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OBJECTIVES AND THEIR UPDATES

Feedback mechanisms are essential components of our climate system, as they either accelerate or slow
down changes in climate-related quantities in the presence of external forcings. Prior to the ongoing CoE
funding, we had qualitatively solved the terrestri

climate feedback loop connecting the increasi i oR,, dry
atmospheric carbon dioxide concentration, chan A ==,
in gross primary production (GPP) associated w /

the carbon uptake, organic aerosol formation in { co, 9% epp

atmosphere, and transfer of both diffuse and glo
radiation. During the ongoing CoE funding peric K /
2014-2016, we have now provided the fir 30% — Ra— 85

guantitative estimate regarding this feedba

combining 'process-level . understanding ~ wi Figure 1. Quantitative results of the GPP feedback loop
comprehensive, long-term field mea'surement d  sbrained from observations made at SMEAR I, Finland,
set collected from a boreal forest site SMEAR  during 1995-2011. For each step, the percentage refers to
(Ku|ma|a et al. 2014b, Fig_ ]_). Our estimate of t| the change in the second variable of that step that was

gain in GPP resulting from the feedback is larc related to the change in the first variable determined by
= the previous step. Figure from Kulmala et al. 201..



than the gains of the few atmospheric chemistry-climate feedbacks estimated using large-scale models
(Kulmala et al. 2014b). Our analysis demonstrates the power of using comprehensive field measurements
in investigating the complicated couplings between the biosphere and atmosphere on one hand, and the need
for complementary approaches relying on the combination of field data, satellite observations model
simulations on the other hand.

During the coming CoE funding period 2017-2019, our objective is to quantify the COBACC feedback
mechanisms and expand the understanding to cover various environments. The ultimate aim is to produce a
guantitative estimate of the climate feedback loop first for boreal and arctic climate regions and finally for
the global climate. The specific objectives that have been updated/added are:
1. To find out and quantify the main climatic feedbacks and forcing mechanisms related to aerosols,
clouds, precipitation, biosphere-atmosphere and cryosphere-atmosphere interactions by:
. Extension of the comprehensive, continuous and long-term observations of atmospheric
composition (aerosols, ions, trace gases, clusters, greenhouse gases) to other arctic and
boreal environments and to targeted field studies globally

. Capacity building of atmospheric composition measurement and data interpretation in
selected, currently underrepresented areas, such as Russia and China
. Analyzing the potential impacts of climate change on ecosystem processes e.g. by

experimenting in forested ecosystems using the highly instrumented world-class
observatories

. Unraveling the effects of disturbance mechanisms such as extreme weather events and wild
fires on processes underlying GHG and BVOC fluxes between ecosystems and the
atmosphere in boreal and arctic areas, including permafrost regions

2. To develop, refine and utilize the newest measurement techniques and modeling tools scaling from
guantum chemistry to global Earth System Observations and Models by:
. Chemical sensors further developed for monitoring of amines
. Increased attention to primary biological aerosol particles from different ecosystems
. Versatile and flexible solid phase microextraction based air sampling systems, further
developed for in-situ analysis of different chemical compounds
. Expansion of the ground-based observations to the atmospheric column with ground-based

and satellite borne remote sensing and aircraft observations and integrating data analysis
including new optical products such as SIF and PRI

. Expansion and utilization of the unique time series on metabolic processes controlling the
biogeochemical cycles in ecosystems
. Improved observation capacity for OH reactivity, trace gases, atmospheric ions and
clusters, radicals, atmospheric aerosols, and clouds
3. To create a deep and quantitative understanding on the role of atmospheric clusters and aerosol

particles in local and global biogeochemical cycles of water, carbon, sulfur and nitrogen and their
linkages to the atmospheric chemistry by:

. Clarifying the amine reactions in the atmosphere and the effects on aerosol particle
formation under atmospheric conditions by different chemical measurements

. Clarifying and quantifying contribution of ELVOCs on new particle formation and
formation of secondary organic aerosols

. Defining the most important physical and chemical factors controlling the cloud droplet

activation of atmospheric aerosols and developing a simplified thermodynamic presentation
to describe the activation

4. To integrate the results in the context of regional and global scale Earth system understanding by
participating in international research initiatives:
. CoE ATM has joined the European consortium of EC-Earth. The EC-Earth model is

developed by over 20 institutes around Europe, and ATM CoE will pursue a significant role
in the core development team. EC-Earth will provide a state-of-the-art global numerical
laboratory for studying the main scientific questions of ATM CoE. ATM CoE will develop
necessary processes in EC-Earth, including BVOC emissions, SOA formation and aerosol-



cloud interactions. Furthermore, EC-Earth will be applied to quantify the COBACC
feedback loops.

. CoE ATM is participating Coupled Model Intercomparison Project phase 6 (CMIP6) with
EC-Earth, both in terms of developing the CMIP6-version and providing CMIP6
simulations for the consortium. EC-Earth development at CoE ATM will ensure that the
core processes and interactions of COBACC are adequately incorporated. The close
integration to the CMIP6 process provides a link to following IPCC reports.

In the beginning of 2017, the UEF team will be strengthened by a new Biogeochemistry group
(http://www.uef.filen/web/bgc), thus merging the approaches previously developed in UH/For in soll
biogeochemistry and the UEF aerosol team into a new, multidisciplinary component in CoE ATM. The
group led by newly appointed Professor Jukka Pumpanen studies the processes underlying GHG fluxes
between ecosystems and the atmosphere and focuses on the response of the fluxes to climate and land use
change. They contribute to Tasks 2.4 “Production of aerosol precursors by biosphere processes in various
environments” and 2.5 “Atmospheric turbulence, fluxes of clusters, GHGs, BVOCs, amines, sulfur
compounds, oxidants, HONO, COS” in the CoE ATM research plan. The research focus of UEF aerosol
group is on aerosol-cloud interaction studies and on investigations of anthropogenic-biogenic interactions
related to atmospheric secondary products formation. Hence the new Biogeochemistry group in UEF team
will strengthen the multidisciplinary aspects and open new research possibilities at UEF.

SCIENTIFIC AND SOCIETAL SIGNIFICANCE OF THE COE ATM

During the previous CoE periods, the Finnish atmospheric and Earth system science community has been
systematically working towards building an internationally leading, integrated multidisciplinary research
environment for atmospheric and Earth system science to study biosphere-aerosol-cloud-climate-air quality
interactions. The key strength of our scientific approach is the combination of comprehensive, continuous
long-term observations, extensive field and laboratory experiments, use of satellite data, and advanced
modeling leading to theoretical understanding and quantitative predictions of different atmosphere-
biosphere processes, and innovative method and instrument development. An important factor behind the
success of the CoE ATM is the long-lasting, multidisciplinary collaboration between the Universities of
Helsinki, University of Eastern Finland and FMI, and between the physics, chemistry and forest sciences
within the UH. All PIs are experts in their research fields and contributing to the research, development of
research methods and teaching for their topics.

As stated in the Scientific Advisory Board report: “The ATM CoE is a scientific endeavor that is ambitious,
creative, and successful. It is recognized worldwide as the leading scholarly center for aerosol research and
as one of the top centers for atmospheric science more broadly... Compared to previous periods the focus
and number of groups have expanded and the CoE now spans a wide range of atmospheric science including
observation based research on aerosol nucleation, growth and molecular composition, atmospheric
chemistry. The CoE has solid contribution by biologists. It also includes observational elements focusing
on the atmosphere - biosphere exchange of reactive species, greenhouse gases and energy. The observatior
based process studies are linked together through state-of-the-art modeling at a range of space and time
scales. We note, that there are many institutes around the world with strong connections between
atmospheric physics and atmospheric chemistry. Fewer have had the vision to push forward into the linkages
to biology. The CoE is a pioneer in this respect.”

CoE ATM leader Markku Kulmala is the world leading scientist in the area of atmospheric nucleation and
related biosphere-atmosphere interactions. Five of our researchers have been selected as Thomson Reuters
Highly Cited Researchers 2014-2016: Markku Kulmala (UH), Douglas Worsnop (UH and UEF), Veli-Matti
Kerminen (UH), Tuukka Petaja (UH) and Ari Laaksonen (FMI). In addition, 13 of our researchers are among
the 1000 most cited researchers in the field of geosciences including five younger scientists (post docs and
tenure tracks). During the previous three years, we have received one ERC Advanced Research Grant, one



ERC consolidator grant, and two ERC Starting Grants, and two Academy professorships to the CoE ATM
team, all signs of the outstanding scientific merits and excellence. We have also had two FiDiPro nominees
and several international awards e.g. The Fedor P. Litke Gold Medal of the Russian Geographical Society,
Distinguished Visiting Fellow status by IIASA, and two Chinese honorary professorships to Markku
Kulmala, The 2015 Alfred Wegener Medal & Honorary Membership to Sergei Zilitinkevich, Fuchs Award

to Douglas R. Worsnop, Nordic Aerosologist Award to Hanna Vehkamé&ki and International Aerosol Fellow
Award 2016 to Kaarle Hameri.

During the years 2014-2016 (June), the CoE ATM team has published 554 peer-reviewed scientific articles
in high-level journals including 5 in Nature and 2 in Science. The work has produced several benchmarking
studies regarding e.g. measurements and modeling on atmospheric new particle formation and gas-to-
particle conversion processes (e.g. Kulmala et al. 2014a; Kirten et al. 2014; Ehn et al. 2014; Jokinen et al.
2015; Olenius et al. 2015; Kirkby et al. 2016; Trostl et al. 2016; Bianchi et al. 2016; Lehtipalo et al. 2016;
Sipila et al. 2016; Duplissy et al. 2016; Merikanto et al. 2016), aerosol cloud interactions (e.g. Hansen et al.,
2015; Pajunoja et al., 2015; Véaisénen et al., 2016), analysis of forest, peatland and lake ecosystem carbon
and nitrogen budgets and related processes (e.g. Pumpanen et al. 2014; Mammarella et al. 2015; Kdster et
al. 2015; Petrescu et al. 2015; Stepanenko et al. 2016; Machacova et al. 2016), and development of
sophisticated methods and models for atmospheric physics and chemistry (e.g. Steiner et al. 2014;
Parshintsev et al. 2015; Franchin et al. 2015; Barreira et al. 2015; Wimmer et al. 2015; Kangasluoma et al.
2016). The preliminary quantitative answer to our main objective (COBACC feedback loop) is published
by Kulmala et al. (2014b). Please see the research highlights in more detail in the next chapter.

In addition to scientific breakthroughs, we provide access to highly equipped field sites — like SMEAR I
and Pallas-Sodankylda GAW, SMEAR 1V in Kuopio for aerosol-cloud interaction studies, laboratories and
unigue datasets, as well as training and education for physics, forest sciences and chemistry. The joint and
coherent experimentation and common method development will improve the repeatability of research
results, maximize the benefits of running costly experiments, and make better use of the existing equipment,
personnel and facilities.

The links from the scientific breakthroughs towards innovations are established via a close co-operation
with SMEs, especially with two of our spin off companies providing aerosol particle counters, mass
spectrometer products and ultrahigh sensitivity explosive trace detectors. Furthermore, FMI and UH have a
strategic partnership with Vaisala Ltd and have close connections to other companies, e.g. Space System
Finland. UH and FMI are partners in Cluster for Energy and Environment research consortium, CLEEN Ltd
and contribute to the CLEEN research programs.

RESULT HIGHLIGHTS

During years 2014-2016, we have provided the first quantitative estimate regarding the ecosystem climate
feedback (Kulmala et al. 2014b). This work is based on combining process-level understanding with
comprehensive, long-term field measurements in investigating the complicated couplings between the
biosphere and atmosphere on one hand, and the need for complementary approaches relying on the
combination of field data, satellite observations and model simulations on the other hand. The importance
of the continuous, comprehensive observations have been shown in addition to the feedback loop
investigations, in the recent findings during solar eclipse (Jokinen et al. in review). The different findings at
SMEAR stations have been also the basis for our leadership in the European Strategy Forum on Research
Infrastructures (ESFRI) ICOS and ACTRIS.

Our research highlights from years 2014-2016 cover topics from atmospheric new particle formation, gas-
to-particle conversion and cloud formation processes, to ecosystem processes, air quality, global climate,
and development of new research methods. The atmospheric gas-to-particle conversion and new particle
formation results include e.g. discovery of extremely low volatile organic compounds from monoterpene



oxidation forming a large source of secondary organic aerosols (SOA, Ehn et al. 2014, Kokkola et al. 2014),
discovery of pure biogenic nucleation without sulphuric acid (Kirkby et al. 2016), presenting a model using
combination of quantum chemistry and thermodynamics that can predict experimental sulphuric acid -water
particle formation (Duplissy et al. 2016; Merikanto et al 2016), revealing the theoretical basis for first ever
molecular level understanding of atmospheric particle formation (Sipila et al 2016), modelling work
showing that approximate continuum models for cluster and particle growth can lead to distortions of cluster
concentrations (Olenius et al. 2015), development of chemistry-aerosol-dynamic models to include a multi-
layer deposition module for all gaseous molecules (Zhou et al. 2016), development of new methods and
knowledge on particle counter operation, cluster generation and heterogeneous nucleation (Lehtipalo et al.
2014; Steiner et al. 2014; Kangasluoma et al. 2015, 2016; Franchin et al. 2015; Wimmer et al. 2015; Jokinen
et al. 2015; Wagner et al. 2016; Wang et al. 2016), observations of aerosol formation and concentrations at
various sites around the world (Paramonov et al. 2015; Nieminen et al. in preparation), and analysing long
aerosol and non-methane hydrocarbon (NMHC) data series from Arctic stations (Lihavainen et al. 2015;
Uttal et al. 2015; Hellén et al. 2015; Asmi et al. 2016; Anttila et al. 2016). The CLOUD studies have revealed
that e.g. biogenic SOA formation plays crucial roles in atmospheric cloud condensation nuclei production
(Dunne et al. submitted), that more hygroscopic particles are more prone scavenge into cloud droplets than
less hygroscopic particles (Vaisdnen et al. 2016), and increased our understanding of Arctic cloud layers
and their seasonality (Hirsikko et al. 2014; Hirsikko et al. in preparation). Also new methods have been
developed to verify the representation of microphysical processes in operational numerical weather
prediction models. In atmospheric chemistry, we have e.g. developed small scale on-line and off-line mass
spectrometry based method to study chemical reactions in gas phase (Duporté et al. 2016), and a novel
method based on comprehensive two-dimensional gas chromatography coupled to time-of-flight mass
spectrometry to determine vapor pressures of atmospheric aerosols (Parshintsev et al. 2014; Helin et al.
2015). In the ecosystem processes results, we have studied e.g. the effect of weather and needle ontogenesis
on monoterpene synthase activity, storage and emission in Scots pine (Vanhatalo et al. submitted),
monoterpene fluxes from forest floor (M&ki et al 2016), and the effect of wind and water convection on the
surface exchange of carbon dioxide in lakes (Mammarella et al. 2015). It has been found that mature Scots
pine trees consistently emit N2O and CH4 (Machacova et al. 2016), and that wetland is a marked sink of
CO2 at subarctic Pallas supersite while spruce forest and alpine tundra has an annual balance close to zero
(Aurela et al. 2015), and that 137Cs has remained rather mobile in the forest soil for decades after Chernobyl
and Fukushima accidents, but the 137Cs in the structure of the trees remains (Pumpanen et al. 2016).

We have gained understanding on the feedback between atmospheric aerosol particles and the stability of
the boundary layer that limits the subsequent anthropogenic emissions to a shallower layer leading to
intensified poor air quality conditions in urban environments, particularly in China (Petdja et al. 2016).
Ground and space based remote sensing instruments have been used to e.g. dramatically improve snow
observations (Metsamaki et al. 2015), to improve boundary layer analysis (Ding et al. 2016), to produce
frost/thaw mapping from satellite data for the northern hemisphere using L-band satellite radiometers that
is a totally new source of spatially reliable information (Rautiainen et al. 2014; 2016), and to show that air
with high aerosol content is associated with increased upper tropospheric humidity due to microphysical
effects of aerosols. Our Earth System Modelling approach has formed future scenarios for global
anthropogenic size-segregated particle number emissions (Paasonen et al. 2016), developed aerosol
formation modules for global models ECHAM-HAM and EC-Earth (Fang et al. 2015; Arneth et al. 2016),
investigated formation of extremely low volatile organic compounds and further cloud condensation nuclei
from biogenic emissions (Jokinen et al. 2015), developed methods for quantification of global dew
collection potential on artificial surfaces (Vuollekoski et al. 2015), and developed CarbonTracker Europe-
CHA4 to estimate global methane emission (Tsuruta et al. 2015). Joint activities with the various research
groups within the CoE ATM enable us to study the chains of chemical reactions and physical processes that
secondary pollutants, such as ozone and organic aerosols, undergo in China's polluted urban air (Kulmala
2015), and enable us to study atmospheric vapor, cluster and nanoparticle concentrations, dynamics, and
their connection to atmospheric nucleation (Kulmala et al. 2014a).



KEY PUBLICATIONS

I) Kulmala M, Nieminen T, Nikandrova A, Lehtipalo K, Manninen HE, Kajos MK, Kolari P, Lauri A, Pet&ja
T, Krejci R, Hansson H-C, Swietlicki E, Lindroth A, Christensen TR, Arneth A, Hari P, Back J, Vesala T
and Kerminen V-M. 2014. Cf£induced terrestrial climate feedback mechanism: From carbon sink to
aerosol source and badkoreal Environment Researd®, suppl. B: 122-131.

Reasoning:This paper provides the first quantitative estimate regarding terrestrial climate feedback
combining process-level understanding with comprehensive, long-term field measurement data set collected
from a boreal forest site SMEAR Il. Our estimate of the gain in GPP resulting from the feedback is 1.3,
which is larger than the gains of the few atmospheric chemistry-climate feedbacks estimated using largescale
models. Our analysis demonstrates the power of using long-term, comprehensive field measurements in
investigating the complicated couplings between the biosphere and atmosphere on one hand, and the need
for complementary approaches relying on the combination of field data, satellite observations model
simulations on the other hand.

i) Ehn M, Thornton JA, Kleist E, Sipila M, Junninen H, Pullinen I, Springer M, Rubach F, Tillmann R,
Lee BH, Lopez-Hilfiker F, Andres S, Acir |, Rissanen M, Jokinen T, Schobesberger S, Kangasluoma J,
Kontkanen J, Nieminen T, Kurtén T, Nielsen LB, Jgrgensen S, Kjaergaard HG, Canagaratna M, Dal Maso
M, Berndt T, Petdja T, Wahner A, Kerminen V-M, Kulmala M, Worsnop DR, Wildt J and Mentel TF. 2014.

A Large Source of Low-volatility Secondary Organic Aerodidture506: 476-479.

Reasoningin this Nature paper, the extremely low volatile organic compounds (ELVOC) are found from
the first time from monoterpene oxidation forming a large source of secondary organic aerosol, and also for
atmospheric new particle formation.

lll) Lehtipalo K, Rondo L, Kontkanen J, Schobesberger S, Jokinen T, Sarnela N, Kiurten A, Ehrhart S,
Franchin A, Nieminen T, Riccobono F, Sipila M, Yli-Juuti T, Duplissy J, Adamov A, Ahlm L, Almeida J,
Amorim A, Bianchi F, Breitenlechner M, Dommen J, Downard AJ, Dunne EM, Flagan RC, Guida R, Hakala
J, Hansel A, Jud W, Kangasluoma J, Kerminen V-M, Keskinen H, Kim J, Kirkby J, Kupc A, Kupiainen-
Maatta O, Laaksonen A, Lawler MJ, Leiminger M, Mathot S, Olenius T, Ortega IK, Onnela A, Petgja T,
Praplan A, Rissanen MP, Ruuskanen T, Santos FD, Schallhart S, Schnitzhofer R, Simon M, Smith N, Tréstl
J, Tsagkogeorgas G, Tomé A, Vaattovaara P, Vehkaméaki H, Vrtala AE, Wagner PE, Williamson C,
Wimmer D, Winkler PM, Virtanen A, Donahue NM, Carslaw KS, Baltensperger U, Riipinen I, Curtius J,
Worsnop DR and Kulmala M. 2016 The effect of acid—base clustering and ions on the growth of atmospheric
nano-particlesNature Communications. 11594

ReasoningThis paper belongs to the series of four papers that were published in Nature, Science and Nature
Communications in May 2016 presenting results from nano-particle growth in the CLOUD (Cosmics
Leaving OUtdoors Droplets) chamber. The paper gives new knowledge on the growth of freshly formed
aerosol particles that is crucial in their survival to cloud condensation nuclei. It was found that atmospheric
ions and small acid-base clusters can enhance the growth process, and that the availability of compounds
capable of stabilizing sulphuric acid clusters governs the magnitude of these effects.

IV) Aalto J, Porcar-Castell A, Atherton J, Kolari P, Pohja T, Hari P, Nikinmaa E, Petdja T and Back J.2015.
Onset of photosynthesis in spring speeds up monoterpene synthesis and leads to emiss@latGedl
and Environmen88: 2299-2312

ReasoningThis paper is a good example of the tight link between the forest sciences and atmospheric
research within our CoE ATM. It is shown that emissions of biogenic volatile organic compounds (BVOC)

by boreal evergreen trees have strong seasonality, with low emission rates during photosynthetically inactive
winter and increasing rates towards summer. High emission peaks caused by enhanced monoterpene



synthesis were found in spring periods simultaneously with photosynthetic spring recovery. This suggests
that these emissions may serve a protective functional role for the foliage during this critical transitory state
and that these high emission peaks may contribute to atmospheric chemistry in the boreal forest in
springtime.

V) Kulmala M. 2015. Atmospheric chemistry: China’s choking cockidakure526: 497—499.

ReasoningThis Nature comment by the ATM CoE leader represents our efforts to understand the chains

of chemical reactions and physical processes that secondary pollutants, such as ozone and organic aerosols,
undergo in China's polluted urban air. Results are hard to predict because many physical and chemical
processes — such as surface chemistry, oxidation, clustering and dynamical effects — happen
simultaneously. We need a holistic solution. The paper includes also the roadmap how to solve the
challenging air quality problem.

RESEARCH INFRASTRUCTURES AND COLLABORATION

CoE ATM is the main user of INAR RI infrastructure together with the Tampere University of Technology,
CSC IT Center for Sciences, and Natural Research Institute. INAR RI belongs to the Finnish Rl roadmap
2014-2020, and integrates the national leading organizations and infrastructures in the atmosphere-
ecosystem research. In the core of INAR RI is the continuous, long-term field observations via national
network of SMEAR (Station for Measuring Ecosystem Atmosphere Relationships) stations combined with
laboratory measurements and modelling. New cooperation regarding Finnish ecosystem research and its
linkages to atmospheric sciences is starting with the Universities of Oulu, Turku and Jyvaskyla, and Finnish
Environment Institute through INAR RI Ecosystems concept. INAR RI Ecosystems will provide extended
understanding on the functioning of forest, peatland, agricultural, urban and lake ecosystems, and their
interactions with the atmosphere.

The CoE ATM community is leading two ESFRIs (European Strategy Forum on Research Infrastructures)
with their head offices in Finland at Kumpula Campus: ICOS (Integrated Carbon Observation System) and
ACTRIS (Aerosols, Clouds, and Trace gases Research InfraStructure Network). CoE ATM also has an
active role in ESFRIs ANAEE (Infrastructure for Analysis and Experimentation on Ecosystems) and eLTER
(European Long-Term Ecosystem Research). The environmental research infrastructure field in Europe is
very fragmented, and therefore coherent and coordinated operations of different ecosystem and atmospheric
RIs are urgently needed. CoE ATM has a coherent, co-located and operational infrastructure combining
measurements on atmospheric processes, greenhouse gases and ecosystem functioning, and is thus &
forerunner in the implementation of environmental and biological RIs in Europe. We have also taken the
first steps towards building a global network of SMEAR stations to strengthen the coverage of global climate
data and thus improve the accuracy of climate observations and future scenarios.

Other international research infrastructures that we actively use are e.g. CLOUD chamber at CERN,
Welgegund measurement station in South Africa, SMEAR Estonia, SORPES Nanjing, China and Tiksi,
Russia.

The CoE ATM is active in national and international collaboration. We collaborate with all relevant national
organizations including e.g. Tampere University of Technology, Lappeenranta University of Technology,
CSC IT Center for Sciences, and Natural Research Institute Finland through various research and research
infrastructure projects. New cooperation regarding ecosystem research infrastructure integration has been
initiated with Universities of Oulu, Turku and Jyvaskyld, and Finnish Environment Institute. The extent of
our international collaboration is vast and covers cooperation in research, research infrastructures, education
and innovations in Nordic, European and Global level. CoE ATM community has essential role in two
ESFRI's with their head offices in Finland at Kumpula Campus: ICOS (Integrated Carbon Observation
System) and ACTRIS (Aerosols, Clouds, and Trace gases Research InfraStructure Network). CoE ATM



also has an active role in AnaEE ESFRI (Infrastructure for Analysis and Experimentation on Ecosystems)
and in the emerging ESFRI LTER (Long-term Ecosystem Research network). In addition, CoE ATM is
actively involved and contributes data to various international Earth observation systems and networks as
well as FP7 and H2020 projects (e.g. LifeWatch, SIOS, InGOS, WMO-GAW, EMEP, Interact, FluxNet,
AERONET, SOL-RAD-NET, EARLINET, EXPEER). We also enhance the international leadership of
Finnish researchers in atmosphere and terrestrial research via new initiatives PEEX (Pan Eurasian
Experiment, www.atm.helsinki.fi/peex/) and Beautiful China that have the focus in the boreal and arctic
climate regions.
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The Ecosystem processdgeam in theATM Centerof Excellence has in 20185 been implementing
the research plan and produced several important findings, highlighted in the FCoE Abstract Book.
Most of the activities link to other themes as well, thoky a brief summaris presentedhere

Our main aim has been to utilize the letegm measurements for building up a comprehensive
understanding of the feedbacks and linkages between different compartments in the boreal
ecosystems and the environment. In addition, sieom targeted campaigngth variations of the

driving forces are used to pinpoint the key processes that need to be taken into account for model
analysis and forecasting of the system changes.

Here some of the recent results are summarized under four tHexecasnge oherosb precursors
between ecosystems and atmosphé&kole tree physiologyOptics of photosynthesisand
Biogeochemical cycles and element budgets

1. EXCHANGE OF AEROSOL PRECURSORS BETWEEN ECOSYSTEMS AND
ATMOSPHERE

The production ofbiogenic volatilescompetes withthe carbon assimilated anthe emissions

participate in atmospheric reactivifihebiogenic aerosol precursarentribute to aerosol formation

processesandour aim has been to quantify the magnitude of their production and exchange between
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boreal ecosystems and atmosphere, to an&lygérivers for their emissions and this wayn at
improving model parameterisations.

Seasonal variation in monoterpene emigsn capacity of Scots pinéAalto et al)

We have utilised the lorggrm measurements of VOC emissions at shoot and ecosystem scales
to quantify andanalyse the driving factors behind the fluxesboreal ecosystemst seems
evident that pplying constanemission capacity in VOC emission modeling will likely result in
significant, seasorelated biases in emission estimgialto et al 2015)The reedle age classes
clearly differ both in emission potentials and in features related to seas@falityet al 2014)

If these features are not taken into account in modeling the production of precursors for
atmospheric secondary aerosol formation, it will likely lead to significantly biased results.

Seasonal and annual dynamics of VOC emissions froboreal forest soil(Méki et al)

Understory measurements of biogenic volatile organic compounds by solghase
microextraction and portable gas chromatographymass spectrometry(Barreira et al)

Boreal forest soil and understorey vegetation contribitethe ecosystem scale fluxéy
emitting or adsorbing diverse range of volatile organic compoundsreforethe accurate
guantification of unknown VOC sources, including soil, can improve air chemistry models and
potentially alsaeveal currently missing Okinks. The soil processes affect the bettamopy

fluxes of VOCs, and we have quantified the exchange using novel analytical methods and
experimental approael

The measurements were carried outh three semautomated chambers connected to the
protontransfer reaction masgpectrometer (PT#RIS) during the snoviree period from 2010 to
2015 (Méki et al this issue)The results showed that the forest floor VOC exchange was
dominated by monoterpenes, methanol, and acefdree.seasonal dynansicof monotepene
emissions waslosely correlating with thenonoterpenegich litter input from the canopy, and
the highest monoterpene fluxes were measurélda spring and fall

Solidphase microextractio(SPME) combined with portable gas chromatograptags
spectrometry was successfully applied tefiefd measurements of atmospheric BVOCs in soil
chambers and ambient gBarreira et al:this issue) Among the atmospherically relevant
monoterpenes and & H K\ G-\ Q H Q H-cBréné wire the most abundant BVOCs. The
guantities of monoterpenes measured from soil chambers simultaneously by portaide GC
and monoterpene fluxes measured by MR were in close agreement. The ambient BVOC
amounts were sigficantly higher when wind direction was from Souhst, as a consequence
of transportation of these compounds from the nearby sawmills

Terpenoid, acetone and aldehyde emissions from Norway sprufidakola et al)

Previously we have been quantifying the tSqune emissions in our field station in great detail,

but Norway spruce, although a very important tree in boreal forests, has been metidieds
Thespruce volatile organic compounds (VOC) emissions were measured in campaigns in 2011,
2014 and 201%Hakola et al this issugver altogether 14 weekis spring and summeiThe
measured compounds included isoprene, monoterpenes (MT), and sesquiterpenes (SQT) and in
2015 also acetone and-Cio aldehydes. MT and SQT emission rates were low during spring

12



and early summer. MT emission rates increased to their maximum at the end of June and the MT
emission pattern varied a lot from tree to tree. A significant change in SQT emissions took place
at the end of July. In August SQT were the most abundant graine iemission, -farnesene

being the most abundant compound. SQT emissions increased simultaneously with linalool
emissions and these emissions were suggested to be initiated due to some stress effects. Acetone
and aldehyde emissions were highest in uhgn they were approximately at the same level as

MT.

How a pathogenic fungus breaks tree resistancgRissanen et a)

Climate change increases risks for forest damage due to biotic and abiotic stress factors such as
e.g. pathogens and drought episodes. The pathogen infeagivarsthough not initially lethal to

the hosttmay predispose the host to drought by some yktamn mechanisms, which often
eventually kill the tree. If occurring in a large scale, such combined stresses may provide a
previously unaccounted climate feedback and accelerate the warming, when the damaged forests
are converted to carbon source. A cathe very topical stress is manifested by
Endoconidiophora polonicaa pathogenic blue stain fungus vectored mainly by the spruce bark
beetle [ps typographus an aggressive forest pest causing wapgeead tree mortality and
significant economic lossesnportantly,E. polonicacauses a serious drought stress in living
trees by disrupting the water and solute transport between the roots and the Gédmeopy.
physiological mechanisms how pathogenic blue stain fungi break the defenses of a tree are still
unknown, though both tree physiology and fungal ecology have been studied a lot. We set up an
experiment to study how blue stain funglipolonicachanges the physiology of Norway spruce
saplings. Preliminary results show tEajpolonicainfection decreaseth water surface tension

and stem hydraulic conductan&ewrther experiments will reveal the consequences on tree VOC
production mechanisms and their consequences to atmospheric processes.

Role of needle surface waxes in dynamic exchange of memand sesgiterpenes(Joensuu, et
al)

The different physicochemical properties of BVOCs affheir transport within and out of the
plant as well as theneactions along the way. Some of these compounds may accumugate
on the waxy surface layer of conifer déssand participate in chemical reactions on or near the
foliage surface We determiné whether terpenes, key category of BVOCs produced by trees,
can befound on the epicuticles of Scots pifrnus sylvestri.) and, if so, how they compate
with the terpenes found in shoarissions of the same tréensuu et al 2016)\Ve measured
shootlevel emissionof pine seedlings at a remote outdoor location in cemtirdand and
subsequently analysed the needle surface wiaxdbe same compoundBoth emissions and
wax extractsvere clearly dominated by monoterpenes, but the propatieasquiterpenes was
higher in the wax extracts. There weillso differences in the terpene spectra of the emissions
andthe wax extracts. The results, therefagporedthe existencef BVOCs associated to the
epicuticular waxes.

Free amino acids in atmospheric aerosols in boreal foreftlelin et al)

Primary biological aerosol particles (PBAPSs) are emitted to the atmosphere from vegetation and
other living or@nisns. Their importance to atmospheric chemistry and physics has increased
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interest towards their reliable determination. Traditionally, living organisms have been studied
in particles with cultivation (highly specific) or by microscopy (lightlabrescence). However,
molecular genetic analysis techniques are nowadays most frequently used, since they provide
information not only about viable cell, but also on uncultivable or dead cells or on plant or animal
fragments. Another approach to deterenparticles of biological origin is based on chemical
tracer techniqueslhe clear advantage of chemical tracers, that are not limited only to amino
acids, carbohydrates, proteins and peptides, and rarely lipids, is the possibility for quantitative
analyss, while the main disadvantage is disability to identify different biological spéldies.

aim of this study was to determine the FAAs concentrations in atmospheric aerosol samples
collected in boreal forest. Different particle size fractions were cotlabr®ughout the year in

order to determine the annual variation and to identify possible sources. The samples were
analyzed by using hydrophilic interaction liquid chromatography combined with triple
guadrupole mass spectrometer operated in multipleioeastonitoring modeThe obtained

FAA data was compared to previous results, where the abundance of bacteria and fungi were
characterized and the total DNA concentration in aerosol particles. given

The total concentrations of FAAs in the aerosol filters aalistinct seasonal variation being the
most abundant in late spring and early summer, and during autumn. Furthermore, some trends in
the amino acid distributions in different size fractions in aerosol filters were observed. These
detected variations agg with our previous studies.

2. WHOLE TREE PHYSIOLOGY

We study whole tree ecophysiology; how different processes in a tree are connected to each other and
how they are dependent on tfeectional andstructural properties and environmental conditions.

We focus on interconnections with xylem and phloem transport, stomatal control, photosynthesis,
cambial growth, and other sink processes in varying environmental condaionsportant tool

utilized is the whole stem and xylem diameter change measurenstiteyacan used in field
conditions to measure xylem and phloem water and osmotic status, which in turn, are tightly linked
to source and sink water and osmotic status.

Linking stem growth respiration to the seasonal course of stem growth and GPP of Scots pine
(Chan et a)

An in-depth analysis of in situ stem growth and growth respiration dynamics dewasndsade

Stem volumetric growth and growth respiration and GPReweimately linked to each other.

The ratio of volumetric growth rate and growth respiration varied systematically in different
stages of growth., i.e.it was different amongst phases of cell division, cell wall enlargement and
cell wall thickening A large focus on tree cellular respiration at specific developmental stages,
its linkages to souresink processes and environmental drivers, and a robust method to calculate
woody tissue costs also require further investigation.

Belowground hydraulic conductarce calculated from simultaneous sap flow and xylem
diameter change measurements in mature Scots pine trees during springtir(t@dltta et al)

A combination of sap flow and xylem diameter change measurements was used to calculate
belowground hydrauliconductanceBelowground hydraulic conductance was a strong function
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of soil temperature during spring 20Ihe method and results seem promising and data from
more trees and more years will be analyzed in the future.

Stomatal and nonstomatal limitation of photosynthesigSalmon et a)

Combined laboratory and field experiment show that stomatal limitation of photosynthesis
dominate under normal tree physiological conditialisough also noistomatal limitations were
evident However, under extrenstress, norstomatal limitation become dominant. Furthermore,
the nonstomatal limitation of photosynthesis seems to be obey the same rule across species.

Temperature based mechanistic model of wintetime diameter changes in three tree species
reveals differences in stem elasticity and in plasma membrane water permeabilify.indfors et
al)

Freezing is lethal to living cells, but the perennial plants have many ways to avoid intracellular
freezing.We showed quantitative evidencew stem and xylem diameter changes can be used to
studyextracellular freezingdiameter changes of frozen xylem and phloem can be predicted using
temperaturePermeability of plasma membrane and elasticity of xylem and phloem was estimated
for 3 tree speies using diameter change measuremémsperature hysteresigas detecteth
permeability of plasma membrane.

Low plant water status decreases the ice nucleation temperature of tre@sntunen et al.)

We studythe linkage of xylem water status with ajpagiic ice nucleation temperature and with

the size and duration of a freezing exothéme. have found thaetative tissue water content and
apoplastic ice nucleation temperatuage significantly higher for angiosperms than for
gymnosperms both in winteand in spring and the difference in ice nucleation temperature
disappears when the branches are saturated with wegemucleation temperatuns not
correlated with the size ad freezing exotherm, but it isorrelated with the duration of an
exotherm, i.e. the lower the freezing temperature, the faster the freezing propagation. This has
implications to the risk of winter embolism formation in trees via the size of gas bubbles formed
in the ice.

Optimal stomatal conductance in coupled steadgtate photosynthesis models solved
analytically by approximation (Mauranen et d)

A steadystate photosynthesis model for trees that couples water transport (xylem and
evapotranspiration) and carbon absorption (phloenpantbsynthesis) was develop&bntrol

of stomatal opening was assumed to be a means for the plant to maximize its metabolic rate.
Photosynthesis rate, which in this steatigte model represents also a more general metabolic
rate, was formulated as a ntmear function of carbon dioxide concentration of the air inside the
leaf. Two different formulations were tried for the function, and both resulted in a model that was
solvable analytically using reasonable approximatiorise resulting formulae for optal
stomatal conductance qualitatively agree with observed phenomena and give new interpretations
to empirical constants in previous theoretical work.
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The role of SLAC1-mediated rapid stomatal closure in the ecophysiology of plan{&honen et
al)

Populusspecies seem to have lost the functional features of SLAC1 anion channels that is
essential for the rapid closure of stomatée have made transgenic hybrid aspen trees where we
have introduced the Arabidopsis SLAC1 channel in order to rescue the mathafsg term

field experiment started this autumn with the transgenic hybrid aspen lines.

A combination of source and sink effects determine growth of Scots pine organs in different
environmental conditions(SchiesttAalto et al)

Whether growth iimited by sink strength (driven by environmental factors such as temperature,
water and nutrients) or source (photosynthetised or stored carbon) is under disdlgsion.
constructed a model to test the factors that limit growth at different time s&atesabination

of source and sink effects (temperature and GPP) was needed to produce realisditd miter
annual variation to modelled growth of shoots, needles and secondary ghdtttldirect and
indirect temperature effects inteamnual growth vaation was modelled successfully but GPP
effects at different temporal scales were needed for the description edmmieal variation.

3. OPTICS OF PHOTOSYNTHESIS

In the Optics of photosynthesis Lab we study the dynamics of plaittgmiological processes
using optical data, and develop new methods to measure and interpret it. We combine
measurements at the leaf and canopy level, lab experiments artédonigeld data acquisitions,
and procesdased model development and validatiOnir key goal is to develop new mechanistic
understanding and optical tools to facilitate the study of vegetation processes from contact
measurements, towers, airborne platforms and satellites.

Upscaling chlorophyll fluorescence from the forest to theatellite pixel (Atherton et al)

The retrieval of solainduced chlorophyll fluorescence (SIF) from space promises to deliver new
insights into gross primary productivity (GPP). Recently, strong empirical relationships have been
observed between SIF and BRor the boreal forest regiolm this study we aim to uncover the
functional mechanisms that relate space measurements of SIF to boreal forest GPP. We do this
by validating SIF retrievals from GOME with field observations from SMEARII research
station.Field observations include GPP, as measured by the eddy covariance technique, and the
leaf level yield of chlorophyll fluorescence}( measured using a MONIPAM systei8IF
generally tracks canopy level GPP, but diverges frdmThis is partly explainedy the
dependence of SIF on absorbed photosynthetically active radiation, but there may also be other
mechanisms, such as unggory fluorescence, contributing to the divergence.

Seasonal changes in leaf fluorescence spectra: controls and implicatigRercar-Castell et a)

Chlorophyll fluorescence is being measured from space at different wavelengths and used as a
proxy to track seasonal dynamics in vegetation photosynthesis. We examined the seasonal
variation in leaflevel fluorescence spectral propest characterized the controls, and discuss the
impact of this variation in the interpretation of fluorescence data. We found out that the
fluorescence spectra is not constant as a result of changes in photosystem structure and possibly
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stoichiometry busuggest that this variation will have small impact of the interpretation of satellite
data.

4. BIOGEOCHEMICAL CYCLES AND ELEMENT BUDGETS

Biogeochemistryconcers cycling of elements in terrestrial as well as aquatic ecosystems by
integrating physics, chemistry, geology and biology. Besides natural ecosystemsdéaddswith

systems altered by human activity such as forests under different management regimed, dr
peatlands and lakes loaded by excess nutrients. The most important elements under study are carbon
nitrogen and phosphorus, which are vital for ecosystem functioning and processes such as
photosynthesis, i.e. uptake of inorganic carbon by plantgedichemistry focuses on interphases of
scientific disciplines and by doing so, it also combines different research meWedseat the
ecosystems as open entities which are closely connected to atmosphere and where water is among the
key transport mecimasms

Four years of CO: exchange measurements reveal that the ecosystem scale fluxes are strongly
temperature-limited in a subarctic Scots pine stand, SMEAR(Kulmala L et al)

We measured ecosystem scale>@dxes in 20122015 and found the stand to be a sink of
carbon.The sink strength was the highest on the warmest and sunniest growing season and the
lowest in the chilliest yeal.ER and GPP showed a strong, positive correlation with temperature
sum calclated until the end of Augusthe observed variation in growth did not respond to the
variation in annual GPP or NEEext the understanding ofarbon balance of Scots pines will

be deepened by a detailed study on root actions in the framework of a idaleh
measurements in SMEAR | and SMEAR I

Soil phosphorus concentration determines ground vegetation dynamics in a subarctic forest
ecosystemMatkala et al)

Though nitrogen is often limiting growth in boreal forests, also phosphorus may have an
important role in these ecosystem\&/e had research sites around Sokli region in Eastern
Lapland. Part of the sites wdoeatedon phosphorus rich soils, which gave us the possibility to

do comparisosbetween different levels of soil phosphoratthough ourstatistical modelling
processes are still in progress, we can tell that there are connections both with needle total
phosphorus concentration and stital phosphorus concentratiom a similar way ground
vegetation and soil total phosphorus seem toom@ected so that ground vegetation has a bigger
number of forbs and graminoids when soil total phosphorus is high compared to sites where it is
lower.

Climate change induced pH decrease in the sensitive lake ecosystehi¥tsRFHDQ DFLGLILFDW
lakes (Rantakari et al)

The release of carbon dioxide (gf@rom anthropogenic sources has increased the atmospheric
CO; concentrations. Oceans have absorbed about 30% of these emissions. However, avhen CO
is absorbed by seawater, the dissolved @Quce chemical reactions that reduce seawater pH.
This ocean acidification has been shown to seriously affect marine wild life. So far, no reports of
the effects of increasing atmospheric 3 pH of lakes have been published. We studied pH
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changes in@d sensitive lakes in Finland between 1984 and 2005. The actual study period was
chosen to be the latest 15 years prior to present, i.e-ZWH) because previously anthropogenic

acid deposition caused by sulfur and nitrogen affected these lakesef@s=nce, we also studied

the 15 year period prior the actual study period i.e. 11989. We used ManKendall test to

identify the trends in lake water pH during the study period. We found that all of the studied lakes
showed recovery from previous argpogenic acidification indicated by increasing pH in 1984
1999. However by 2015 in 9 lakes increasing trend in pH had turned into a decreasing trend, and
furthermore, in 3 lakes an increasing trend in pH had levelled showing no significant trend
between 200 and 2015. These are the first results showing that increasing atmospheuiitl CO
decrease pH also in lakes, not only in oceans.

Seasonal courses of methane fluxes in boreal tre@dachacova et a)

Recent studies have shown that plantssgnificantly contribute to the C+exchange between
ecosystems and the atmosphere, but investigations on trees, particularly boreal tree species, are
still rare. Seasonal CHfluxes from stems of common boreal tree speci&ots pine Rinus
sylvestri, Norway spruce Ficea abiey and downy and silver birchrBétula pubescens.

penduld +and the forest floor, were determindgdur results show that mature boreal trees
exchange CHwith the atmosphere throughout the whole year with minimum and maximum
fluxes during dormant and vegetation period, respectively, and the fluxes are modulated by soll
water content.The tree species studied emitted Otainly during the vegetation season,
however, considerable emissions were detected already from Februargl®iikarstem Chl
emissions of trees may reduce the sink strength of soils in boreal forests.

Spring recovery and variation in methane fluxes from boreal trees in southern Finland
(Haikarainen et al)

Trees are noted to be capable of transport microlpatiguced methane (GHfrom anaerobic

soil conditions to the atmosphere. We measured the variation in treBu&lduring the spring

2015 from stems and shoots of downy birchgstla pubescefsand Norway sprucedicea

abieg in Hyytiala.Methane wagmitted from stems and shoots of both tree species, and emissions
were generally higher from birches than from spruces. Methane emission rates from birches
correlated positively with soil temperature and also increased as the growing season proceeded
Trees living in the boreal region are capable to emityCbut there is still some unidentified
temporal and spatial variation in GHetween species.

Comparison of the above canopy and the forest floor methane flux modelled by soil water
content (Halmeenméki et al)

The upland soils have a capacity to emitsCidhen soil moisture is at adequate level, and also
vegetation has been found to contribute to the ecosystermsphere ClHexchangeThe sources
and the mechanisms of the observed, €idissions from the forests are still mostly unknoBm.
utilising lidar data and in situ measurements of; @tixes and soil moisture, we have modeled
the potential Chiflux of a boreal forest flooThe potential forest floor CHlux will be compared

to the measured above canopy f3x

137Cs distributions in soil and trees in forest ecosystems after the radioactive fallout
comparison study between Southern Finland and Fukushima, Japaiumpanen et a)
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The nuclear accidents in Chernobyl and Fukushiatemsed largamounts of*'Cs radionuclides
into the atmosphere that spread over ldogest areas, and their distribution and fate in forest
ecosystems is dmportance due to their slow decay rate and possible accumulatforest
products. We compad the'*’Cs concentration distribution iifferent parts of two coniferous
forest ecosystems (needle litter, stemd at different depths in the soil) over short and long term
in Finlandand JapafPumpanen et al 20168)Ve also estimated the time neéde reach steady
state'*’Csactivities after thé3'Cs fallout in different parts of the ecosystbased on a 2year

long dataset collected in Southern Finl&#@s distributions aftetwo nuclear accidents
occurred in Fukushima in 2011 and in Cherraitny 986 were compared between two coniferous
forest ecosystems in Finland and Japan. The vertical distributidd®Csbriginating from the
nuclear accidents were similar in Finnish and Japanese forestS/Caeas still mobile in the
soil surface dyers 27 years after the accident @m@mains in the internal cycle of the forest
ecosystem for decades.

Role of tannins in carbon and nitrogen cycling of boreal forest so{lAdamczyk et al)

To predict longterm soil C storage and climate feedbaeks,need profound understanding of
dynamics and drivers of SOM decomposition. The aim of the study was to show how mycorrhizal
plants affects SOM decomposition in polyphenoiah ecosystemWe measured different N
pools, activities of organic matter dedation related enzymes and content of tannins {acid
butanol assay) as well as nitrogen pools including inorganic N (ammonium and nitrate), total free
amino acids, degradable and recalcitrant N (acid hydrolysis) from humus mesh bags that were
buried in boral forest soil for one to three yeaile results suggests that mycorrhizal plants
build up recalcitrant SOM using rederived tannins. We propose that turnover rate of plant
roots with high CT content is crucial for SOM quality and quantity.

Sustainability and multi -functionality of European forests(Back et al)

Forests are central as renewable natural resources and as sources for many immaterial goods as
well. The management and use of forests in EU has large impacts not only on the economy but
also onthe EU responses to global grand challenges such as climate change and biodiversity
conservation. The 2015 FawAgreement of the UNFCCConvention on Biological Diversity

and the following EU regulations acknowledge the need for sustainable forest managehis

in turn requires detailed knowledge on how forests and their management may contribute to
biodiversity, carbon capture and storage. Science has shown this to be a complex issue where
policymakers require scientific advice on the potential t@ffe synergies and conflicts.

This presentation will highlight the current scientific understanding on climate impacts of
European forests, their role in biodiversity conservation, and the potential for climate change
mitigation through forest managemewthere current and planned policy tools have important
role. There are differentell-designed managemeaoptions, with whictthe climate mitigation

impact of European forests can potentially be enlarged, taking into account the local conditions,
(new) wand based products and energy, land use history and forecasted changes in factors
influencing forest vitality and productivityrhese include e.¢he choice of tree species, planting
density fertili zation, modifications inrotation length and timing of Ingesting activities
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Summary on the activitiesof the aerosols and ions groupluring year 2016
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INTRODUCTION

Aerosok and ions grouAIGG) is a measurement oriented reseapaiup at the Undersity of Helsinkj
Department of Physics, Division of Atmospheric ScienédéSG performs laboratory experiments
spanning from cluster synthesisdoud droplet activatioand fieldmeasurementsom boreal forest in
Hyytiala to Amazoran rainforest ands also active in instrument developmertie aims ofAIGG areto
measure and understand processes related to new particle forgiN&fnparticle growth and cloud
droplet formationThe following abstract presemthe latest progress of AIGG in atmospb
measurements, chamber studies and laboratory experiwigmtzrief outlook on the future.

ATMOSPHERIC MEASUREMENTS

Research conducted by AlG@embersin close collaboration with other research grolgxtoseveral
distinctive publications: a rept from a mountaintop campaign, series of flight campaigns and
understanding of atmospheric NFP based on long term pamidl®nsize distribution measurements.
Bianchi et al. (2016)eported observations on ngarticle formation in the free troposphere from a
campaign conducteat the Jungfraujochigh-altitudemeasurement statid8466m a.s.l.) in Switzerland
Their main finding was that the neutral nucleation pathway donatlageNPF processbutwasrestricded
to short time periods when the planetary boundary layer meets the free troposphassagyaananen
et al. (2016combined data from total of 111 flight hours to study the spatial and vertical exte®iof N
around Hyytidala measurement station. Their data sldldMPFin the free troposphere, and that the ground
and flight data were in good agreeminthe boundary layet.eino et al. (2016analysed 10 years of ion
data from Hyytiald to show that the presence of intermediate ieAn(R) is a useful indicator of N,
while Mazon et al. (20163oncentrated on nighiime cluster events and their connection to daytime ion
formation Kontkanen et al. (201§jublished results from the PEGASOS campaign conductedin Po
valley, ltaly, and found very high concentrations of-8uim particles.

LABORATORY EXPERIMENTS

AIGG is participating in the BOUD chambeexperimentsat CERN.This year the efforts of tharoject

resulted irfour high level publicationKirkby et al. (2016)showed NPFto happeralsowith biogenic
precursor®nly, which can be an importaNPFmechanism in pristine areas with low sulfur pollution.
lon-induced nucleation was found to produce particles with rates one order of magnitude higher than only
neutral particle productionVhile this study focused on theRF, Trostl et al. (2016analysed the role of

the organic vapors on the particle growth in the sizes from 1 to 10 nm. Their data explain the early growth
of particles with the very low volatility compounds, and the accelerated growth widasgneg size with
decreased particle curvature and condensation of also higher volatility compounds. The results were
guantitatively modelled, and the authors present that the effect to the parametrized nucleation rates can be
up to 50%Lehtipalo et al. (20163tudied the importance of adidise clustering on the sulfuric acid

driven growth, which leads to enhanced growth rates compared to pure sulfuric acid growth. The fourth
publication is byDuplissy et al. (2016who examined binary sulfuric acid/water nucleation at various
temperatures, relative humidities, sulfuric acid and ion concentrations. The data set was compared to a
model from a companion pap@erikanto et al. 2016)exhibiting excellent agreement.
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The role of electric charge in heterogeneous nucleation on seed particles has not been
unambiguously explored until now, whKangasluoma et al. (2016showed that in fact the chemical
composition of the seed particles plays a more important role than the dberggheterogeneous
nucleation on sub 3 nm seeds. Visiting PhD student Yang Wang from the group of Prof. Biswas
(Washington University in St. Louis) studied the ion and particle formation in pure and doped flames,
showing the effect of dopant on the jiEde density(Wang et al. 2016)

INSTRUMENT DEVELOPMENT

This year AIGG publishetivo instrument guideline papers athdeeinstrument characterization papers
Manninen et al. (2016)ives extensive guidelinem the operation of the Airel neutral and ion air
spectrometers (NAIS), whildangasluoma et al. (2016bhowed the performance of the Airmodus

particle size magnifier at various inlet pressures and temperatures, and presented a dasigletor

system, which minimizes the sampling losses. The ion measurement mode of the NAIS was characterized
by Wagner et al. (2016ho found thathe measured ion concentrations were underestinaatizes
belowapproximatelyl5 nm.Kangasluoma et al. (2016p&rformed a characterization for the high

resolution Herrmann type differential mobility analyzer, which fsequentlyused ion mobility classifier

in our aerosol laoratory.Franchin et al. (201&)eveloped and characterized a new high transmission inlet
for the Caltech nano radial DMA, improving the nanoparticle size distribution measurements below 10 nm
size.

CONCLUSIONSAND FUTURE OUTLOOK

The previous year was successful for the AIGG in terms of experimedisublicationsStill on-going

analysis iselated to a successful campaign in Siikaneva peatland site, fir8tramntxleanroonultrafine

particle data set, understanding the connection of roll vortices to NFP in the boundary layer, finding out if
and when nucleation happens in Amazonas and wardrtboptical closure of particle propertiesitiire

efforts include new experimentstime CLOUD chambernd an indoor measurement campaign at

Hartwall ice hockey aren&everal new instrument development projects were started concentrating on the
sub 10 m particle sizing and fast counting and the group was hosting a prototype CPC walltshgp

the summer 2016
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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 (Arneth et al. 2010, Carslaw et al. 2010, Makkonen et al. 2012, Paasonen et al. 2013,
Stocker et al. 2013, Unger 2014, Andrea et al. 2015, Tian et al. 2016). About a decade ago Kulmala et al.
(2004) suggested a negative climate feedback mechanism whereby higher temperaturedearelsCO

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. (2014)
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 increasedc@@entrations and acting toward
suppressing global warming (Fig. 1).
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Figure 1. The feedback loops associated with the COBACC feedback (Kulmala et al., 2013, 2014). Here GPP is
gross-primary production, BVOC and SOA refer to biogenic volatile organic compounds and secondary organic
aerosol, respectively, CS is the condensation gigkandVi. are the total aerosol surface area and volume
concentrations, respectively, CCN refers to cloud condensation nuclei, and CDNC is the cloud droplet number
concentration.

The effect of aerosols on gross primary production (GPP) has so far been analyzed only in terms of clear-
sky conditions and thus by considering the effect of radiation scattering by aerosols, as demonstrated in
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the upper branch of the COBACC feedback mechanism. Recently, Paasonen et al. (abstract in this
collection) have started analyzing how the cloud cover affects GPP, thus combining the COBACC
branches to a third, positive feedback mechanism. In this mechanism the increased cloud droplet number
concentration decreases the radiative transmittance of the atmosphere, which leads to a reduced GPP and
decreased amount of GCaptured by the ecosystem. In order to quantify this long-term feedback (related

to the lifetime of CQ) arising from short-lived climate forcers, further calculations are planned for

estimating the changes e.g. in ecosystem respiration due to long-term changes in GPP.

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 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. Based on data obtained from long-terms measurements at the
SMEAR |l station in Hyytiala, Kontkanen et al. (2016a) developed proxies for the concentrations of
monoterpenes and their oxidation products. These proxies take into account temperature-controlled
emissions from the forest ecosystem, dilution caused by the mixing within the boundary layer and
different oxidation processes. All versions of the proxies capture the seasonal variation of the
monoterpene concentration.

Initial steps of atmospheric new particle formation

The work in this subject area aims toward improved understanding of atmospheric nucleation
mechanisms. Kontkanen et al. (abstract in this collection and submitted manuscript) compared
concentrations of sub-3 nm atmospheric particles measured with a PSM at 9 sites around the world. Sub-3
nm particle concentrations were observed to be highest at the sites with strong anthropogenic influence. In
boreal forest, sub-3 nm particle concentrations were higher in summer than in winter, indicating the
importance of biogenic precursor vapors. At all the study sites, particle concentrations were higher during
daytime than at night. When comparing the total sub-3 nm particle concentrations to ion concentrations,
electrically neutral particles were found to dominate in polluted environments and in boreal forest during
spring and summer.

lons have long been though to participate in the early steps of atmospheric new particle formation, yet
their exact role in this process has remained ambiguous. Chen et al. (2016) investigated the connection
between ionizing radiation and air ions at SMEAR Il based on long-term measurements. The study
showed a clear effect of ionising radiation on air ion production and found some evidence on a connection
between the ionising capacity and cluster ion concentrations in the lower atmosphere. Chen et al. (abstract
in this collection) has investigated theoretically the relationship between the ionising radiation and air

ions. This latter work is currently in progress.

Buenrostro-Mazon et al. (2016) investigated the formation of charged clusters and their growth, termed

ion events, based on long-term observations at the SMEAR |l station. The analysis showed that ion events
are frequent during both night and daytime. Nighttime ion events tend to occur before mid-night and the
formed ions rarely grow into sizes larger than 3-4 nm. Daytime ion events are associated strongly with
atmospheric new particle formation and, in comparison to nighttime ion events, a bigger fraction of the
ions reach sizes >3 nm.

Atmospheric new particle formation and growth
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In this subject area, we have been involved in field observations and related theoretical studies. Dada et al.
(abstract in this collection) combined 20 years of observations of atmospheric new particle formation

(NPF) at the SMEAR Il station. The analysis investigated first the effect of cloudiness on NPF and then
compared the NPF event and non-event days under clear-sky conditions. As expected, the frequency of
NPF events was found to be higher under clear-sky conditions compared with cloudy conditions. By
focusing on clear-sky conditions, clear differences in many variables related to NPF were observed

between the event and non-event days. For spring time, a threshold values for the ambient temperature and
condensation sink (CS) were found, above which practically no clear-sky NPF event could be observed.

Kulmala et al. (2016) summarized the recent work on NPF taking place in Chinese megacities. It was
shown that NPF occurs more frequently than what would be expected based on our current theoretical
understanding on atmospheric NPF under heavily-polluted conditions that are common in these
environments. This observation is a clear indication of yet unknown chemical reactions or NPF pathways
specific for heavily polluted conditions.

Identifying atmospheric NPF events from the aerosol measurement data has been traditionally done
manually, which is very time consuming and not a very objective way to make such an analysis.
Vuollekoski and Junninen (abstract in this collection) have developed an automatic method that identifies
the occurrence of NPF from measurement data. The developed algorithm seems promising, but requires
some improvements to warrant its routine use in data analysis.

Kontkanen et al. (2016b) investigated the performance of different methods used fro determining the
particle growth rate by making cluster population simulations. They found that different methods may

give different values for the particle growth rate depending on the ambient conditions, properties of
condensing vapors, and the size resolution used in the analysis. The differences were generally largest at
the smallest, sub-2 nm sizes and under the conditions where evaporation and other losses were significant.

Hong et al. (abstract in this collection) investigated how aerosol volatility measurements can be applied
for distinguishing between extremely low volatile, low volatile and semi-volatile organic compounds, and
whether this volatility-based classification is comparable with that based on aerosol mass spectrometric
signatures.

Hygroscopicity and cloud condensation nuclei

Hong et al. (2015) investigated the connection between aerosol hygroscopicity, chemical composition and
concentrations of low-volatile vapors at SMEAR II. They found that the hygroscopicity of accumulation
mode particle increased with increasing sulfate to organic concentration ratio in the aerosol phase, as well
as with an increasing oxidation level of the organic aerosol. The bulk chemical composition of the
submicron aerosol was found to predict fairly well the hygrocopicity of both Aitken and accumulation
mode particles, but not that of nucleation mode particles. The hygroscopicity of nucleation mode particles
seemed to increase with an increasing concentration of gaseous sulfuric acid.

Paramonov et al. (2015) made a synthesis on Cloud Condensation Nuclei Counter (CCNC) measurements
at 14 locations around the world. The work compiled data on measured CCN number concentrations at
five levels of water vapor superstation and analysed how the resulting CCN spectra are related to the total
particle number concentration, particle number size distribution and particle hygrocopicity. The analysis
confirmed, in agreement with some previous studies, that while detailed information on aerosol
hygroscopicity can significantly improve CCN predictions, the total particle number concentration and

size distribution are more important variables in this respect. The sites having long-term CCN
measurements showed clear seasonal and diurnal variability in aerosol hygroscopicity and CCN
concentrations, highlighting the spatial and temporal variability of resulting aerosol-cloud interaction in

the lower troposphere.
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Vertical mixing, clouds and aerosol-cloud interactions

Manninen et al. (abstract in this collection) used Doppler radar measurement to investigate how data from
this instrument can be used in order to characterize vertical mixing and its time evolution in the
continental boundary layer. This method development work is currently under progress.

Nikandrova et al. (abstract in this collection) combined aircraft measurements and lidar data to investigate
the vertical distribution of aerosol properties between the ground and cloud layers. In most cases, one or
two layers with different aerosol and meteorological characteristics above the boundary layer (BL) could
be observed. Aerosol number concentrations in all size ranges were usually the highest in the BL. The
shape of the size distribution in the upper layer(s) were often similar to those in the BL, but with overall
lower concentrations due to dilution of particles into a large volume of air. The interface between the BL
and upper layer(s) showed aerosols properties that were often some combination between these layers.

Tabakova et al. (abstract in this collection) have investigated interactions between biogenic secondary
organic aerosols and warm low-level clouds in a boreal environment based on data collected during the
Biogenic Aerosols — Effects on Clouds and Climate (BAECC) campaign. The analysed data include
adiabatic liquid water content gradient, dilution coefficient and cloud depth, with an aim to develop a
methodology for robust data selection to separate the effect of meteorological factors and boundary layer
state from the aerosol loading effect.

Aerosol effects on shallow clouds have been studied widely in recent decades, but deep convective clouds
have received much less attention. Bister and Kulmala (2011) proposed that aerosol effect on
microphysics of deep convective clouds may increase upper tropospheric humidity in convectively active
areas. Riuttanen et al. (2016) investigated this topic using satellite data and demonstrated a potentially
large positive radiative forcing due to this effect in the global troposphere.

Integration and large-scale applications

Where the natural and atmospheric aerosol formation has been intensively investigated during the last
decades around the world, less attention has been put to improve quantification of direct anthropogenic
particle number emissions. Paasonen et al. (2016) have implemented in GAINS emission scenario model
(Greenhous gas — Air pollution Interactions and Synergies; Amann et al., 2011) size segregated emission
factors for particle numbers. The first global gridded PN emissions in 9 size bins made publicly available
at http://www.iiasa.ac.at/web/home/research/researchPrograms/air/PNThenGAINS particle number
emissions have also been introduced to global climate model in order to compare the resulting
concentrations with observations (Xausa et al., abstract in this collection).

Pan-Eurasian Experiment (PEEX) Program (https://www.atm.helsinki.fi/peex/) is an international, multi-
disciplinary, multiscale bottom up initiative established in 2012. The main focus of it is to solve

interlinked global environmental challenges influencing societies in the Northern Eurasian region and in
China. During the past year, PEEX released conceptual descriptions of the program structure (Kulmala et
al. 2015), research agenda (Lappalainen et al. 2016 aith observation network (Hari et al. 2016). In
implementing the PEEX research approach we have opened the PEEX Special issue in the Journal of
Atmospheric Chemistry and Physidgtp://www.atmos-chem-phys-discuss.net/special_issue263_html

The special issue is continuing the Science Plan process and is serving as a primary platform collecting
PEEX relevant scientific results for the periodic PEEX science assessment.
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INTRODUCTION

The Atmospheric Modelling group has focus on simulating atmospheric composition, particularly
atmospheric aerosol particles, their e ects on climate, health, and air quality. The group have
done extensive work on developing aerosol microphysics descriptions for large scale models and
have developed an aerosol microphysics module SALSA which has been implemented in a cloud
resolving model UCLA-LES, air quality model MATCH, and an aerosol-chemistry climate model
ECHAM-HAMMOZ. Thanks to its scalability, it has been applied also in process scale studies, for
theoretical analysis and chamber studies. The group has also been involved in the Cern CLOUD
chamber studies, which have brought several scienti ¢ breakthroughs regarding the e ect of aerosol
formation on climate (e.g. Rondo et al., 2016; Lehtipalo et al., 2016; Duplissy et al., 2016).

CLOUD SCALE MODELLING

The gap between process scale and global scale studies is massive since the scales in process scale
are in micrometers while global scale models have spatial resolution of the order of 100 km. To |l

in this gap, we have started using a large eddy simulations model UCLA-LES, which can be used

in simulation processes occurring in sub-grid scale of a global scale model (Maalick et al., 2016;
Tonttila et al., 2016). We have implemented an interactive aerosol-cloud microphysics scheme which

is an extension to the SALSA model. It includes all aerosol microphysical processes together with
cloud activation of the aerosol, ice nucleation, melting, and deactivation of cloud droplets. Figure

1. shows a schematic of the model. It is really a state-of-art model, especially in its description of
aerosol processes. It is one of the most advanced aerosol schemes in LES models and provides an
excellent platform for taking process knowledge from the Center of Excellence to the global scale.

One application of the model was to analyze how changes in aerosol properties a ect the fog life
cycle, with special emphasis on how droplet concentrations change with cloud condensation nuclei
(CCN) concentrations and on the e ect that absorbing black carbon (BC) particles have on fog
dissipation (Maalick et al., 2016). The aerosol e ect was found to have a signi cant e ect with
respect to when the fog dissipated. In our test cases aerosol prolonged the dissipation by over one
hour, which can signi cantly a ect for example air tra ¢ as delays at airports.



Figure 1: Schematic of the aerosol-cloud microphysics module UCLA-LES-SALSA.

GLOBAL SCALE MODELLING

The group has been a major contributor to the development of aerosol-chemistry-climate model
ECHAM-HAMMOZ being in the consortium which jointly develops and distributes the model.
Recent developments include new parameterizations of aerosol processes. For example, it was the
rst aerosol-chemistry-climate model to be applied to study amine enhanced nucleation based on
the Cern CLOUD studies in the global scale (Bergman et al., 2015). Our study showed that
amine-enhanced nucleation is very much con ned near the source regions of amines.

Having an own global model con guration with ECHAM-HAMMOZ-SALSA has allowed the group
the be involved in the AeroCom-project, which is an open international initiative aiming for im-
proved knowledge of the impacts of atmospheric composition on climate. The group has been
involved in several global aerosol model intercomparison experiments. Recently nished experi-
ments in which ECHAM-HAMMOZ-SALSA model has been included are:

Evaluation of observed and modelled aerosol lifetimes using radioactive tracers of opportunity
and an ensemble of 19 global models (Kristiansen et al., 2016).

What controls the vertical distribution of aerosol? Relationships between process sensitivity
in HadGEM3-UKCA and inter-model variation from AeroCom Phase Il (Kipling et al., 2016).

With this model framework, we have studied the pros and cons of aerosol emission controls. We
used the model to simulate what would happen if every nuclear power plant on Earth were swapped
for a coal plant. We assessed the impacts of carbon dioxide emissions and particulate matter on
climate, as well as the human health e ects of particulate matter smaller than 2.5 micrometers in
diameter. Our results showed that the replacement of nuclear power with coal power would have
globally caused an average of 150,000 premature deaths per year during the period 2005-2009 with
two thirds of them in Europe (Mielonen et al., 2015).

Our group has also combined global modelling with remote sensing observations in a study where
we investigated if biogenic organic carbon emissions which increase with temperature can have a



signi cant e ect on aerosol direct radiative forcing in a warming climate. In order to do this, we
developed a method, which can extract information of biogenic aerosol from satellite data by |-
tering anthropogenic contribution to aerosol optical depth using tropospheric NG concentrations.
This was achieved using data from the remote sensing instrument OMI. To complement satellite
observations, we implemented a volatility basis set based biogenic secondary organic aerosol forma-
tion scheme in ECHAM-HAMMZ. These methods combined showed that biogenic organic aerosol
can signi cantly a ect aerosol direct e ect when the climate warms (Mielonen et al., 2016).
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Pan-Eurasian Experiment (PEEX) Program (https://www.atm.helsinki.fi/peex/) is an international, multi
disciplinary, multiscale bottom up initiative established in 2012 (Lappalainen et al. 2014). The main focus of
the initiative is to solve interlinked global environmental challenges influencing societies in the Northern
Eurasian region and in China (Kulmala et al. 2016). PEEX also aims to deliver to novel ground based land-
atmosphere data for constructing reliable early warning systems, for predicting extreme weather events and
for estimating environmental contamination of industrial accidents across Northern Eurasian region. The
program is involving research communities from 20 different countries from Europe, Russian and China.
Altogether 80 institutes have contributed to the PEEX Science Plan. PEEX is coordinated by the University of
Helsinki and the Finnish Meteorological Institute together with the Moscow State University (MSU) and
AEROCOSMOS from Russia and Institute of Remote Sensing and Digital Earth (RADI) and University of
Nanjing from China.

In years 2012-2016 PEEX has released conceptual descriptions of the program structure (Kulmala,et al. 2015),
the research agenda (Lappalainen et al. 2016) and the in situ observation network (Hari et al. 2016). In
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implementing the PEEX research approach we have opened the PEEX Special issue in the Journal of
Atmospheric Chemistry and Physics (http://www.atmos-chem-phys-discuss.net/special_issue265.html). The
special issue is continuing the Science Plan process and is serving as a primary platform collecting PEEX
relevant scientific results for the periodic PEEX science assessment.

Starting from 2012 PEEX has made preparatory work with the Russian station networks and collected the
preliminary information on the in situ station measurements over 170 stations stations (Alekseychik et
al.201§. In 2017 PEEX will focus on more detailed metadata inventory of the Russian in situ stations as a
part of the EU Horizon 2020 Arctic infrastructure INTAROS project. The metadata overview will the first step
connecting the Russian RI to international research infrastructure frameworks. In addition to the upgrading
plans of the exiting station infra, PEEX is actively promoting the establishment of new in situ stations in Russia
and in China, which would be based on the so called SMEAR (Stations measuring the Earth surface
Atmosphere Relations) measurement concept (Kaukolehto et al. 2016). As a part of the PEEX station network
approach we have published the “PEEX view tool”
(http://www.atm.helsinki.fi/aapon_demo_php/testl5_demo.html). PEEX View Tool enables the comparison
between the in situ data and the modelled data. In the future, the PEEX-View is envisioned to be part of the
PEEX Modelling Platform and combining multidisciplinary datasets of varying temporal and spatial scales.
The PEEX modelling platform concept, the descriptions of the model software together with to a specific
technological platform and data formats will be released in 2017.

The upcoming Finland’s chairmanship of the Arctic Council starting from 2017 sets the PEEX focus on
circumpolar collaboration. In 2017 PEEX will expand it’s collaboration across polar areas and, as a first
activity, will organizes the circumpolar Arctic Flux workshop together with USA and Canadian research
groups. The circumpolar Artic Flux WS will take place in Hyytidla, Finland on 6-9.Feb.2017. The workshop
will be arranged in parallel with the CRUCIAL “Critical steps in understanding land surface — atmosphere
interactions: from improved knowledge to socioeconomic solutions” meeting, which would also fostering
communication on future Arctic observation systems between USA, Canada, Nordic and Russian research
communities. CRUCIAL is a new Nordic-Russia collaboration project coordinated by University of Helsinki

— Atmospheric Sciences, funded by Nordforsk, staring in autumn 2016.

PEEX organized the second Science Conference in Beijing in May 2016 (Lappalainen et al. 2016b). The
conference gathered several new Chinese research contributors representing several branches of the
environmental sciences. In 2017 PEEX will continue deepening the collaboration with these Chinese research
groups and release a specific PEEX-China research agenda. PEEX recognizes here the unique opportunity to
explore cooperation in the sustainable development of environments along the Silk Road Economic Belt and
Road. Thus the focus of the PEEX-China research agenda will be on the detailed identification of the
environmental challenge of the Belt and Road region.
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The Earth System Modeling group is responsible for bringingseveral ATM activities to the global
scale by using Earth System Models (ESMs). The group activies cover wide scienti ¢ scope
from aerosols to greenhouse gases, from natural to anthrogenic emissions, and from small scale
processes to global circulation and climate feedbacks. Thgroup develops Earth System Models,
including new process descriptions and modules. Tools areedleloped for thorough evaluation of
model components against Earth System observations. The nuel systems are used for assessing
research questions in paleoclimate, historic and future tnescales.

The main tools of ESM group are three models, Max-Planck Instute Earth System Model (MPI-
ESM), Norwegian Earth System Model (NorESM) and European Eath System Model (EC-Earth).
As shown in Table 1, the models are historically rather distnct, and their submodels provide an
extensive multimodel platform for the group.

Atmosphere Land-vegetation Ocean

MPI-ESM ECHAM JSBACH MPI-OM
NorESM CAM CLM MICOM
EC-Earth IFS LPJ-GUESS NEMO

Table 1: Earth System Models used in the group and their main omponents.

Selected research results and future prospects

On the process-level, the ESM group continues developing ahimplementing new process descrip-
tions to models. The group is testing several potential mecanisms for neutral and ion-induced,
as well as organic and in-organic nucleation in global scaleNew methods are implemented for
secondary organic aerosol (SOA) formation. Recently, the gup developed a SOA module to ac-
count for extremely low volatility organic compounds (ELVO Cs) and their role on nucleation and
subsequent growth (Jokinen et al., 2015).

Biosphere-atmosphere interaction has a strong emphasis ithe groups research. The group has
provided an ESM assessment of BVOC-aerosol-climate interdions over the Tibetan plateau (Fang
et al., 2015). It was hypothesized that aerosol-climate ineractions might play a considerable role
in observed trends of regional precipitation. The group is mplementing mechanisms of wetland
methane emissions in MPI-ESM land component JSBACH.

Anthropogenic emissions of aerosol and their precursors arlikely experiencing substantial changes
in next decades. To better account for e ects of anthropogeit emissions on climate, the group
further develops the emission modules in terms of their chemal and physical characteristics. Xausa
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et al. (2016) implement a new framework for size-segregateguharticulate emissions based on state-of-
the-art inventories from GAINS model (Paasonen et al., 201% The results from their experiments
shows substantial improvement of the simulated size distfiution in regions close to anthropogenic
emissions, especially in terms of Aitken and accumulation rade aerosol number concentrations.
The group has addressed the role of changing Arctic human aitities on climate: Shcherbinin
et al. (2016) includes ECHAM-HAM simulations of 2010-2030 riod with increasing emissions in
Yamal peninsula. These simulations show that potential incease in black carbon emissions from
aring can have a strong climate impact through Arctic system components.

The group assessed high-latitude Earth System feedbacks @RAICC project (manuscript in prepa-
ration). NorESM was used to simulate e.g. e ect of land-use hange on atmospheric chemistry
and aerosol formation and e ect of warming climate on BVOC-aerosol-climate feedback. The group
has participated in assessing the e ect of aerosol-cloud teractions on upper-tropospheric humidity
(Riuttanen et al., 2016) with global climate model experiments.

Makkonen and Kmager (2016) provide a model assessment of B0-2010 cloud condensation nu-
clei concentrations (CCN) variability. The apply global aerosol-climate model ECHAM-HAM to
quantify trends and variability of CCN. The model can reproduce most of analyzed anomalies
in observed CCN concentrations, if both emission and metealogical variability is accounted for.
Several analyzed regions including Mediterranean, East ahWest of US, indicate strong negative
trends during 2000-2010, especially after 2005.

The evaluation of components and processes in global EarthyStem Models is a demanding task in
terms of amount and type of data, as well as standards and praadures in model validation. In col-
laboration with the PEEX initiative, the group has developed PEEXView, an online visualization-

analysis tool which combines data from ATM/PEEX infrastruc ture to global models in ESM group.

The research of the group has been included in earlier aerdsdimate e ect quanti cations of IPCC
assessment report (AR5). For the ongoing CMIP6, which will ikely support IPCC ARG, the group
is committed to experiments in the DECK and AerChemMIP frameworks (Keskinen et al., 2016).
The CMIP6/AerChemMIP experiments will be done in collaboration with FMI and KNMI.

National and international collaboration and links to research i nfrastructures

The ESM group is collaborating with several groups from ATM in order to 1) provide global as-
sessments of FCoE processes, 2) utilize state-of-the-aréthoratory and eld observations and 3)
maximize ESM research impact. The collaboration with Compuational Aerosol Physics group
links the molecular scale models of cluster formation to nuieation modules in ESMs. Through
the collaboration with Atmospheric Mass Spectrometry groyp the ESM group has been able to
implement laboratory results on SOA formation to global aerosol modules. The collaboration with
Aerosol-Cloud-Climate Interactions group provides a linkto newly established parameterizations
and expertize of atmospheric aerosol phenomena. The collabation with FMI Kuopio unit is es-
sential in terms of ECHAM-SALSA application and developmert. Finally, strong collaboration
with the Dynamic Meteorology group has been essential in liking the Earth System process un-
derstading to impacts on atmospheric circulation.

MPI-ESM collaboration connects the group to Max Planck Institute for Meteorology, Center for Cli-
mate Systems Modeling at Eidgenessische Technische Hoattaule Zsrich and University of Oxford.
NorESM is developed in collaboration with the Norwegian Meteorological Institute, University of
Oslo and Stockholm University. The community of EC-Earth model spans over ten countries in
Europe.

The ESM group activities are strongly linked to national, Nordic, European and global networks,
projects and infrastructures. The ESM group is heavily invdved in EU FP7 project BACCHUS,
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which has provided resources for development and applicain of MPI-ESM and NorESM. The
Nordic collaboration in Earth System Modeling has been supprted by e.g. Nordforsk CRAICC,
eSTICC and NordicESM projects. Through eSTICC mobility funding, the ESM group has re-
ceived two collaboration visits during 2015. Juan Camilo A®sta-Navarro from Stockholm Uni-
versity visited the group to work on land-use-climate interactions with the NorESM model. The
visit by Roland Schmedner from Lund University strengthen ed collaboration on global simulation
and assessment of primary biological aerosol particles. ThPEEX initiative provides a platform

international collaboration for ESM group research.

The Earth System Models are run at CSC supercomputers, and CS resources and expertise are
used to implement the whole model work ow under CSC computirg infrastructure. The on-site
support from CSC has proven fundamental for designing and implementing ESM systems on HPC
platforms. CSC supports the implementation of a national Eath System Grid Federation (ESGF)
node, which will provide researchers a pathway for global opn distribution of climate model data.

Website of the Earth System Modeling group: http://blogs.h elsinki. /esm-group
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INTRODUCTION

The coupling of the Earth's surface and the overlying atmosphere through mass and energy fluxes has an
important role in atmospheric chemistry and physics in addition to boundary layer meteorology and
ecosystem research. The Greenhouse gases, Micrometeorology and Biogeochemical cycles group of
University of Helsinki aims at increasing the fundamental understanding of biosphere-atmosphere
interactions in different ecosystems and to apply the gained information for practical applications and
purposes. The group has a comprehensive experience on ecosystem scale flux measurements carried out
by means of micrometeorological techniques. Long term and continuous measurements are performed
over forest, peatland and freshwater ecosystems. The work is done in close co-operation with other FCoE
research teams from University of Helsinki (Urban meteorology, Ecosystem processes, Soil Dynamics),
from Finnish Meteorological Institute (Greenhouse gases), as well as with other national and international
collaborators. We report below summaries of recent research studies and activities performed within the

group.

METHODOLOGICAL ASPECTS AND DEVELOPMENTS
Advances in Eddy Covariance method

During last few years the research group is actively involved in several activities related to GHG
measurement techniques, protocols and data harmonization within ICOS and other international projects.
The work includes advances in EC method for methane and nitrous oxide through several international
field campaigns (Mammarella et al., 2010; Peltola et al., 2012; Peltola et al., 2014; Rannik et al., 2014),
advances in eddy covariance (EC) data processing (Mammarella et al., 2009; Nordbo et al., 2012; Nordbo
et al., 2013; Nordbo et al., 2014) and flux gap-filling methods for methane (Dengel et al., 2013).

The EddyUH software, developed in our group, is the state of art tool for EC flux data processing. In a
recent study (Mammarella et al., 2016), we have carried out an inter-comparison between EddyUH and
EddyPro (the software developedlbyCOR Biosciences), aiming to estimate the flux uncertainty due to

the use of different software packages and to evaluate the most critical processing steps, determining the
largest deviations in the calculated fluxes.

In another recent study (Rannik et al., 2016), we have reviewed different methods used to estimate random
uncertainties of flux measurements by the eddy covariance technique using measured turbulent and
simulated artificial records. We recommend two flux errors with clear physical meaning: the flux error of
the co-variance, defining the error of the measured flux as one standard deviation of the random
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uncertainty of turbulent flux observed over an averaging period of typically 30 min to 1 hour duration; and
the error of the flux due to the instrumental noise. We suggest that the numerical approximation by
Finkelstein and Sims (2001) is a robust and accurate method for calculation of the first error estimate. For
the error due to instrumental noise the method by Lenschow et al. (2000) is useful in evaluation of the
respective uncertainty.

Finally, an international field instrument intercomparison was implemented at Lake Vanajavesi (Finland)
in January-August 2016 (Provenzale et al., 2016). The aim was to evaluate the performance of a new eddy
covariance (EC) instrument called the IRGASON (Campbell Scientific), with a separated and standard EC
system for reference (Metek + LI-7200). The IRGASON integrates an open-path gas analyzer and a sonic
anemometer into the same sensing volume, thus eliminating sensor separation in comparison to the
traditional open-path EC setup. However, the first studies made using the IRGASON yielded some
unrealistic results (e.g. night-time €0ptake over lakes and vegetation), which seems to be related to a
“missing” gas analyser spectroscopic correction (Bogoev et al., 2014).

ECOSYSTEM PROCESSES AND FLUX STUDIES

Boreal forest and carbonyl sulphide flux

Carbonyl sulphide (OCS or COS) is the most abundant sulphur-containing trace gas in the atmosphere. It
is mainly produced by oceans and atmospheric oxidation of carbon disulphije{@d$limethyl

sulphide (DMS) and is taken up by oceans, soils and vegetation. OCS has been suggested as a proxy for
photosynthesis, as it is an inert compound depositing via stomata and there is no respiratory-like flux back
from plants. Continuous OCS flux measurements by the eddy-covariance technique above the canopy (at
22 m above ground) started in April 2013 in the boreal forest research site SMEAR Il in Hyytiala, Finland.
A Quantum Cascade Laser (QCL) mini monitor (Aerodyne Research Inc., Billerica MA, USA) has been
deployed, measuring OCS, as well as carbon dioxide)(@@ter vapour (kD) and carbon monoxide

(CO). OCS fluxes in Hyytiald show similarities with few other flux studies. Especially, the forest is a
significant sink during the growing season day-time and the observed OCS fluxes correlate well with the
gross primary productivity estimated from the observed fiQes (Erkkild et al., 2016a). We performed

two campaigns in the summer of 2015 and 2016 at the SMEAR I site to provide better constrained OCS
flux data for boreal forests, related in particular to the role of soil and to the seasonal variation of Leaf
Relative Uptake (LRU) ratio needed for estimating photosynthesis (GPP) from OCS fluxes. A

combination of OCS measurements were made during both years, i.e. atmospheric profile concentrations
up to 125 m, eddy-covariance fluxes and soil chamber fluxes. In addition to these, branch chamber
measurements were done in 2016 in an attempt to observe the LRU throughout the whole season. The full
budget of OCS will be considered by scaling up the soil and branch measurements to the ecosystem level.

Greenhouse gas exchange over lake

Advancing our understanding on physical processes controlling turbulent exchange of energy, carbon
dioxide, methane and other trace gases over lacustrine systems is crucial in order to improve climate and
weather forecast models. Recent studies have reported that inland waters on the terrestrial landscape
generate significant emissions of carbon dioxide and methane (Huotari et al., 2011; Bastviken et al., 2011,
Reignier et al., 2013). Since 2010 our research activities is carried out at the comprehensive and unique
measurement platform Lake-SMEAR, located in the small boreal Lake Kuivajarvi, close to Hyytiala
Forestry Field Station in Southern Finland. Lake-SMEAR includes direct and indirect flux measurements
of CO, and CH and other auxiliary measurements over the lake and in the water (Mammarella et al.,
2015). We aim to assess the current global &@sion estimates from lakes to the atmosphere by
comparing parameterizations for gas transfer veldcagd the significance of wind and heat flux to the

gas transfer especially in small lakes (Heiskanen et al, 2014). Other recent studies include two important
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aspects: 1) the effect of water clarity on thermal stratification of a lake, which in turn affects lake-
atmosphere heat exchange and further gas transfer (Heiskanen et al., 2015); 2) the effect of synoptic
weather events associated with cold front passage, which create a positive pulse in sensible and latent heat
fluxes, as well as in CO2 emission (Mammarella et al., 2016b).

Fluxes of CH and CQ were measured during a two week campaign at Lake-SMEAR using different
techniques, including eddy covariance, floating chambers, and direct measurements of water turbulence
andk (Erkkila et al., 2016b). The agreement between different methods were fairly good, and recent
parameterizations fdt, including both wind and heat fluxes (Heiskanen et al., 2014; Tedford et al., 2014),
were superior in comparison with more simple ones (e.g. Cole and Caraco, 1998).

New flux tower in West Siberia peatland

In remote and large areas, like West Siberia, current estimates of greenhouse gas emission rates are largely
uncertain, because discontinuous and short-term observations (static chamber technique) have been often
used to derive regional and long term emission rates (e.g. Glagolev et al., 2011; Sabrekov et al., 2013).
Current climate models do not explicitly include northern peatland and aquatic ecosystems, because
relationships between driving environmental parameters, small scale processes and fluxes are poorly
known. In order to address these relationships, long-term field observations at different spatial and

temporal scales, intensive measurement campaigns, laboratory experiments, and theoretical framework for
the process based models are needed.

In this respect, we have established recently a new eddy covariance flux tower at the raised bog wetland
site at the Mukhrino field station in Khanty—Mansi Autonomous Okrug (Russia). The flux tower for
energy, carbon dioxide fluxes is the first one in West Siberia (or at least within a radius of several
thousand kilometres). The obtained fluxes, combined with the available meteorological, soil and
vegetation data are used to study the diurnal and seasonal variations of fluxes, as well as to determine
ecosystem annual budgets of energy and carbon at the wetland site (Alekseychik et al., 2016).

MODELLING STUDIES

Lake modeling

The ability of a lake model to properly simulate surface heat balance, surface and bottom temperatures and
the deepening of thermocline is crucial, because these factors drive the production, consumption and
transport of greenhouse gases in the water column. Besides the atmospheric forcing, the thermal
stratification of the lake depends also on the lake water characteristics, e.g. on the water clarity (Heiskanen
et al., 2015). The model LAKE has been recently advanced to account also for the key processes related to
biogeochemistry (Stepanenko et al., 2016). The model is able to reproduce temperature, methane, carbon
dioxide, oxygen in the water column. The model was validated using data collected at Lake-SMEAR.

Wetland methane model
We have built up a model that takes as input the rate of anoxic peat respiration and computes the
subsequent CHemissions of a peatland by simulating the transport of Oband CQand the oxidation

rate that depends on the prevailingcOncentration. The aim was to obtain a robust and flexible module
that can be used as a submodel within different soil carbon models. The model HIMMELI (HelsInki
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Model of MEthane buiLd-up and emission) is driven with peat temperature, leaf area index (LAI) of
aerenchymatous gas-transporting vegetation and water table depth (WTD), and it needs as input the
carbon (C) input rate, i.e., the rate of anoxic respiration perdf the peatland. The anoxic respiration

rate needs to be simulated with another model. HIMMELI simulates microbial and transport processes that
take place in the peat column, divided into layers, keeping track on the concentration profiles@f CH

and CQ. The output is fluxes of CHO, and CGbetween the soil and the atmosphere, with the

possibility to separate the contributions of the three different transport routes as well as the fraction of
oxidized CH.For results, see the abstract by M. Raivonen.
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OVERVIEW

Soil microbial processes play and important role in the production and consumption of greenhouse gases.
Soilsare identified as sources of several trace gases, seahnbmndioxide (CQ), methane (Ch), nitrous

oxide (NO), biogenic volatile organic compounds (BVOCSs) and volatile organic nitrogen (VONSs), which
play an important role in the climate change, in air quality and in tropospheric chemistry

Continuoudongterm neasurements &8MEAR | (Eastern Lapland) and SMEAR Il (Hyytiala) stations
provide a platform for our process level studieger, material and gas fluxaad the processes

underlying themWe have also carried out measurement campaigherthern Canadani2015 and

Siberia 2016 for studying GHG fluxes from permafrost soils exposed to forest fire in the Academy of
Finland funded project ARCTICFIRE (Pumpanen & Berninger et al.). Another major campaigns carried
out in the group in 20:3016 are the campaigfar studying the Cklemissions from tregMETAFOR
project by Pihlatieet al) and the trenching plot experiment for studying the contribution of roots and
ectomycorrhizal fungi on the decomposition of soil organic matter and nitrogeny€ROFUNGI

prgect by Heinonsalet al).

HIGHLIGHTS
The group has producé&d scientific articles in international peer reviewed journals in 2008 and ca
manuscriptdl1 are under review. A new Acaderof Finland esearctiellow project was awarded for
Mari Pihlatie in 2015 and for Kajar Kdster in 2016. Jukka Pumpanen was appointed as a full professor in
microbial biogeochemistry at the University of Eastern Finlarddtober2015.

NEW RESULTS

Priming effects and decomposition of soil organic matter
J. Heinonalo, H. Sun, MSantalahti, K. Backlund, P. Hari, K. KarhD, Biasj J. Pumpanen
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We showedhat the presence of plant induced a significant release of nitrogen (N) from SOM, in a similar
way as did oklative and proteolytic enzyméKieloaho et al. 2016nd thatertain ectomycorrhizal

fungi can utilize organic N that is widely available in SOM, and also deliver the N released from these
organic compounds to its host tree. Recently, we bigeshown in a thregear long field experiment,

using a combiation of a trenching experiment and natural C isotoff€sand*“C) that the priming effect,

the plantinduced additional SOM decomposition, may range from +58% to even as high as +185%,
compared to heterotrophic soil respiration in the absence of platst(Heinonsalo et al. 2016). The

abundance of the studied fungi correlated well with the primary production of the forest site, indicating

that the belowground activities of N uptake from SOM may be tightly connected to the photosynthetic
activities of he host trees, linking SOM decomposition and photosynthesis together (Heinonsalo et al.
2015). Further, we investigated the link between mycorrhizal symbiosis and plant photosynthesis, and
IRXQG RXW WKDW WKH PDLQ IDFW R UatiorDchpediywei®@ theVavdilbitRaf W S O D C
and water, not the belowground C demand that has earlier been suggested to be the main mechanism how
symbiotic fungi affect plant C assimilation (Heinonsalo et al. 2015).

As a conclusion from our studies we pogp that SOM decomposition is tightly connected to the presence

of plants and the SOM decomposition in boreal, N limited ecosystems is triggered by the N demand of
trees: to increase their N availability, trees need to allocate significant amounts ofv@roeind, and

using these easily available and utilizable carbohydrates, soil microbes can increase the production of their
extracellular enzymes that are needed to degrade SOM and release N from organic coviplaises.

observed that the relativeagniude of thepriming effectincreased with soil depitiKarhu et al. 2016)

which indicates thahe decomposition of SOM in deeperldayers could be significantiyncreased due

to priming, if labile carboninputs into these layers increase

Effects of disurbance®n soil GHG fluxes, carbon cycle aadil microbial processes
K. Koster, F. Berninger, J. Heinonsalo, H. SEnAsiegbuE. Kdster M. Palviainen, H. Altonen, X.
Zhou and J. Pumpanen

We are studyinghe effects of forest fires dBHG fluxes ad soil organic matter decomposition on
permafrost and nepermafrost soilin Finland, Canada and Russtaur first results indicate that forest

fires decreasethe turnover rate of carbdrecauseignificant amounts of organic matter in the surface soil
is combusted and the enbbial population is decreased. This is becadiske heating of the surface soil

and death of trees which sustain ectomycorrhizal fungi. We observed that the enzyme activities in the soil
surface are decreased immediately afterdind the microbial activity recovered slowly along with the
accumulation of organic matter on the soil surface (Kdster et al. Zod@kst fires also affected the GHG
fluxes; net CQemissions and CHiuptake were increased, but no significant effect g fluxes were
observed as a result of fire. Thptake ofCH, partly compensateithe increase in radiative forcing

resulting from theCO, emissions at the recently burned sites, but the compensating effect was very small
(Kdster et al. 2015)We also oberved that the microbial community structure was affected by the fire.
Based on DNAsequencing, the fungal community was more diverse soon after fire disturbance and
declined over time. Based on functional gene array technique the genes invaxgahicmatter

degradation in the mature forest, in which ECM fungi were the most abungsatas common in the
youngessite, in which saprotrophic fungi had a relatively higher abund¢gwe et al. 2015)NVe also

carried out the same analyses for bactenaimunity and observed thidie bacterial diversity did not

differ between the recently and older burned areas, suggesting a concomitant recovery in the bacterial
diversity after firs. Sil temperature, pH and water contents were the most important facctbraping

the bacterial community structures and func(i®on et al. 2016)The studies providiinctional insight

on the impact of fire disturbance on soil bacterial community

Reindeer is the most important mammaliarbh@re in the northern latitles which strongly effects on
the arctic ecosystems. We are studyimgeffectof reindeer on soil GHG (COCH, and NO) fluxes and
its underlying factorin subarctic forests Finnish LaplandReindeemrazingdecreased the biomass and
cover of lichensand decreased the tree regeneration, but did not affesbitheC, efflux, soil C stock,
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and the soil microbial C biomasBhus, from carbon balance point of view, reindeer grazing can be
considered carbon neutral (Kdster et al. 2016).

Short term effets of biochar on carbon cycling in boreal Scots pine forests
T. Zhuy X. Zhy, J. Pumpanen, M. Palviainen, Zhou, L. Kulmala, V. Bruckman, E. Késter, K Koster, H.
Aaltonen N. Makita, Y. Wang, FBerninger

Data on the effds of biochar on soil carbdarnover isimportant in borealorests where large quantities
of forest harvest residues wdube available as feedstock fuibchar productionin order to better
understand the effexof biochar on forest doive established a factorial experiment whewe tifferent
sprucebiochars were applied at thate of 1.Ckg 2 and 0.5kg n12in a young xe Scots pine forest of
southerrFinland.Biochar appliction increased the rate of sodispiration by 1%, however, microbial
biomass did not differ betweehe treatmentdVe concluded that increase in soil respiratias

attributed to warmer soilsfter biochar application to the soil surface while changssilrchemistry or
soil physicalproperties did not have any detectable effect on respiration.

Soil concentrations and seatmosphere exchange of alkylamines in a boreal Scots pine forest
A.J.Kieloahqg M. Pihlatie S.Launiainen M. Kulmala, M.-L. Riekkolg J. Parshintsed. MammarellaT.
VesalaandJ. Heinonsalo

Alkylamines are important precurson secondary aerosol formation in the boreal forest atmosphere. To
better understand the behaviour and sources of two alkylamines, dimethylamine (DMA) and diethylamine
(DEA), we estimated the magnitudes of saiinosphere fluxes of DMA and DEA using adjent

diffusion approximation based on measured concentrations in soil solution and in the canopy air space.
Our results show that boreal forest $ei& possible source of DMa&nd sink of DEA. We also found that
fungal biomass may be an importaeserwir of alkylamines.

Spring recovery and variation in methane fluxes from boreal trees in southern Finland
|. HaikarainenE. Halmeenmaéki, K. Machacova, M. Pihlatie

Trees are noted to be capable of transporting microbially produced methaidér¢@Hanaeobic soil
conditions to the atmosphei&'e measured the variation in tree gx during the spring 2015 from

stems and shoots of downy birchBgfula pubescehsnd Norway spruce®icea abieyin Hyytiala.
Methane was emitted from stems and shootdi tree species, and emissions were generally higher
from birches than from spruces. Methane emission rates from birches correlated positively with soil
temperature and also increased as thavipg season proceedéltees living in the boreal region are
capable to emit Ckl but the mechanisms remain unresolved as well as temporal and spatial variation in
CHa fluxes between the tree species.

Daytime emission and nighime uptake characterize CO fluxes from an agricultural bioenergy crop M.
Pihlatie, U.Rannik, S. Haapanala, O. Peltola, N. Shurpali, P.J. Martikainen, S. Lind, N. Hyvonen, P.
Virkajarvi, M. Zahniser, and I. Mammarella

We report the first longerm and continuous field measurements of CO fluxes using the
micrometeorological eddy covarian@C) mettod. We demonstrate that the EC method is suitable in
identifying seasonal and diurnal variability as well as driving variables of CO fluxes at ecosystem level.
The daytime CO emissions were mainly driven by direct and indirect effects of radietitenthe night

time CO uptakevas connected toJ® emissionsin order to fully understand the sowsiek dynamics

and processes of CO exchange, continuous anetédongflux measurements in combination with proeess
basd studies are urgently needed.

Seasonal courses of methane fluxes in boreal trees
K. Machacova, E. Halmeenmaéki, M. Pihlatie, and O. Urban
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Recent studies have shown that plants can significantly contribute to thex€idnge between

ecosystems and the atmosphere, but investigatiotre@s particularly boreal tree species, are still rare.
Seasonal CHfluxes from stems of common boreal tree spedi8sots pineRinus sylvestris Norway

spruce Picea abiesand downy and silver birclBétula pubescens, B. pendulsand theforest toor,

were determinedOur results show that mature boreal trees exchangeuviiithe atmosphere throughout
the whole year with minimum and maximum fluxes during dormant and vegetation period, respectively,
and the fluxes are moduéal by soil water conte. The tree species studied emitted,@ihinly during

the vegetation season, however, considerable emissions were dateady from February onwards.

The stem Chlemissions of trees may reduce the sink strength of soils inl forests.

Comparisorof the above canopy and the forest floor methanerfiaslelled by soil water content
E. Halmeenmaki, |. Haikarainen, O. Peltola, M. Pihlatie

The upland soils have a capacity to emitsGihen soil moisture is at adequate level, and also vegetation
has ber found to contribute to the ecosystatmosphere CiHexchangeThe sources and the

mechanisms of the observed Gtinissions from the fests are still mostly unknowByY utilising lidar

data and in situ measurements of,@lkixes and soil moisture, we havnoddled the potential CHflux

of a boreal forest flooThe potential forest floor CHlux will be compared to the measured above
canopy CH flux.
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INTRODUCTION

Terrestrial vegetation introduces to the atmosphere an enormous diversity of biogenic volatile organic
compounds (BVOCs), which consist of a large variety of molecules that differ in size, physicochemical
properties and metabolic origin (Pefiuelas and Sta@di))2Some BVOCs, such as monoterpenes, are
oxidized in the atmosphere and the oxidation petalformed can participate in the formation of secondary
aerosol particles (SOA) (e.g. Riipinen et al., 2012). Other organic volatiles, including aldeakdgsart

in atmospheric photolytic reactions and contribute to new particle formationriHgiid., 2004).

Amines are emitted to the atmosphere from industry, combustion, biomass burning, animal husbandry and
oceans|In addition, soil and vegetation act as important sources of amines, especially during periods with
high biological activity These compounds are ubiquitous in the atmosphere and observed in several
locations in the world,dr example Ge et al. (20L$ummarized 154 identified amines in the atmosphere
emitted from anthropogeéc and biogenic sources. The most abundant amines in the atmosphere-are low
molecular weight aliphatic amines suchmaethylamine (MA), dimethylamine (DMA), and trimethylamine
(TMA). More recently, laboratory and field studies have shdvenformation ohitrogencontaining low

volatile compounds in pinonaldehydanethylamine reaction (Duporté et al., 2016), suggesting the
potential role of aminen R[LGDWLRQ SdihB@ X Ehe/afrmesphere.

Primary biological aerosol particles (PBgRnclude e.g. pollen, fungal spores, bacteria, viruses and cell
fragments of plants and animaseemitted to the atmosphefi®mm vegetation ad other living organisms
(Desprést al, 2007). Their importance to atmospheric chemistry and phyasiscreased interest towards
their reliabledeterminationPBAPs are considered to be a major source of proteinaceous materials in the
atmosphere (Matost al, 2016). It is suggested that proteins have undergone enzymatic hydrolysis or
thermal or photochemicalecomposition into peptides or free amino acids (FAAS). Amino acids can serve
as markers for various kinds of PB&P

METHODS

BVOC measurements from soil chambers were performed in summer 2015 at the Station for Measuring
EcosysterAtmosphere Relations MEAR 1l in Hyytidla, Finland. The first paftesting and optimization

of the methodpf the campaign occurred from®28& 28" of Junewhereconventional GEMS was used

The second pafsampling and analysis of BVOCs from soil chambers and ambierafdlie campaign
occurred from Bto 27" of AugustwhereSPME and portable G®IS was utilized Sampling was performed

by SPME VAULQJHV '9% 3'06 P | LGhambat&vere hIgsethhd SPME fikers placed

inside the soil chambefsr 40 minpassivecollection. Ambientir samples were collectédr 60 minusing

two dynamicSPME sampling system (flow rate of 11 L/mig)multaneouslyat 30 cm height from the
ground vegetation (Barreira et al., 202916. A comparison between portable and conventional\E_
analysis was performed by simultaned@smincollection oftwo SPME samples from the chamber.
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Reactivity experiments to investigatdd KH HIIHFW R D-PiheRdd dzomdI@siswdattion were
performed in a flow tube reactor. The gas phase walnermonitored by high resolution chemical
ionization mass spectrometry (HR OF-CIMS). Aeroso$ weresampedon 47 mm PTFE filers at a flow
rate of 1 Umin. Structures othe reaction products were determined by ulirgh-performance liquid
chromatography coupled to electrospray Orbitrap mass spectrometry (UBPLARMS). Particle size
distribution was measured with a scamnimobility particle sizer (SMPS). To support the results of
laboratory experimentambient aerosol samples (DMvere collected from SMEAR Il boreal forest site at
Hyytiala, Finland, during Mayjune 2016 and analysed by the same analytical methodologies.

The aerosol sampldsr the determination dfeeamino acid§FAA) were collected between February and
October 2014 at the SMEAR 1l station in Hyytidla, Finland. A Dekati Piiiiactor was used for the
sampling of four particle size fractions (<1.025, 2.510 and >10 um). The sampling flow rate was on
average 29 Imin and the collection time was from two to four days (sampling volumé&4a6ny).
Polycarbonate membrafiiters (25 mm)smeared with diluted vacuum greasgere usedor the three largest
particle size fractions. The smallest size fraction (<1.0 um) was collected on a 47 mm teflon filter with 2
um pore sizeAfter sampling, the filters werdried, placed inside a closed petri distd stored in20 °C.

Ultrasonic assisted extraction with 0.1% formic acid was used fé&tARen the filters Filters werespiked

with known amount of labelled internal standard mixture solution. The sample was sonicated at room
temperature for 15 minutes withma of 0.1% formic acid. Sonication was repeated twice with 2 mL and 1
mL of 0.1 % formic acid for 10 minutes each time. Finally, 1 mL of toluene was added into the extract
solutionto remove grease he solution was vortexed and centrifuged. Aqueous lagsrseparated and
filtered through a 0.45 um filter into a 5 mL volumetric flask. The samples were stored at 4 °C and analyzed
within 72 hours.

The analyseof FAA were performed with HPLC coupled to triple quadrupole mass spectrometer.
Electrospray ioniation in positive mode was used. The column used was a SeQuaoHHIT (100 x

2.1 mm, particle size 3 um, 100)AThe column temperature was maintained at 30 °C and the injection
volume was 3 L. Eluent A was 0.01% acetic acid in acetonitrile and eBuesats 0.01% acetic acid in
ultrapure water. The optimized gradient program was as follow®:r@in, 20% eluent B; 220 min, 60%
eluent B; 2840 min, 60% eluent B; 485 min, 20% eluent B and equilibration for 25 mniline flow rate

was 150 pyL/min. The MSvas operated in a dynamic multiple reaction monitoring (MRM) mbthss
spectrometer source parameters were optimized fagmenér voltage, collision energyand cell
accelerator voltage were optimized for each amino acid separately.

For analyzing the importance of the sampling time and the aerosol filter size, multivariate analysis of
variance (MANOVA) was performed for the gene copy numbers of bacRs@gomonasand fungi as

well the presence/absence transformed FAAs data. The MANOVA was performed with thefatictios

of the vegan package (Oksaradral, 2016), and the FAAs and gene copy humber data were set as response
variables while sampling mon#ind aerosol filter size were set as explanatory varialleddition, the

FAAs data was compared to the gene copy numbers data by means of regression analysis and correlation
between each variable was studied. The three largest particle size fractienscheded in these data
analyses, because the gene copy number data was only analyzéuegersize fractions.

CONCLUSIONS

Measurements of BVOCs from soil chambers were performed in summer 2015 at the Station for Measuring
EcosystemAtmosphere Relations, SMEAR Il in Hyytiald, Finland. Air samples were collected
simultaneously from soil chambers and ambient air by static amehdg SPME, respectively, to compare

the type and relative amounts of VOCs found in soil samples with those found in ambient air. Sample
preparation was avoided, reducing analysis time, sample contamination and potential losses during
analytical process. KH PRVW DEXQGDQW %92&V PHDVXUHG Landn&&BEHUYV |
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(P-carene (Fig.l). Aldehydes with a recognized role on atmosphere physics and chemistry were also
measured (FigR). Agreemenbetween amounts of monoterpenes measureddailloahambers by portable
GC-MS and monoterpene fluxes measured by ®T&Rwas observed.

monoterpenes
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Figure 1. Amount®f monoterpeneexpressed as peak aresasured by portable G@S. Samples were
statically collected from soil chambers and dynamically collected from amdtieri¥lonoterpene fluxes
[ng/(m?s?)] measured from the soil chambers by PWIR were included for comparison.
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Figure 2. Amountof aldehydesxpressed apeak areameasured by portable G@S. Samples were
statically collected from soil chambers and dynamicallyeotéld from ambient air.
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S5HDFWLYLW\ EHWZHHQ R]J[L G D\WiheRe slith BsFiidit Rcl &t Rirtdxid- Uiy, aRd
dimethylamine was observegigure3 presents the temporal profiles of selected ions byLAIRF-CIMS.
Surprisindy, a significant increasia the concentration of highly oxygenated compousée GH140sl as

an example in Figur8) after injection of dimethylamine was also noticed in this work. Finally, nitrogen
containing reaction products were identified by-HROF-CIMS (see GHsNOsl as an example in Figure

3 ,(QWHUHVWLQJO\ D VXEVHTXHQW H QKEen® &zdriold3 WaRseawtieH Q XF O
presence of dimethylamine.
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Figure3. Temporal profiles ofelected ions by HRIMS.

In total, more than 40 nitrogesontaining compounds were identified from the filter sampling in the
presence of DMA by Orbitrap L®1S. Furthermorefive reaction products (GHi70:N, Ci2H21NO,
C11H20NO2, CioH17/NOs, CioH2iNOz) in ambient SMEAR Il aerosol sampleserg confirmed. M$
fragmentation patterns of m/z 198.1489 ions fropineneOs-dimethylamine experiments and P8&ample

in Hyytiala are presentdd Figure 4.
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New products were determined and identified for the first time and the reaction products found in ambient
aerosol particles suggest that dimethylamine may play an important role forriegion and growth of
SOA of secondary organic aero€oV D {pikiethé&) ozonolysis in the atmosphere.

The concentration dfee amino acide/asthehighest during late spring and early summer during the pollen
season peak, the range being between @38@.8 pmol/rf, when all size fractionseretaken intcaccount.

In addition, the concentration of FAAscreasedagain in autumn, when other PBAPs (e.g. fungal spores)
emissiongeacledtheir maximum concentration (Figusg The annual pattern of FAAs concentratvoas
similar tothat of PBAPobserved préously in the same sampling site (Mannireml., 2014). Furthermore,
similar annual pattern was observed between FAAs and extracted DNA concentration. The aimount
extracted DNA was also highest during early summer and autumn (seee6atid015.
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Figure5. Total concentration of free amino acids in aerosol samples

The relative concentration of FAAs had different seasonal variation in different particle size frdttions.
washighest in the <1 pm fraction durirlgte winter, whereas during the pollen season, amino aeds
mainly in the >10 um fractiorSeemingly dring summer monthBAAs are more evenly distributed in all
size fractions. In autumn FAAs are mainly present in theprd@articles.

In the size distribution some clear tendencies were observed, such as high glycine level in the <1 um fraction
and higher glutamine and glutamic acid levels in the <10 um fractions (Fsu@ycine was the most
dominant amino acid in the particles <1 uwhereas in the other size fractions amino acids were more
evenly distributed. Figuré was plotted without the pollen season samples to get more representative
distribution.With the pollen season sampteatwere dominated mainly by proline and arge@mdpresent

in huge concentrations, the distribution wobll/ebeendistorted.
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Figure6. Amino acid relative concentration distribution in each size fraction. Samples from polé&m sea
are excluded

The results from the MANOVA analysis indicatedtlseasonal variation explained the observed variation
across the whole amino acid and gene copy number data with statistical significance (p<0.001). In addition,
the size of the aerosol filter wakatisticallysignificant factor for explaining the obsed/variation (p<0.05).

The preliminary results from regression analysis revealed that the concentration of FAAs correlates with the
amount of bacteria found in each size fractio:4um (R?=0.93, p<0.001), 2:40um (R?=0.86, p<0.001),

>10um (R?=0.93,p<0.001) and total particles $#0.97, p<0.001). However, the correlation between FAAs

and bacteria is mainly due to the high abundance of both variables during the pollenl§#asqgllen

season samples are excluded, the correlation would be n&ghdfitough in the total particles there was

still borderline statistical significance #0.29, p<0.0h Between FAAs andPseudomoas or fungi,no
statistically significant correlation was olpged.
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INTRODUCTION AND RECENT BREAKTHROUGHS

Research at the Atmospheric Mass Spectrometry research group has focused on understanding the formation
of secondary aerosol precursors, production of clusters, early steps of new particle growth from cluster sizes
toward climatically relevant sizes of cloud condensation nuclei, and secondary organic aerosol mass
production.

The recent breakthroughs include:

1) Experiments performed in the CLOUD chamber in CERN showed that highly oxidized
multifunctional organic compounds (HOM) from alpha-pinene oxidation under atmospherically
relevant conditions can form clusters at rates potentially sufficient for this purely biogenic
mechanism to have had a substantial contribution to new particle formation in the preindustrial
atmosphere (Kirkby et al., 2018&Jaturg. The ionization by galactic cosmic radiation readily
enhances these new particle formation rates one to two orders of magnitude. This suggests that ion-
induced nucleation of pure organic oxidation products may be an important source of new particles
in terrestrial environments with low sulphuric acid concentrations.

2) Based on the same experiments as above, we also investigateale of organic vapors with
different oxidation state and volatility in the initial growth of biogenic clusters and new particles
(Trostl et al., 20168Nature. We find that the organic vapors that drive initial growth have extremely
low volatilities (saturation concentration less thari*3qug ni°). As the particles increase in size,
the Kelvin barrier decreases and subsequent organic vapors of slightly higher volatility (saturation
concentrations of 1¢° to 10°° ug m®) can condense on the fresh particles. Accounting for these
mechanisms of growth, we estimate that concentrations of atmospheric cloud concentration nuclei
can change up to 50 % in comparison with previously assumed growth rate parameterizations.

3) We measured growth rates at suba3sizes with different atmospherically relevant concentrations
of sulfuric acid, water, ammonia and dimethylamine in the CLOUD chamber, and found that small
acid-base clusters, which are not generally accounted for in the measurement of sulfuric acid vapor,
can participate in the growth process, leading to enhanced growth rates (LehtipaliNatuak,
Communications2016). This mechanism could be important in amine rich environments and assist
the freshly formed clusters to survive the initial steps of growth.

4) In a study by Bianchi et aB¢ience 2016) new particle formation (NPF) was studied in the free
troposphere on top of Jungfraujoch mountain in Switzerland. It was found that at high altitudes,
NPF occurs mainly through condensation of HOM, while observations show also frequent sulfuric
acid—-ammonia nucleation. Neutral nucleation was found to be the dominant pathway rather than
ion-induced nucleation, and this study also found size-dependent growth rates. In general,
atmospheric observations regarding the molecular steps of initial cluster formation and early growth
are rare, and this is the first study illuminating these processes in free troposphere.

5) In a study performed on the western coast of Ireland, in Mace Head, we for the first time resolved
the detailed molecular steps of neutral cluster formation (Sipila et al., Haifg. We found that
cluster formation primarily proceeds via sequential addition of iodic acidsjHi@d subsequent
restructuring to form2Ds, either in the atmosphere or upon drying in the vacuum of the mass
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spectrometer. The same mechanism was observed to take place also in spring-time in northern
Greenland. Elevated concentrations of kll@ere observed also at Aboa-station, Antarctica,
suggesting HI@to potentially be an important source of new patrticles in polar atmospheres (likely
over sea ice).

6) As shown in many of the above papers, HOMs have a significant contribution to secondary aerosol
formation, yet their dominating formation pathways remain unclear in the atmosphere. We applied
positive matrix factorization (PMF) on HOM data from the SMEAR |l station, and successfully
retrieved factors representing different formation pathways, including monoterpene oxidation by all
the three major oxidants OH, ozone and:N'@an et al., 2016).

ONGOING RESEARCH AND FUTURE GOALS

Current research topics include, but are not limited to, the following broad topics:
- Resolving the precursors and formation mechanisms of iiQolar regions
- Simulating the Hyytiala day time NPF in CLOUD chamber
- Determining the relative roles o8O, and HIQ in Antarctic NPF through in-situ measurements
- Determining the temperature dependence of HOM formation from different systems
- Chemometric analysis and long-term variations of SOA in Hyytiala
- Chamber studies of HOM formation pathways under various conditions
- HOM formation from aromatic compounds

CONCLUSIONS

The research within the Atmospheric Mass Spectrometry group continues to yield high-impact scientific
results, as can also be seen from Fig. 1. Already, 2016 has shown to be an exceptional year when ti comes
to Nature and Science publications.

Figure 1. Publication merits of mass spectrometry-related research at UHEL until September 2016.

Much of the ongoing and future work relate to improving our understanding of the mechanisms producing
low-volatile vapors through gas phase reactions, and their subsequent contribution to NPF and SOA.
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IDENTIFYING A PARTCILE FORMATION MECHANISM IN THE ATMOSPHERE

We have provided theoretical basis for analysis of novel field data from Mace Head, Ireland reporting
particle formation in an iodine-rich, coastal atmospheric environment. The formation and initial growth
process is almost exclusively driven by iodine oxoacids and iodine oxide. On the basis of the high oxygen-
to-iodine ratio of 1.4, together with the high concentrations of iodic acidsjHikserved, the cluster

formation is suggested to primarily proceed by sequential addition of, Fillbwed by intracluster

restructuring to40s and recycling of water either in the atmosphere or on dehydration. This is the first

time molecular-level understanding of particle formation has been achieved in atmospheric field
conditions (Sipiléet al, 2016).

THEORETICAL UNDERSTADING OF LABORATORY OBSERVATIONS

We have developed an updated version of the classical nucleation theory for sulphuric acid- water system.
The thermodynamic model is normalized to state-of-the-art quantum chemical studies for the smallest
neutral clusters, and it is consistently extended to kinetic (barrierless) and ion-induced particle formation.
The result show a good agreement with contaminant-free measurements of sulphuric acid- water particle
formation rates measured at the CLOUD (Cosmics Leaving OUtdoors Droplets) chérelymedict that

the two-component water-sulfuric acid system can produce particles at a significant rate in the free
troposphere both through barrier crossing and through kinetic pathways. At cold stratospheric and upper
free tropospheric temperatures neutral formation dominates the formation rates, but at mid-tropospheric
temperatures the ion-induced pathway becomes dominant. However, even the ion-induced binary
mechanism does not produce significant amount of particles in the warm, &kotee 0

boundary layer conditions (Duplissy al.,2016 and Merikantet al.,2016).

We have participated in a study on how heterogeneous nucleation of vapour on a seed surface is
dependent on the seed properties such as size, chemical composition, and electric charging state. The most
important parameter determining the nucleation probability in the sub-3 nm size range was the seed
chemical composition, which is connected to the charging state, as these two cannot be varied
independentlyNo systematic sign preference exists for any of the condensing liquids and seeds studied
(Kangasluomaet al, 2016).

UNDERSTANDING PARTCLE GROWTH MECHANISMS

We have collaborated in a study reporting and analyzing growth rates of sub-3nm size clusters and
particles with different atmospherically relevant concentrations of sulphuric acid, water, ammonia and
dimethylamine in the CLOUD (Cosmics Leaving OUtdoors Droplets) chamber. The results show that
atmospheric ions and small acid-base clusters, not usually accounted for in the measurement of sulphuric
acid vapour concentration, can contribute significantly to the growth process (Leletti@d)®016).
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We continued to assess the validity of approximate methods to determine growth rates of sub-3 nm
clusters and the validity of the common approach to use them to estimate formation rates for clusters
smaller than the instrumental detection limit. We extended our previous study to a case where clusters do
not only grow by condensation of monomers, but cluster—cluster collisions also significantly contribute to
the growth. The results show that conventional methods used to determine particle formation rates from
growth rates may give estimates far from the real values (Kontleiradn 2016).

REFINED STUDIES OF THE SULPHURIC ACID-BASE-WATER SYSTEM

We used quantum chemical methods to study the chemical fate®08@ormed in a reaction between
sulphur dioxide and the sulphate radical at atmospheric relevant conditions. The results show that when
SO:SOs'reacts with ozone most of the collisions are non-sticking, the most frequent reactive collisions
regenerate sulfate radical ions, and produce sulphur trioxide while ejecting an oxygen moleculet(Tsona
al., 2016).

We have performed electronic structure calculations on the hydrates of clusters of three molecules of
sulfuric acid and three molecules of ammonia or dimethylamine. Combining the results of these new
calculations with previously published material we have studied the sensitivity of the atmospheric particle
formation rate for humidity. The particle formation rate can change approximately two orders of
magnitude in either direction due to hydration; the net effect, however, is highly dependent on the exact
conditions. The ammonia-containing system is more sensitive to relative humidity than the
dimethylamine- containing system (Henscéiedl.,2016).

We study the performance of a promising domain local pair natural orbital coupled cluster (DLPNO-
CCSD(T)) method in calculating binding energies of atmospherical molecular clusters. The DLPNO

method significantly reduces the scatter in the binding energy of small complexes of atmospheric
relevance, which is a common problem in DFT (density functional theory) calculations. For medium

sized clusters consisting of sulfuric acid and bases, the DLPNO method yields a systematic size-dependent
underestimation of the binding energy compared to canonical coupled cluster iresiclising that a

scaling factor should be applied to improve the predictive power of the method. (lelydl/s2016).

ASSESSING THE PARTICLE FORMATION OPETNTIAL OF OXIDIZED ORGANICS

We have investigated the interaction of some highly oxidized organic molecules with sulphuric acid, and
find that the heterodimers are more strongly bound than pure sulfuric acid dimers. Their stability
correlates well with the oxygen to carbon ratio of the organics, their volatility, and the number of
hydrogen bonds formed (Ortegaal.,2016). We also studied the molecular interaction between sulphuric
acid and a ¢HsOr ketodiperoxy acid compound (a proxy for highly oxidized products from, for example,
monoterpene autoxidation) in the presence of water, ammonia, or dimethylamine. Bases molecules
enhance the interaction between ketodiperoxy acid compounds and sulphuric acid. The additia@®:0f C
compounds to sulphuric acid-ammonia or sulphuric acid-dimethylamine clusters is, however, not able to
compete with the uptake of another sulphuric acid molecule, even at a high concentrations of organic
compounds, indicating that autoxidation products containing solely or mainly hydroperoxide and carbonyl
functional groups are not responsible for particle formation, but could contribute to the growth of
atmospheric particles (Elet al.,2016b).

We have extended the quantum chemical studies previously applied to clustering of sulphuric acid,
ammonia, dimethylamine and water to clusters of sulphuric acid and diamines. The diamines studied bind
equally or more strongly to sulfuric acid than dimethylamine does. Diamines that contain one or more
secondary amino groups stabilize the complex formation with sulfuric acid most efficiently. To fully
understand the involvement of diamines in atmospheric particle formation further work on larger clusters
is still needed (Elnet al.,2016a).
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COUPLING MOLECULAR MODELS TO LARGER SCALE MODELS

Our state-of-the-art molecular level model of particle formatiosulphuric acid-ammonia-water particle
formation was coupled via look-up-tables to PMCAMx-UF, a three-dimensional chemical transport mode
over Europe for the dates of the EUCAARI-LONGREX campaign in May 2008. The model now
reproduces the observed number concentrations of particles largemtmawithin 1 order of magnitude
throughout the atmospheric column, with no semi-empirical fitting needed to obtain realistic particle
formation rates (Baranizadet al.,2016).
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INTRODUCTION

Atmospheric aerosols affect both the climate and human health. Hence theg keeg mole when the

wellbeing of humans and environment is considered. The research of UEF Aerosol Physids Group
focused on atmospheric aerosol particles, both from natural and anthropogenic sources, and specially, on
their effect on atmospheric processes and further on climate. We are using experimental and modelling
methods to study thiermation and evolution of particles in the atmosphere and the role they play in

WKH (DUWKfV FOLPDWH WK U Raxtié¢sphéerchmater vaQow lnddoBds LRQV ZL WK

GROUP ACTIVITIES

The groupl &perimental researds focused o the physical and chemical characteristifsaerosol
particles, an@specially, on their interaction with watespour Recently we have be@erforming
measurements both in atmospheric campaigns in different environments and in the laboratory utilizing
environmental chambers designed for aerfmohation studiesThe focus of these campaignas in:
x formation of Secondary Organic Aerosol (SOA) particles both in laboratory and atmospheric
conditions Pajunoja et al., 2016; ¥PRirila et al., 2016; Kari et al., 2016
X interactions between anthropogeand biogenic emissionKdri et al., 2016Tiitta et al., 2016;
Kortelainen et al., 2015 ortelainen et al., 2036
x physical and chemical characteristic of SOA et and atmospheric aerosddajunoja et al.,
2015; Pajunoja e al., 2016; Hong et 2016 Yli-Juuti et al., 201§ Saukko et al., 2016
X water uptakeand CCN activatiowf laboratory SOA particles and atmospheric aerosols
(Vaisanen et al., 2016; Kim et al.., 2016, Pajunoja et al., 2015, Hong et al., 2016, Hansen et al.,
2016; Dalirian eal., 2016
X studying how environmental factors change VOC emissions of trees and further the SOA
formation (Faiola et al., 2@] Kari et al., 2016; Joutsensaari et al., 2015
To investigate these topics manemore detailve have performed intensiveeasurement campaigns
using our own facilities: ILMARI facility in studying the interactions between anthropogenic and biogenic
emissions, and Puijo SMEAR 1V station to study aerasmld interactions. Currently we are running a
campaign at Puijo jointlwith Helsinki University. The main topic of the current campaign is in studying
the cloud processing of aerosols dnepartitioning of semivolatile vapors inside the cloud. We hawe r
extensive laboratory measurement campaigns in our AdPbysicsLabto study factors controlling the
evaporation of SOA particle$his has been complemented by detagestess modellingn order to find
outthe effect of phase state and ifparticle processes on SQ#mnamics We hae also participated in
several measement campaigns in other organizaticatarlsruhe Institute of Technology (KIT) we
have studied the cloud processing of SOA patrticles utilizing the AIDA cloud expansion chamber and
LISA (Laboratoire Interuniversitaire des Systemes Atmosphériqué&griswe studied the chemical
transformation and phase state changes of SOA patrticles during cloud condeegagioration cycles.

Themodelling activitief the group have been focusedmncesdevel modellingrelated to formation
and transformatio of atmospheric aerosols, especially the thermodynamics and kineticspafrgele
partitioning of SOA. The main topics are currently:
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X Secondgy organic aerosols and partitioning of organic vapors J\iiti et al. 2018 Tikkanen et
al. 2016)

x Descriptbn of particle phase diffusion limitations (Muuti et al., 2018

X Condensational growth of atmospheric aerosols (Hao et al.; 2018uuti et al., 2016Heitto et
al., 2016

X Acid-base systems and their thermodynamic descriptions (Ahlm et al., 2016)

x Data analysis of measured aerosol size distribution dynamigsatdify the important
participating processes (Lehtinen, 2016).

Our lead idea is to connect the process modelling and experimental work so that the best possible support
both for experimentactivities as well as modelling activities will be achievEkis way, we are able to

extract from theexperimental laboratorgata such aerosol properties that would otherhige behind the
complex nature of the dynamic laboratory experimantsfuthermore we can evaluate the models for
describing aerosol processes in atmospheric conditions

COLLABORATION

The groupf &cellent research facilities and wide collaborativevoek allows us integrating the
laboratory and outdoor measuremenith theories and models in order to understand and predict the
impacts of humaicaused and natural changes on clim@ia. main collaborators related to the current
and near future activitiemre listed below:

FCoE teams

Assoc. Prof. llona Riipinen, Uneérsity of Stockholm, Sweden

Prof. Paul Davidovits, Boston College; USA

Prof. Douglas Worsnop, Aerodyne Research, USA

Prof. Gordon McFiggans, University of Manchester; Great Britain

Prof. Alex Gunther, PNNL, USA

Prof. Jose Jimenez, University of Colorad&A

Prof. Frank Stratmann, Leibniz Institute of Tropospheric Research, Germany
Prof. Jarmo Holopainen, UEF, Finland

Assist. Prof. Manabu Shiraiwa, University of California Irvine, USA

Assist. Prof. Paul Winkler, University of Vienna, Austria.

Prof. SergeWizkorodov and Prof. James Smith, University of California, Irvine, USA.
Dr. Claudia Mohr, Karlsruhe Institute of Technology, Germany

Prof. JearFrancoise DoussindAisEst Créteil UniversityFrance

CLOUD collaboration

X X X X X X X X X X X X X X X
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INTRODUCTION

Seasonality in terpenoid emissions of boreal evergreen tree species is poorly known. The emission
potentials, which describe the capacity to maintain emissions under standard conditions, are mostly
studied under laboratory conditions or during relatively short campaigns under field conditions. Because
comprehensive information on seasonal changes in emission potential is missing, current applications are
mostly based on the assumption of constant emission capacities &talid2000, Guentheet al,

2012).

METHODS

The measurements were carried out at SMEAR Il —station (Station for Measuring Ecosystem-Atmosphere
Relations), located in southern Finland in boreal zone. The monoterpene emission rates of Scots pine
shoots were measured under field conditions using an automated gas-exchange measurement system
coupled with a proton transfer reaction-quadrupole mass spectrometer (PTR-QMS, Ionicon Analytik
GmbH, Innsbruck, Austria). The measurements were conducted during years 2009-2015 and included
shoots with 0-, 1- or 2-year old needles from three pine trees. The emission potentials were determined
using both conventional evaporation —based temperature approach (e.g. Getemith®#993) and hybrid
algorithm approach (Ghirarda al, 2010, Aaltoet al, 2015). The standard conditions in solving the

emission potentials were T=30 °C and PPFD=1000 pnfostin both approaches the temperature
dependency parameter0.09 K.

RESULTS

The results show clear seasonal cycle in the monoterpene emission potential of Scots pine. The maximum
in monoterpene emission potential of 1-year old pine shoots takes place during the coldest and darkest
winter period, whereas the minimum emission potentials were observed in late summer and early autumn.
The emission potentials, both conventional evaporation —based potential and more complex hybrid
emission potential, were almost an order of magnitude higher in winter when compared to those measured
during the second half of growing season. Interestingly, there was remarkable day-to-day variation in
emission potential in spring, when the trees are recovering from wintertime dormancy (sex aglto

2015).

The maximum in the emission potential of current year shoots was observed in spring (see&alto

2014), at the time of growth onset, whereas the emission potential of 2-year old pine shoots was increasing
towards autumn. The common feature of monoterpene emissions during the emission potential maxima
was that temperature alone was unable to explain the variation in emission rates.
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Figure 1. Mean of the daily monoterpene emission potential, total hybrid. The error bars represent +1
standard deviation.

CONCLUSIONS

The results strongly suggest that applying constant emission capacity in VOC emission modeling will

likely result in significant, season-related biases in emission estimates, and that needle age classes clearly
differ both in emission potentials and in features related to seasonality. If these features are not taken into
account in modeling the production of precursors for atmospheric secondary aerosol formation, it will

likely lead to significantly biased results.
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INTRODUCTION

Ambient air greenhouse gas (GHG) concentration measurements can be performed on wet or dried
sample. Since the water vapour in the atmosphere has a high variability, the dilution effect makes the
comparison of the GHG concentrations in wet air meaningless. Thus, if the GHG measurements are
performed on wet sample, for the world-wide uniformity, the mole fractions have to be extrapolated to
dry-gas conditions. The other reason for correcting the wet results refers to the measurement techniques.
Many measurement techniques suffer from significant interference from water vapour. Picarro G1301,
G2301 and G2401 analysers fulfil the requirements for ICOS atmospheric stations fandCOH
measurements (ICOS Atmospheric Station Specifications). All these analysers correct the wet results, but
the correction factors determined by the manufacturer need to be improved by reassessing the factors
(Rellaet al, 2013).

For a proper assessment of the water vapour correction factors, the analyser has to be supplied with
sample air with constant G@nd CH mixing ratios containing differing but stable water vapour
concentrations at a range of the ambient air, as well as dry air for the reference. In principle, the test is not
difficult to perform, but commercial instruments producing several stable water vapour concentration
levels are not easily available. Thus, ICOS Atmospheric Thematic Centre built a system for water vapour
correction assessment from commercial components. The system is shown to fulfil the requirements of
stability and reproducibility and is now a part of routine equipment.

So called “water droplet method” is easier and more suitable method for water vapour correction
assessment in the field conditions; it is simply based on humidifying a dry gas stream by adding a droplet
of water in the sample line and letting it dry. The equipment needed for this test are simple and cheap, and
it is possible to carry out the test within a few hours; however, the outcome using the water droplet method
iS not as accurate.

The mobile laboratory (MobileLab) of the ICOS Atmospheric Thematic Centre, a quality control unit of
the ICOS atmospheric station network, is now performing the water vapour correction assessment as a part
of the audit visits for atmospheric stations.

INSTRUMENTATION

Air flow with stable water concentrations is essential for successful water vapour correction assessment,
as already mentioned. In the new test setup stable water concentration is produced with a self-built
instrument from components manufactured by Bronkhorst High-Tech B.V. The main part of the
instrument is Controlled Evaporator Mixer (CEM), which mixes water and dry air flows it is supplied
with. Both flows are controlled by mass flow controllers (MFCs). The water flow from the reservoir to the
CEM is generated by pressurising the reservoir headspace with a gas freeaoidd@TH (e.g. N, He,
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synthetic air). Since the MFC for water is very sensitive to air bubbles, helium is recommended for the
pressurisation due its low water solubility. To enable very low water flows (down to 0.1 g/h), the MFC for
water is based on Coriolis type mass flow sensor and is thus extremely sensitive to vibration. Air flow for
the CEM is taken from a gas cylinder filled with dried ambient air. To achieve stable mixing of water to
air, the sample flow has to be 1.5-2 I/min — clearly higher than required for the instrument inlet flow
(sample flow for Picarro G2301 and G2401 is less than 0.3 I/min). The high air flow is also needed to
produce sample air with low water concentrations, since the MFC for water is not reliable with the water
flows below 0.2—-0.3 g/h. To avoid water condensation on the walls of the CEM-system and the tubing, all
the parts from the mixer to analyser inlet port are heated.

WATER VAPOUR CORRECTION ASSESSMENT DURING AUDIT

The MobileLab is equipped with a Picarro G2401 and performs a water vapour correction assessment for
the analyser during each station audit. The assessment will be made also for the local analyser at least
once during the audit. Each ICOS atmospheric station’s instrument should have been performance tested
by ICOS ATC Metrology Laboratory, which also includes water vapour correction assessment with
similar CEM-system. Thus, the test made during audit by the MobileLab is comparable with the initial test
made by Metrology Laboratory. The MobileLab will also ensure that the local personnel of the
atmospheric station is capable to perform so called “droplet test” for the analyser regularly, about once a
year, as a quick test for the analyser status.

As the water concentration for the assessment should be covering ambient range at the station, the typical
test concentration range is from 0 to 3.5 % (mol/mol) of water vapour in air (Figure 1), which cover the
main concentrations the analysers face at the European measurement stations. If, due to the location, the
station’s ambient air water concentration has an unusual range, the test conditions have to be adapted to
represent the local conditions better.

Figure 1. Typical water concentrations during the assessment of water vapour correction factors including
the dry air measurements before and after the water addition.
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The water vapour correction factors (a, b) are determined by fitting a second order equation (1) to the
drawdown of the analyser gas concentration reading (Re#ds, 2013).

%6 O
%< a)

=1+ =% > (1)

where H is the water concentration reported by the instrument. The correction factors have to be
determined for each individual analyser, and reassessed with ageing of the analyser. Also the correctness
of the default correction factors, determined by the manufacturer, may change from analyser to analyser.

In figure 2 are shown water vapour correction assessment performed for a Picarro G2401 analyser, for
which default water vapour correction was improved substantially by the manually assessed correction
factors. Picarro G2401 analyser measures also CO, and also it can be corrected with the factors determined
by the CEM-system. However, the correction is more complicated to perform éCakr2013), and due

to the noise of the CO signal, the correction outcome is not as essential as fop Hred @B4

concentrations.

Figure 2. The C@and CH concentrations of wet air measurements corrected to dry mole fractions in
terms of sample air water vapour concentration. Green symbols show the concentrations corrected by the
analyser default factors and red symbols when the correction factors were determined manually by the

CEM-system.
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INTRODUCTION

Soil organic matter (SOM) of boreal and arctic ecosystems account for half of the global C stored in soil
and litter (Paret al. 2011). This enormous C pool have the potential to become C source under the
projected global climate change (IPCC, 2013). Ecosystem processes associated with C cycle are
constrained by C and N interactions. To predict long-term soil C storage and climate feedbacks, we need
profound understanding of dynamics and drivers of SOM decomposition.

In boreal forest soils, SOM content is very high and it is rich in phenolic plant secondary compounds,
especially tannins. These polyphenolics have high potential to directly interfere with organic N availability
through formation of recalcitrant complexes with proteins (Hagerman, 2013), and other organic N
compounds, like arginine, chitin and polyamines (Adamaztydd. 2011). High content of tannins in

boreal forest soils may partially account for phenomena of soil organic N recalcitrance. To improve N
uptake, also from less-available pools, plant species form intimate symbioses with mycorrhizal fungi
which are capable of degrading and taking up inorganic and organic N and sharing obtained N with plant
host (Heinonsalet al. 2015). In boreal forest ecosystem ericoid shrubs form symbioses with ericoid
mycorrhizal (ERM) fungi and trees form symbiosis with ectomycorrhizal (ECM) fungi (Read, 1996).
Boreal forest floor is covered with ericoid plants and in soil, ECM and ERM plant roots and fungal hyphae
are intermixed. Some ERM and ECM fungi have been shown to be able to take up N from recalcitrant
tannin-N complexes. It was suggested that ERM plants may reduce availability of N to other plants
through formation of recalcitrant organic matter, which contains protein-phenol complexes (Read, 1996;
Clemmenseert al 2013). As tannins interfere also with enzymes (e.g. Adametzgk 2011), their

influence on SOM decomposition and N uptake by mycorrhizal plants seems to be very complex.
Moreover, it is predicted that climate change induce higher production of tannins or production of more
reactive tannins (e.g. Tharayil, 2011). Thus the role of tannins in boreal forest soil nutrient cycling may
increase in the future. The aim of the study was to show how mycorrhizal plants affects SOM
decomposition in polyphenolic-rich ecosystem.

METHODS

Soil for this study was collected in the vicinity of SMEAR |l station of Helsinki University at Hyytiala
(61°84'N, 24°26'E) in southern Finland The soil was haplic podzol and Scot$pine Eylvestrid..)

was the dominating tree species. Soil was taken from the organic layer and placed in mesh bags with
different mesh size to form 3 types of treatment: mesh size 1 mm do not limit fine root and hyphal in-
growth, 50um mesh exclude roots but not fungal hyphae and 1um excludes also fungal penetration
(Wallanderet al. 2011). Mesh bags in 24 replicates per treatment (1um, 50um, 1mm) were placed in
humus layer at Hyytidla station in May 2013. We studied N pools from mesh bags after 1, 2, or 3 years of
incubation at field experiment. We measured different N pools, activities of organic matter degradation
related enzymes (Pritseét al 2011) and content of tannins (acid-butanol assay (Hagerman, 2013)) as well
as nitrogen pools including inorganic N (ammonium and nitrate), total free amino acids, degradable and
recalcitrant N (acid hydrolysis) (Kieloated al. 2016).
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RESULTS AND DISCUSSION

Soil organic matter in mesh bags underwent substantial changes during the three year incubation in boreal
forest humus layer. Amount of inorganic N was substantially decreasing, however, the level of condensed
tannins was on the same level during the experiment, and in 1mm treatment fine roots were providing
even more tannins with time. The results suggests that mycorrhizal plants build up recalcitrant SOM using
root-derived tannins. We propose that turnover rate of plant roots with high CT content is crucial for SOM
quality and quantity. However, the high CT content does not seem to be hindering the SOM
decomposition (data not shown), indicating the root-associated microbiota has the ability to access C and
nutrients from tannin-rich SOM. Such plant-soil interaction may constrain predicted increasg of CO
production from soil through formation of recalcitrant SOM and by-passing organic matter mineralization.
This study underlines that plant-soil feedbacks and especially soil chemistry behind this interaction are
decisive factors for magnitude of G€lease from SOM.

Figure 1. Condensed tannins in mesh bags. Statistical significances (p<0.05) between the different
treatments within the sampling year is marked with *, Statistical significance (p<0.05) between the
different sampling years within the treatment is marked with capital letters.
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INTRODUCTION

Wetlands represent an important component of the global carbon cycle, being a significant course and sin
of carbonaceous compounds. High sensitivity to climate change imparts instability to the carbon and energ
cycling in peatlands. Siberian peatlands, due to their size and location in the region of pronounced futuri
changes, therefore pose one of the biggest unknowns in the world climate.

Despite the equivocal agreement on the high importance of Boreal wetlands for the biospheric anc
atmospheric processes (Smith at al., 2004; Sheng et al., 2004) detailed studies involving state-of-al
technigues remain scarce in this region. This is mainly due to the lack of developed measurement sites wit
the infrastructure suitable for continuous monitoring of the ecosystem-atmosphere exchange processes, a
frequent inaccessibility of key ecological zones and biomes. West Siberian peatlands, in particular, have
not been investigated using the modern measurement techniques.

This study was motivated by the need and interest to fill the Siberian observational gap by establishing the
eddy-covariance (EC) measurement setup in a typical West Siberian peatland. The objective of the projec
was to construct a dataset characterizing the surface exchange of carbon and energy that would &
compatible with the estimates made in other peatlands.

SITE DESCRIPTION

Mukhrino Field Station (MFS) in the center of Western Siberia (Khanty-Mansiysk Autonomous District,
Russia, http://mukhrinostation.wordpress.com) was established as a part of the UNESCO chair
“Environmental Dynamics and Global Climate Change” of Yugra State University in 2009. MFS is located
in a mixed forest/floodplain/peatland landscape 30 km South-west from the city of Khanty-Mansiysk
(60°53' N; 68°42' E) on the left terrace of the Irtysh river (Figure 1).

The research activities at MFS are conducted, firstly, in peatland, and, secondly, in Irtysh floodplain. The
peatland site is representative of the pristine carbon-accumulating mire ecosystems of the West Siberia
Middle taiga zone. These mires cover about 60 % of the land surface of this zone, and are mainly
represented by the oligotrophic rain-fed variety, bogs. Also, native old dark coniferous and mixed forests,
as well as wetland and meadow graminoid vegetation in vast flood plains of Irtysh and Ob rivers are
represented. The immediate vicinity of the measurement setup (the eddy-covariance footprint area) presen
a complex mosaic of typical raised bog surfaces covers (hollow-hummock complexes, flarks and ponds)
The hummocks are sparsely populated by pine trees ranging between 1-4 m in height. These features &
found in a large proportion of the regional mires.
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Figure 1. (a) map showing the
Mukhrino station location, (b)
satellite photo (Digital Globe,
CNES/Astrium) with footprint
estimates superimposed, (c) photo
of the EC tower, facing southwest.
The red cross in (a) and (b) marks
the location of the EC tower. The
isolines in (b) delineate the 70%
cumulative source zone in the
three stability classes. The black
areas are inundated
hollows/ponds, brown areas are
open peat carpets, and green areas
are pine-covered
strings/hummocks.

MATERIALS AND METHODS

Automatic ~ weather  station
provides many parameters both in
a wet hollow and in a pine-dwarf
shrub-sphagnum ecosystem of
oligotrophic mire, including air
and soil temperature profiles, air
and soil moisture, solar radiation
(direct and reflected), wind speed
and direction, precipitation,
atmospheric  pressure. Eddy-
covariance (EC) measurements
were launched in April 2014.
Currently, the EC system consists
of a LI-7500 gas analyzer and a
Gill R3 anemometer, providing
the estimates of COand energy
fluxes, and will be expanded with
methane analyzer in near future.
Data processing and quality
control are done in full
compliance with the accepted
routines; eddy-covariance data is
analyzed with the EddyUH
software (Mammarella et al
2016). No similar measurements
have been brought out anywhere
else in the West-Siberian region;
the nearest stations  with
equivalent setup are located
approx. 1000 km to the East and
South-East.

The CQ component fluxes,
respiration (Re) and gross primary
productivity (GPP) were modeled
and gapfiled wusing mainly
standard approaches. Rarol CQ, m? s*) was modeled based on nighttime data, yielding the relation


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































