Romakkaniemi S., H. Kokkola, J.N. Smith, N.L. Prisle, A.N. Schwier, V.F. McNeill, A. Laaksonen: Partitioning of 
semivolatile surface active compounds between bulk, surface and gas phase, Geophys. Res. Lett., 38, L03807, 
doi:10.1029/2010GL046147, 2011 
 
Romakkaniemi, S., A. Arola, H. Kokkola, W. Birmili, T. M. Tuch, V.-M. Kerminen, P. RŠisŠnen, J. Smith, H. 
Korhonen, and A. Laaksonen  (2012) Effect of aerosol size distribution changes on AOD, CCN and cloud droplet 
number concentration: case studies from Erfurt and Melpitz, Germany J. Geophys. Res., 117, D07202, 8 PP., 
doi:10.1029/2011JD017091 
 
Romakkaniemi, S., A. Laaksonen and T. Raatikainen: : Effect of phase partitioning of semivolatile aerosol 
compounds on particles CCN-activity, submitted to Atmos. Meas. Tech., 2013 
 
Saukko, E., Kuuluvainen, H., and Virtanen, A. (2012a) A method to resolve the phase state of aerosol particles, 
Atmos. Meas. Tech., 5, 259-265, doi:10.5194/amt-5-259-2012 
 
Saukko, E., Lambe, A. T., Massoli, P., Koop, T., Wright, J. P., Croasdale, D. R., Pedernera, D. A., Onasch, T. B., 
Laaksonen, A., Davidovits, P., Worsnop, D. R., and Virtanen, A. (2012b) Humidity-dependent phase state of SOA 
particles from biogenic and anthropogenic precursors, Atmos. Chem. Phys., 12, 7517-7529 
 
Sorjamaa, R. and Laaksonen A. (2007)  The effect of H2O adsorption on cloud-drop activation of insoluble particles: 
a theoretical framework.  Atmos Chem Phys 7 6175-6180.  
 
VehkamŠki, H., M. J. McGrath, T. KurtŽn, J. Julin, K. E. J. Lehtinen and M. Kulmala (2012). Rethinking the 
application of the first nucleation theorem to particle formation. J. Chem. Phys., 136, 094107.   
 
 
Virtanen, A., Joutsensaari, J., Koop, T., Kannosto, J., Yli-PirilŠ, P., Leskinen, J., MŠkelŠ, J.M., Holopainen, J.K., 
Pšschl, U, Kulmala, M, Worsnop D.R. and Laaksonen, A. (2010). An amorphous solid state of biogenic secondary 
organic aerosol particles. Nature 467 824Ð827 
 
Westervelt, D. M., Pierce, J. R., Riipinen, I., Trivitayanurak, W., Hamed, A., Kulmala, M., Laaksonen, A., 
Decesari, S., and Adams, P. J. (2013) Formation and growth of nucleated particles into cloud condensation nuclei: 
modelÐmeasurement comparison. Atmos. Chem. Phys., 13, 7645-7663 



70 
 

  
OVERVIEW ABOUT ACTIVITIES IN AEROSOLS AND CLIMATE GROUP  

 
H. LIHAVAINEN, T. ANTTILA, E. ASMI, D. BRUS, A. HIRSIKKO, R. HOODA, A. HYVÄRINEN, N. 

�.�,�9�(�.�b�6�����-�����/�(�3�3�b�����.�����1�(�,�7�2�/�$�����(�����2�¶�&�2�1�1�2�5����T. RAATIKAINEN, J. SVENSSON, O. 
TOLONEN-KIVIMÄKI , V. VAKKARI  and T. VISKARI  

 
Finnish Meteorological Institute, Helsinki, PO.Box 503, 00101 Finland. 

 
Keywords:   Aerosol, Climate, Measurements, Modelling. 

 
INTRODUCTION 

 
Aerosol and climate research group carry out research on properties, processes and influences of aerosols 
to climate in the atmosphere, especially at northern latitudes. The research is based on continuous and 
campaign type measurements, laboratory experiments and modelling. The objective of the research is to 
answer following questions: 

�x what is the direct radiative forcing in our environment ? 
�x how does pollution in the atmosphere affect to the properties of clouds and indirect 
             radiative forcing in northern latitudes ? 
�x what is the ratio between direct and indirect forcing in our environment ? 
�x what is the role of human activities to the radiative forcing by aerosols in our  
             environment  

Here we report some of �W�K�H���J�U�R�X�S�¶�V���U�H�F�H�Q�W���D�F�W�L�Y�L�W�L�H�V�� 
  

METHODS 
 
The activities of the group can be divided into four categories: continuous in situ field measurements, 
modelling and data analysis, laboratory experiments and instrument development and campaign based 
measurements. In the following a more detailed insight to recent activities is given. 
 
1. Continuous field measurements 
   
Continuous field measurements of aerosol physical and optical properties are conducted in three different 
stations in Finland: In Pallas-Sodankylä Global Atmosphere Watch (GAW) station, Utö Atmospheric and 
Marine Research Station, and Virolahti measurement station. Utö and Virolahti are part of European 
Monitoring and Evaluation Programme (EMEP). In  Pallas-Sodankylä GAW  station we have studied 
aerosol  long term properties, for example, time series of new particle formation events (Asmi et al., 2011) 
and long term trends of aerosol  properties (Collaud Coen et al. 2012 , Asmi et al., 2012). Data from all 
above mentioned three stations, along with two other stations, Hyytiälä  and Kuopio, have been used to 
characterize black carbon aerosol properties in Finland, a gateway to Arctic (Hyvärinen et. al. 2011a).  
 
Group is also involved in several long term measurement programs abroad; India, Tiksi in Siberia, Saudi 
Arabia, and Marambio in Antarctica. The purpose is to study how aerosols in these very different 
environments affect to climate and air quality, what is the relationship between the effects of 
anthropogenic and natural aerosol sources. 
 
In India we have established a continuous measurement station, which has been operational since 2006. 
We have characterized the basic properties of  aerosol, the effect of monsoon on aerosols properties (e.g 
Hyvärinen et al, 2011b, Hyvärinen et al., 2011c,  Panwar et el. 2012) and new particle formation in rural 
background environment in northern India (Neitola et al., 2011). 
 
In collaboration with Russian Roshydromet and NOAA from USA, FMI has established a state of the art 
long term measurement station in Tiksi, Siberia , since  direct year-round observations of important 
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climate forcing agents have been inadequate within the Russian side of the Arctic. Since summer 2010, 
aerosol number size distributions of >7 nm particles have been measured in Arctic Russia, Tiksi. These 
aerosol measurements program was updated in summer 2013, and additional measurements of e.g. aerosol 
scattering and absorption, as well as ultrafine (>3 nm) particle numbers were started. New particle 
formation has been frequently observed in Tiksi, peaking in spring and summer months and is generally 
connected with clean, Arctic air masses (Asmi et al., 2013).  
 
A new aerosol in situ measurement station was established to Marambio in Antarctic peninsula in January 
2013 in co-operation with SNMA (Servicio Meteorologico Nacional Argentina). Measurements in 
Marambio include aerosol number size distribution, aerosol scattering and absorption coefficients, aerosol 
chemistry with impactors, CO2, CH4, H2O and albedo. Aerosol concentrations are typically as low in 
Pallas in winter time (~100 cm-3). New particle formation events are observed during local summer. 
 
The Finnish Meteorological Institute, together with the King Abdulaziz University (KAU) and the 
University of Helsinki, has established a background measurement station to study aerosols in the Western 
Saudi Arabia (Hyvärinen et al., 2013). The object of this study is to evaluate the quantities and properties 
of both natural and anthropogenic aerosols in the area, and their effect on climate change and air quality. 
The measurements were started in October 2012 with a projected length of three years. To our knowledge, 
this is the first effort to measure the size distribution, scattering and absorption properties of sub-micron 
particles with in situ methods in the region. In addition, the project includes upgrading the KAU air 
quality stations in Jeddah and knowledge transfer in the matters of climate change and air quality. 
 
�%�X�L�O�G�L�Q�J���R�I���)�L�Q�O�D�Q�G�¶�V���U�H�P�R�W�H���V�H�Q�V�L�Q�J���Q�H�W�Z�R�U�N���K�D�V���E�H�H�Q���D�F�F�R�P�S�O�L�V�K�H�G�� The aims for the network include 
monitoring and investigating aerosol, clouds and boundary layer wind and dynamics for weather forecast, 
air quality, aviation safety and climate change assessment purposes. The sites in the network represent 
different environments and climate conditions from southern to northern Finland : 1) Helsinki, urban 
environment with marine influence, 2) Utö island, part of the Finnish archipelago, 3) Hyytiälä, continental 
background site, 4) Kuopio, continental urban site and 5) Sodankylä, arctic continental site.  Doppler lidar 
(HALO Photonics) is one of the key instruments of the infrastructure (Wood et al., 2013). Therefore, 
performances of six Doppler lidars were investigated by carrying out two inter-comparison campaigns 
(Hirsikko et al, 2013).  
 
2. Modeling and data analysis 
 
Recent modelling activities of the group cover the following topics: 1) developing a method to determine 
the growth rate of a newly-formed particle mode, 2) analysis of the results from the recent field campaigns 
conducted at the Pallas GAW- and Hyytiälä SMEAR station, 3) interpreting results from the laboratory 
experiments investigating the growth of nano-sized sulphuric acid particles, 4) interpreting results from 
single particle soot photometer (SP2) and 5) and climate modelling. 
 
The growth rate of newly-formed particles (GR) is an important parameter with regard to the climatic 
impact of the resulting CCN, but determining the GR of a growing particle mode from field measurements 
poses a formidable problem. We have approached the issue by developing an algorithm that 1) calculates 
�W�K�H���³�U�H�S�U�H�V�H�Q�W�D�W�L�Y�H�´���G�L�D�P�H�W�H�U���R�I���W�K�H���P�R�G�H�����������F�D�O�F�X�O�D�W�H�V���W�K�H derivative of the resulting diameter to obtain 
GR, and 3) applies another algorithm to smooth the data series of GR in order to eliminate possible noise 
present in the data. The developed algorithm has been successfully tested against new particle formation 
events generated with a numerical model and against events observed at the GAW Pallas station (Anttila 
et al., 2013a).  
 
The CCN activity of particles was calculated on the basis of H-TDMA and AMS measurements and 
compared to the measured CCN activity for the 3rd Pallas cloud campaign (Anttila et al., 2012). The aim of 
these studies was to assess if information provided by these instruments can be used to predict the particle 
CCN activation properties accurately. Also, a series of sensitivity studies were performed to investigate if 
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simplified representation of the particle chemical composition can be used when parameterizing the cloud 
droplet formation in large scale models. The results show that results 1) calculations based on the H-
TDMA provided more accurate results compared to those obtained from the AMS data, and 2) simplified 
representations increased the discrepancy between calculations and measurements to some degree.  
 
We have also studied aerosol cloud activation capacity by means of CCN and HTDMA measurements and 
chemical composition was measurements by an aerosol mass spectrometer at Hyytiälä, Finland, during 
spring 2007 (Cerully et al., 2011). For a fixed aerosol size, CCN activity depends on hygroscopicity which 
describes the ability of particles to absorb water. Ideally, hygroscopicity can be calculated when aerosol 
chemical composition and the properties of the species are known. The aerosol organic fraction is a 
complex mixture of hundreds of compounds, but by applying a factorization algorithm to the mass 
spectrometer data, two different organic groups were identified. One group contains more oxidized 
hygroscopic organic species and the other group contains the less oxidized and less hygroscopic species. 
Aerosol composition was further examined by analyzing filter samples with nuclear magnetic resonance 
(NMR) spectroscopy (Finessi et al., 2012) and the spectra were again analyzed by the factorization 
algorithms. The more and less oxidized organic groups were also identified with the NMR method, which 
gives additional information about structures of the molecules in each group.  
 
The Hyytiälä 2007 CCN data set was representing Boreal forests in study examining droplet growth 
kinetics at different environments (Raatikainen et al., 2013a). For example, an organic surface film could 
decrease water vapor condensation rates during cloud formation and this would increase the total number 
of cloud droplet, but the average size would be smaller. However, the study showed that such kinetic 
limitations are not common in atmospheres or at least their effect on droplet size is negligible. 
 
Growth rate of nanoparticles produced by homogenous nucleation of H2SO4 and water were measured in a 
�O�D�P�L�Q�D�U���I�O�R�Z���W�X�E�H�����â�N�U�D�E�D�O�R�Y�i���H�W���D�O���������������������7�K�H���P�H�D�V�X�U�H�G���J�U�R�Z�W�K���U�D�Wes were compared against 
calculations performed with a condensational growth rate model. The results imply that the wall losses of 
gaseous H2SO4 in such systems can be smaller than previously thought and that the generated particles 
were probably neutralized by ammonium to some degree during the experiments.   
 
Single particle soot photometer (SP2) can measure both soot mass and scattering size for 100-500 nm 
particles, which can be used to calculate the fraction of particles containing soot, soot particle size 
distributions and total mass and number, and coating thickness for soot particles. For example, soot 
aerosol optical properties and CCN activity depend on the coating thickness. The work at the FMI 
includes development of the SP2 data analysis method, especially the method to calculate coating 
thickness, and both laboratory and field measurements. For example, measurements at Pallas, Finland, 
have showed that soot concentrations are low and practically all particles are thickly coated (Raatikainen 
et al., 2013b). 
 
We have studied the approach to mitigate warming of Arctic climate by black carbon (BC) emissions 
reduction at mid-latitudes, especially in Europe (www.maceb.fi). The impact of the current air quality and 
climate relevant legislation in the northern hemisphere on BC emissions, their transport to the Arctic, and 
eventually Arctic warming was investigated. We used the combination of emission data from both global 
(GAINS) and national (Finland, FRES) emission models; global (ECHAM5-HAM) and regional (REMO) 
atmospheric climate models; and measurements of BC concentrations in surface air and snow. Finally, the 
objective of the project is to transfer action procedures and experiences to assess and mitigate BC 
emissions from most important source sectors, e.g. small-scale wood burning. 
 
3. Laboratory experiments and instrument development 
 
In laboratory we have mainly studied nucleation, both unary and multicomponent nucleation. To the best 
of our knowledge, this is the first experimental work providing temperature dependent nucleation rate 
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measurements using a high efficiency particle counter with a cutoff- size of 1.5 nm together with direct 
measurements of gas phase sulfuric acid concentration (Brus et al., 2011).  
 
The influence of total pressure on homogeneous nucleation was investigated in cooperation with 
researchers from University of Cologne, Germany. The results fit well to previously published data of 
pressure effect measurements in alcohols series and also agree with theoretical predictions (Görke et al, 
2010). 
 
The growth of nanoparticles produced by homogenous nucleation of H2SO4 and water was studied in a 
laminar flow tube at wide range of temperatures 283-303 K, under dry (a relative humidity of 1%) and wet 
conditions (relative humidity of 30%) and residence times between 30 and 90 s. Results of this study are 
summarized in �â�N�U�D�E�D�O�R�Y�i���H�W���D�O������2013) 
 
In instrument development we have found an undercounting feature of black carbon in Multi Angle 
Absorption Photometer (MAAP). This was found during field experiments in polluted areas and occurs 
with high concentration. This was quantified with laboratory experiments and a method to correct for this 
has been proposed (Hyvärinen et al., 2013).  
 
4. Field campaigns  
 
We have been conducting a series of cloud campaigns in Pallas-Sodankylä Global GAW station. The first 
Pallas Cloud Experioment (PaCE) was held in 2004 , second in 2005, third one in 2009 and fourth in 
2012. The wide range of instrumentation used in this campaign allowed us to investigate in deep the 
physico-chemical properties of aerosol, cloud droplet activation and hygroscopicity of aerosol particles 
and also directly the cloud particle phase. The results of this campaign has been partly analysed (Brus et 
al., 2013a) and presented also here (Brus et al., 2013b). The group also participated in an international 
cloud campaign held in January and February 2013 at Cézeaux �±Opme-puy-de-Dôme (CO-PDD), 
Clermont-Ferrand, France.  
 
The group started flight measurements using a modified short SC7 skyvan airplane in summer 2012. 
Several vertical profiles of aerosol and CCN numbers, aerosol chemistry and scattering, as well as GHG 
and trace gases have been measured during summer 2012 and winter and spring 2013. This data have been 
used to study e.g. nitrate partitioning in aerosol phase at higher altitudes, as well as the occurrence of 
layers of small particles (Asmi et al., 2013). In spring 2013 flights were organized together with an EU-
pegasos project, to fly simultaneously using different platforms and complementing instrumentation. 
In winter and spring 2013, particulate and gaseous emissions from ships were measured using two 
different airplanes and a helicopter (Lihavainen et al., 2013).  
 
The group has been active also in finding out the effects of black carbon to snow properties. For example 
the spatial and temporal dynamics of black carbon in the snowpack has been investigated. An example of 
this was the spatial variability of elemental carbon (a proxy of black carbon) that was addressed in surface 
snow on a metre scale (Svensson et al., 2013). Snow samples were collected at a clean site (Pallas, 
northern Finland) and a polluted site (Stockholm, Sweden) during winter and spring for comparison. The 
results showed metre scale horizontal variability in concentration, and that the relative variability in Pallas 
was much greater than in Stockholm despite the fact that Stockholm is closer to the black carbon sources. 
Post depositional processes in the snow (such as wind drift) are proposed to explain this feature. This 
study emphasize the importance of carefully choosing sampling sites and the importance of collecting 
multiple snow samples to obtain representative black carbon concentrations in an investigation area. 

 
CONCLUSIONS 

 
An overview has been presented of �W�K�H���J�U�R�X�S�¶�V��recent activities. These supports the objectives of the 
group mentioned in the introduction, the collaborating universities and institutes and the goals of the 
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Finnish Center of Excellence 'Physics, Chemistry, Biology and Meteorology of Atmospheric Composition 
and Climate Change�¶���S�U�R�J�U�D�P�����2�X�U���Z�R�U�N���F�R�Q�W�U�L�E�X�W�Hs to achieve the objectives in Work Packages 1, 2, 3 
and 4. 
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OVERVIEW OF THE PERSONNEL DEVELOPMENT DURING THE 2ND FCOE 
  
In 2009-2013 soil research at FCoE was expanding rapidly. We opened up new research areas such as 
the emissions of biogenic volatile compounds (BVOCs) from soil, lateral carbon transport and its 
importance for landscape scale carbon balance and the effect of easily decomposable carbon on the 
decomposition of soil organic matter (SOM) and the effect of disturbances on soil carbon cycle. Due 
to growing number of research topics, the number of personnel working on soil related studies 
increased rapidly. We got two Academy Researcher fellowships (Jukka Pumpanen and Jussi 
Heinonsalo) and 2 post-doctoral fellowships (Mari Pihlatie from Academy of Finland and Kajar 
Kšster from Estonian Science Foundation and Academy of Finland) and several PhD student grants 
from different foundations (e.g. Janne Korhonen, Hermanni Aaltonen and Antti-Jussi Kieloaho). 
Funding from Academy of Finland also helped us to recruit new PhD students (Aki LindŽn, Minna 
Santalahti and Heli Miettinen) and several MSc students. During the second FCoE period 3 PhD 
theses related to soil and forest floor greenhouse gas fluxes were completed (Liisa Kulmala 2011 
ÔPhotosynthesis of ground vegetation in boreal Scots pine forestsÕ, Hermanni Aaltonen 2012 ÔBoreal 
forest soil as a source of BVOC emissionsÕ and Terhi Rasilo ÔConnecting silvan and lacustrine 
ecosystems: transport of carbon from forests to adjacent water bodiesÕ 2013). 
 

SCIENTIFIC REVIEW OF THE TOPICS RELATED TO SOIL RESEARCH IN THE 2ND FCOE BETWEEN 2009-
2013 

 
The research was focused on interactions of soil processes with atmosphere and the greenhouse gas 
fluxes (CO2, CH4, N2O, Biogenic volatile organic compounds BVOCs and volatile organic nitrogen 
compounds VONs) between the soil and the atmosphere and the underlying processes. The response 
of forest soil to rising atmospheric CO2 concentration and rising temperature, and their feedback 
effects on greenhouse gases and aerosols in the atmosphere, and thus to the radiative forcing of the 
atmosphere, are key questions when predicting the future climate.  
 
Plant growth and carbon allocation in boreal forest ecosystems depend on the supply of recycled 
nutrients within the forest ecosystem, because the external inputs in the form of atmospheric 
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deposition and weathering are very low compared to the total requirement. Recent studies have shown 
that plants emit root exudates rich in carbohydrates which sustain mycorrhizal fungal symbionts, but 
also other groups of specialized micro-organisms (Hšgberg and Read, 2006, Pumpanen et al., 2009; 
Heinonsalo et al., 2010, Pumpanen et al. 2012). In microcosm experiment, we observed that the 
amount of carbon allocated to root and rhizosphere respiration was about 9Ð26%, and the amount of 
carbon allocated to root and ectomycorrhizal biomass about 13Ð21% of the total assimilated CO2 
(Pumpanen et al., 2009, Heinonsalo et al., 2010).The flux of carbon belowground stimulates the 
decomposition of SOM and nitrogen uptake of trees (Drake et al., 2011, Phillips et al., 2011). It has 
been suggested that root exudates and other easily decomposable carbon could enhance the 
decomposition of old SOM (Fontaine et al., 2007, Kuzyakov 2010) and turnover rates of nitrogen in 
the rhizosphere with possible growth enhancing feedback in vegetation (Phillips et al. 2011). In our 
ongoing studies, we have also observed that the root exudates and other easily decomposable carbon 
increase mineralization of old recalcitrant SOM. This was shown both in the age of respired CO2 from 
the soil and 15N isotopic signal of the trees (LindŽn et al., 2013 submitted manuscript). 
 
In coupled climate-carbon cycle models, biological activity of soils is usually driven by abiotic factors 
such as temperature and moisture (Conant et al., 2011). However, in nature the effects of temperature 
are coupled with other environmental factors such as irradiation, and allocation of carbon 
belowground (Reichstein et al., 2005), which are seasonally and geographically highly variable. Plant 
growth and carbon allocation in boreal forest ecosystems depends on the supply of recycled nutrients 
within the forest ecosystem, because the external inputs in the form of atmospheric deposition are 
very low. In nitrogen limited boreal forest ecosystems the biologically available nitrogen (NH4 and 
NO3) is in short supply although the amount of N bound to SOM may be large (Korhonen et al. 2013). 
Upon the decomposition of lignocellulose, the proportion of compounds with higher nitrogen content 
increases while the proportion of compounds containing carbohydrates (hemicellulose and cellulose) 
decreases. Therefore, there is a large pool of immobilized nitrogen in the slowly decomposing SOM 
pool (HŠttenschwiler and Vitousek 2000).  
 
Nitrogen balance of boreal forests and peat lands have been one of the focal points of the soil research 
conducted in the FCoE. Korhonen et al. (2013) showed that in the boreal forest stand at SMEARII 
station nitrogen uptake and retranslocation were of same importance as sources of N for plant growth. 
Most of the nitrogen taken up originated from decomposition of organic matter, and the fraction of 
nitrogen that could originate directly from deposition was about 30%. Dry deposition and organic 
nitrogen in wet deposition contributed over half of the input in deposition. Total output of nitrogen 
from the site was only 0.4 kg N ha-1 yr-1, the most important outputs being atmospheric N2O emission 
and organic nitrogen flux in drainage flow.  Kieloaho et al. (2013 in press) observed seasonal cycle in 
amine concentrations in air samples collected from the forest canopy at SMEARII station.  The amine 
concentrations seem to be linked with vegetation, soil activity, and litterfall, rather than to other trace 
gases in the atmosphere. Due to the large pool of organic nitrogen soil can also be a substantial source 
of organic amine compounds. This is because the most common form of N in soils is amino acid N 
(20Ð50% of the total N as amino N) (Senwo and Tabatabai, 1998). Recently, we carried out a 
mesocosm experiment where amine formation in forest soil was induced with different enzyme 
treatments and artificial glucose amendments. The preliminary results show that amine formation is 
closely linked with root system and its processes.  In more detailed laboratory conditions, the main 
pool of amines in soil seem to be certain ectomycorrhizal fungi that also have high proteolytic 
activities (Heinonsalo et al. unpublished). 
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Figure. 1 Nitrogen balance of a boreal Scots pine stand at SMEARII (Korhonen et al. 2013). 
 
Recent studies have shown that the nitrogen mineralization is stimulated by increases in the flux of 
carbon belowground resulting in feedbacks to nitrogen cycling and nitrogen uptake of the trees (Drake 
et al., 2011 and Phillips et al., 2011). This may further increase net primary productivity of the forest 
ecosystem (Hari and Kulmala, 2008). However, the feedback mechanisms are poorly known and not 
quantified so that they could be incorporated in coupled climate-carbon cycle models (Arneth et al., 
2010, Drake et al., 2011, Conant et al., 2011). We are studying the processes underlying nitrogen 
acquisition of trees and ground vegetation from old recalcitrant SOM by using stable isotopes (15N, 
13C), radiocarbon dating, mesocosm and field experiment as well as process modeling. According to 
our results, the amount of easily decomposable carbon (glucose) affects the source of nitrogen of 
Pinus sylvestris (LindŽn et al., 2013 submitted). We have also observed that the activity of 
belowground carbon sink is reflected to the aboveground photosynthesis in the common boreal tree 
species (Pumpanen et al., 2012). The photosynthetic rate decreased in low soil temperatures (7Ð12¡C) 
and increased at higher temperatures (12Ð15¡C and 16Ð22¡C). The net CO2 exchange and seedling 
biomass did not increase with increasing temperature due to a concomitant increase in carbon 
assimilation and respiration rates. Biomass accumulation was highest in the medium temperature (12Ð
15¡C). 
 
Fire and storm are the most important natural disturbances in the boreal zone greatly influencing the 
structure, composition and functioning of forests. Although less than 1 % of the boreal forests burn 
each year, it is a significant land area since boreal forests cover 15% of the Earth's land area. It is 
expected that with future climate change the fires in boreal forests will become more frequent as a 
result of long droughts. Already now, large forest fires are common in Russia and Canada in summer. 
During a fire, SOM, mostly carbon, is released from the forest biomass rapidly to the atmosphere 
through combustion, and simultaneously the mineralized N is released in the soil in the form of NO3

- 
and NH4

+ favoring the re-establishment of vegetation during the first years of succession. However, 
the long term consequences of fire on the carbon and nitrogen cycle are largely unknown. For 
instance, we do not know how the turnover rate of the remaining SOM will change as a result of 
changes in the fire interval. In 2010, we established a chronosequence study at SMEAR I station and 
its surrounding forests in VŠrriš Strict Nature Reserve for studying the processes underlying carbon 
and nitrogen cycle at taiga forests exposed to fire. Until now, we have conducted soil CO2 efflux 
measurements as well as above and below ground carbon and nitrogen pool inventories. We observed 
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that in the fire chronosequence fungal biomass determines the turnover rate of SOM (Kšster et al., 
2013 submitted). We also noticed that the SOM turnover rate was higher the older the forest stand 
was, and we assume that this was related to the increased below ground carbon allocation needed for 
nutrient acquisition from recalcitrant SOM. Currently, we are studying how the decomposition 
activity in the soil is related to the activity of enzymes and microbial population structure. This work 
is based on molecular biological methods such as high-throughput pyrosequencing. 
 
The chronosequence approach was also used when studying the role of ground vegetation in the 
carbon exchange of boreal forest ecosystems (Kulmala et al. 2011ab). A process model for estimating 
the gross primary productivity (GPP) of the most common shrub species was developed by Kulmala 
et al. (2011a), and used for determining the GPP of a chronosequence of clear-cut sites around 
HyytiŠlŠ (Fig. Kulmala et al., 2011b). In boreal forests ground vegetation plays an important role in 
the carbon exchange; its contribution to total annual GPP was highest in 6 to 9-year-old forest sites 
(about 350 g C m-2) and decreased during the forest succession. 
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Figure 2. Kulmala et al. 2011 Daily maximum rates of photosynthesis of ground vegetation at 
different aged Scots pine forests in Southern Finland (Kulmala et al. 2011b)  
 
The role of aquatic systems as a net sink or a source for atmospheric CO2 is presently under debate. In 
a recent Nature paper (Yvon-Durocher et al., 2012), we showed that the annual ecosystem respiration 
in aquatic ecosystems shows a substantially greater temperature response compared to terrestrial 
ecosystems. This can be due to differences in the importance of other variables such as primary 
production and allochtonous/terrestrial carbon inputs to the aquatic systems. When precipitation or 
other processes push large volumes of organic matter from the land into nearby lakes, this carbon 
effectively disappears from the terrestrial carbon budget if - as usual -lacustrine fluxes are ignored. 
We tracked the flow of carbon into and out of a lake in Southern Finland over five years and found 
that the lake was a net source of carbon, emitting from 70 and 100 g C m-2 each year. When compared 
against the surrounding old growth forest, which was a net carbon sink, the lacustrine emissions were 
enough to offset about 10% of the forestÕs annual carbon sequestration (Huotari et al., 2011). It is 
obvious that aquatic carbon fluxes must be accounted for when estimating carbon fluxes at landscape 
and regional level. This is especially true in the boreal zone where lakes are abundant (Hanson et al., 
2004; Wetzel, 2001). The CO2 which is transported from aquatic ecosystems to the atmosphere 
originates from the surrounding soils and wetlands, from mineralization of organic carbon and from 
respiration of roots and mycorrhiza. Thus, the biological processes in the terrestrial ecosystem (e.g. 
photosynthesis, respiration and decomposition) are linked with the aquatic processes. In our recent 
studies, we observed that CO2 concentrations in stream and lake are indeed controlled by the water 
flushing from the surrounding forest soil through the riparian zone during and after heavy rain events 
(Rasilo et al., 2012).  
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For monitoring the CO2 concentrations in the aquatic systems and in the soil profile, we developed a 
novel method using non-dispersive infrared CO2 sensors (Hari et al., 2008). The system has been 
successfully used in our group for measuring photosynthesis and respiration of planktonic algae (Hari 
et al., 2008), vertical distribution of respiration in the soil profile and the seasonal pattern of root and 
rhizosphere respiration (Pumpanen et al., 2008) and changes in the CO2 concentrations in the soil, 
riparian zone, stream and lake continuum following rain events (Rasilo et al., 2012). 

 
Figure 3. Time lags in CO2 concentration following rain event at 0.5, 1.5, 2.0 and 3.0 m depth in the 
lake and in outlet stream 150 m downs stream from the lake. The gray lines denote 24 h average CO2 
concentrations over a 7 day period prior to the rain event and the black line is the CO2 concentration 
after the rain event (Rasilo et al. 2012). 
 
Riparian zone, i.e. the interface between terrestrial and aquatic ecosystems is an important hotspot 
area having important implications both in the lateral transport of carbon and nitrogen and as a source 
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of the important greenhouse gases CO2, CH4, N2O and also BVOCs. In lakes greenhouse gases (CO2, 
CH4, N2O) accumulate under the ice during winter and are released rapidly after ice out. The 
proportion of aromatic compounds in the water percolating through the soil profile increases as it 
passes through the riparian zone (Rasilo et al., manuscript 2013) indicating that the riparian zone also 
acts as a source of aromatic and volatile compounds. However, the processes affecting the water 
quality in the pathway from the terrestrial to the aquatic ecosystems are still poorly known. 
 
Forest floor is also a significant source of BVOCs (Aaltonen et al. 2011, BŠck et al. 2010), and a 
potential source of volatile organic nitrogen compounds (VON) (Kieloaho et al., 2013). Emissions of 
most common BVOCs !-pinene, "3-carene and camphene, #-pinene, limonene, isoprene and 
sesquiterpenes were highest in spring and autumn (Aaltonen et al., 2011).  The most abundant 
BVOCs were monoterpenes !  -pinene, "3-carene and camphene which contributed over 90% of the 
soil BVOC emissions. Monoterpene emissions were 5.04 $g m-2 h-1. Important steps forward in soil 
BVOC and VON research in the FCoE were the development of automated continuous chambers for 
BVOC measurements (Aaltonen et al., 2013) and a sampling system for atmospheric VON 
measurements (Kieloaho et al., 2013). The BVOC chambers were connected to a proton transfer 
reaction mass spectrometer (PTR-MS) which enabled continuous online measurements of molecular 
masses of the BVOCs. The continuous measurements provided first information on the relationship 
between soil surface BVOC emissions, relative humidity (RH), temperature, photosynthetically active 
radiation (PAR) and net CO2 exchange of forest floor. The automated chamber measurements 
revealed a clear diurnal variation in BVOC fluxes, a positive correlation between air temperature and 
BVOC emissions and a negative correlation between RH and BVOC emissions, but no clear 
correlations with PAR and net CO2 exchange of the forest floor (Aaltonen et al., 2013). The results 
suggest that to forest floor BVOC fluxes forest floor vegetation may be more important than soil 
itself. We developed and tested at SMEAR II station a measuring systems for atmospheric VON 
compounds (amines), and the first measurements revealed a clear seasonal variation in the VON 
concentrations, and similarly to BVOCs, the results suggest that many of the atmospheric amines 
could originate from the forest floor (Kieloaho et al., 2013). In future, this measurement system will 
be adapted to measurements of VON fluxes from the forest floor. During the second FCoE period, we 
also developed a method to measure the BVOC concentrations in the snow pack in situ and calculated 
the winter time BVOC production and consumption in the snow pack using the concentration gradient 
method (Aaltonen et al., 2012). We measured 20 VOCs from the snowpack, monoterpenes being the 
most abundant group with concentrations varying from 0.11 to 16 µgm%3. Sesquiterpenes and oxygen 
containing monoterpenes were also detected. Inside the pristine snowpack, the concentrations of 
terpenoids decreased from soil surface towards the surface of the snow, suggesting soil as the source 
for terpenoids. Our results from winter time BVOC measurements also showed that soil processes are 
active and efficient VOC sources also during winter, and that natural or human disturbance can 
increase forest floor VOC concentrations substantially. 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Seasonal pattern of BVOC emissions 
with manual chamber measurements (Aaltonen et 
al. 2011) 
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Figure 4. Seasonal pattern of BVOC emissions with automated continuous chamber measurements 
(Aaltonen et al. 2013). 
 
 

CONCLUSIONS 
 
To sum it up, soil plays an important and active role in controlling the greenhouse gas balance in the 
atmosphere and it also affects indirectly the radiative forcing of the atmosphere through various 
feedback effects. In the future, we will emphasize the process understanding in our studies by 
planning field and laboratory experiments for studying the connection between above and below 
ground parts of the forest ecosystem. We will also continue studying the role of lateral transport of 
greenhouse gases between the ecosystems e.g. the connection between aquatic and terrestrial systems. 
Incorporation of the feedback mechanisms of belowground carbon allocation, in particular the role of 
root exudates and ectomycorrhizal fungi, and mineralization of soil organic matter into the soil carbon 
decomposition models e.g. YASSO, will also be an important part of the research activity of the soil 
group in the next FCoE period. We will also study the role of disturbance and weather extremes such 
as drought events and fires on the biogeochemical processes in the forest ecosystems, because the 
frequency of disturbance events is expected to increase in the future as a result of climate change.  
Finally, last but not least we will strengthen our already strong methodological skills in greenhouse 
gas flux measurements (Pumpanen et al. 2004, Pihlatie et al. 2013) by organizing a new campaign to 
quantify errors related to N2O flux chamber measurements in 2014. 
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