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BACKGROUND AND SCOPE

TheFinnish Center of Excellenc&CoE) in Physics, Chemistry, Biofjy and Meteorology of Atmospheric
Compositionand Climate Chang€0082013 is completing L Wr§iséarch activity by in the end of this
year. This momentcan be considered as turning pointsummarizingscientific results ofa longterm
approactthatstarted already in 2002 whémefirst Center ofExcellence (2002007) was established

The backbone of the scientifigpproachhasbeenthe supi-disciplinary research work hgifferentteams

from Departmers of Physics,Chemistry andForest Sciences at the University of Helsinkinnish
Meteorolaical Institute andepartment of Physicat the University of Eastern Finlankh the begin of

the 2 period of FCoE in 2008, the FCcE set the followingobjectives Our main objective is to
contribute to the reduction of scientific uncertainties ogerning global climate change issues,
particularly those related to aerosols and cloudd/e aim at creating deep understanding on the
dynamics of aerosol particles and ion and neutral clusters in the lower atmosphere, with the emphasis of
biogenic formdion mechanisms and their linkage to biosphea¢gmosphere interaction processes,
biogeochemical cycles and trace gasd$e relevance and usage of the results in the context of global
scale modelling, and the development and utilization of the newest reeesu techniques are addressed.
The cores of activities are a) in continuous measurements and database of atmospheric and ecological mass
fluxes and aerosol precursors and @@rosol/trace gas interactions in SMEAR field stations and GAW
station and b)n focused experiments and modelling to understand the observed patterns.

Theseobjectivesemphasized thaew understanding ofole of biogenic formation mechanisms and their
linkage to biospheratmosphere interactigorocesses, biogeochemical cycled érace gasePuring the
last three yeardhe scientific scope of the FGE has movd from a new understanding of the phenomena
towards so calle@ll scaleconcept.In practice this means that tihelevance and usage of theientific
outcomestarting fromthe molecular scalean be applie@nd ucaledin the context ofa globalscale
phenomena such gsediction of dmate change Today the scientific oridation ofthe FCoE research
community LV F DA&ir@oldpBeric Science:From Molecular and Biologidaprocesses to The Global
Climate” $ 7 Owhich will bealso the name of the nethe ¥ FCoE targetedor the years 2012019

This abstractpresentsan overview of our scientific approachincluding the main resilts and scientific
highlights and thddentification of the most important methodological developments and data pools.
Furthermorewe introduce the main research collaboration and training and public outreach activities of
the last three year3he FCoE scientific work has also initiated tdevelopment statef-the-art research
infrastructures, increas thevolume of education activities and opened opportunitiegnfasvation and
climate policymakingboth national and international leveld/e present here the overall organization of
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ther activities.At the end,we will outline the scientific approach of the new FCoE starting in January
2014, for next six years.

SCIENTIFIC APPROACH

Here we summarize theesearchactivities and scientific highlightespeciallyfor the last three years
(2011:-2013) ofthe FCoEk. The research work has been carried outlBymain teamgqFig 1.) and 2
supporting teamwiith afocus on specific research areas of the laatimosphere interactions in a boreal
forest domainfor e detailed description of resuiee the Chapter of Team overview abstrddie FCoE
teams cover several critical parts neefigda holistic understanding of laratmosphere interactiong.he
main themes of the FCoE science scopenain objectives, havieeen:(i) Aerosol physics andhemistry
(Teams: Vehkamaki, Petdja, DalMaso/Kerminétiekkolg, (i) Aerosolcloudclimate interactions
(Teams: Laaksmen, Lihavainen Kerminen) (iii) BiosphereAtmosphere interactionfTeams: Vesala,
Back, Pumpanen, Rinnkaurila, Hakol3d, (iv) Moddling approachks bridging the gagsom process level
via mesacaleand reaching upo global scale(Teams: Boy, LaaksoneKerminer) and (v)Development
of analytical methods ithelaborabry (Riekkola, HakolaPetéaja.

CLIMATE CHANGE .
AIR QUALITY

AEROSOL FORMATION

L ——

H250a4, Ami{es, organics

K- OH, 03, NO3, sCl

' ammonia | HONO E:’

| ECOSYSTEM PROCESSES |
If‘le-g::::i'tc;:h \—J Fossil fuel use
LAND ECOSYSTEMS WATER ECOSYSTEMS

Boreal forests- peatland Lakes

Fig. 1. FCoE main teamsand team leaderand their researcfocus area:1) Computational aerosol
physics;H.Vehkaméaki,2) Aerosol measurements; T.Pet&dAerosol phenomenogy; M.Dal Maso/VM

Kerminen, 4)Atmosphere modelling; M.Bo$) Soil dynames, JPumpaneng) Biogentc hydmocarbon

fluxes; J.Rinne, 7) Micrometeorology; T.Vesala, 8) Ecosystem processes; JBa8qphisticated
instrumental analytal techniques; M.. Riekkola, 10) Atmospheric aerosols and aerosdbucd

interactions; A.Laaksonen]ll) Aerosds and climate; H.lhavainen, 12) Organic chemistry of the
atmosphered Hakola
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AEROSOL PHYSICS AND CHEMISTRY

The aerosol physics and chemistrgroup has made crucial advances in understanding the initial steps of
aerosol formation and addeesl the relative roles of condensing vapors on the nucleation and growth. The
work includes both detailed laboratory experiments as well as a wide variety of intensive field campaigns
around the world in different environmental conditiofieam Pet&jd) Based on the experimental
evidence, we have fmulated the atmospheric aerosol formation as a-siep process involving
atmospheric chemistry (oxidation), clustering (doébe chemistry) and multbomponent condensation.

The key resulthave beempublishedby Kulmala et al. (2013)The conceptual methodology foreasuring

and analyzin@ttmospheric aerosol formation is presented in Kulmala et al. (2012).

In more detail, we &ive studied several lmsompounds and their role in the aerosol formation prdgess
combining theoretical approads field studies, process analysis and developmenteof laboratory
techniques on aerosol compositidreams Vehkamaki, Petaja, Dalmaso/Kermin&v¢ have studiethe
nucleating molecules and atonagmed to understand howand why a certain group of molecules
eventually forms a cluster that has the potential to gromartds climatically important sizesSee
Manninen et al. and Sipila et al., this issue, for more details.

Themain focusin the theoretical group (Team Vehkaki) during the last three has beenextent of the
computational task tdevelopthe Atmospheric Cluster Dynamics Code (ACDC) amgerformrelated
guantum bemical calculations and to bdik methodology for and starting novel molecular dynamic
simulatons of atmospheric clust formation. TheACDC has now been validatexhd used the model to
assess the role of the critical cluster concemtinospheric particle formatiolespite the fact that the
model camot accurately simulate thatmospheric paidle formation, we can nouestthe feasibility of
the differentparticle formation mechanisnfgehkamaki et al., this issue).

In the second approactve have useccomplementary information from stadé-the-art laboratory ad
long-term field experimentiiorderi) to comprehensively characteritee physical, chemical andptical
properties of atmospheric aerosol particles in various environmintsy identify the compounds
paricipatingin atmospheric new particle formatidii) to investigategas plase precursorsons andheir
interactions leading tnew particle formationiv) to explore anthropogenic and biogenic influences on the
atmospheric aerosol population and their connestito the global change, and to develop the
instrument3Ne havealso been focuseah process studies of the formation, evolution and transportation
of aerosls and associated trace gaseshanfollowingfocus areas: i) charaterization of physical, chemical
and dynamical parameters from aerosol field measuremgrasrdisol dynamics model studies to develop
tools for the parameterization of the evolution of aerosol particle populations; iii) transportation and
dispersion studies of atmospheric trace elements, especially aerosols and other air pollutants; and iv)
multivariate methods for analysis of atmospheric field observatibeam Petdja)As an example, the
teams have made a comprehensive analysis of the didrsedsonal and annual behavior of ®@C
emissions and linked ésepattens to the initial steps of anospheric nucleationThis work has been
enabled by theneasurement tootdeveloped to detetheparticles inthe sub3 nmdiameter size range.

A facility for studying the formation of secondary organic aerosol from real plant emissions as a means of
studying realistic atmospheric processes under controlled conditembeen developed (Virtaneithe
laboratory and field observationsave been used interactively for studyiagvariety of atmospheric
models from process level to global scale.

The sciatific approachby the Teams Petgja, Dislasqg Kerminenand Vehkamékcombinesseveral
outstandingresults on the wide spectrum of therosols formationcharacteristis and links between
aerosols and biosphere and clautise approach hasxpandednto even to awider scale comparedith

the original objectiveset forthe teamsin other words, the aerosol formation as a phenomenon could be
connected to the ecosystatmosphere interactions as a whades this sensitive process is tightly
regulated bythe gas phase concentrations, biosphere artogaigenic emissions. The hypothesis is that
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by resolving the chemical composition of initially forming aerosol particles we are able to probe the
coupled carbomvaternitrogensulfur cycles (Fidl).

AEROSOLS,CLOUDS,CLIMATE AND AIR QUALITY

The research onesosokcloud-climate interactionshas covered studies asfoud condensation nuclei
(CCN), clouds and aerosaloud interactionsas well as integration oftheseresultsinto largescale
applicationgTeams, Laaksonen, Kerminen, Lihavaih€hhe nain interest has been characterizing the
physical and chemical properties of atmospheric aerosol, especially particles that form from nucleation,
and understanding the role of aerosols as CThe work has induded the developnent unique
instruments that measure aerosol chemical composition both directly and indirectly, and deploy these in
intensive field studiet Puijo, Finland as well agroughout the worldProcess and clouthodelshave

been devalpedandbetter parameterizations to describe aeroknid interactions in global modetsave

been produce(lLaaksonen et athis issue).

The connections between atmosphegmaols climateand air qualityhave been investigated in various
environments The gproachhas beerbased on continuou@he SMEARstation network in Varrio,
Hyytiald, Helsinki and Puijo, th@allasSodankylda Global Atmosphie Watch (GAW) stationthe Uto
Atmospheric and Marine Research Stationl Virolahti measurement statioand carpaigntype (India,
Tiksi in Siberia, Saudi Arabia, and Marambio in Antardtic@asuremenidaboratory experiments and
modeling The observational data contributes to model development and provides a solid basis for the
result integration and synthesiBxamples of the conducted work includemprehensiveanalyss of
observation data fromthe recent field ampaigns,interprding results from the labexperiments
investigating the growth of nargized sulphuric acid particlesinterpreting results from sitgy partide
soot photometer (SP23nd climate modélg, and investigatinghe possibitiesto mitigate warming of
Arctic climate by black carbon (BC) emissions reduction at-latitlides, especially in Europe
(www.maceb.fi). The impact of the current airadity and climate relevant legislation in the northern
hemisphere on BC emissions, their transport to the Arctic, and eventualiig Avarming has been
investigatedhs well(Lihavainen et al. this issue)

BIOSPHERE-ATMOSPHERE INTERACTIONS

The interdiséplinary teams(TeamsVesala Laurila, Back PumpanenRinng of forest, peatland and
freshwater ecologists and atmospheric physicstschemiss within FCoE have been concentration on
the biospheretatmosphere interaction process€le bicatm inteactions approachasaddressedhe
process understanding ofrious type of energy flowsbetween thebiosphereand atmosphereThe
approach has cowd different environments such a®rest canopiessoil and lake The largescale
researchinteresthas beenfocused orvegetation controVs. ecosystem biogeochemical cyclgsgetation
affect vs. exchang of greenhouse gases aR®OCs and the analysis of mechanisms involved in the
control. The research questiarealso addressinghow do the biogeochernatcycles and atmospheric
processesand forest developmeaffect vegetatiofBack et al. this issueVesala et al. 2013, this isgue
The main data pool for the modelingpproachhave been GHG flusand concentratiomeasurements
(Teams Vesala, Laurilapgether with  BVOC concentration and emission d&gams Rinne, Hakola,
Back). For more details, see Béck et al., this issue, Vesala et al., this issue, Laurila et al. this issue).

The forest canophas beerthe long-term research focusreasof the bicatm teamshoweverthe role of

lakes and soil research has increased during the later period of F&aEs playan important and active

role in controlling the greenhouse gas balance in the atmosphere and it also affects indirectly the radiative
forcing of the atmosphere through various feedback ef@etsipaen et al. this issue)The flux studies

over lakesare scarcethere are onlyseven articles reportingddy-covarianceEC measurements of GO

fluxes over, and none over rivers, and the lemgfithe records are rather short.
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The Vesala andBackteams have made major progress in tree related physiological anadgasuring
aquatic ecosystem gas exchangeatland methane emissioaad detecting biogeni¢OC (amines,
sesquiterpergg compundsin field conditions Overview of the methodslevelopedis provided by
Kulmala et al. 2012.

MODELLING APPROACH FROM MESOSCALE TO GLOBAL SCALE

The understanding of the whole process of formation of secondary aerosols, starting from the emissions of
precursors from the canopy up to their activation to form cloud droplets is in the core of the models
simulating the behavior of tr@imatesystem(Teams Boy, LaaksoneKerminer).

The mesoscale modeling approach is bridging the gap between the malsinatumentations operated
at our SMEAR stations and the gidlmodding community by detailed processiented studies in &
lower part of the tropospherSpecial focus is to achieve a comprehensive picture of the climate change
by models from nanomet to global scale and fronesonds to centuries. This includes investiggatthe
mechanism related to the formation of secondary organic aerosols,(8@A9le of vertical mixing in
photoctemistry and SOA formatiorand future trendsin the formation & new particleswith resulting
impacs on climate through direct and indirect aerosol effdatging the last threeajor part of thaneso
scale modeling has been concentrating to improtiee following models MALTE-BOX, a zere
dimensional model: both emical and aerosol dynamical process8©SAA a onedimensional
chemistrytransport mode ggshase chemistry and aerosol dynamiaSA, a LargeEddy-Simulation
model MEGAN, a canopy modle and the emission modulea PENCIL-CLOUD, a model of
hydrodynamidlows; and FLAMO,a regionaimeteorologicamodel(Boy et al, this issue).

Globalscale analyss have been madgsingthe global aerosatlimatemodelECHAMS-HAM (2) (Teams
Laaksonen, Kerminen). For example haveinvestigated the impact of the increagiaerosol emissions

in China and India between 1996 and 2@bdlobal climate. The warming contribution of black carbon
concentrations above clouds nearly cancels the cooling effect of sulfate aerosols, thus making it unlikely
that the increase in aerdgmissions in China and India has caused the "hiatus" in glarating during

the last decadeRecent work has been done to prodtaster aerosol modules capable of presenting all
relevant aerosoprocessessgdional aerosol module SALSgested. More detailed evaluation shewd

that currently commonly used modal representation of aerosol in large scale models suffers several issues
in describing aerosalloud interactiongLaaksonen et al., this issue)n order to imropve th&VOC-
aerosolclimate interactions several processes that couple organic vapours to particle formation and
growth in ECHAM5.5HAM2 has been implemented Five different nucleation mechanisms were
introduced to the model, including nucleation rate formulations with organés g&srminen et al, this

issue)

DEVELOPMENT OF ANALYTICAL METHODS

Intensivedevelopment of analytical methotieve been madeoncerning(i) in situ measurements of
volatile organic compounds and inorganic gases and partfelakola et al., this issupsand (ii)
measurement of thehemical composition anghysicochemical properties of individual compouirdthe
gas phase and atmospheric aerosol part{€igsla et al., this issu&iekkolaet al this issue

Various chemical ionization methods haveen tested and developed during the FCoE. These include
implementation of nitrate ion source for acidic cluster detection (Sipila et al., this issue, Jokinen et al.
2012, ACP) as well as a-bulphate ion source for bases (Sipila et al., this isJueSse techniques have

been applied both to field and chamber stud@&shfbesberger et al. 2013, in pjessvealing the
concentrations of key precursors in quit concentration levels as well as the temporal evolution of the
cluster composition during nuckean (Kulmala et al. 2013).
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The development work afolatile organic compounds and inorganic gases and partialesincludd the
developedf an inket for insitu GC measuremengmnabling moneand sesquiterpene measurements. The
system wagonducted dr the first time imsitu biogenic VOC measurements, including sesquiterpenes, in
a boreal forest covering the whaglear. Furthermore the team has madsitu measurements of inorganic
gases and aesols in urban and rural air astudied the chemical agposition of organic aerosols and
measured for the first time, for example, caryophyllenic acid concentrati@mhientparticles (Hakola

et al., this issues)

One part of the aerosol physics and chemistry approach has been the developmew ddboatory
techniques for analyzing the atmospheric aerosol particle compositicover the identification of
organic compounds in different size atmospheric aerosol particles as well as determination of aliphatic and
aromatic amines in atmospheric aerosatipies and vapor pressures of several atmospherically relevant
compounds. During the last yeas novel gas chromatographic methodology for the determination of
vapour pressures of compuis in mixtures has beateveloped and utilized in aerosol studigspor
pressures of several atmospherically relevant compounds were determined for the first time. The method
proved to be superior over all the existing techniques in terms of time, sensitivity, precision and sample
preparation (Riekkola et al., this is3ue

SCIENTIFIC HIGHLIGHTS

In years2011 +2013 we have published altogeth&®d papers inNature, Nature Geosciences, Nature
Protocols or Science. The total number of all peer reviewed publications by members-@fotadn
20112013 (until SeB0") is more thar200.In 201120130ur most important scientific results are on the
new sights on the atmospheriew particle formationKirkby et al. 2011 Kulmala & al. 2013 and
growth Riipinen et al. 2012)atmospheric oxidatiofMauldin et al. 201p, linkages angbrocesses in the
land- atmospherenterface (Kulmala andPetdjd 2011, Yvoidurocher et al. 2012)and biosphere
atmosphere feedbacks (Paasonen eR@l3) We have also attributed the hot spot of theent climate
policy debate otthe role of blak carbon in the climate system pyesenting results on abgtion features

of and mixing state dflack carbor{Cappa et al. 2012

One of thekey strengthof the FCok approach has been a successful combination of new methods,
instrument development, and comprehensive measurements, which have been used to improve
fundamental process understanding and to develop parameterizations to various models. A&sia efnth

a longspan instrument development on aerosol measursntleatteam published a scientific protocol on

the measurement of the nucleation of atmospheric aerosol particles in Nature Protocols (Kulmala et al.
2012). The protocol describes the proaeduor identifying newparticleformation (NPF) events, and the
methods for determining the nucleation, formation and growth rates during such events under atmospheric
conditions. Also the descriptions of the present instrumentation, best practiceshandools used to
investigate the atmospheric nucleation and the NPF at a certain mobility diameter (1.5, 2.0 or 3.0 nm) are
addressed. Furthermore, the reliability of the methods used and requirements for the proper measurements
and data analysis are dissed (Kulmala et al. 201.2This work provides a summary of methodology
development within the FCQHluring the last two decades. It will be used as a benchmark, to which
future research on the experimental nanopatrticle formation in the atmospherecwithpared

The latest research highlight is presentedkulmala et al. (2013) we gave an improved insight on
atmospheric newasticle formation and cluster dynarsi Atmospheric nucleation is the dominant source

of aerosol particles in the global atmosghand an important player in aerosol climatic effects. The key
steps of this process occur in the Qubm size range, in which direct sigegregated observations have

not been possible until very recently. In Kulmala et al. (2013) we presented detaged/ations of
atmospheric nanoparticles and clusters down to 1 nm mobility diameter. We identified three separate size
regimes below 2 nm diameter that build up a physically, chemically and dynamically consistent
framework on atmospheric nucleation, magecifically aerosol formation via neutral pathways. Our
findings emphasize the important role of organic compounds in atmospheric aerosol formation,
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subsequent aerosol growth, radiative forcing and associated feedbacks between biogenic emissions, clouds
and climate.

The results indicates clearly how sintaheous use of patte Size Magnifier, ions spectreters and mass
spectometers allows us to find out physicdachemistry of new particle fowtion in the atmosphere.

List of FCoE Nature / Nature Geosiences / Nature Protocols and Science papepsiblished in 2011
2013
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PARTICIPATION IN LARGE SCALE, INTEGRATED FIELD AND LABORATORY
EXPERIM ENTS

The backbones of our research activities have been data products from our SMEAR and GAW station
network. The access to global and European scale aerosol and other climate data pools have been attained
by the active coordination or participation tor&pean Union FP6 projects such as EUCAARI (European
Integrated project on aerosol, cloud, climate and air quality interactions) (Kulmala et al. 2011) and
Integrated Infrastructures Initiatives project EUSAARuropean Supersites for Atmospheric Aerosol
Research. In order to ensure the access to best data pools in the field of atmospheric sciences and
biosphereatmosphere interface the FCoE teams have continued active participation to the ongoing
European FP7 research and infrastructure projects. The enasal projects here are the feysar

projects FP7ACTRIS-I3 (Aerosols,Clouds, andTrace gaseResearcHnfraStructure Networlk(Petéja et

al. this issue)and FPPEGASOS The ParEuropean Ga#eroSOls Climate Interaction Study
(Manninen et al this issiieFP7 EXPEERI3 (Experimentation in Ecosystem Researeimg the recently
concluded FP-MarieCurielTN-CLOUD representing #&ading edge laboratory experiments at CERN.

The dataanalysis of these activsis ongoing. For examplee have started thexeensive analysis and
compared the computational results with CLOUD experiments and Hyytiala field data. The work is aimed
to provide theoretical support for experiments and instrument development and seek to improve and test
our model by comparing to a e selection of experiments (Vehkamaki et al., this issue). We have also
made a major scientific outcome of the CLOUD experimenfoomation of aerosol particles both via
neutral and ion induced pathways

One of themod extensive fild campaigs conduted by our teamsofar took placein May +June 2012

when the Zeppelinlights over Hyytiala, SouthernFinland. The measurements of the vertical and the
horizontal extension of NPF events were performed using an instrumented airship, Zeppelin. The vertical
profile measrementsepresent the particle and gas concentrations in the lower parts of thphatreo#t

the same time, the ground based measurements records present conditions in the surface layer. Horizontal,
almost Lagrangian, experiments were pbigsas the airship driftedith the air masgManninen et al. this

issue).

Participationin the European largscaleprojectshasprovided standardizedind quality-controlled data
products,n addition to which it habroughtgood visibility and active usof the SMEAR data products.

To ensure the continuous development of national data products and the research infrastructures used by
the FCoE teamdhe data product developmédrds beemetworked to the ongoing EBP7-projects: FP7
ENVRI-SUR MXdrRiéoQ3® 2SHUDWLRQV RI (QYLURQPHQWDO 5HNHAPUFK ,QIl
COOPEUSSURMHFW 37UDQVDWODQWLF FRRSHUDWLRQ LQ WKH ILHO
between Europe and USA. The aim of these research infrastructure projectglentifieation of next
generation user friendly data structures and forig&dsvari et al. this issue).

As a summaryFCoE research community has workéawards building internationally leading,
multidisciplinary research environment for atmospheric andhEsystem science to study biosphere
aerosolcloud-climateair quality interactions. This worlhas included establishment &uper site
(SMEAR stations, Pallaseveral experimentdield sites and laboratorieprocess and climate/Earth
system componest and databases to store and distribute the &atafar these different types of
infrastructureshave been operated separately and managed by the FCoE partners individudiiyuréhe
aim is to establish an Integrated Atmospheric and Earth System &&esearch InfrastructurelNAR

RI to increase the coordination, management, interoperability and interworkability of thechesea
infrastructure componenSorvari et al. this issue).
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RESEARCH TRAINING

In 20122013 FCoE has continued the collabton among Nordic centers of excellence CRAICC
(CryosphereAtmosphere Interactions in a Changing Arctic Climal2EFROSTand SVALI, appointed
by NordForsk. In 201-R013FCoEresearchers have participaiedEarth System Modelling CRAICC-
SVALI-DEFROSTworkshop inJune 2012 at the University of Helsinki, FinlaBiiack Carbonworkshop
June 2012 at the Lund University, Swed#re Ice Nucleationworkshops inFebruary 202 at ETHZ,
Zurich, Switzerland, the Eddy covariance flux workshop in January 2018lginki, as well as the annual
workshops of the Nordic centers.

Altogether over50 06 FV 3IBQ& 'V |IL QDO L]H @ithhKhe [FCoRVdKirkhy PDY¥2013 (until

August 31%' 2013). Until the end of 2013,he education and knowledge transfer of the @ewf
Excellencehas beenformalized in the National ACCC Doctoral Programme (Atmospheric Composition
and Climate Change: From Molecular Processes to Global Obsenatidihdodels)involving more than

200 doctoral studentsHowever, he funding schemés changng in 2013. The Academy of Finland
doctoral programmes will cease to exist, and the funding will be transferred to the budget funding of the
Finnish universitiesBoth University of Helsinkiand University of Eastern Finland have started their local
programmes directly related to FCoBnjversity of Helsinki Doctoral Programme in Atmospheric
Sciences; University of Eastern Finland: Doctoral Programme in Aerosol Science). ACCC will remain as
a national network, but without own fundings a recognitin of the scientific excellence of theCoE

work, M. Kulmala and S. Zilitinkevich were granted the ER@vanced Grants, and H. Vehkamaki and I.
Riipinen the ERCStarting Grants

Betweenlast three year perioidhe FCoE unitsorganized a total of4 intensive graduate courses. In total,

more than300 students participated in these courses. The intensive courses were usually organized in
collaboration with several international projects and programmes, e.g. iLEAPS, CLTNJICLOUD-

TRAIN WKH 1RUG lDeged Rrogtatdrfie/ABS, and the Nordic Centres of Excellence CRAICC,
DEFROST and SVALI.

In order to maintain the good working atmospheame to support the equal carrier opportunities between
men and womenan Equality task group was established at thasioin of Atmospheric Sciences (Univ

of Helsinki)in 2011 The group works towards identifying and prevention of any kind of inequality or
discrimination of the personnel. The task group executed an Equality Questionnaire in summer 2012, and
the results wes presented in autumn 2012. The questionnaire was aimed at screening the work atmosphere
and attitudes, and it gathered up over 100 replies.

OUTREACH

The nonscientific endusers of the data are informed using distributed written material and press
conferences, which generates interviews and articles in popular science magazines and in domestic and
international newspapers as well as in the television and a@imE teams aralso beeractive players

in severalplatforms for outreach: (1Miukkastieto(www.hiukkastieto.fij for aerosol information(2)

Hiilipuu (www.hiilipuu.fi) for illustration of CQ fluxes of boreal tree an(B) Ymparist6tiedon foorumi
(www.ymparistotiedonfoorumi.fj which isa collaborative network of actors in environmental science to
promote dialogue between scientists and decision makers at different |&eésmore example of a

modern approachio get the public attention to science was launched by Helsinki University in 2011.
J&R( UHVHDUFK ZDV SWH QN QINRHRCED thfedy K part of the Helsinki Design year
activities pttp://blogs.helsinki.fiiwde012/thinkcorner).  Duiing one week in June 2012, the FCoE
researchers gave 15 presentations to public audience, and a scientific exhibition showing e.g.
measurement tools and the interactive Carbon tree software were included in the program of the week. All
the presentation® QG GLVFXVVLRQV ZHUH UHFRUGHG IRU D ZLGHU DXGLE
(http://www.helsinki.fi/thinkwall}.
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RESEACH INFRASTRUCTURES, EDUCATION, INNOVATION AND POLICY
MAKING ACTIVITIES INITATED BY THE SCIENTIFIC APPROACH

The scientific appach of the FCoE has been the primus motor for expanding the scientific outcome into
the wider contextand for the use of thenternational research conunity and society. Thé&CoE ,
preserly the ATM, approach in hamwaked newactions in anational, Mrdic, European and globatale

and hasprovided critical mass and scientific mandate for the FCoE partners tdetad@rshiprole in
several sectors related to science approach in Europ® gndmote atmospheric sciences globalhyl to

make a climatg@olicy impact.

In the national scale one of the core stones ofFBeEATM has beerthe continuingdevelopment of
SMEAR stations infrastructur&MEAR stations dataools havebeen the main material for several in

situ firstobservationsaind saoéntific breakthroughof the FCoE The FCoE teams (TeasrPetdja
Lihavainer) have been intensively involved with a sugie concept development in Europe and outside
Europe. In spring 2012, the Chinese research bodies introduced a SigBtation near Naing. In
addition, the cepperation to establish atmospheric measurement stations in Estonia, South Africa and
Saudi Arabia is on the way. We are also involved in a collaboration to establish a state of the art, long
term measurement station to Siberia €I)k in Russia especially to attain yeaound observations of
important climate forcing agents within the Russian side of the Arctic (Lihavainen et al., this issue). These
collaborations are a direct consequence of the F@ciivities.

Active developrent of the SMEAR station concept including instrument and methodological innoyations
data products, data delivery and storage systmmsprovided a stronigiternational rolefor the FCoE
partners,Univ.Helsirki and FMI to contribute the European Resedr Area initiatives.Today FCoE
partners arecentral plgers in ESFRI infrastructures(European Strategy Forum on Research
Infrastructuresyia ICOS, the Integrated Carbon Observation Systading the ICOS headquarters in
Helsinki (Kaukolehto et al., tils issue), ANAEEthe Infrastructure for Analysis artekperimentation on
Ecosystems (Siitonen et al, this is3uend via strategic planning of European aerosol and atmospheric
chemistry nfrastucture (ACTRISI3) (Petajaet al this issug In 2012 it wasdecided that ICOS
headquarters will be established in Helsinki.

In the global scale the most important large scale initiativieiss recently establisheBan Eurasian
ExperimentPEEX), which is the first othe kindbottom up *op down (cedesign)organized initiative in

a global scale. PEEX geographical domain covers one on the most curial regions oftthe tams of

the Global changePEEX domain coverSiberianboreal forests regiobeing the curiakource for the
bvoc emissionsin a global sale Furthermore, the domain t®vering extensive areas dastthawing
permafrostregionsof the Northen Pan Eurasiamegion regions of Arctic seaanddeals with the air
guality problematic of Moscow and Pekingthe megacitiesPEEX is in a phaseRl FRQVROLGDWLQ
position in the global scale researglsearch infrastructieducation initiative landscape. In practice this
meais the finalization of PEEX Science Plan and giving the frames and strutttarePEEX
implementation. Also the commitemtof PEEX partners and collaborators in Europe, Russia and China is
ongoing First steps towards implementatidas just been taken lselecting the core stationshe
development ofa coherent coordinated atmosphartomsystem measurementsn Pan Euraian region
(Lappalainen et abf this issug.

The main channels for the European and global climate policy impact for the FCoE activitied@&Pthe

ILEAPS, Integrated Land Ecosystetiitmosphere Processesu8y and participation to the IPCC panels

(Suni et al. this issyeHelsinki University is hosting the ILEAPS international project office at Helsinki

and prof. Kulmala wasa co-chair of the ILEAPS ScientificSteering Committeein 20102012
Futhermore FCoE Pls prof. W-Kerminenand prof. T. Veala are participating inhe IPCCFifth
Assessment Repo(AR5, years201022014 processes and future developments of the global research
programmes (IGBP/WCRPProf. Kerminen is a lead authof the FKDSWHU 3&ORXG DQG $H
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Working Groupl (WG1) d AR5, andProf. Vesala is a Review Editor of tHeKDSWHU 3&DUERQ DC
ELRIJHRFKHPLFODGLFANRBDHYV  LQ

The Finnish Ministry of Environment established a natioBéimate Panelin December 2011 and
nominatedProf. Kulmala as the chaaf the pael for the period 1.12.201131.12.2013As a chair of the
Climate Panel Prof. Kulmala has given a great number of TV and radio interviews providing publicity
and visibility also to the FCoE researcihhe nationaklimate panelis collating climate chnge research

for politicians. The panetonsists of 13members who are senior scientists in the fields ofatural
sciences, economics and other social sciences, engineering and international Quldicd.the ifst tasks

of the national Climate Pank has beento mediatethe insghts of the science communitipr the
preparation process of ClimatecAfor Finland The preparation work Climate Act is one examples
demonstrating the policy impact.

Coordination
(past project)

Board member|

Fig. 2. Research infrastructure, research, educatidnrarovation activities of the ATM community

Abbreviations: ABS=AtmosphereBiosphere Studies; ACTRIS=European aerosol and atmospheric chemistry
infrastructure; ANAEE=Analysis and Experimentation on Ecosystems; BACCI=BiospleeosolCloud-Climate
Interactions; CBACCI=Carbon BiosphereAtmosphereCloud-ClimateInteractions; CLOUD=Cosmics Leaving
Outdoor Droplets; COPAL=COmmunity hea®Ayload Long endurance Instrumented Aircraft for Tropospheric
Research in Environmental and Gsoiences; CRAICC=CryospheAtmosphere Interactions in a Changing Arctic
Climate; DEFROST=A changing cryosphetlepicting ecosysterolimate feedbacks as affected by permafrost,
snow and ice; EINAR=European Institute of Atmospheric Sciences and Earth System Research;
EUCAARI=Europea Integrated Project on AerosGloud Climate-Air Quality Interactions; EXPEER=Distributed
Infrastructure for EXPErimentation in Ecosystem Research; FCoE=Finnish Centre of Excellence in Physics,
Chemistry, Biology and Meteorology of Atmospheric Compositand Climate Change; FLUXNET=Integrated
CO2 flux measurement network; GHGEurope=Greenhouse gas management in European land use system
GAW=Global Atmospheric Watch; IAGOS=iservice Aircraft for Global Observing System; ICOS=Integrated
Carbon Observation yStem; IGBP=International Geosphéd®sphere Program; iLEAPS=integrated Land
Ecosystem Atmosphere Processes Study; IPCC=Intergovernmental Panel for Climate Change; LifeStizicbee

and technology infrastructure for biodiversity data and observatdvi€s;Marie Curie Initial Training Network;
NordFlux=A Nordic research network for greenhouse gas exchange from northern ecosyste@AWP-Pallas
Sodankyla Global Atmosphere Watch Stati®tEEX=PanEurasian ExperimenPEGASOS=Paituropean Gas
AerosSOlsclimate interaction Study; SIOS=Svalbard Integrated Arctic Earth Observing System; SMEAR=Station
for Measuring EcosysteAtmosphere Relations; SVALI=Stability and Variations of Arctic Land Ice.
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FUTURE PROSPECTSAND the 3 FCoE

During last sixyears FCoE has taken the worlttading position in building upcientific understanding
related to the dynamics of aerosols, ions, and neutral clusténe lower atmosphere and their lirtks
biosphereatmosphere interaction processes, biogeochemical cyalasage gase€urrent knowledge on
formation and growth mechanisms of atmospheric aerosaissaeand aion dynamicsthe effect of
secondary biogenic aerosobn global aerosol loagerosolcloud-climate interactionsair pollution-
climate interagbns andthe relationships between the atmosphere and different ecosystems, particularly
boreal forest is largely based scientificapproactby the FCokandthe ending-CoE .

However,in spite of themprovedunderstandingn the aerosol formation poess andelated dynamics,

there is still a great challenge in the assessment and prediction of climate chaagpeaially upgrading
processesnderstandingnto a global scaleln June 2013 the ATM research community was granted for

new centerof-excellenceperiod for the years 2012019 andto mobilize a group of 200 scientist®

study, solve and quantify the feedbacks thfe so calledCOntinentalBiosphereAerosolCloud-Climate
(COBACC) hypothesis Kulmala et al.(2004) has suggested negatwe climate feedback mechanism
whereby higher temperatures and gé&vels boost continental biomass production, leading to increased
biogenic secondary organic aerosol (BSOA) and cloud condensation nuclei (CCN) concentrations, tending
to cause coolingThe COBACC feedback can be considered as a broad framework which connects the
human activities, the continental biosphere, and the changing climate condifitesCOBACC
(COntinental Biospher@erosotCloud-Climate) feedbackis similar to the sa@alled CLAWhypothesis

by Charlson et al. (1987) which connects the ocean biochemistry and climate via a negative feedback loop
involving CCN production due to sulfur emissions from plankton (e.g. Quinn & Bates, 20Bneral

the future ATM-FCoE vision is based o a solution oriented approach, which will provide reliable
predictiontools for the societyo cope with environmental impacts dfmate changeRefer to Fig.1 the
understanding of the feedback and link of biogeochem cycles will be brought to the vabxh lehe
EHFRPLQJ )&R( 6WXG\ GRPDLQ ZLOO EH UHPRYHG IURP ERUHDO
VFDOH DSSURDFK”™ WKH QHZ NQRZOHGJH ZLOO EH LQWHJUDWHG L

Fig. 3. The two feedback loops associateithvihe COBACC feedback. BVOC=biogenic volatile organic
compounds, SOA=secondary organic aerosol, CS=the condensatiodgitkial aerosol surface area,
Vie=total aerosol volume, CCN=cloud condensation nuclei, CDNC=cloud droplet number concentration,
and GPP=Gross Primary Productivity, which is a measure of ecosgstdenphotosynthesis.

30



ACKNOWLEDGEMENTS

The FCoE work is supported by the Academy of Finland Center of Excellence program (project number
1118615), ERC ATMNUCLE (project number227463) Nordic Centre of Excellence CRAIC&nd
several ELFP7 projects: ICOS, ACTRIS and PEGASOS

REFERENCES

Boy et al. this issuéActivities in the atmosphere modelling group: 22013

Back et al this issue Ecosystem processesoverview of 20072013 actiuties.

Charlson, R. J. et al. Nature 326, 655 1987.

Hakola et al.this issueln situ measurements of volatile organic compounds and inorganic gases and
particles

Hameri et al. this issué\n overview of university of Elsinki urban and indoor aerosgioup activities
in 20122013

Jokinen, T. et alAtmos. Chem. Phys. 12, 41:#1425 2012

Kaukolehto et al this issuelCOS RI, Towards a Hropean research infrastructure

Kerminen et al.this issueAn overview of the activities by aerosdbudclimat interactions group of the
University ofHelsinki.

Kulmala, M. et al. Atmos. Chem. Phys. 557, 2004.

Kulmala, M. et al., Atmos. Chem. Phys., 11, 13061, 2011a.

Kulmala, M et al. Report series in Aerosol Science N:o 134 (2012)

Kulmala, M., et alNature Preocols 7, 16511667, doi:10.1038/nprot.2012.091

Laaksonen et althis issueOverview of the studies conducted by the U&#fosol Physics @up
Lappalainen et althis issuePanEurasian Eperiment (PEEX) initiative

Laurila et al. this issué\ctivities on the greenhouse gases research

Lihavainen et althis issueOverview about activities in aerosols and climate group

Manninen et althis issueRecent advances in ion and aerosol measurements

Paasonen, P. et &lature Geoscidoi: 10.1038/NGEO800

Petdja et al. this issUACTRIS RI tresearch infrastructure for aerosols, clouds and trace gases
Pumpanen et al. this issuRhizosphere processes play an important role in soil organic matter
decomposition and greenhouse gas fluxes in borealdapdssummary of soil research carried out at fcoe
during the second fcoe period (262913)

Riekkola et al.this issue Atmospheric aerosols and gases: study of chemical composition a
determination of physicochemical properties of individual compaunds

Rinne et al. this issuBiosphereAtmosphere exchange and atmospheric concentrations of volatile
organic compounds

Siitonen et al. this issudnaEE A European infrastructure for ecosystem research

Sipila et al., this issuén oveaview of Universty of Helsinki Mass Spectrometryr@up activities in
20122013

Sorvari et al.this issueRestructuring the FCaesearch infrastructuresntergrated atmospheric and
earth system science research infrastructure (INAR RI)

Vehkamaki etal. this issueAn overview of university of helsimikcomputational aerosol physics group
activities in 20112013.

Vesala et al. this issuBiosphereatmosphere interactions

Quinn, P. K. & Bates, T. S., Nature, 480,54, 2011.

31



ACTIVITIES IN THE ATMOSPHERE MODELLING GROUP :20112013

M. BOY, N. BABKOVSKAIA, R. GIERENS, K.V. GOPALKRISHNANL. LIAO, D. MOGENSEN, A.
RUSANEN, S. SMOLANDER, L. ZHOUP. ZHOU

Department of Physics, University of Helsinki, PEax 64,FF00014 Univergy of Helsinki, Finland

Keywords: ATMOSPHERE MODELLING, VOCOS, AEROSOSITRJRBULENCE,CLOUDS

INTRODUCTION

Climate change is currently one of the central scientific issues in the world and affects the life of billions
of people in many ways. For magimpolitical decisionsit is crucial to achieve a reliably understanding of

the climate system. The effects of leliged greenhouse gases like carbon dioxide or methane are fairly
well known, whereas the impacts of radiative forcing through aerosolgilareeryy uncertain. Aerosols

may also have adverse effects on human health and visibility.

OBJECTIVES

The Atmosphere Modelling Group in the Division of Atmospheric Sciences at the Universigisifiki

was established in the beginning of 200Paverag 6 to 8 underand graduated students and two post
docshaveworked in the group during the last three yeaFffie main scientifidocuses arg¢o quantify
seasonal and vertical distributions of organic compounds, and their reaction products, includiitg orga
nitrates from the forest canopy and the .s®® pinpoint where the formation and growth of particles
happen inside the PBL including the effect of turbulent flawd to predict the belowand incloud
activation of CCNs Further the groupnvestigats how the new developed mechanisms will affect the
ecosysteratmosphere interactisrunder future climate conditiondn this way the group is bridging the

gap between the most novel instrumentations operated at our SMEAR stations and the global modelling
community by detailed processiented studies in the lower part of the troposphere.

METHODS

Our scientific activities combinedetailed chemistry, aerosol and cloud microphysicsm zere
dimensional modelling up tohighresolution 3-dimensional chemisty-transport models These
outstanding computational experimgnére not concentrate omingle mechaniss but aim for
comprehensive understanding of the foishospherénterrelations by including turbulence explicitiyn

total five different models (exgined in more detail belowand in Figure )}, which were fully or partly
developed by the group are used to contribute to the main scientific aims of our Finnish Centre of
Excellence.

MALTE-BOX is a zeredimensional model and includes modules for theuttion of both chemical and
aerosol dynamical process&&0SAA is a onedimensional chemistryransport model and includes the
same modules for ggshase chemistry and aerosol dynamics as MAIBIEX. It is a parallelized model
operating on a higperformare super cluster to investigate different atmospheric processes for longer
periods with high vertical resolutioASAM is a LargeEddySimulationmodel and implements the moist
compressible Euler equation set in its dynamic core. A canopy maddléhe enssion module MEGAN
wereimplemented in order to parameterize and simulate the tuitbilibewn of organiccompoundsabove

and within the canopyPENCIL-CLOUD model is a high order finite difference code for compressible
hydrodynamic flows A detailed chemisy module, including an accurate description of all necessary
guantities, and an aerosol module have been implemeRtgdMO is a regional model using offline




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

Figure 1: The scientific concept ofir computational toolsvithout the regional model FLAMO

RESULTS

All studentsand postdocs from the group will submit their own #&fagt about their newest finding®n
the following I, as a group leader will present certain selected results which demonstrate thpreade
activities of the Atmosphere Modelling Group on diffdrespics crucialfor increasing ouunderstanding
on the foresatmosphere system.

Emissions of VOCOs

In arecently submitteghublication by Smolander and -eerkers (2013) we describe three monoterpene
emission models (G9®original version of MEGAN MEGAN-new, SIM-BIM) and used these, together

with the chemistntransport model SOSABoy et al., 2011, Mogensen et al., 2011» model
monoterpene concentrations in the air at different heighttseinanopy, and compared the simulations to

the measuredancentrations over the year and above théoreal pine forest stangt the SMEAR Il
station in HyytiSISAIl three models agreed fairly well with the measurements upon the seasonal emission
patterns (especially in the midsummer period), although theretieal bases of the models wecqgiite
different.

The new MEGAN brought the estimates closer to HN approach with the introduction of the
preceding temperature and a leaf age factor. Monoterpenes emitted from conifers were identified as
specific storge in resin canals, or resin ducts, and the emissions did continue during thé nailatole

forest floor emission data were includedtlire model for several months as well, and we found that the
high forest floor emission seasons were spring and autwithnactive microbes and increased litterfall.

The modelled dominant compounds of monoterpene conipositere -pinene, followed by *Brarene

and "-pinene, which is compatible withe measurements. The model as well as the observations reported
prominert seasonal variations with the highest concentrations in summer and small cycles throughout the
year. The diurnal maximum monoterpene emissions appeared during the afternoon hours, whereas the
monoterpene concentrations in ambient air were small at dayfingevertical concentrations were found

at very low values near ground but to reach their maximum in canopy region and then to decrease with
height.



To investigate the impact of chediversitypatterninsidethe pine forest standt the SMEAR Il stationni
HyytiSISon the atmospheric chemistry we performed simulatiorts wWie model SOSAThe results
showed thatthe mod#ded monoterpene caentrationsand distributionat the sitewere significantly
influencedand hence the chemical reactions in the atmas{BSck at al., 2012)

Atmospheric chemistry

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

The effect of increased reaction rates of stabilized Criegee interme(i&ts3 with SO2 to prodec
sulpturic acidwasinvestigated using data from two different locations, SMEARIWtiSIS Finland, and
Hohenpeissenbergizermany. Results from MALTE, a zedimensional modelshowed that using
previous values for the rate coef#cientssGil + SO2, tb model underestimates gas phase H2SOdpby
to a factor of two when compared to measureméidsg the rate coef#cients publishby Mauldinet al.
(2012) increases sulphic acid by 3®0 %. Increasing the rate coef#cient for formaldehyde oxide
(CH200)with SO2 according to the values recommended by Welal. (2012) increases the H2S04
yield by 36 %. Taken together, these increases lead to the conclusion that, depending on their
concentrations, the reaction of stabilized Criegéermediates with SO2ould contribute as much ast33
46 % to atmospheric sulphic acid gas phase concentrationgaund level. Using the SMEAR Il data,
results from SOSAa onedimensional model, show that the contribution fre@i reactions to sulpinic
acid production isnost important irthe canopy, where the concentrations of organic compacanedthe
highest, but can have signi#cant effectssaiphuricacid concentrations up to 100 m. The recent #ndings
that thereaction of sCI + SO2 is much faster than previously ghotogether with these results show that
the inclusion of this nevoxidation mechanism could be crucial in regional as welgjlabal models,
especially when comparing modelled and measured sulphuric acid values at ground level.

Figure 2: Cumulative p&entage contribution of the different SO2dation mechanisms for HyytiSIS

Atmospheric aerosolsbformation and growth

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



formation and growth of secondary organic aerosols (S®@#&) have modédd the formation and grotwt

of secondary particles along an air mass trajectory over the northern European boreal forest and compare:
the results with size distribution measurements from three stations the air mass passes close to (Abisko
Pallas and VSrri§)The modes used is arupdated version of the aerosol dynamic and parptiese
chemistry moduleADCHEM model (Roldin et al 2011) and MALTBOX (Boy et al., 2013), both
coupled with the Master Chemical Mechanism version Bl emission of BVOC (represented by !
pinene in our model) is estimated using a method described in Tunved et al (2006). The model then
considers the ga®-particle partitioning ofall oxidation products. Liquid saturation vapgressures of

each oxiation product are decided by using the method proposed by Nannoolal et al (2008).

During the first 54 hours of the trajectory, the air mass is over the Atlantic Ocean, while it spends the
remaining hours over land where tparticle mass starts increasinthe moddled growth is mainly
caused by organic gde-particle conversion and seems to be a bit slower than the measured growth.
Despite this, the model seems to be able to handle SOA formation relatively well at realistic BVOC
emissions and low primamarticle concentratiofFigure 3)

Figure 3: Three OreferenceO galsase scenarios coupled to ADCHEM are show (2DVBS refers to
Jimenez et al.,, 2009 and EMEP refers to Simpson et al., 2012). Also two runs with only condensation:
MCM b only condensatiorfcoupled to ADCHEM) and MCMWIALTE D only condensation (coupled to
MALTEBOX).

Activation of CCN

Direct numerical simulations (DN$yereused tostudy the structure of the cloud edge aieéhis study

we used the direct numerical simulation higlder pwlic domain finitedifference PENCIL Code for
compressible hydrodynamic flows. iStcode is widely documented in the literature and used for many
different application (e.g. W. Dobler et al., 2006)A detailed chemistrynodule has been implemented,
including an accurate description of all necessary quantities, asacHiffusion coefficients, thermal
conductivity, reaction ratestc. (Babkovskaia et al., 2011). The new developed aemsadlule coupled to

the PENCIL Codewas used taalculae evaporation andondensation processes of aerosol particles,
which consists of a solid core covered by liquid water.

In the first study(Babkovskaia et al., 2013Je checkedhow crucial is the Smagorinski approximatitor
calculation of activation an@vaporation of aesol particles. We compare the results of 2D and 3D
simulations for 42, 1 and0.5 cm cell siz€Fig 4). We conclude that the results of 2D and 3D simulations



differ much smaller than the results of 2D simulations with different cell sizes. We suppbdger tha
studying of particle activation 2D model is appropriate, and therefore, 2D simulations with high resolution
give more realistic results than low resolved 3D simulatioNext we studed the effect of aerosol
dynamics on the temperature of air. We dade that activation of particles decreases the air temperature
by about 0.03 K, and evaporation of particles increases the temperature by about Blzéh&t. we
investigatedthe effect of initially generated turbulence on the air temperature (witbhdied! aerosol
dynamics). We see that the turbulent friction increases/decreases the air temperature by about 2.5K. This
is much larger than the effect of aerosol dynamics on the air temperature, and therefore, air dweaamics.
inspeced the influence of tusulent motion on aerosol dynamiend vice versa. We find that aerosol
dynamics increases the supersaturation in the most part of tr@rdom16 %, and in some plaags to

46 %.

Figure 4 A ratio of a number of activated particles to the total nundsea function of time for 2D model

runs with grid cell of 4 cm (red solid curve), 2 cm (blue dotted curve), 1 cm (green dashed curve) and 0.5
cm (black dottediashed curve); and for 3D model runs with grid cell of 4 cm (red asterisks), 2 cm (blue
diamonds)@and 1 cm (green triangles)

SUMMARY AND OUTLOOK

During the last three years about half of the time inside the group was used for new andriaddler
development. As a model BneverQ in his final state we will continue to improve our tools and update
them with the newest findings in the different scientific ar€ase important target for next year is to
implement in our aerosol dynamic module therticle phase chemistry module (whicbnsiders acid
catalyzed oligomerization, heterogeneous oxidatioactiens in the particle phasand nonrideal
interactions between organic compounds, water and inorganic ions) and a kinkiiayer module for
diffusion limited transport of compounds between the gas phase, patithee and particle bulk phase
Thee modules were developed by Dr Pondus Roldin at Lund University who will join the group for two
years postloc in the beginning of 2014.
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INTRODUCTION

The Ecosystem process&eamin the Center of Excellence hasncentrated oanalyzingthe structure and
functioning of boreal forest ecosystenn changing climate. Our main aim has been to develop
comprehensive understanding of the feedbacks and linkages between different compartments in the
ecosystem and trenvironmentWe have approached this from several viewpoints, onrieband from tle
properties and functions efcosystem itself, and on the other hand from the environmental drivers that are
reflected in the functions or influenced by theBimultaneous andontinuoushigh qualityand high time
resolutionmeasurements dhe various cmplex processes ia forest ecosysterand plant individualsare

crucial for achieving this aim.

Our main activities have concentrated a)the exchange of Cand water vapor betweesoil, vegetation

and atmosphereand on how this depend on drivingvariables (iradiation, temperature and humidityy)

how the physiologicastateof the vegetation explains variation in the exchange responses to the driving
atmospheric variable) how the physiological and environmentabriation is reflected to planevel
volatile organic compoundvQOC) synthesis and emissignd) how forest composition and management
activities influence these interactions.

A significant achievement of our teanpintly with the whole FCoE during the2008-2013funding period

was the publication of two Springer volumes: OBoreal Forest and Climate ChangeO (ed. by P. Hari & L.
Kulmala, 2008) and OPhysical and Physiological Plant EcologyO (ed. by P. Hari, K. Helivaara and L
Kulmala, 2013). These bookumitline our research philosoghutilizing theintensive, systematic, loagrm
measurements in boreahvironmentsand present the applications in a global climate change coffitext.

books provide detailed, schematicallyillustrated insights into both conceptual antechanisticprocess
models describing associated processes, their interactions, and scale dépsendenc

Below we summarize some highlights during the secdbaB-funding period, 2008013.

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

At SMEAR stations one of our main goals is to understand how vegetation controls the carbon and water
fluxes. We quantified the forest stand carbon balance with different methods (llvesniemi et al. 2009, Kolari
et al. 2009). The intannual variability of E€based and modelled stand GPP was in the order of 10% of the
annual GPP (llvesniemi et al. 2009, Kolari et al. 2009). The annual NEE varied relatively more,
approximately +25%. The interannual variability of NEE can be largelyaad by tree growth (llvesniemi

et al. 2009) which matched fltbased productivity estimates well. Annual net uptake of carbon was highest
the earlier was the onset of the growing season (Kolari et al. 2009) while warrmauasulted in increased
respiration (Vesala et al. 2010).



Quantification of respiration components has long been a major deficiency in ecosystem carbon exchangt
models. We analyzed this using detailed gas exchange measurements from major contributing sources ovt
several yearsThe contribution of stem respiration to theosystem respirationas about 10% (Kolagt al.

2009). The variability wa connected to temperature in a delayed fashion which can be explained by
slowness in diffusion of CQout of the stem. The temporal dynics and vertical variability we also
strongly modified by diffusion of CQtransported by sapflow upstream of the sites of @©@duction. We
constructed a novel dynamic model of stem,@®lux that incorporates the vertical transport of QM

sapflow (HsIttS and Kolari 2009). The model can explaiall the spatial and temporahriability in stem

CO; effluxes.We have also developed method to use simultaneous observations of xylem and bark diameters
to predict the sugar transport in phloem (Mencucetral. 2013). This ability will further allow us to better
estimate above and below carbon allocation and the role of different processes in ecosystem respiration.

The annual cycles of photosynthesis and respiratory fluxes were similar. Reagimagtadard temperature
showed higher values during spring recovery and onset of growth than in autumn. Respiration also
responded in a similar way to drought as photosynthesis which manifests the close linkage of respiration tc
photosynthetic productivity (Kotaet al. 2009) Our stand modelling framework SPP developed during the
long-term ecophysiological research in our group (MSkelS et al. 2006, Duursma et al. 2008, Kolari et al.
2009) proved sucesful in predicting the seasonality and the drought respohphotosynthetic production
(Kolari et al. 2009). Also the interannual variability could be predicted relatively Fether analysis of the

roles of different environmental factors in the seasonality of photosynthesis and transpiration adseaed
strong effect of low soil temperature on spring recovery (Wu et al. 2012).

In a closeecanopy pine standrees contribute to almost 90% of ecosystem GPP (llvesniemi et al. 2009).
The role of ground vegetation in the photosynthetic productivity at differged stands was further assessed

in a modelling study by Kulmala et al. (2011). GPP peaked couple of years afterfeliay at
approximately one third of total GPP of a closed canopy forest stand. Tirelatgel dynamics of GPiR

the groundvegetation was consistent with the development of ground vegetation biomass and species
composition from grasses and forbs towards less productive dwarf shrubs and mosses and the increasir
shading by tree canopy.

We analysedhe annual cycle of gas exclimnwith a network of 12 eddy covariance stations from the
evergreen coniferous forest. To each site we fit a simple phenomenological model of gas exchange based ¢
MSkelS et al. (2004). The inclusion of an annual cycle model of gas exchange, assurpimgtdisghthetic
capacity reacts to the running mean average temperature, improved the fit for all sites, except the warmes
and very maritime Douglafir sites. There was a certain dependence of the summer time maximum
photosynthetic capacity on the NDVIh& phenology, i.e. the transition of photosynthesis from the winter
state to the summer state does not seem to differ between species, but sites in cold climates did change mc
slowly from winter to summer states (Gea et al. 2010).

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

In a satellite based study we used land cover maps and the satellite derived MODIS albedot@roduct
evaluate the effectd tand use on albedo. We devpé a linear unmixing method to attribute albedo values



to land cover typegKuusinen et al. 2012aYhe results can be used to estimate unbiased albstivates

for large landscape$Ve analysediso the annual variation of canopy albedo at the SMEAR 2 station in
HyytiSIS. We found that the summer albedo was rather constant, but that the variation of the winter albedc
could be attributed to snow aiokt cover of the forest canofiuusinen et al2012b) This snow cover was
important during the early winter (when radiative fluxes were low) butedsed during late winter (late
February,March, April) when radiative fluxes were higher. The reason seems that the global radiation
warms the canopy ardtops the snow from the trees. The research shows that care has to be used for the usi
of albedo models in the boraaigion

We checkedexperimentallythe effect of changes in snow cover on the leaf development and gas exchange
of black spruce and trembling aspen in Canada. Snow was either remoweatusedy or we tried to
prolonged soil frost and snow cover by removing snow during the-wiitter and eturning more snow in

early spring to ensure a deeper soil penetration of. f@iker treatments werremoval of mosses and adding
Sphagnum to the plants. We followed the yield of photosynthesis of aspen and black spruce. Contrary to our
expectations thaegative effects of snow and moss removal dominated, while negative effects of snow
addition were not detectable. Vibelievethat the protective role of snow and moss, which insulate the soil
from late frosts might be more important than previously tho(fgfetchette et al. 2011).

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

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

Field measurements @V OC exchang between ecosystems and atmosphere have been conducted for over
10 yearsat the SMEAR Il forestand they have provided movel understanding omvhich processes are
playing key roleson what are the critical periods for this exchanged on how the boundary layer
atmospheric chemistry is influenced by vegetation.

The atmosphericallymost significant group of biogenic VOCs in borealconiferousforests isterpenoids,

most importantlymono and sesq@érpenes. Based on enclosure measurements, the twbatmmdant
compounds in pine emissioas SMEAR Ilare !-pinene and ® carene, followed by #inene, myrcene and
camphene, and several minor compoufiflarvainen et al 2005, Hakola et al 2006)owever, unlike
previously thoughtthere is huge variatiomithe VOCblendthatis emitted by trees of the same spediea
seemingly homogeneous staf@Sck et al., 2012, Yassaa et al., 2012). This has important implications for
emission models, which are normally parameterized using information from onedédual only BSck

et al 2012 Smolander et alms submitted to BGD)The nostabundansesquiterpenes in pine emissions are
#-caryophyllene and-farnesene (Hakola et al., 2006, Yassaa et al., 2012). In recent years, with the novel
online measurementdknique PTRMS (protontransfer reaction mass spectrometer), algaificantfluxes

of other volatile compounds have been measured from boreal forests (Lappalainen et al., 2009, 2012
Aaltonen et al 2011). These includhortchained alcohols, aldehydesicaketones such as methanol,
ethanol, acetaldehyde and acetone. Also one larger alcohol, methyl butenol (MBO) was detected in Scot:
pine emissiongTarvainen et al 2005, Hakola et al 2006)

Estimatesof the abovecanopy fluxesof VOCs are needed for quantitativearth system studies and
assessments of past, presemd future air quality and climat&€he main shorterm drivers for emissions are
temperature and irradiation, which control the volatilization and synthesis of compoesgsctively.
Emissionestimats are traditionally obtained for mature leaves under standard (constant) conditions to yield



standard emission potential values (OGuenther approachQ), which then are used as model (@agameters
Guenther et al 2006However seasonality (aside frothe direct temperature effect) has been recognized to
strongly influence isoprene and monoterpene emission rates as well as the emission (eapa€iyvainen

et al 2005, Hakola et al 2006 particular feature in boreal regie is that evergreen vegetation is dormant

in winter, but recovers from dormancy when temperatures rise in s@umgrisingly, he maximum
emission rates for monoterpenes are observed before growth evenatamseasurements shedthat the

new biomas growth processes induce high emissions of VOCs from buds and ghatits et al 2013 ms
submitted) New shoots make up a small biomass in the beginning, but their absolute contribution to the
emissions from foliage is 505% for monoterpenes, Z0% formethanol, 25% foacetone and 250% for

MBO.

The dynamic enclosure system (Kolari et al.,, 20il2)SMEAR Il enables detailed measurement®sf
environmental and physiologictdctors driving the trace gas exchange under field condjtemd permits

the analysis of simultaneous contributing proces3d® setups used formeasuremestof VOC emission

rates with good accuragyvhile at the same timeninimizing the disturbance caused by #&closureo the

object being measured. The systslightly underetimates the isoprene, monoterpene and oxygenated VOC
fluxes (5-30%), mainly due to the enclosure itselfhereasthe measurement design witt60 m Teflon

tubing seems to contribute only little to the actual measured Tihe systematic error is higher laigh

relative humidity than in drier conditions, which suggests that the thickness of the water film adsorbed on the
chamber inner surfaces (and thus transpiration) contributes to the VOC loss rate in the chamber.

In addition to emissions from green ties, VOCs are also originating from other sources in boreal
ecosystems. The belewanopy compartmest both the ground vegetation, decayititter, and soil
processes, are importasaurce for VOCs in particular during spring and fall, when fresh liteedriopping

down to the groundnd decomposinfAaltonen et al., 2011, 2012b). The forest floor plays a substantial role
(from a few per cents to several tens of per cents, depending on the season) in the total VOC emissions of tt
boreal forest ecosysterBomewhat surprisingly, the wintertime fluxes within the snowpack can be equal to
those from the soil during warmer periods, especially after strong winter storms when large amounts of litter
and other residuegre accumulating in the snow (Aaltonen et20]12a). The commospecies ofoil fungi

are also potent contributors for the soil VOC fluxes, especialgmitting the oxygenated compounds
(methanol and acetone) (BSck et al., 2010).

Although significant advancements have been made in quantifyingrollee of forest vegetation to
atmospheric reactivityin recent yearswe still need to improve our understanding on the processes
contributing to emissions from the whole ecosystem and the driving factors over short and loscaténe

The next steps ar® analyze the roland regulatiorof nonfoliage sources in canopy scale flard their

links to main physiological processes (e.g. water and sugar transport, growtiesammce allocation).
Although Scots pine is covering 50% of coniferous forests mahRd, we still are lackingemission
measuremestfrom otherimportant boreatree speciesWe have initiated measurementspaie stem resin

flow and VOC emissions (Vanhatalo et al and Rissanen et al, this issue). We are also measuring VOC
exchange betweethe lake and atmosphere (Ojala et al this issue) and the effect of tree roots and forest floor
vegetation on soil VOC exchange (Heinonsalo et al this issue).

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

With our continuous and comprehensimeasurement strategy, we can analyze the processes and linkages
between processes over time and in different structural elements. The overall conclusion is that in order tc
understand the ecosystem scale phenomena, very often a more detailed understahdimgnaller scale
processes are needeflest example ofsuch linking is provided by our long term analysis of factors



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

The above approach forms a framework to connect various localized metabolic processes to whole tree leve
response to environment. Structural development is the major sink of dartrees and has feedback to
carbon fluxes. One of the key issues is the contradictory demands that high water conductivity and safety
against spreading of alrubbles, i.e. cavitation, is achieved in tree stems. Larger water conduits are more
efficient at conducting water, but also more susceptible to cavitation Lintunen et al. (2013). Lintunen et al.
(2013) found that large water conduits also more susceptible to freezing nucleation, i.e. they freeze al
temperatures closer to zef@preading of air bubés has a dual role since if it only takes place in a moderate
degree, it can help the tree to use water stored in stem to overcome transitory lack of water and allow leave
to continue photosynthesizing, but in ample scale will cause a collapse of tletmnsport system (H3ttS

et al. 2009). We showed that an optimal solution for structural properties at cellular, tissue and the whole tree
level can be found (H3IttS et al. 2011). Regularities stem in structures can be expected as the water transpc
and associated water tension gradient set strong boundary conditions for the growth of new xylem cells
(H3IttS et al. 2010). This approach automatically emphasizes the role of tree size for stem growth and the
resulting fine structure of wood but the pogitiof growing shoots also influences their growth dynamics
(SchiestlAalto et al. 2013). Environmental factors that influence photosynthesis influence growth also
because of the linking with sugar concentration and water potential that directly influemdh ¢dslttS et

al. 2010). In addition both current temperature and the previous yearOs temperature particularly during th
formation of new buds influence the growth (Schiéstlto 2013)

In addition to the short terrmmediatedrivers such as temperatuand irradiation BVOC emissions are
responsive to mediutterm changes in growth conditions, which may affect the emission capacity, the shape
of the light response as well as the temperature optimum of emission (Arneth et@lL&fltalainen et al.,
2012). Branch scale BVOC emissions follow closely plant biological activity most of the time in summer,
but in stressful periodé.g. drought)the emissions are decoupled from physiological parameters (Porcar
Castell et al 2009, Yassaa et al 2D12uring the most active growth period, the emissions from growing
shoots originatenainly from growth processdg#\alto et al ms submitted to BGD).

Photosynthetic activity can be estimated using optical. dzitéorophyll fluorescence (ChlF) and spectral
reflectancéhave been widely used to infer the dynamics of photosynthesis at the diurnal scale {dagihnds

but the processes that control the signals still remain unclear at the seasonal scale. Understanding the lir
between optical data and photosynthesis asdasonakcale is a preequisite to implement remote sensing

to the study of photosynthesiBhere is probablyinkage between the activity of light reactions and above
described sourcB sink relations as excess photosynthetic activity relative to stay@sport and utilization

leads to photosynthetic down regulation (Nikinmaa et al. 20D8ying the last three years we have
substantially advanced in this field by developing theoretical and methodological tools to study the seasona
dynamics of photosythesisusingspectral reflectance and ChlF



We presented the first annual time series ofleaél ChlF, and a theoretical framework to interpret the data
(PorcarCastell 2011). This study opened a number of research questions that will be especialht fete

the remote sensing of Chlmnd its use in interpreting regional gross primary production (GPR new
challenges are the subject of a review currently under preparation {@asi@il et al. In prep). Diurnal
variation in the photochemical refitance index (PRI) is known to be controlled by the operation of the
xanthophylicycle, but the seasonal controls remained unteftedher, wepresented the first annul@vel

analysis of the physiological controls behind leaf level PRI and validaedypothesis that PRI is
controlled by the slow acclimation of carotenoid and chlorophyll contents at the seasonal scale in addition to
other conformational arrangements of the thylakoid membrane (Foasaell et al. 2012). We hawdso
identified and chracterized a new dynamic process tinétracts with theseasonal variation in leaf level

light absorptioni.e. the dynamics in reflectance properties of epicuticular waxes (Olascoaga et al. submitted
manuscript). Leafevel measurements of ChlF are cootkéd with active methods that involve the supply of

a pulse of saturating light. The saturating pulse induces a transient peak in the fluorescence emission and tt
information is used to derive the light use efficiency of photochemistry. However, th@aapprannot be
exported to the remote sensing of ChlF, and modeling tools are still needed to bypass this limitation. We
have been evaluating two potentiabdelalternatives:

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

We have also characterized the seasonal relationship between-ldeaf fluorescence yield and
photochemical yield both in the fieand in the lab with controlled experiments (Olascoaga & Porcar
Castell, in prep). We recognidethree different phases linking ChlIF yield and photochemical yield:
photochemical phase (PQ) under low light, fptmtochemical phase (NPQ) under high lighahd
Photoinhibitory Phase (PI) under severe stress and high light (see Olascoaga &Rstehin this issug

These novel findings have implications in the detection of stress using remotely sensed data because NPQ ¢
Pl phases overlap with each oth@m solve this conundrum we have developed a mechanistic model
(PorcarCastell et al. In prep; see also Abstract by Pe@astell et al.). The model is also coupled to aleaf
level radiative transfer model so that it can be used to interpret variati@tdF obtained either with active

or passive fluorescence methods (Atherton et al., In prep).

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

Plant responses to global changes in caidioride (COZ2), nitrogen, and water availability are critical to
future atmospheric CO2 concentrations, hydrology, and hence climate. Our understanding of those response
is incomplete, however. Multipleesource manipulation experiments and empirical ebsiens have
revealed a diversity of responses, as well as some consistent patterns. But vegetatioN conogeity
dominated by complex numerical simulation moblefgve yet to achieve a consensus among their predicted
responses, let alone offer a cohérerplanation of the observed ones. We have proposed an alternative
approach based on relatively simple optimization models (OMs) and used this approach to derive growth as
function of carbon and nitrogen availabilities to boreal pine and spruce si6#sI§ et al. 2009, MSkelS
and Valentine 2012). The method and results were further highlighted in a summary paper on the results o
three recent forest OMs, which together explain a remarkable range of observed forest responses to altere
resource availdlity (Dewar et al. 2009). We concluded that OMs now offer a simple yet powerful approach



to predicting the responses of foréétnd, potentially, other plant typ¥go global change. We
recommended ways in which OMs could be developed further in thigidir¢Dewar et al. 2009).

We have developed novel methods for utilisewpphysiological information for predicting material flux
rates and forest growth in large geographical areas. The objective of this work has been to develop model
with inputs that are readily available in the regional scale, so as to reduce therioprttiaties of the
results. These models also apply results from the above OM approach. We have developed and tested mode
for daily canopy processes (MSkelS et al. 2008, Peltoniemi et al. 2010, Duursma et al. 2008, 2009, Gee
Izquiedro et al. 2010) ancanopy structure (Duursma et al. 2010, Valentine et al. 2013) and applied these
succesfully in regional growth predictions (HSrk3nen et al. 2010) and gas exchange estimations (HSrk3nen €
al. 2011, 2013)The long term growth analysis seems to emphasizéaitieof nitrogen in changing climate
in the ecosystem (Hari, HeliSvaara and Kulmala 2013) as the boreal forest ecosystems are far from being
nitrogen saturated despite of the relatively abundant nitrogen deposition from atmosphere (Korhonen et al
2013).However, simulations would suggest that during the next decades the growth response is dominatec
by the age structure dynamics resulting from forest management and only after 2050 would the climate
impact start to be clear (Forsius et al. 2013)

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

The overall research themes of the chemical analytical research are theeshorariability of organic

and inorganic gases using chromatographic techniques, and the cterareaiterization of fine particles.

Our recent achievements have been the following. (i) We have developed an inletsitor @C
measurements, enabling merand sesquiterpene measurements, and conducted for the first tiite in
biogenic VOC measuremen including sesquiterpenes, in a boreal forest covering the whole year. (i) We
have conducted isitu measurements of inorganic gases and aerosols in urban and rural air. (iii) We have
studied the chemical composition of organic aerosols and measurdtief first time, for example,
caryophyllenic acid concentrations in ambient air.

1. INLET DEVELOPMENT FOR MONG AND SESQUITERPENE MEASUREMENTS

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

Study shows that it was possible to remove ozone withoubving most VOCs with this set up. Setting

the temperature, stainless steel grade and flow correctly for different inlet lengths was shown to have a
crucial role. Results show that ozone removal capacity increases with increasing temperature and inlet
lengh. Stainless steel grade 316 was shown to be more efficient than grade 304. Based only on ozone
removal capacity longest possible stainless steel inlet with heating would be the optimum solution. Of the
tested set ups 3 m inlet (! in. grade 304) heated 20C with the flow of 1 or 2 | mift was showing the

best results with the respect of the ozone removal efficiency and compound recovery.

2. THE MEASUREMENTS OF VOCs IN URBAN AIR

Sources, concentration levels and effects of isoprene and monoterpeloesloatmospheric chemistry
were studied in urban background air Helsinki (HellZn et al., 2012b)Ambient air concentration
measurements were conducted using asitingas chromatograph with a mass spectrometer at an urban
background station duringfterent seasons in 2011.



Highest concentrations of isoprene and monoterpenes were measured in summer (980 bgt m
concentrations were clearly above detection limit also in winter (230 F)g fine concentrations of
aromatic hydrocarbons were highduring all seasons, but reactivity scaled concentrations showed that
also isoprene and monoterpenes have a strong influence on local atmospheric chemistry also in urban air.
In winter and spring the urban background concentrations were higher than est®dosite in Finland
indicating anthropogenic sources of isoprene and monoterpenes. Source estimates obtained by Unmi»
multivariate receptor model showed that traffic and wood combustion are main local contributors to the
measured concentration levelsvitmter, spring and November, but in July and October biogenic sources
are dominating.

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

3. THE MEASUREMENTS OF VOCs IN FORESTED AREA

We conductedVOC measurementsver the period October 204Dctober 2011in HyytiSIS at

least one week every monfliHakola et al., 2012) Isoprene, monoand sesquiterpene and
aromatic hydrocarbon mixing ratios were measured in a boreal pine forest using an in situ gas
chromatograph masspectrometer. The measurements covered the whole year, at least one week
every month. To or knowledge there are no earlier speapsciated sergontinuous BVOC

data also covering dormant period®uring the winter months, and still in March, the mixing
ratios of all biogenic compounds were very low, most of the time below detection limits.
Occasionally, the mixing ratios of monoterpenes, particularly camphene@mlgne, increased
together with N@Q mixing ratios, implying an anthropogenic source. These episodes lasted from a
few hours to few days and were originated from nearby sawmillseeaity of Tampere.



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

Figure2: The mean diurnal variability of monoterpenksgifoleneand isoprene in summer (Jun, July,
Aug). Longifolene data is from August onlysoprene concentrations are underestimatesalue t
brekthrough of the cold trap.



4. THE MEASUREMENTS OANORGANIC GASES AND AEROSOLS IN URBAN AIR

We measured concentrations of 5 gases (HCI, HNO3, HONO, NH3, SO3) mafbr inorganic ions in
particles (Cl, NO3, SO42, NH4+, Na+, K+, Mg2+, Ca2+) with an online monitor MARGA 2S in two

size rangesPp < 2.5 um andDp < 10 ym, in Helsinki, Finland from November 2009 to May 2010
(Makkonen U. et al., 2011). There were clear seasonal cycles in the concentrations of the-nitrogen
containing gases: the median concentrations of HNO3, HONO, and NH3 were 0.09 pptpld.and

0.01 ppb in winter, respectively, and 0.15, 0.15, and 0.14 in spring, respectively. Jpteagadraction of
nitrogen decreased roughly with decreasing temperature so that in the coldest period from January to
February the median contribution sva8 % but in April to May 53%. There were also large fractionation
variations that temperature alone cannot explain. HONO correlated well with NOx but a large fraction of
the HONGto-NOx ratios were larger than published ratios in a road traffic tunigglesting that a large
amount of HONO had other sources than vehicle exhaust. Aerosol acidity was estimated by calculating
ion equivalent ratios. The sources of acidic aerosols were studied with trajectory statistics that showed that
continental aerosol imainly neutralized and marine aerosol acidic.

5. THE MEASUREMENTS OHNORGANIC GASES AND AEROSOLS IN HYYTI€LE

We measured ancentrations of gases (HCI, HNCHONO, NH;, SQ) and inorganic ions (GINGs,

SO, NH,', Na', K, Mg, C&") in PMypand PM 5 particles with an online ion chromatograph MARGA

2S in boreal forest environment in HyytiSIS (SMEAR Il station), Finland from 21 June 2010 to 31 April
2011. As part of the quality control laboratory tests,,MChe sample was found to produce artifamts
HONO and HNQ after the wet rotating denuder. From the laboratory tests a correction function was
derived and it was applied to the field data. The MARGA data were compared with those of the filter
samples and the dine aerosol chemical compositioetérmined by Aerosol Mass Spectrometer. Linear
regression slopes derived from MARGA against the filter data were 0.98, 1.08 and 0.83,f808@nd
HNOs+NO;, respectively. The respective correlation coefficients rere 0.89, 0.90 and 0.87. After
installing the concentration column improved cation slopes were 1.19, 0.88, 1.00, 0.73 and 0.89 for
NH.+NHs, Na', K*, Mg¥, and C&', respectively. The corresponding correlation coefficierfiswere:

0.83, 0.95, 0.90, 0.85 and 0.62. According to thesdtsesaditional filter collection can be replaced with

the MARGA instrument at background sites, if a concentration column is used at least for the cations. This
would improve the temporal resolution of the observations. The average concentration@gennitr
containing gases were the highest in summer;(MH7 ppb, HN@ 0.10 ppb and HONO: 0.10 ppb) and

the lowest in winter (0.05, 0.03 and 0.04 ppb), widah be explained by the fact that agricultuaed
soil-related sources are low when the grounftagzen and covered with snow and also phdtemical
reactiors are limited during the dark ped. In the summer clear diurnal cycles were found in all N
containing gases, but in winter the concentrations remained low and no diurnal cycles were ¢bi&grved

3). Concentration of ammonia was found to depend exponentially on the prevailing temperature and the
increase with temperature was the strongest in dry conditions.



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

6. THE MEASUREMENTS OF BIOGNIC ACIDS

There are studies on concentrations of pinonic and pinic acids in real atmospheres but very little
on concentrations of other biogenic acids mainly due to the lack of authentic standards.
Especially products of fast sesauiftenes are of interest since the parent compounds are often too
reactive to be measured in ambient &diCaryophyllene has been found to be the main
sesquiterpene in many emission studies in boreal forests but it has never been detected in th
ambient air due its high reactivityhe organic laboratory of Helsinki University synthesized the
"-caryophyllinic acid, limonic acid and carenic acid for us and we analyzed these and
commercially available pinic and pinonic acids from filter samples collected from Hyjro8iS
October 2010 to October 2011



The highest biogenic acid concentrations were measurednmear(Fig. 4) concomitant with the
parent moneand sesquiterpene mixing ratié&dnonic and “caryophyllinic acids were the most
abundant acids in summer. Thedryophyllinic acid contribution was higher than expected on
the basis of emission calculations implicating thagtyophyllene emissions are underestimated.
Limonic acid cokentration peaked already in spring. This is in accordance with the measured
spruce emissions that also reach their maximum in spring. Pinonic and limonic acids had quite
high concentrations in winter too. These winter concentrations can be of anthropmggni

The" -caryophyllinic and caric acids were correlated with the accumulation mode particle number
concentrations implicating they participate in the particle growth pr¢Eess).

Figure4: Monthly means of biogenic acid concentrations in,Blaction axd mean temperature
at a time of the measurements.



Fig.5 Correlations between-€aryophyllinic and caric acids and the accumulation mode
particle number concentrations.

ACKNOWLEDGEMENTS

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

REFERENCES

Hakola H., HellZn H., Henriksson M., Rinne J. and Kulmala M., 2012. In situ measurements of volatile organic
compounds in doreal forestAtmos. Chem. Phys12,1166511678.

HellZn, H., Kuronen, P., Hakola, Hieated stainless steel tube for ozone removal in the ambient air measurements
of mona and sesquiterpeneé&tmospheric Environment 57 380, 2012

HellZn H., TykkS T, and Hakola H, 2012mportance of monoterpenes and isoprene in urban air in Northern
Europe Atmospheric Environment 57 340, 2015

Makkonen U., Virkkula A., MSntykenttS J., Hakola H., Keronen P., Vakkari V., and P. Aalto@ftikcontinuous
gas andnorganic aerosols measurements at a Finnish urban site: comparisons with filters, nitrogen in
aerosol and gas phases, and aerosol acidity At@teem. Phys.12,56175631,2012

Makkonen U., A. Virkkula, H. Hellen, M. HemmilS, J. MSntykenttS, M. €ijSISEW, H. Junninen, P. Keronen, T.
PetSjS, D.R. Worsnop, M. Kulmala, and H. Hakola, 28&#&icontinuous gas and inorganic aerosol
measurements at a boreal forest site: seasonal and diurnal cycles of NH3, HONO and HNO3. manuscript

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



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

V.-M. KERMINEN, N. L. PRISLE,P.PAASONEN,A. ASMI, J. HONG, J. KONTKANEN, E-M.
KYR.., H.LAPPALAINEN, R. MAKKONEN, T. NIEMINEN, M. PARAMONOV, O. EEREKYLE , L.
RIUTTANEN, S-L. SIHTO, M. VOGT,

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

Department of Physics, 00014 University of Helsinki, Finland

INTRODUCTION

Concentrations ofreenhouse gases, aerosol particles and reactivegaaes are tightly connected with
each other via physical, chemiealdbiological processes occurring in the atmosphere, biospherat and
theirinterface Hallquist et al. 2009Arneth et al. 2010, Carslaw et al. 2010, Mahowald 2011). The
continental bioghere plays an important role in the climate system by affecting the accumulation of
carbon dioxide and other greenhouse gases to the atmosplieHe(mann and Rehstein, 2008 and by
acting as a major source of natural aerosoigast and their praursors (e.g. PSschl 2005, Guenther et al.
2012.

Kulmala et al. (2004) suggested a negative climate feedback mechanism whereby higher temperatures anc
COs-levels boost continental biomass productionl volatile organic compound (VOC) emissions

leadingto increased biogeni@sondary organic aeros@OA) andcloud condensation nuclé@CCN)
concentrationsand by that wayending to cause cooling in a manner similar to the CLiByothesis that

linked climate change with the oceandiiemistry (Charlsontel. 1987, Quinn and Bat@911). Kulmala

et al. (2013) extended the idea of the continental biospteem®solcloud-climate (COBACC) feedback

further by adding the connection between aerosol particles, radiation and gross primary production (GPP)
whichis a measure of ecosystesnale photosynthesim this extended viewhe COBACC feedback

mechanism has two major overlapping feedback loops, both initiated by increagedn€éntrations and

acting toward suppreiss) global warming (Fig. 1).

Figure 1. The feedback loops associated with the COBACC feedback (Kulmala et al., 2013a). Here GPP is gross
primary production, BVOC and SOA refer to biogenic volatile organic compounds and secondary organic aerosol,
respectively, CS is the condensatfink, A,,; andV;, are the total aerosol surface area and volume concentrations,
respectively, CCN refers to cloud condensation nuclei, and CDNC is the cloud droplet number concentration.

Most of thework made withirthe aerosetloud-climate interacthns group can biged to the lowebranch
of the COBACC feedback mechanistimat connectbiogenic VOCemissions, atmospheric ngyarticle



formation and growth, CCN formatipmteractionof aerosols witltlouds,indirect radative effects, and
theambienttemperatureBelow we will summarize¢he current status afis work.

ADVANCES IN UNDERSTANDING AND HIGHLIGHTS OF THE RESULTS
Biogenic volatile organic compounds: emissions, concentrations aademistry

Volatile organic compounds (VOCS) originatingrin bio- or anthropogenic sources play a significant role

in atmospheric chemistry and physics. Recent studies have shown the potential of VOCs to influence the
climate on both local and global scales through aerosol and cloud condensation nuclei fasnattras

direct and indirect greenhouse effects. Despite the global climate effects, BVOCs have multiple impacts
on the atmospheric composition, including enhanced ozone formation rates, decreased oxidizing capacity
and substantial contribution tmpospheric aerosol abundances.

We have investigated tleeasonal and diurnal variationstbé mixing ratiosf nine volatile organic
compoundsin generalBVOCs showthe highest mixing ratios during summertime, most likely due to
higher emissions during thperiod, wherea anthropogeni¥OC mixing ratios peaked in wintertime.
Diurnal patterns can be seen fortakinvestigated compounds. The features of the diurnal patteyrbma
explained bysink or dilution processe®(g.boundary layer evolutionWWe have also investigated the
oxidation capacity and rate of monoterpenes over a boreal forest in Finland and its connection to new
particle formation (PerSkylS et al., abstract in this collection).

Initial steps of atmospheric nucleation

The progress ithis subject area includénproved understanding atmospheric nucleation mechanisms
andrefinement of semémpirical nucleation rate pareeterizations for largecale modeling frameworks.
Crucial factors irthe progress have beéhe development of neuneasurement tools in thats3 nm
diameter size range and systematically combining data from fielthbathtorymeasurement with
theoretical understanding and madaglactivities.

As an overall summary of our work on initial steps of atmospheric rimme&ulmalaet al. (2013b)

provide an observationdlased framework on atmospheric aerosol formafitms framework identifies

three size regimes below 2 nm diameter and combines in a consisteitmadgcules, small atmospheric
clusters and growingamoparticles, ii) sulphuric acid, strong bases and organic vapours, aratio)s/
dynamical processes. Tiramework confirms that atmospheric aerosol formaticgsigentially a twestep
processin the first stefaking place in the second size regim@nospheric nucleation or the formation of
stabilized clusters will occur. The second step, characterized by enhanced cluster growth rates due to the
activation of the growing clusters by organic vapours, is initiated in the third size regime just betaw 2

This second step determines the formation rate of 3 nm patrticles and is efficient only duridg @ierio

active aerosol formation.

Our findings emphasize the important role of orgaoimpounds in atmospheric new partifdemation

and theusualdominance of neutral nucleatigrathways in the lower troposphefighe next step is to
investigate whether, and to which extend, these findings can be generalized to different atmospheric
environments. A wik toward this goal halseen intiated (e.g. Kontkaneet al., abstract in this

collection).

In terms of paramterizing atmospheric nucleatidfaasonen et al. (2010) generatetd compared with
observationsseveral nucleation parameterizations involving sulphuric acideamdolatility organic
vapours. Tie concentrations of lowolatility organic compounsiwere de¢rmined from growth rates of
24 nmparticles. Including organic compnds aswucleating vapowwrenhancedhe predictability othe
nucleation rateespecially between differesites as compard withparameterizations involving only
sulphuric acid.



Atmospheric new particle formation and growth

In this subject area, we habeen involved implenty d new field observationgelatedtheoretical studies,
model development, and in developing neavameterizations.

As examplef atmospheric observations, Kyrs et al. (2013) provitdedfirst evidence of Antarctic new
paricle formation frombiogenic precursors originating fromelt-water pondsn continental Antarctica
andJSrvinen et al. (20)3howed that Antarctic new particle formation may also take place during dark
winter conditionsKyrs et al. (manuscript in preparation) investigal®ug-term trends in new
particleformation in Eastern Lapland adémonstrated that the frequency of aspleeric new particle
formation has been influenced by decreasing sulpmissions from Kola Peninsudaea since the late
1990s Nieminen et al. (2013, mascript in preparatiomnalysed longerm changes in the character of
new particle formation evesmatthe SMEAR Il statia in HyytiSIS, Southern Finland, repsenting the
longest field data set on this phenomenon.

Kulmala et al. (2012) compiled a detailed protdonlmaking atmospheric mileation measurements, and
for analysing atmospheric nucleatioreats.Nieminen et al. (a&tract in this collectionjleveloped a tool
to forecast new particle formation at the SMEAR |l station in HyytiSIS, Finéxtending to the next5
day period from the beginning of the forecast

Considerable progress has beeale in understanding and modelling the growth of both neutral and
chaged newlyformed particles. YHluuti et al. (2011) made a comprehensive analysis of the growth rates
of nucleation mode particles at the SMEAR |l station, and completed this work bppiegea rew

aerosol dynamical model (¥luuti et al., 2013)HSkkinen et al(2013)derived a new parameterization

for sizedependent nanaparticle growth in continental environments and tested this parameterization in a
global modelling framework.eppSet al. (2011)nvestigated the role of charged particles and electric
interactions on nanoparticle dynamics and found that the presence of charges may significantly affect
nuclei selfcoagulation and coagulation scavenging. LeppS et al. (2013) eshaéhevalidity of various
methods used commonly to determine either nanoparticle growth rates or the contributieimddficeal
nucleation from field measurement data.

Cloud condensation nuclei

Sihto et al. (2011)nvestigatedhe asonal variation of CClloncentrations and aerosol activation
propertiesat the SMEAR Il stationOne of the main results of this paper was a clear, observed
contribution of atmospheric new particle formation to measured CCN concentrations.

Paramonov et al. (2013) presengeldngterm multiyear Cloud Condensation Nuclei Counter (CCNC)
dataset obtained atdfSMEAR |l station Theyreported a seasonal pattern of aerosol hygroscopiédy
particles of ~150 nm in diameter, with a maximum in February and a minimdalyi. The

hygrosopicity of particles grown to CCN sizes from fresilycleated particles was found to be
indistinguishable from that of already exigfiparticlef the @ame size. Due to tHedistributions being
different for differentparticle sizes, the paper calts a careful reconsideration of the use of a single
value of! when describing the hygroscopicity of an ambient aerosol population.

Hong et al. (abstrachithis collection) demonstrated the benefit of combining information on aerosol
hygroscopicity and volatility behaviour when investigating their CCN properties.

Prisle et al. (2011) proposed a simple representation of the overall effect of surfacg @ttoriganic

aerosol CCN activation and tested it against comprehensive thermodynamic model calculations, as well as
laboratory measurements of C@hstivity for binary organignorganic particle mixtures, comprising 4

different organic surfactants (3 atnpbric fatty acid salts and model surfactant sodium dodecyl sulfate)



mixed with sodium chloride in different ratios. For these mixtures, the simple representation gave close
agreement with both detailed model and measurements.

Clouds andaerosotcloud interactions

Aerosol effect on shallow clouds has been studied widely in recent decades, deep convective clouds
getting much less attention. Bister and Kulmala (2011) propose that aerosol effect on microphysics of
deep convective clouds may increase upmrdspheric humidity in convectively active areas. Water

vapor in the upper troposphere affects radiation balance strongly and therefore even small increases have
strong positive radiative forcing (Riuttanen et al, 2Git&tract irthis collection).

Kyrs et al. (2009)parameterize aerosobnow scavenging durirght, continuous snowfall. The
parameterization was based on fieltservations from HyytiSIS and was further tested with the
University of Helsinki Multicomponent Aerosol Model (UHMA).

Integration and large-scale applications

Asmi et al. (2011)tsidied the phenomenology of saleron aerosol number size distributions in Europe

by collecting and consistently analysing data from 24 EUSAAR network stations. The results gave a
comprehensive overwieof the European near surface aerosol particle number concentrations and number
size distributions between 30 and 500 nm of dry particle diameter and analysed the spatial and temporal
distribution of aerosols in the particle sizes most important for tdimpplications. Asmi et al2013)
investigated longerm trends of total aerosol particle number concentrations from stations located in
Europe, North America, Antarctica amfthcific Ocean islands. The majority of the sites showed clear
decreasing trend3he most likely cause of many northern hemisphere trends was found to be decreases in
the anthropogenic essions of primary particles, sulphur dioxide,some ceemitted species.

Kerminen et al. (2012) made wnghesis of existing knowledge abattmasphericCCN formation

associated with atmospheric nucleation, including field observations, theory anddaftgenodelingThe

paper concludes that order to better quantify the role of atmospheric nucleation in CCN formation and
Earth System behawuio, more information is needed on i) the factors controlling atmospheric CCN
production and ii) the properties of both primary and secondary CCN and their interconnections. In future
investigationn this subjectmore emphasis should be put on combinietfdfmeasurements with

regional and largscale model studies.

Prisle et al. (2012mplemented the simple representatidrihe overall effect of surface activity on

organic aerosol CCN activation the global model framework of ECHAMAM, together withanother
recent surfactant representation taking surface partitioning into account (Topping et al, GMD 2010) as
well as a framework where surfactants are included according to bulk properties. This analysis showed
that the difference in predicted cloud dietmumber concentrations and radiative forcing, from the base
case of not including surfactant effect, but simply treating surfacesamtijanic aerosol as a regular and
fully soluble solute, is highly significant if macroscopic properties are assume&dndy minor when

using representations based on comprehensive thermodynamics. In the absence of global data for
comparison, we can not say conclusively that the partitiebawgd representations more closely resemble
conditions in the real atmospheretlive do show quite clearly that if you consider surfactant effects of
organic aerosol, then it makes a significant difference on a global scale, how this is done.

Makkonen et al. (2018} investigatedBVOC-aerosoiclimate interactions in ECHAM5:BIAM2 by
implementing sevetarocesses that couple orgamapours to particle formation andogvth. Five
different nucleatioomechanisms were introduced to thedsl, including nucleation rafermulations
with organic gass (Paasonen et al., 2010). Tmechanidtally different BVOC emisgin datasets were
tested, namelMEGAN2 and LPIGUESS. Although theensitivity tests produces sow@iance in CN



and CCN concentrations witdifferent nucleation and BVOé&mission schemes, these effects were
significantly smalkr than e.g. theffects of anthropogenic emission change until year 2100.

Paaonen et al. (2013) demonstrated for the first tinae the lowebranch of the COBACC feedback
takes place contingal size scale. The analysis waasedpartly on longterm field observations (the
relation between temperature, BVOC, SOA &€N) andpartly onexisting paameterizations (the

relation betweet€CN, CDNC andemperatureelation)(see Fig. 1). The papgrointed out the prominent
role of the boundary layer height the climate effects of biogenic and anthropogenic formation of CCN
sized patrticles.

Work is currentlyin progressn investigatingthe climatic effects of biofuel adoption with focus on Brazil
(Vuollekoski et al, abstract in this collection) and in dieig particle number emission inventories for
both present day and future conditions (Paasonen et al., abstract in this collection).

OUTLOOK

During the last few years, oowverallunderstanding on biosphea¢mosphere interacth hasheen
increasedandeven more so when considering some specific processes like atmospheric new particle
formationand growth Future progress in this area requires dedicated field, laboratory and modeling
activities on one hand, and more integrative work on the other hhrdaffer includes versatile use of
continuous and comprehensive in situ observations from multiple measurement sites, active utilization of
various remote sensing techniqudsveloping new model parameterizations, and improving-scgke
modeling framevorks.

One example ofiew activities integrating different approaches is the BAECC (Biogenic Aerosols: Effects
on Clouds and @hate) project thaill start operational phasie January2014. In BAECC, versatile

cloud observations with groudshsed remat sensing will be combined with in situ measuremanthe
SMEAR Il station. Thisalong with application of hierarchy of models aadellite observationgim to

geting better understanding dine impact of biogenic aerosol formation on cloud propedied climate.

Finally, it is important to point out thatost of thenatural feedback mechanisms involving the biosphere
and atmospheraresomehowtied withhuman and societal actions, including #mission policy, forest
management and land use chafArneth et al. 2009Makkonen et al. 2012I5hindell et al. 2012)As a
result the COBACC feedbadKustrated in Figure tan be considered asbroadramework which
connects the human activities, the continental biosphere, and the changing alinuttiers.
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INTRODUCTION

Our main interests lie in characterizing the physical and chemical properties of atmosghesial,
especially particles that form from nucleation, and understanding the role of aerosols as cloud
condensation nuclei (CCN). We develop unique instruments that measure aerosol chemical composition
both directly and indirectly, and deploy these ritensive field studies throughout the world. Together

with FMI we maintain a long term measurement station, the SMEAR |V station at the top of the 75m
Puijo Tower in Kuopio, for studying aerosol properties and aeisal interactions. In the laboratory,

we have developed a facility for studying the formation of secondary organic aerosol from real plant
emissions as a means of studying realistic atmospheric processes under controlled conditions. We interpre
our laboratory and field observations usingagiety of atmospheric models from process level to global
scale. In the group we are also developing both process and cloud resolving models to produce bettel
parameterizations to describe aeredolud interactions in global models.

AEROSOL-CLOUD-CLIMAT E INTERACTIONS

UEF aerosol physics group is mainly working on the field of aerdsold microphysicdy developing
theories and modelling tools, and conducting both experimental and modelling stindiegin activities
during 20112013 can be summarides:

¥ Measurements at Puijoasion show that there adifferences in partitioningf different chemical
compaundshbetween interstitial particles and cloud deip due to both activation kinetic as well
as transfer of semivolatile components throughgesse in the cloud (Hao et al. 2013).

¥ The sizedependent information on aerosol composition is needed in order to correctly estimate the
CCN-concentration of aerosol populatiom the experiment conducted at Pallas measurement
station itwas shownthat using the bulk composition from AMS can cause overestimation in
aerosol hygroscopicity leading to overestimation of CCN concentraitmates (Jaatinen et al..
2013).

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



¥ Nitric acid effect on global radiation trough indirect aerosol effect was takdolialgnodels, and
it was found that the nitric acid contribution to the presknt cloud albedo effect was
10.32+0.01Wm!2, and to the total indirect effect !0.46£0.25Wm!2 (compared to a nitric acid
free atmosphere) (Makkonen et al. 2013). Related to,ttpmcfirst experimental setup to quantify
the effects emivolatiles on CCGaktivity was introduced (Romakkaniemi et al. 2013).

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

¥ Using the ECHAM5SHAM2, we investigated the impact of the increasing aerosol emissions in
China and India between 1®%nd 2010 to global climate. The warming contribution of black
carbon concentrations above clouds nearly cancels the cooling effect of sulfate aerosols, thus
making it unlikely that the increase in aerosol emissions in China and India has caused the
"hiatus" in global warming during the last decade. (Kuhn et al. 2013).

¥ The change in mean temperature in Finland was investigated with Dynamic Linear Models
(DLM) in order to definemagnitude of the trend in the temperature time series within $h& 6&
yeas. The mean temperature has risen by a total of 2.7 jC in the year20&27which amounts
to 0.16 + 0.03 jC/decadéifter year 1968, the trend rate has been as high as 0.27 + 0.01
iC/decade. The observed warming is somewhat higher than the globalvitéald,confirms the
assumption that warming is stronger in higher latitufddgkkonen et al. 2013).

¥ Recently thegroup has focused more production of faster aerosol modules that are still capable
of presenting all relevant aerosprocessesBergman etal. (2012) presented the model
development study where sectional aerosol module SALSA was tested and eslaluat
atmospheric model ECHAMS.BMore detailed evaluation study by Korhola et al. (20413%ws
that currently commonly used adal representationfcaerosol n large scale modelsuffers
several issues in desdrly aerosockloud irteractions We have been also developing new
methodologies tacorrect approximation errors due to coamepresentation of aerosol in the
models (Lipponen et al. 2013)

¥ There is no trend visible towards decreasing greenhouse gas emissions so researchers have starte
to plan optional methods to counteract the global warnfagtanen et al. (2012pund that by
artificial emission of sea salt particles ongistent stratoauulus regions0.8Wni? radiative flix
perturbation can be achieved, making the technique promising candidate. This study is continued
with more detailed models on cloud resolving scale (Maalick et al)201B8aakso et al. (2012)
the possibility to use [g@enger aircrafts to increase the amount of particlései stratosphere was
studied, but this method was found inefficient wilile radiativeflux perturbation beingnly -0.1
Wm? evenwith highly elevated sulfur emissions as compared to current faets u

ORGANIC AEROSOL PROPERTIES

Our recent plant chamber and field results show that atmospheric SOA particles from biogenic origin can
be amorphous solid in their physical phase (Virtanen et al., 2010). The phase state of SOA particles has
important mplications for a number of atmospheric processes because the phase of particles may
influence the partitioning of volatile compounds, reduce the rate of heterogeneous chemical reactions,
affect the particlesO ability to accommodate water and act ascoledensation or ice nuclei, and change

the atmospheric lifetime of the particlBuring years 2012013 there has been significant increase in the
understanding of the occurrence of solid phase of SOA particles and implications of the finding.

The main ativities on the field of organic aerosols properties during the years2013 are:



To study phase state of aerosol particles, a novel method based on impaction and subsequen
counting of bounced particles by a condensation particle counter have lvetopdd (Saukko et

al., 2012a) and applied studythe effect of humidity on physical state of the particles (Saukko et
al., 2012b) All the studied SOA systems, both form biogenic and anthropogenic precursors were
amorphous solid or sermsblid in their fhysical state at RH <50 % and showed full or partial
deliquescence when the humidity increased up to 65%.

We have estimated the viscosity of SOA from pine emitted VOCs based on SEM images
revealingagglomerated particles. According to coalescence timéysisathe viscosity of the
particles is be close to the viscosity of glasse$’[®8s). (Pajunoja et al., 2013a)

The particle hygroscopic properties and phase were studied in detailed in Boston College flow
tube reactor. We saw a clear correlation betwtbe particle O:C ratio and precursor molar mass
both on hygroscopic behavioand phase: particles with low O:C and with high precursor molar
mass were less hygroscopic and also remained in solid phase even at high humidities. The
hygroscopic behaviourf@articles in suksaturation conditions implies also, that there are clear
kinetic limitations of molecules in particle buliPajunoja et al., 2013b)

We have further studied the phydi@nd chemical factors affecting the SOA particle phase in
chamber stdies in Univ. Manchester. According to our results the aging of SOA particles from
antropogenic and biogenic mixtures increases the O:C ratio of the particles modestly. Also a
slight inaease in hygroscopicity was detected. Interestingly, the partiglefication humidity of

the particles clearly decreased with age. We also studied the effect of evaporation on phase: after
thermodenuder treatment particles remained in solid phase at higher humidities implying that the
fraction of oligomers increased particle phase after the thermodenuder treatment. (Pajunoja et
al., 2013c)

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

We have also studiethe effect of biotic stresfi.e. insect herbivoryon SOA formation and
aerosol forcing of climate (Joutsensaari et aD13. The results from field and laboratory
experiments, global modelling (GLOMAP), and satellite observations suggest that more frequent
insect outbreaks in a warmirimate could result in ample increase in biogenic SOA formation

in the boreal zone and affect both aerosol forcing of climate at regional scales.

Finally, we have developed methods to analyses VOC and HONO concentfdyinasic flow

through chamberaswell as to study particle formation (UV flow reactor) from soils and plants
emissions. Our results showed that drainage of pristine peatlands enhances their HONO
production in northern acidic soifMaljanen et al. 20133s earlier reported for the;® andNO.

In addition to SOA studies described above, hage also studied the chemical composition of
particles from wood combustion by usimtjgh ResolutionAerosol MassSpectrometer (HR

AMS). A positive matrix factorization method was used for the first timanalyse combustion
aerosols emitted from the burner. Results show that particulate emissions from wood combustion
can be varied significantly when combustion conditions are changed, even for very short periods.
The overall PAH emissions can be entirdiyminated by short disturbances of the combustion
process and, thus, formation &fAH formation can be reduced efficiently when keeping
combustion conditions stabl@ortelainen et al., 2013)

ATMOSPHERIC NEW PARTICLE FORMATION

New particle formationNPF) events have been observed frequently almost everywhere glé¢hadiyaja

et al.,, 2004 and references therein). Howevehe fundamental processes causing nucleation and
subsequent growth into the simnge of a few nanometres are still not well usttexd. Most likely there

is not just one mechanism that controls atmospheric nucleation procEssagrove the understanding



of atmospheric NPFwe have performedwumerous field measurements, laboratory experiments and
theoretical and modstudies During 20112013 the main resulere

¥

Statistical proxiefor H,SO, concentrations were formulated by Mikkonen et(2011). For the
EUCAARI sites, Mikkonen et al concluded that the best predictive proxy,8OHat different
European sites was achievdry multiplying combinations of global solar radiation, SO
concentration, condensation sink and relative humidity

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

New particle growth in th€LOUD experiments conducted at CERN was analyzed by Keskinen
etal (2013).The main result washat in experiments of NPffom sulfuric acid, ammonia, and
organics (oxidation products of pinanediol), the organic volume fraction in the particles increased
with increasing particle size.

Measurement data from the San RieCapofiume station was employed by Westervelt et al.
(2013) in a study comparing modelled CCN production in NPF events to observations from
different measurement stations. It was found thet the global aerosol microphysicsGE@igl
ChemTOMAS underestirates the CCN production by up to a few tens of percents.

Simultaneous NPF events measured at San Pietro Capofinthédologna measurement sites
situated some 40 km apart were studied by Laaksonen et al. (2013). In the studied cases, the first
new particlesappearedl-2 hours earlier in SPC than in Bologna. Tapears to be associated

with the morning boundary layer development (start of vertical mixing) that starts earlier in SPC.
In order to characterize the boundary layer evolution during the mothiegnixed layer height

was modelled using the higksolutionweather model HARMONIE. The reason for the delayed
onset of the boundary layer evolution in Bologna was found to be the urban heat island effect.

To extract further information on the nucleatjpmocess behind observed NPF, the first nucleation
theorem has been routinely used. This theorem links together the number of molecules in so
called critical nucleus, presenting bottleneck for vagoyparticle transition, the rate of NPF and
concentratia of condensing species (e.g. sulphuric acid). Recently, we have demonstrated for a
model systems that coagulation losses of clusters smaller than the critical size distort the results of
this analysis (Malila et al., 2043 towards larger sizes, while stercluster interactions
(VehkamSki et al., 2012) have dominantly an opposite effect. Work to extend these results for
atmogpherically relevant systems is progress (Malila et al., 20bR

The 3nm particleformation rate (s) and the nucleation ratdJ;) are central quantities for
nucleation and NPF analysis. The estimation jofsJusually extrapolated from the apparent
formation rate of 3 nm particlessfJwhich is obtained from measuredrficle size distributions.

Many of uncertainties around thissue were discussed lately in many publications (e.g. Korhonen
et al., 2011). Lehtinen et al (201)3are developing a new method festimating the nucleation

rates from apparent particlermation rates and vice verdaking into account the effect oize
dependent growth rates agas recommended by latestdy of Kuang et al., (2a).
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INTRODUCTION

Aerosol and climate research grazgrry out research on properties, processes and influences of aerosols
to climate in the atmospherespecially ahorthern latitudes. The research is based on continuous and

campaign type measurements, laboratory experiments andlimgd&he objective of the research is to
answer following questions:

X what is the direct radtive forcing in our environment ?

X how does pollution in the atmosphere affect to the properties of clouds and indirect
radiativeforcing in northern latitudes ?

X what is the ratio between direct and indirect forcing in our environment ?

X whatis the role of human activities to the radiative forcing by aerosols in our

environment
Here we reporsome of WKH JURXSYfV UHFHQW DFWLYLWLHYV

METHODS

The activities of the group can be divided ifdar categoriescontinuous in situ fiel measurements,
modellingand data analysitaboratory experiments and instrumeetelopment andampaign based
measurementsn the following a more detailed insight tecentactivities is given.

1. Contiruous field measurements

Continuous field masurements of aerogolysical and opticgbropertiesare conducteth three different
stations in Finlandin PallasSodankyla Global Atmosphere WatghAW) station, UtéAtmospheric and
Marine Research Statipand Virolahti measurement station. Ut6 aritblhti are part oEuropean
Monitoring and Evaluation Programr{EMEP). In PallasSodankyla GAWstationwe have studied
aerosol long term properties, for example, time sefiegw particle formation events (Asmi et al., 2011)
and long terntrends of aerosol propertiegCollaudCoenet al. 2012 Asmi et al., 2012)Data from all
above mentionethree statiog, along with two other stins, Hyytiala and Kuopiohave been used to
characterize black carbon aerosol propeitidanland, a gateway tarctic (Hyvarinen et. al. 20H).

Group is also involved in sevelahg termmeasurement programbroad India, Tiksi in Siberia, Saudi
Arabia,andMarambio in AntarcticaThe purpose is to study how aerosols in these very different
environments affedb climate and air quality, what is the relationship between the effects of
anthropogenic and natural aerosol sources.

In Indiawe have establisldea continuous measurement station, which has been operational since 2006.
We havecharacterize the basic pperties of aerosol, theffectof monsoon on aerosols propertiey
Hyvarinen et al, 2011Byvarinen et al., 2011c, Panwar et el. 20412) new particle formation in rural
background environment in northern In@ieitola et al. 2011).

In collaboation with Russian Roshydromet and NOAA from USA, FMI has established a state of the art
long term measurement stationTiksi, Siberia, since direct yeairound observations of important
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climate forcing agents have beleadequate within the Russian&idf the Arctic.Since summer 2010,

aerosol number size distributions of >7 nm particles have been measured in Arctic Russia, Tiksi. These
aerosolmeasurementgrogramwasupdated in summer 2013, and additional measurements of e.g. aerosol
scattering andt@sorption, as well as ultrafine (>3 nm) particle numbers were started. New particle
formation has been frequently observed in Tiksi, peaking in spring and summer months and is generally
connected with clean, Arctic air masses (Asmi et al., 2013).

A new arosol in situ measurement station was established to Marambidarctic peninsulan January
2013in co-operation with SNMA (Servicio Meteorologico Nacional Argentindgasurements in
Marambio include aerosol number size distribution, aerosol scattenid absorption coefficients, aerosol
chemistry with impactors, COCH,, H,O and albedoAerosol concentrations are typically as low in
Pallas in winter time (~100 ci New particle formation evengse observed during local summer

The Finnish Metewlogical Institute, together with the King Abdulaziz UniversitgAU) and the
University of Helsinkj has established a background measurement station to study aerosols in the Western
Saudi ArabigHyvéarinen et al., 2013)The object of this study is tov&uate the quantities and properties

of both natural and anthropogenic aerosols in the area, and their effect on climate change and air quality.
The measurements westarted inOctober 2012 with a projected length of three years. To our knowledge,
this is the first effort to measure the size distribution, scattering and absorption propertiesmiéraub
particles with in situ methods in the region. In addition, the project includes upgrading the KAU air
quality stations in Jeddah and knowledge trarisféne matters of climate change and air quality.

%XLOGLQJ RI )LQODQGTV UHPRWH VHQ VHeQisQdd e nwokk iKdidle EHHQ C
monitoring and investigating aerosol, clouds aodrgary layer wind and dynamifts weather forecast,

air quality, aviation safety and climate change assessment purpbeestes in the network represent

different environments and climate conditions from southern to northern Firlatklsinki, urban

environment with marine influence, 2) Ut6 islandrtof the Finnish archipelago, 3) Hyytidla, continental
background site, 4) Kuopio, continental urban site and 5) Sodankyl&, arctic continenfabgipéer lidar

(HALO Photonics) is one of the key instruments of the infrastructure (Wood et al., Zbg&&fore,

performances of six Doppler lidars were investigated by carrying out tweciom@parison campaigns

(Hirsikko et al, 2013).

2. Modeling and data analysis

Recent modéing activities of the group cover the following topics: 1) developing &oceto determine
the growth rate of a newdfiprmed particle mode, Znalysis of the results from the recent field campaign
conducted at the Pallas GA&Nd Hyytiala SMEAR statiqrB) interpreting results from the laboratory
experiments investigating tlygowth of nanesized sulphuric acid particled) interpreting results from
single particle soot photometer (SP2) and 5) and climate modelling.

The growth rate of newljormed particles (GR) is an important parameter with regard to the climatic

impact ofthe resulting CCN, but determining the GR of a growing particle mode from field measurements
poses a formidable problem. We have approached the issue by developing an algorithm that 1) calculates
WKH SUHSUHVHQWDWLYH" GLD P H uetivative of iNerésuRifiy@isimeter fo DisitainX O D W H
GR, and 3) applies another algorithm to smooth the data series of GR in order to eliminate possible noise
present in the data. The developed algorithm has been successfully tested against new partiole formati
events generated with a numerical model and against events observed at the GAW Pallas station (Anttila

et al., 2013a).

The CCN activity of particles was calculated on the basis dDMA and AMS measurements and

compared to the measured CCN activity the ¥ Pallas cloud campaign (Anttila et al., 2012). The aim of
these studies was to assess if information provided by these instruments can be used to predict the particle
CCN activation properties accurately. Also, a series of sensitivity studiespedormed to investigate if
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simplified representation of the particle chemical composition can be used when parameterizing the cloud
droplet formation in large scale models. The results show that results 1) calculations based on the H
TDMA provided moreaccurate results compared to those obtained from the AMS data, and 2) simplified
representations increased the discrepancy between calculations and measurements to some degree.

We havealsostudied aerosol cloud activation capacity by means of CCN amiMATmeasurements and
chemical composition was measurements by an aerosol mass spectrometer at Hyytiala, Finland, during
spring 2007 (Cerully et al., 2011). For a fixed aerosol size, CCN activity depends on hygroscopicity which
describes the ability of pactes to absorb water. Ideally, hygroscopicity can be calculated when aerosol
chemical compaosition and the properties of the species are known. The aerosol organic fraction is a
complex mixture of hundreds of compounds, but by applying a factorizationitlafga@o the mass

spectrometer data, two different organic groups were identified. One group contains more oxidized
hygroscopic organic species and the other group contains the less oxidized and less hygroscopic species.
Aerosol composition was further erned by analyzing filter samples with nuclear magnetic resonance
(NMR) spectroscopy (Finessi et al., 2012) and the spectra were again analyzed by the factorization
algorithms. The more and less oxidized organic groups were also identified with the Nkl nvehiich

gives additional information about structures of the molecules in each group.

The Hyytiala 2007 CCN data set was representing Boreal forests in study examining droplet growth
kinetics at different environments (Raatikainen et al., 2013a)Xonple, an organic surface film could
decrease water vapor condensation rates during cloud formation and this would increase the total number
of cloud droplet, but the average size would be smaller. However, the study showed that such kinetic
limitationsare not common in atmospheres or at least their effect on droplet size is negligible.

Growth rate of nanoparticles produced by homogenous nucleatiag® @), BInd water were measured in a
ODPLQDU IORZ WXEH &4NUDEDORYi HWedDnere compared &ginftHDV XUHG JLU
calculations performed with a condensational growth rate model. The results imply that the wall losses of
gaseous k80O, in such systems can be smaller than previously thought and that the generated particles

were probably neutrakad by ammonium to some degree during the experiments.

Single particle soot photometer (SP2) can measure both soot mass and scattering siZz&0on&®0

particles, which can be used to calculate the fraction of particles containing soot, sootgizeticle
distributions and total mass and number, and coating thickness for soot particles. For example, soot
aerosol optical properties and CCN activity depend on the coating thickness. The work at the FMI
includes development of the SP2 data analysis mesispecially the method to calculate coating

thickness, and both laboratory and field measurements. For example, measurements at Pallas, Finland,
have showed that soot concentrations are low and practically all particles are thickly coated (Raatikainen
et d., 2013b).

We have studig the approach to mitigate warming of Arctic climate by black carbon (BC) emissions
reduction at midatitudes, especially in Eurogesww.maceb.fi) The impact of the current air quality and
climate relevant legislation in the nbern hemisphere on BC emissions, their transport to the Arctic, and
eventually Arctic warmingvas investigatedWe used the combination of emission data from both global
(GAINS) and national (Finland, FRES) emission models; global (ECHAMM) and regioml (REMO)
atmospheric climate models; and measurements of BC concentrations in surface air and snow. Finally, the
objective of the project is to transfer action procedures and experiences to assess and mitigate BC
emissions from most important source sexte.g. smalscale wood burning

3. Laboratory experiments and instrument development

In laboratory we have mainly studied nucleation, both unary and multicomponent nuclEatibe.best
of our knowledge, this is the first experimental work providelgperature dependent nucleation rate
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measurementssing a high efficiency particle counter with a cutsize of 1.5 nm together with direct
measurements of gas phase sulfuric acid concenti@&ros et al., 2011).

The influence of total pressure bomogeneous nucleation was investigated in cooperation with
researchers from University of Cologne, Germany. The results fit well to previously published data of
pressure effect measurements in alcohols series and also agree with theoretical pré@ickeret al,
2010)

The growth of nanoparticles produced by homogenous nucleatios@i Hnd water was studied in a
laminar flow tube at wide range of temperatures-283 K, under dry (a relative humidity of 1%) and wet
conditions (relative humidity d30%) and residence times between 30 and 90 s. Results of this study are
summarizedinaeNUDED O R¥13)HW DO

In instrument development weve found a undercounting feature of black carbon in Multi Angle
Absorption Photometer (MAAP). This was found idgrfield experiments in polluted areaad occurs
with high concentration. This was quantifieth laboratoy experimentsand a method to correct for this
has been proposdHyvarinen et al 2013).

4. Field campaigs

We have beerondicting a seriesf cloud campajns in PallasSodanlla Global GAW station. The first
Pallas Cloud Experiomer(PaCE) was helth 2004, second in 2008hird one in 200%nd fourth in

2012 The wide range of instrumentation used in this campaign allowed us to inveistigagp the
physicachemical properties of aerosol, cloud droplet activation and hygroscopicity of aerosol particles
and also directly the cloud particle phaBke results of this campaign has beantly analysedBrus et

al., 2013apnd presentedisohere Brus et al., 2013bThe group also participated in an international
cloud campaign held in January and February 2013 at Céz&qmepuy-de-Déme (COPDD),
ClermontFerrand, France.

The group started flight measurements using a modified shorsl8®a@n airplane in summer 2012.

Several vertical profiles of aerosol and CCN numbers, aerosol chemistry and scattering, as well as GHG

and trace gases have been measured during summer 2012 and winter and spring 2013. This data have been
used to study e.guitrate partitioning in aerosol phase at higher altitudes, as well as the occurrence of

layers of small particles (Asmi et al., 2013). In spring 2013 flights were organized together with an EU
pegasos project, to fly simultaneously using different platsosimd complementing instrumentation.

In winter and spring 2013, particulate and gaseous emissions from ships were measured using two

different airplanes and a helicop{eithavainen et al., 2013)

The group has been active also in finding out the eft#ditack carbon to snow propertiér example

the spatial and temporal dynamics of black carbon in the snowpack has been investigated. An example of
this was he spatial variability of elemental carbon (a proxy of black carbon) that was addresséacien sur
snow on a metre scal8vensson et al., 201Fnow samples were collected at a clean site (Pallas,

northern Finland) and a polluted site (Stockholm, Sweden) during winter and spring for comparison. The
results showed metre scale horizontal varigbiftitconcentration, and that the relative variability in Pallas

was much greater than in Stockholm despite the fact that Stockholm is closer to the black carbon sources.
Post depositional processes in the snow (such as wind drift) are proposed to biglaature. This

study emphasize the importance of carefully choosing sampling sites and the importance of collecting
multiple snow samples to obtain representative black carbon concentrations in an investigation area.

CONCLUSIONS

An overview has beerrgsented ofW K H J eReXit8ctiwties These supports the objectives of the
group mentioned in the introduction, the collaboratinyersities and institutes and the goals of the
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Finnish Center oExcellence 'Physics, Chemistry, Biology and MeteorplofgAtmospheric Composition
and Climate Changk SURJUDP 2XU ZkolhdhidvRtQevshjectivecWibrk Packages 1, 2, 3
and 4.
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OVERVIEW OF THE PERSGINEL DEVELOPMENTDURING THE 2"° FCOE

In 20092013 soil research at FCoE was expanding rapidly. We opened up new research areas such as
the emissions of biogenic volatile compounds (BVOCSs) from soil, lateral carbon transport and its
importance for landscape scale carbatahce and the effect of easily decomposable carbon on the
decomposition of soil organic matter (SOM) and the effect of disturbances on soil carbon cycle. Due
to growing number of research topics, the number of personnel working on soil related studies
increased rapidly. We got two Academy Researcher fellowships (Jukka Pumpanen and Jussi
Heinonsalo) and 2 posioctoral fellowships (Mari Pihlatie from Academy of Finland and Kajar

K3ster from Estonian Science Foundation and Academy of Finland) and seversiugleDt grants

from different foundations (e.g. Janne Korhonen, Hermanni Aaltonen andJAssi Kieloaho).

Funding from Academy of Finland also helped us to recruit new PhD students (Aki LindZn, Minna
Santalahti and Heli Miettinen) arsg¢veraMSc students. During the second FCoE period 3 PhD
theses related to soil and forest floor greenhouse gas fluxes were completed (Liisa Kulmala 2011
@rPhotosynthesis of ground vegetation in boreal Scots pine f@reistsnanni Aaltonen 2012 OBoreal
forest sdlias a source of BVOC emissionsO and Terhi Rasilo OConnecting silvan and lacustrine
ecosystems: transport of carbon from forests to adjacent water bodies® 2013).

SCIENTIFIC REVIEW OFTHE TOPICS RELATED D SOIL RESEARCH IN HE 2'° FCOE BETWEEN 2009
2013

The research was focused on interactions of soil processes with atmosphere and the greenhouse gas
fluxes (CQ, CH,, N>O, Biogenic volatile organic compounds BVOCs and volatile organic nitrogen
compounds VONSs) between the soil and the atmosphere and thdyimglprocesses. The response

of forest soil to rising atmospheric G@oncentration and rising temperature, and their feedback

effects on greenhouse gases and aerosols in the atmosphere, and thus to the radiative forcing of the
atmosphere, are key quiests when predicting the future climate.

Plant growth and carbon allocation in boreal forest ecosystems depend on the supply of recycled
nutrients within the forest ecosystem, because the external inputs in the form of atmospheric



deposition and weathag are very low compared to the total requirement. Recent studies have shown
that plants emit root exudates rich in carbohydrates which sustain mycorrhizal fungal symbionts, but
also other groups of specialized mignmanisms (HSgberg and Read, 2006, Pangn et al., 2009;
Heinonsalo et al., 2010, Pumpanen et al. 2012). In microcosm experiment, we observed that the
amount of carbon allocated to root and rhizosphere respiration was &26@&b,9and the amount of
carbon allocated to root and ectomycorrhiziaimass about ER1% of the total assimilated GO
(Pumpanen et al., 2009, Heinonsalo et al., 2010).The flux of carbon belowground stimulates the
decomposition of SOM and nitrogen uptake of trees (Drake et al., 2011, Phillips et al., 2011). It has
been suggsted that root exudates and other easily decomposable carbon could enhance the
decomposition of old SOM (Fontaine et al., 2007, Kuzyakov 2010) and turnover rates of nitrogen in
the rhizosphere with possible growth enhancing feedback in vegetation @&ilah 2011). In our
ongoing studies, we have also observed that the root exudates and other easily decomposable carbon
increase mineralization of old recalcitrant SOM. This was shown both in the age of respirfedn€O

the soil and®N isotopic signabf the trees (LindZn et al., 2013 submitted manuscript).

In coupled climatecarbon cycle models, biological activity of soils is usually driven by abiotic factors
such as temperature and moisture (Conant et al., 2011). However, in nature the effeqiemaittee

are coupled with other environmental factors such as irradiation, and allocation of carbon
belowground (Reichstein et al., 2005), which are seasonally and geographically highly variable. Plant
growth and carbon allocation in boreal forest ecasystdepends on the supply of recycled nutrients
within the forest ecosystem, because the external inputs in the form of atmospheric deposition are
very low. In nitrogen limited boreal forest ecosystems the biologically available nitroggra(dH

NQOsy) is in short supply although the amount of N bound to SOM may be large (Korhonen et al. 2013).
Upon the decomposition of lignocellulose, the proportion of compounds with higher nitrogen content
increases while the proportion of compounds containing carbohgdtamicellulose and cellulose)
decreases. Therefore, there is a large pool of immobilized nitrogen in the slowly decomposing SOM
pool (HSttenschwiler and Vitous€R00).

Nitrogen balance of boreal forests and peat lands have been one of the focalfpbail research
conducted in the FCoE. Korhoneh al (2013) showed that in the boreal forest stand at SMEARII
station nitrogen uptake and retranslocation were of same importance as sources of N for plant growth.
Most of the nitrogen taken up origited from decomposition of organic matter, and the fraction of
nitrogen that could originate directly from deposition was about 30%. Dry deposition and organic
nitrogen in wet deposition contributed over half of the input in deposition. Total outputaxfarit

from the site was only 0.4 kg N har™, the most important outputs being atmosphei® Emission

and organic nitrogen flux in drainage flowieloaho et al. (2018 pres$ observed seasonal cycle in
amine concentrations in air samples colledteth the forest canopy at SMEARII station. The amine
concentrations seem to be linked with vegetation, soil activity, and litterfall, rather than to other trace
gases in the atmospheBue to the large pool of organic nitrogen soil can also be a stibbsource

of organic amine compounds. This is because the most common form of N in soils is amino acid N
(20B60% of the total N as amino N) (Senwo and Tabatabai, 1998). Recently, we carried out a
mesocosm experiment where amine formation in forest salimduced with different enzyme
treatments and artificial glucose amendments. The preliminary results show that amine formation is
closely linked with root system and its procesdesmore detded laboratory conditions, thmain

pool of amines in soil seem to be certain ectomycorrhizal fungi that also have high proteolytic
activities (Heinonsalo et al. unpublished).
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Figure.1 Nitrogen balancef a boeal Scots pine stand at SMEARII (Korhonen et al. 2013).

Recent studiebave shown that the nitrogen mineralization is stimulated by increases in the flux of
carbon belowground resulting in feedbacks to nitrogen cycling and nitrogen uptake of the trees (Drake
et al, 2011 and Phillipset al, 2011).This may further increaseet primary productivity of the forest
ecosystem (Hari and Kulmala008). However, the feedbankechanismare poorly known and not
quantified so that they could be incorporated in coupled cliteteon cycle models (Arnett al,

2010, Drakeet al, 2011, Conantt al, 2011).We arestudyingthe processes underlying nitrogen
acquisition of trees and ground vegetation from old recalci8@i! by using stable isotop&SN,

13¢), radiocarbon dating, mesocosm and field experimemtedl asprocess modélg. According to

our results, the amount o&glly decomposable carbon (glucpaéfects the source of nitrogen of
Pinus sylvestri§LindZnet al, 2013 submitted We have also observed tlaé activity of

belowground carbon sink is reflected to theagound photosynthesis in the common boreal tree
species (Pumpanet al, 2012). The photosyntlie ratedecreaseth low soil temperatureé/bl2;C)

and increased at higher temperatyd2915;C and 1622;C). The net C@Qexchange and seedling
biomass did not increase with increasing temperature due to a concomitant increase in carbon
assimilation and respiration rat&iomass accumulation wdmghestin the medium temperatu(é2p
15;C).

Fire and storm are the most imtaort natural disturbances in the boreahegreatlyinfluencing the
structure, compositioand functioning of forest Although kss than 1 % dheboreal forests burn
each yearit is a significant land aresinceboreal forests cover 15% of therBesland area. It is
expectedhat with future climate change the fri@ boreal forests wilbecome more frequeas a
result of long drougts. Already now, large forest fires are common in Russia and Camadanmer.
During a fire, SOM, mostly carbon, isleased from the forest biomass rapidly ® atmosphere
through combustiorand simultaneouslthe mineralized N is released in the soil in the form of;NO
and NH," favoring the reestablishment of vegetation during the first years of succession. ldowev
the long term consequences of fire ond¢hebonandnitrogencycle are largely unknowikor
instance, we do not knolow the turnover rate of the remaining SOM will change as a result of
changes in the fire interval. In 2010, we established a chrqnesee study at SMEAR | station and
its surrounding forests in VSrr&rrict NatureReserve for studying the processes underlying carbon
and nitrogen cycle at taidarests exposed to firélntil now, we have conductesbil CG; efflux
measurements as wel above and below groundrbonandnitrogenpool inventoriesWe observed
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thatin the fire chronosequendengal biomass determines the turnover rat8 ©M (K3steret al,
2013submitted. We alsonoticedthat theSOM turnover rate wahigherthe olderthe forest stand

was, and we assume that this was related to the increased below ground carbon allocation needed for
nutrient acquisition from recalcitraBOM. Currently, we are studying how the decomposition

activity in the soil is related to the actiyvibf enzymes and microbial population structure. This work

is based omolecular biological methods suchlkagh-throughputpyrosequencing.

Thechronosequence approach was also wdeeh studyinghe role of ground vegetation in the

carbon exchange of beal forest ecosystems (Kulmaaal.2011ab). A process model for estimating

the gross primary productivity (GPP) of the most common shrub species was developed by Kulmala
et al (20119), and used for determining the GBPa chronosequenad clearcut sites around

HyytiSIS Fig. Kulmalaet al, 20118. In boreal forestsmpund vegetation playan important role in

the carbon exchange; its contribution to total annual GPP was highest 9ay@arold forest sites

(about 350 g C i) and eécreaedduring the forest succession.
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Figure 2. Kulmala et al. 201Daily maximum rates of photosynthesis of ground vegetation at
different aged Scots pine forests in Southern Finland (Kulmala et al. 2011b)

The roleof aquatic systems as a net sink or a source for atmospheyis g@sently under debate. In
arecent Nature papé¥von-Durocheret al, 2012),we showed that the annual ecosystem respiration
in aquatic ecosystems shew substantially greater temperatoesponseompared to terrestrial
ecosystems. This can be due to differences in the importance of other variables such as primary
productbnand allochtonous/terrestrial carbon inputs to the aquatic systems. Whentatiecigr

other processes phlarge volumes of organic matter from the land into nearby lakes, this carbon
effectively disappears from therrestrialcarbon budget if as usuatlacustrinefluxes are ignored.

We tracked the flow of carbon into and ofitdake in Southern Finland over five years and found
that the lake was a net source of carbon, emiftimg 70 and 100 g C theach year. When compared
against the surroundingd growthforest, which was a nearbonsink, the custrineemissions were
enough to offset about 10% of the forestOs amanlbnsequestration (Huotaet al, 2011). It is
obvious thatquatic carbofluxes must be accounted for when estimating carbon fludesdscape
andregional level. This is especially true in the boreal zone where lakes are abundant @lahson
2004 Wetze| 2001). The C@which is transported from aquatic ecosystems to the atmosphere
originates from the surrounding soils and wetlands, from mizatan of organic carbon and from
respiration of roots and mycorrhiZzBhus,the biological processes in the terrestrial ecosystem (e.g.
photosynthesis, respiration and decomposjtare linkedwith the aquatic processds our recent
studies, we obseed that CQconcentrationin stream and lakareindeed controlled by the water
flushing from the surrounding forest soil through the riparian zone during and after heavy rain events
(Rasiloet al,, 2012.

%



For monitoring the C@concentrations in the aquatic systems and in the soil profile, we developed a
novel method using nedispersive infrared C&sensors (Hart al, 2008).The system has been
successfully used in our group for aseiring photosynthesis anespiration of phrktonic algae (Hari

et al, 2008), vertical distribution of respiration in the soil profile and the seasonal pattern of root and
rhizosphere respiration (Pumparetral, 2008) and changes in the €&ncentrations in the sail,
riparian zone, stream anakie continuum following rain events (Rasébal., 2012).

Figure 3 Time lags in CQ@concetration following rain event at 0.5, 1.5, 2.0 and 3.0 m depth in the
lake and in outlet stream 150 m downs stream from the lake. The gray lines denatecPdge CQ
concentrations over a 7 day period prior to the rain event and the black line istherCéhtration
after the rain event (Rasilo et al. 2012).

Riparian zonei.e. the interfacéetween terrestrial and aquatic ecosystems is an important hotspot
area having important implications both in the lateral transport of carbon and nitrogen and as a source

&I



of theimportant greenhouse gases £OH,, N,O and also BVOCdn lakes geenhousgases (CQ

CHy4, N>O) accumulag under the iceluring winter andarereleasedapidly after ice outThe

proportion of aromatic compounds in the water percolating through the soil profile increases as it
passes through the riparianmneo(Rasilcet al, maruscript 2013 indicating that the riparian zone also
acts as a source of aromatic and volatile compounds. However, the processes affecting the water
guality in the pathway from the terrestrial to the aquatic ecosystems are still poorly known.

Forestfloor is also a significant source 8VOCs (Aaltonenet al 2011, BScket al.2010, anda
potential source of volatile organic nitrogen compounds (VON) (Kieloaho et al.,.Ei3sions of
most common BVOCs-binene, "*-carene and camphenepihene, limonee, isoprene and
sesquiterpeneserehighestin spring and autumn (Aaltonet al, 2011). The most abundant
BVOCs weremonoterpenes -pinene, '*-carene andamphene which contributed over 90% of the
soil BVOC emissions. Monoterpene emissions were 5.0e$g™. Important stepforward in soil
BVOC and VONresearch in the FCoEesethe development of automated continuous chasfoer
BVOC measurement@altonenet al, 2013 and a sampling system for atmospheric VON
measurement&ieloahoet al, 2013) TheBVOC chambers were connectedagproton transfer
reaction mass spectrometer (RWIS) which enabled continuous online measurements of molecular
masses of the BVOCs. The continuous measurements provided first information on the relationship
betweersal surface BVOC emissionselative humidity (RH)temperaturgphotosynthetically active
radiation(PAR) and net C@Qexchange of forest floo.he automated chamber measurements
revealeda clear diurnal variation in BVOC fluxes,positive correlation bateen air temperature and
BVOC emissions and negative correlation betwe®H and BVOC emissions, but no clear
correlatiors with PAR and net C@Qexchange of the forest floor (Aaltonenal, 2013. The results
suggest thato forest floor BVOC fluxegorest floor vegetatiomay be more important than soil
itself. We developed and tested at SMEAR |l station a measuring systeatasfaspherid/ON
compounds (amines), and the first measurements revaaledr seasonal variatian the VON
concentrationsand d@milarly to BVOCs, the results suggest thaany of the atmospheric amines
could originate from the forest floor (Kieloaktal.,, 2013).In future, his measurement systesill

be adapted to measments ofVON fluxes from the forest flooDuring thesecond=CoE period, we
also developed a method to measure the BVOC concentrations in the snaw giacénd calculated
the winter time BVOC production and consumption in the snow pack tis#mpncentration gradient
method (Aaltonemt al, 2012).We measured 20 VOGsm the snowpack, monoterpenssing the
most abudant group with concentratiomarying from 0.11 to 16 ugrii Sesgiterpenes and oxygen
containingmonoterpenes were alsletected. Inside the pristisaowpack, the concentratie of
terpenoids decreasdobm soil surface towards trsairface of the snow, suggestisgjl as the source
for terpenoidsOur results from winter time BVOC measurements also showed that soil progesses
active and efficient VOGources also duringinter, andthat natural or human disturbance can
increase forest floovOC concentrations substantially.

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



Figure4. Seasmal pattern oBVOC emissionsvith automatedortinuous chamber measurements
(Aaltonen et al. 2013).

CONCLUSIONS

To sum it up, soil plays an important and active role in controlling the greenhouse gas balance in the
atmosphere and it also affects indirectly thdiative forcing of the atmosphere through various
feedback effects. In the future, we will emphasize the process understanding in our studies by
planning field and laboratory experiments for studying the connection between above and below
ground parts ofhe forest ecosystem. We will also continue studying the role of lateral transport of
greenhouse gases between the ecosystems e.g. the connection between aquatic and terrestrial systems.
Incorporation of the feedback mechanisms of belowground carbon allocation, in particular the role of
root exudates and ectomycorrhizal fungi, and mineralization of soil organic matter into the soil carbon
decomposition models e.g. YASSO, will also berapartant part of the research activity of the saoil
group in the next FCoE perioWe will also study the role of disturbance and weather extremes such
as drought events and fires on the biogeochemical processes in the forest ecosystemshbecause
frequerty of disturbance eants is expected to increase in the future as a result of climate change.
Finally, last but not least we will strengthen our already strong methodological skills in greenhouse
gas fluxmeasurements (Pumpanen e804, Pihlatie et aR013) by organizing a new campaign to
guantify errors related toJ® flux chamber measurements in 2014.
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