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EMISSIONS OF VOLATILE ORGANIC COMPOUNDS FROM BOREAL HUMIC LAKES

H. AALTONEN?, H. HAKOLA?, A. OJALA®, L. KLEMEDTSSON, J. PUMPANEN, E. PELTOMAA®
andJ. BACK'®

!Department of Forest Sciences, University of Helsinki, Finland
“Finnish Meteorologicalnstitute, Helsinki, Finland
3Department of Environmental Sciencémiversity of Helsinki, Finland.
“Department of Biological and Environmental Scientésyersity of Gothenburg, Sweden.

*Department of Physics, University of Helsinki, Finland

Keywords: VOCs BOREAL LAKE, CLIMATE CHANGE.
INTRODUCTION

Biological sources of VOCs in aquatic ecosystems are related to algal and microbial functions, which have
been reported to produce significant quantities of volatile compounds, e.g. disgphydle isoprene and
monoterpenes (Colonwt al, 2008; Yassaat al, 2008) especially during the algal bloom periods.

Oceans have proven to be significant sources of aerosol precursor gasemlaod lakesalsoalgae and
bacteriamayproduce VOCs in quantities comparable to those of terrestrial soil and forest floor vegetation
(Backet al, manuscripin preparatioh The diurnal pattern observedfieshwatelVOC emissions

suggesta significant contribution of biological (both badtt and algaeprocessesn the production of

VOCs.

Aquatic VOC emissions have mostly been measureidglthie icefree periodvhen the biological

activity is greatest. However, the ice cover does not inhibit bacterial metapetisch is independento

light. Since also algal photosynthesis begins already below the ice cover after snow has disappeared and
saturates at very low PAR levels (Tuloretral, 19%; Ojala pers comm.), it is anticipated that

biologically producd VOCs could accumulateeneath the ice cover, areleased to the air during the ice

melt period. In freezingharine ecosystems tRMOCs may also be accumulated in the brine pockets.

In this project ve conducted springtime VOC measurements on boreal lakes hypothékiting

1) ice cover does not restrain VOC production in boreal lakes, and

2) melting of ice may lead to a burst of accumulated VOCs from the top layers of the water column

METHODS

Thespringtimeemissions of terpexds were measured from two boreal lal@sthe Lake Kuivajarvi, in
southern Finlandnd on Lake Erssjon, in southern Swe(iegure 1) Measurements were conducted with
floating flow-through chambers artle smples were taken from air entering and leavireenclosure to
adsorbent tubes (Texd A-Carbopack B). Samplings weperformed with three campaigrstarting at

the time of ice meltEarlier at the winter, background samples were tél@n achamber placed above a
small hole irnthe ice coverTerpenoid analyses from adsorbent tubes werormed at the Finnish
Meteorological Institute with thermodesorptigas chromatograpimass spectrometer (FGC-MS).

10
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°

°
Erssjon

Figure 1. Mapf the measurement lakes in Sweden and Finland.

In addition to thé/OC emission measuremeanterpenoid andhortchaned hydrocarbon concentrations

were measured parallel on the Lake Kuivajarvi witHina TD-GC-MS, and these measurements are still
on-going. The concentrations were measured about 50 cm above water surface and the sampling inlet was
coupled with 3D uliasonic anemometer.

TheVOC emission measurements were combined with thoa@ tdmperaturesolar radiation
chlorophyll and phytoplankton populatiorBhytoplankton samples will nalysed later ithe
laboratory under microscope as wellphytobiomass using chlorophyll determination with a
spectrophotometeAt the Lake Kuivajérvi, measurement rafovides plenty of data about physical
parameters and gas concentrationg ((,, CH,) in the lake and gas fluxes from the lakeboththe
lakes, water balance as well as carbon input and output were continoraumstgred.

RESULTSAND CONCLUSIONS

The preliminary data shows measurable terpenoid emissions from boreal lakes and the emissions consist
on several monand sesquiterpenddowever the absolutspringtimeemissions seem to be quite low in
boththelakes and a burst in the emission during/after ice melt was not obserVdgl@missionseem to
increase during the spring with highiemperaturesThe dataon terpenoidandshortchained carbohydrate
concentrationfrom the Lake Kuivajarvarenot yet available

The three most abundant compoundadoaticterpenoidHPLVVLRQV ZHUH-BRQR®HUBHQHYV
F D U H Q Hhinerig@ &ame compounds that abundant also iNOC fluxesfrom boreal forest floor

(Aaltonenet al, 2011) Several sesquiterpenes (most abunddatigifoleng were also seen in the

emissions, although generally their emission rates were veryllesoxygenated terpenoids linalool and

bornyl acetate werengtted in notable amounts.
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EXAMINING HETEROGENEITY IN  THE BOREAL PEATLAND -ATMOSPHERE FLUX
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! Department of Physics, University of Helsinki, Helsinki, Finland
2 Universityof Eastern Finland, Kuopio, Finland
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INTRODUCTION

Boreal peatlands are known to be a massive storage of soil carbon, makirapapt&d% ofthe world

terrestrial carbomneservesThe carbon storaga peatlands has played a crucial role in the climate

development since the last glacial period. Nowadays, however, the changing climate has been exerting a
pressure on borepkatlandsinder which their carbon resener® becomingindable.Massiveevidence

suggests that the expected climate shifts may destabilize the peatlands enough for the major fraction of their
organic carbon to be emitted into the atmosphethé form & greenhouse gases, mainly as,@@d CH.

At the same timethepeat accumulation zone may gress northwards as the arctic climeltanges

(Charmaret al,, 2013.

Besides thathowever, peatlands have the potential to alter the climate through the exargpge with the
atmosphereThis process beaisiportance on many scales. At the scale of 1 to 3 0tiis responsible for

the heating of peat, which directly corgr¢the production of GHGat the scale of 10 to 100 kntheBowen
ratiolargelydetermineghelocal and regional climateOn an even kger scale, theonversion betweethe

open peatlands and forested areas, occurring both naturally and through management, feeds back to the
global climate.

Specificfeatures oboreal climate havied the peatlands to develop distinctive microtopogragilty the
associated differences in the vegetation communities, peat characteristics and hy(@addgbamet al,

1996) Thosedifferences have been shown to create steep gradients in the chaseegy exchange in
wetlands This implies thakcosysten-scale exchange processes at wetlands cannot be modelled correctly
without account of thalifferences irmicrosite dynamics.

Siikaneva, the biggest wetland to remain in its natural state in Southern Finland, is a perfect polygon for the
examination of th peatlandmicrositeheterogeneityThis important aspect of the wetland biogeochemistry is
addressed at the bog part of the wetldiné siteknown as Siikaneva.

METHODSAND AIMS

The bog area of Siikaneva has been the sit@iddusmulti-scaleexperiments brought out by the
collaboration of the University of Helsinki, University if Eastern Finland and the Finnish Meteorological
Institute.The work that has been brought out at the site during theftelgéseasons of 20312013 and is to
be coninued includes:

1) Eddy-covariancaneasurements. The EC setup in Siikar2yaovides the ecosystescale
estimates of Cg) CH,, sensibleandlatent heat fluxesThe the E&derivedwetlandatmosphere
exchange ratgsrovide twofold information that may be hard to interfretause of the source
heterogeneity. In the first few tens of meteesir the EC mast, the primary source afdhe
turbulent fluxes mayavethe size comparable with the sizes of individual osies. Farther away,
the microsite mosaic igss mportant, since the turbulent fluxes effectively become spatially
averaged at larger distandesm theEC sensor
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2)

3)

4)

5)

6)

7

Manualchamber measurement$he chamber measurements are performed at 6 micrositds; eac
microsite is sampled 3 times for better remmtivenessl he microforns currently measured are:
high ummock, humrnack, high lawn, lawn, hollow and mud bottom. Additionally, floating
chambers are used to estimate the ebullition flux from mud bottporsd/surfaces.

Gas concentration samplinDissolved @s collection pointareequipped with théubes reaching
down to 2m depths in all representative micrositésough these measurements, we hope tarobta
new evidence of the greenhouse gas produetionss the bog microtopography gradient.

Vegetation sampling=xamination of the vegetation composition has been brought out within the
99% contribtion area of EC fluxe200m radius around the EC magt)total of 354 plots have
been sampled, with thaditional sampling in the maximum EC conttibua zone to follow

Derived quantities include leaf area index, biomass and species composition.

LIDAR and aerial photgraphy. Completed in spring 2013, these remote senaimg@aign has
provided ahigh-resoltion view of the area around the site, which will be used to construct the
source mosaic mam coordinatiorwith the vegetation map.

Net radiatiorand temperaturgonitoring 4 pairs ofRne;sensorandT peaprofiles (down to 0.3m
depth) have beenstalled at representative microsites, since we expectréiiffevith respect to the
net radiatiorflux andthesoil heat conduction. These dightly linked withe.g.micrositespecific
surface coverpeat structurand water content.

Collection of peticoresand peat deptimeasuremestalongtransectsDone throughout thextent of
the wetland, thesgatawill helpreconstruct the peatland developmierthe past andchaybe used to
forecasthe stateof the wetlandunder future climate conditions

chambers,
concentr. profiles,
peat T profiles,
Rnet SENSOrS

LIDAR +
aerial
photography

= % "
.v.: » ,}“4%, 4
R

V\._ - o e e e e 4
@ - ® o o e o
\ = .,.. e o Vegetation

sampling

Figure 1 Organlzat|on of measurements and campa|gns ﬁilltheevaZ S|te Due to the larger spatial
scale of the work, the peat cores are not includedetation sampling points are uniformly distributed over
the footprint zone.
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Our ultimate purpose is to draw cleadistinction between the resp@ssof diffeent microsites to the main
environmental drivers suasinterannual weather fluctuations peatland managemeand theirindividual
contributions to the local and regial carbon and energpalances
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INTRODUCTION

AtmosphericNew paticle formation events (NPF), i.e. nucleation ahd growth ofthe newly formed
particles have been well documented in many different environments all around the worldlé<etrmal.,
2004 and references thereilWany studies have been done to find out the important vasiablesing and
preventing thaNPF evens. Hyvonen et al(2005) showed that low relative humidity and condensation
sink are the key factors favccurene of a NPFeventin Hyytidla, Finland Boy and Kulmda (20®), on
the other handsuggested thalow atmosphere water content, low condensation, samkl high solar
radiation in particularthe UV-A componentcreatefavorable circumstances for NPFhey showed that
appearance of cloudsuring theevents dil sometimes stop the nucleatiaand sometimes nucleation
continuedafterthe disappearance of clouds. Moreovéigy concluded that thadiationlevel requiredor
theappeaance ofthe smallest detedtée 3 nmparticles ismorethanone third of daily maximum radiation
and that nucleation stops when the radiation decreases below the samdvaliraportance of solar
radiation as a driver of new particle formation has been firmly confirmed in thatliter However,
seasonal cloud effectsmn NPFevens and radiation levelduring nucleatiorhave not been systematically
investigated.n this research, @/study these cloud effects on NREing a relative radiation intensity
parameterns an indicator ofloudiness level

SITE DESCRIPTION

This research has been done using data obtained &MBEAR |l station characterized by boreal
coniferousforest, located in Hyytiala (81 « 1 ©° =« ( P DVO 6RXWKHUQ )LQODQ((
affected by pollibn coming from Tampere city (60 km) and also the buildings (0.5 km) near to
instruments (Boy and Kulmula, 2002). The particle size distribution measurements in diameter size ranges
3-500 nmis carried out byTwin Differential Mobility Particle Sizer{DMPS) system.

METHODS

We calculatedthe relative radiationntensity (hereafter ratiojlefined asthe ratioof measured global

radiation | (w/n2) at a given time divided byhe clearsky globalradiation hay (W/m?) at the same time

for all days during 2002012 However, weonly analysed the ratio I, for the duration between
nucleation start and end times (i.e. the times when 3nm particle production starts and ends, respectively
hereafter 3natime-window) for NPF event days,and from one hour after stse until noon for Non
eventsand undefined day§he 3nmtime-window was defined visually from theoscalled banana plots.

The global radiation (I) data are actual measurement data collected from SMEw@Roh & halfhour

average resolution duringd@2-2012 The |, data aremodelledclear skydata downloaded frorthe
AERONET website I{ttp://aeronet.gsfc.nasa.ghviVe classified the NPfeveQW GD\V DV 2TXDQWL
DQ®MDXDQWLILDE OH riterioR Ritb@uced byWd Maso et al (2005) which is whether the
event is homogeneous enough to quantify the basic characteristics such as formation rate and growth rate

16



or not. We left out the days where the DMPS instrument had broken resultitgdata days and Bad
days of size distribution. Thdmre, our data pool consistd even, nontevent and undefined days, the
latter being days during which the evolution of the size distribution is too unclear for definitive
determination of whether or not NPBs been occurring.

RESULTS AND DISCUSSION
Statstical analysis:

Figure 1 showsthe fraction (%) of days(Event+NoRrevent+undefinedwhich areevent ornonevent in a
givenrange of the ratid/l .o, provided that valuesf I/l ,,xhave stayeth the gvenrangefor a continuous
time ofat least onéhour. The width of the interval (0.2) and the spacing (0.05) are set so as to preserve as
much as possible of the datss can be seen from the figuthe higherlower) the I/l .o« values the more
(lesg event (nonevent) days so that55% of days ardNPFevent 10 % nonevent and the rest are
undefinedin highest range 0-8. Note that mdefined days and different time windovi& events(3nm
duration) and norevents(one hour after sunrise until noom) which I/l. is analysed can bias the
fraction values of figurel. Few event days having low ratio rang@se. cloudy sky)can be seen. For
example about 10 % of days in range-0.3 are eventlays This meanghat cloudy sky conditioiould
be dominate either sometimevithin or during whole 3nmtime-window of event In addition, Figure 1
showsthat norevents caralso occur despite ohigh relativeradiationintensity radiation meaningthat
clear skyis nota sufficient condition fola nucleation evenbccurrenceA surprising result is thathe
percentage of both event and mrent days seem to plateau in thgsrange 0.55).85
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Figure 1. Event and Norevent fraction%) in different ratio I/, ranges in Hyytiéala during period 20@912.

To investigateseasonal cloud effecbn NPFevents the same fraction as figuehas been extracted but
for different seasons separatesgd Figure2). Thefraction of event daym thel/l ,,.x range 0.8L is 50%,
73% 33% and 61% inwinter, spring summe and autumn respetively. For norevent days, the
corresponding percentages 2®%, 4%, 19% and 8%This meanghat event occurrence at clear sky
conditions is much more probable in the other seasons than summer. The sanfer hioddstatsticsin
theotherhigh I/l .xranges 0.75-0.95 and 0.70.9. Generdly speaking, a increasing trend of event fraction
valueswith increasing ratio rangesan be seen in all seasofi$ie plateaus seen in Fig. 1 at thg
ranges 0.5%.85 are clearly mostly causeg the springtime data. Howevdhe actualreasonfor the
plateauss unknown at the present.
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Winter , 2002-2012, Hyytiala Spring , 2002-2012, Hyytiéla
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Figure 2. Seasonal event and Newent fraction in different ratitdl ., ranges in Hyytiéla during period 20@D12.

Investigatiorof anomalous days:

NPFevent days in which clouds are present duthrewholeor a substantial part of tlBamtime-
window havebeenconsideredas anomalous day#/e foundabout 18 event days in Hyyéldin which
cloudy conditios (I/l ,ax< 0.5) occurredduring a substantidime (i.e. at leastluringone hour) withinthe
3nmtime-window. We havelooked into the auxiliary parameters including Condensation Sink (CS),
Relative Humidity (RH), S@ and temperature to get insight imtimospheric conditiawhich could
favour NPFdespitecloudiness The resultshowthatin most ofthe mentioned days (about 100 out of
134)the I/l o values have been higher than BeBore appearance of clodd .« <0.5). Theanomalous
eventdayscan be categori to 3typesas follows

Type 1: Eventdayswith initially clear sky followed by appearance ofouds hasfor a while.Appearance
of clouds has mostlgtopped the generation of 3 nm particlegy(24-Apr-2003 26 Apr 2004. Type 1
anomalous events acharacterized byolw condensatin sink and lowelative humidity as the parameser
favouring the NPF.

Type 2: A few event days (about 10 days) in which clouds asept during the whole 3ntime-
window. All of these events are weak (i.e. riprantifiable). Figure (bottontleft) shavs an example of
this typeof eventon 6 Oct 2002The CS valuesare low,however, the relative humidity isapidy
increasingduring the 3nntime-window.

Type 3: Theeventdays which start undetoudy conditios: Figure3 (Top-right) shows a clear eveday
on 8 Apr 20@ in which clouds are present at the stithe event andor about two hoursubsequently
after whichthe skycleassfor the rest of the time window. As can be seen condensatiorssiekyi low
during thecloudy hours.
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Abstract

We analyse data from measurements angdoscale meteorological modelling for periods in summer 2011

and winter 2012012 to elucidate the bounddayer features at Station Nord situated in Northern
Greenland (81.6N, 16.7\WA major challenge for modelling to connect locatcale observations with

larger scales modelling of the atmosphere. In particular, in summer, bare soil in the vicinity of the station
may not be present in the global boundary and surface condilibas, in summer the deviations of
modeled from measured values of temperature and humidity near the surface are larger compared to
winter. We found that the underestimation of temperature near the ground is larger at clear sky compared
to cloudy conditions; and the underestimation reached up to helightkin at clear sky and up to the first

100 m for the cloudy days. The measured wind speed profiles showed high variability, while the modeled
were smoothed. During summer the modeled wind speed was close to or larger than the measured without
clear indication for the role of clouds. In winter, the egstimation of wind speed was more pronounced.

Mesoscale modeling results

Mesoscale modelling was performed with iMeather Research Forecasting model (with ARW core)
WRF, v.3.3.1(Skamarock etl, 2008) The domain and physics used for the simulatiaies shown in
Figurel. WRF was initialized with the US National Center for Environmental Prediction Global Analyses
data ENL), with space resolution 1x1 degree and time resolution of 6 hours.WeRIFun with tweway

nesting on 3 domains with horizontal grid resolutd®) 12, and 4 km, on 26 vertical levels to 50 hPa

(13 of them are below 2000 m)ahd use categories USGS 24category datavere used. The snow free
surroundings of the Statiodord in summer are likely not accounted for in the surface conditions and
poorly resolved with resolution of 4 km. WRF model temperature profiles are in general close to the
observed temperature profiles. The model temperature near the ground is lower in summer with bigger
difference at clear sky compared to cloudy conditions; and is closer to measurements in winter. The
temperature under estimation reaches heightlgbkm in clear skies and is within the first 200 m for the
cloudy days, Figure tupperpanels). The measured wind speed profiles show high variability, while the
modeled are smoothed; the wind modeled speed near the ground was close to or larger than the measured
one without clear indication for the role of clouds. Larger discrepanciesoverd in winter, compared to
summer, Figure 2 (lower panels).
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Process WRF parameter
Mycrophysics 8 (D3) = Thompson
graupel;

4 (D1&D2)=WSM 5class
Longwave radiation | 1 = RRTM

Shortwave radiation| 2 = Goddard

Surface layer 2 = Eta similarity

Land surface Noah LSM

ABL 2 = MellorrYamadaJanjic
Cumulus 5 = New Grell scheme
parametrization (D1&D2)

Figure 1. Model domains and physics options used.
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Figure 2. Comparison of modeled and measured profiles
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INTRODUCTION

The melting of sea ice in the Arctic opens up for new shipping routes between Europe and Asia. As this
route is considerably shorter than the traditional route through the Suez canal, there is a potential for
reduced @iel use and thus reduced CO2 enussi by using the northern sea rotlewever, shipping

leads to emissions of nddO2 components that also have a climate impact. The main components are
NOx, SO2 and black carbon aerosols (BC). NOx leads to formation of ozone and enhancement of OH
which increases the oxidation capacity of the atmosphere (and thus reduced methane concentrations and
enhanced SO2 oxidation rates) and possibly enhanced levels of nitrate aerosols. Ozone and methane are
both greenhouse gases, while nitrate aerosols are primeaitiering, so emissions of NOx have both

warming and cooling effects. The SO2 emissions lead to enhanced levels of sulphate aerosols which cool
the climate through scattering of solar radiatibhe BC aerosols absorb solar radiation either in the
atmosplere (the direct effect) or after the aerosols have been deposited on the snow (snow albedo effect).
The magnitude of the radiative forcing all these-@D2 effects are determined by shired

componentsnd by the physical conditions where the emissamtsir. Thusthe net climate impact of the

two shipping routes may be quite different than the ©0I¥ effect.

METHODS

In this study we use future predictions of emissions from bulk carriers developed by the Norwegian
Veritas, taking into account gected sea ice cover in 2030 and 2050.
(www.dnv.com/binaries/shipping%20across%20the%20arctic¥%20o0cean%20position%20paper_tcm4
434419.pdy. Equal amounts of cargo are assumed to be transported each of the two/Veutiss. these
emission estimates as input to our global CTM, OsloCTM2 (Dals¢ rén 2043and references therin) to
calculate the impact on all major n@0O2 climate compouds (0zone, methane, sulphate, nitrate, OC and

BC aerosols). Based on these calculated concentration fields the radiative forcings are calculated using a
radiative trasfer model (Myhre et al., 20R7The impact on global CO2 concentrations are calculated

using an impulse response function from Joos et al. (2013), and the corresponding radiative forcing is
estimated using the standard IPCC formula (IPCC, 2001).

The climate impacts of the SLCF and CO2 have very different time constants. Thus, thesrestabff

between the two routes depends on for how long the emissions are sustained. To analyse this the radiative
forcings are used as input to a simple analytical climate n{Béehtsen and Fuglestvedt, 20Gthd the

impacts on global mean temperatureswstained ship transport through the two routes are estimated.

CONCLUSIONS

Below are some preliminary results from the simulations. Figure 1 shows the calculated impacts on
burdens of sulphate and BC aerosols for emissions along the two routesdUdterein the sulphate



column burden over Siberia is likely a result of enhanced oxidation rates of SO2 due to the emissions of
NOx from the shippingHowever, some more analysis and sensitivity simulations are needed to confirm
this.

Figurel. Calculated annual mean burden change of sulphate and BC aerosols for the Northern route (left)
and the Sues route (right).

Figure 2 shows the resulting change in global temperatures (again preliminary results) following a
sustained ship transport alpthe two routes.

Figure 2. Calculated annual and global mean temperature change (K) the Northern route (left) and the
Suez route (right). The-axis is years after start of emissions.

The preliminary results indicate that the net impact of shisions following the two routes is actually

the emissions along the shorter northern route lead to higher contribution to global warming even if the
fuel use and thus the CO2 emissions are lower. This is mainly due to the different sign of thetioontribu

by the sulphate perturbation which is a combination of SO2 emissions, changes in oxidation capacity and
difference in clouds and surface albedo for the two regions.
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INTRODUCTION

6QRZ FDQ FRYHU HI[WHQVLYH SDUWV RI WKH QRUWKHUQ KHPLVSK'
the terrestrial life in the north. The snow cover also a&tslarge reservoir for atmospheric nutrients, such

as the reactive nitrogen compounds: nitrate {N&hd ammonium (NK), on their transit into terrestrial

systems. The NOfound in snow and ice originates from atmospheric nitric acid (RN partice

bound nitrate (NOs), which dissolves upon contact with snow. The HNCturn is belived to be the

main sink of a range of atmospheric reactive nitrogen compounds (as nitric oxide, nitrogen dioxide and
peroxyacyl nitrates) and where the depositioa tdtHNG; is important for the overall atmospheric life

WLPH RI WKHVH R[LGL]JHG QLWUR JHestvoirh&spideH td not\bK &h Mthet€ SD F N
sink. Before its release to downstream ecosystems during snow melt, the snowpaskriVelved in an

active atmospheric cycling. The understanding ogNi®positional, postiepositional, and melt processes

are therefore of importance when investigating; the nutrient availability in the Arctic, interpreting ice core
records, and assessing theroistry of the Arctic atmospheric boundary layer

CONCLUSIONS

For Ny-Alesund snow the N deposition was found to be dominated by the incorporation and
scavenging of HN@and pNO; during precipitation, and where this wet deposition shows large inter
annual variations due to sporadic events with highy M@livery. Similar events of enhanced deposition
were also evident for nitrate dry deposition due to elevated atmospherig atid@NO;” concentrations

and favourable boundary layer stabilities. Comapao wet deposition the dry deposition was found to be
modest and only contributed to around 14% of the total” Ninter deposition. However, this dry
deposition outhumbered any pagpositional loss of nitrate (as N@hotolysis or HNQ@ evaporation)
during a surface snow spring campaign. Furthermore, the porous snow allows atmospheric processes to
occur within its intra pore space, leading to a rapidlaposition of oxidized nitrogen released from
deeper buried snow layers or the soil below. Apamnfivet and dry deposition, the only other process
relevant for the overall NOQbudget was found to be the final release of ions during snowmelt, which leads
to a near complete removal of snow derived;N®m the small glaciers around Mjesund.
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Figure 1Nitrate processes important for Nydlesund snow
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INTRODUCTION

Compared to warmer regions, the bom@bsystemare relatively inefficient as volatile organic compound
(VOC) sourcesHowever due to their large aerial coverage, their contributions are both regionally and
globally importantThe strong seasonaljtgharacteristic for boreal regionis reflected in thghysiological
changsin important vegetation processes, such as growthppinathesis and transpiraticend has
significantconsequencdsr the role of these ecosystems as sources for precursors to atmospheric reactions

METHODS

At the SMEAR stationsone of our main goals is to understand how vegetatiooesses contrdthe carbon
and water fluxesincluding those of reactive precursor gasésld measurements on VOC exchange
between ecosystems and atmosphere at the SMEAR it $itgytidla Forest Research Station, southern
Finland,have been conducted for over 10 wegith both campaigfwise and continuous measuremeiitse
onlineanalysis of emissions wWitRTR-MS (proton transfer reaction mass spectrometerdgndmic
enclosuregFig 1) has proven to be an efficient tool for detecting functional relationships betwee
environmental factorée.g. temperature, irradiatioahdvegetation processes occurring at timescales of a
few seconds, such as photosynthesis, transpiration and emissions of MM@@CEMS (gas
chromatograptmass spectrometer) allowstailedspeciatbn of compounds and thus offers means to reveal
the concentrations dafifferent terpenoidghat influence thair reactivity.

Figure 1. Dynamic enclosures for VOC emission measurements. (a) two branch enclosures, (b) a stem
enclosure(c) a floating enclosure over a lake.
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We havedetermined the accuracy of the dynamic chamber sggtegmmeasuring VOC emésons by

creating a knowsource of different VOCs inside the chamber and measuring the concentration dynamics in
the chambe(Kolari et al, 2012).The concentrations are underestimated{3p%, depending on enclosure

type, measured compound and humidity inside the enclosure. Howg\aatimizing the measurement
conditions we are able to obtain good repeatalslity reduce # bias in the flux determinatioMore

detailed descriptions of methods are presented in Aaltenain(2012a), Tarvainest al.(2005) and

Vanhatalcet al.(ms in preparation).

RESULTS ANDDISCUSSION

Terpenoids (isoprene, monoterpenes and sesquiterperablinol and acetone are the main biogenic
emissions, constituting also the vast majority of all emitted compounds in boreal regions (Geteaither
2012, Oderbolzt al, 2013).In short termand especially duringonstressed migdummerconditions the
emissions omonoterpeneom treesshow clear temperature dependence, owing to the exponential
relationship betweecompoundvolatility and temperature (e.g. Guentle¢al, 1993, Tarvainest al,
200p). Isoprene emissions are also closely conmktctérradiance, as a result of the direct link between
isoprene emission and synthesis from photosynthetic prodiruder periodic stresses.g.,drought,
emissions from forest can change considerably. g£)g

Figure 2. Tempetarevs. monoterpene emission
rate(calculated with the Guenther type
exponential relationshigjom Scots pine
branches in summer 2010. The emissions were
affected by the extremely hot and dry latter part of
July.

In addition to the short term driveNdQC emissions are responsive to mediterm changes in
environmentatonditions, which may affect the emission capadaityrage poolshape of the light response

as well as the temperature optimum of emiss{@uentheiet al, 2006, Arnetlet al, 2008,Lappalaineret

al., 2012).0ur observations show tharfie seasonal variability in monoterpgmmeducingenzyme activities
UHIOHFWYVY WKH SODQWYV G\Q D P Ldtorag@podl si2dERgN3, MdhhatalodtRIQ FDSDFLW
manuscript in preparation

) L J X U Kpinene emissions and synthase activiti
in needles of a Scots pine. Emissions are fairly
stable over the year, although synthase activitie
vary a lot.
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While the main source of VOCs is the foliaggnificant quantities 0¥ OCs are also originating from other
sources in boreal ecosysteribe belowcanopy compartmenitg., tree trunks, ground vegetation, decaying
litter, and soil processes, are important as sources of VOCs in particular dunmpasyatifall, when fresh

litter is creating a large source in the field layer (Aaltoetal, 2011, 2012b)The tree stems caaisoform

an important source of monand sesquiterpenes in the subcanopy air. Our first measurements indicate that
in the trasition time in early spring, high emission peaks may be connected to stem water transport capacity
and potentially indicate freezbaw related changés membrane permeability (Fid, Vanhatalcet al,

manuscript in preparationdpecifically, high sesquétpene emissions were detected from the stem.

Figure4. Stem and shoot monoterpene emission rates (a) and the diameter change in stapri(l20h2.
Rapid change in phloem diameter coincides with a burst in emissions from the stem.

Theforest floor plays a substantial role (from a few per cents to several tens of per cents, depending on the
season) in the total VOC emissions of the boreal forest ecosydigiest emissions are measured in fall,

due to the dcaying litter (Aaltonen et al., 201 5omewhat surprisingly, the wintertime fluxes within the
snowpack can be equal twose from the soil during warmer periodad soil seems to be an active source

for VOCs even in winter. Aftewinter storms when large amounts of litter are accumulating in the, snow
concentrationsnay exceed thaverageconcentrations manifolfFig. 5, Aaltonenet al, 2012a).
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Figure5. Mono- and sesquiterpene concentrations inside snowgiaitkee heights from the ground surface
(0 cm = closest to ground) two winters(a, c: 20082009, b, d: 2010)in February 2010abundant litterfall
due to heay snow damageausecdextremely high concentrations accumulaténside the snow.

Our recent studies show thihelake watercan also ba substantial sourcerfmany VOCs In several
campaigns at the lakeMEAR (lake Kuivajarvi) a humic lake nearby tf®MEAR Il forest, we discovered
that he chemical compositioof emissionsand also the flux ratese rather similar to thsemeasuredrom
the foresffloor (Sjéblom 2012Aaltonenet al, 2011).We alsodiscovered that thaquatic fluxes were
largest dumg nighttime, indicating either a specific nocturnal source for VOCs or an effect of transport
phenomen&etween the lake and the boundary layer alfbige 6,Backet al, manuscripin preparation)

Figure 6. Emissionsof mono and sesquérpenesmeasuredrom the floating chambeat the lakeKuivajarvi
in August 1726, 2011
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