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Abstract. We measured volatile organic compounds (VOC), carbon d®Xi’O-) and carbon monoxideC{O) at an urban
background site near the city centre of Helsinki, FinlandrtNern Europe. The VOC andO, measurements were obtained
between January 2013 and September 2014 where&3Ja shorter measurement campaign in April-May 2014 was con-
ducted. Both anthropogenic and biogenic sources wereifidgehfor VOCs in the study. Strong correlations between VOC
fluxes andCO fluxes and traffic rates indicated anthropogenic source afymvDCs. The VOC with the highest emission
rate to the atmosphere was methanol which originated méstiy traffic and other anthropogenic sources. The traffic was
also a major source for aromatic compounds in all seasonseafiésoprene was mostly emitted from biogenic sources dur-
ing summer. Some amount of traffic related isoprene emissi@re detected during other seasons but this might have also
been an instrumental contamination from cycloalkane prtsdGenerally, the observed VOC fluxes were found to be small
in comparison with previous urban VOC flux studies. Howetre,differences were probably caused by lower anthropageni
activities as the€2O,, fluxes were also relatively small at the site.

1 Introduction

Micrometeorological flux measurements of volatile orgasimpounds (VOC) in urban and semi-urban areas are limited, a
though local emissions have a major effect on the local agwmal atmospheric chemistry and furthermore on air qualit
(e.g.LRejma.nﬂ_a.nd_LsﬂlliE._ZdO? and references therein).eBiog/OCs, mainly isoprene and monoterpenes, affect hytdirox

radical (OH) concentration and aerosol particle growm,mmmmomaﬁk la.Lu_i004;

Spracklen et AILLO_&)% Kazil et aJI., ZMQ; Paasonen 41@1,;)2 Long-lived compounds, such as anthropogenicallyttechi

benzene, contribute also to the VOC concentrations in aresds (e.&_&alo_ko_slgi_eﬂ £l_2:)|1_4_i015).
The VOCs may have both anthropogenic and biogenic sourdks irban areas which complicates the analysis of VOC flux
measurements made in these areas. Globally, the most amparithropogenic sources are traffic, industry, gasolinpara-

tion and solvent usé (Watson el lal., del; Reimann and Lm} Kans 1‘,1@% Langford et zll., ZJ)b_&ﬁoLb_on;u_iézm
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and references therein) whereas the biogenic VOC sourdbswities include mostly urban vegetation, such as trees a
shrubs in public parks and in street canyons. Based on p&wiicrometeorological flux studies, the urban areas arerobd
to be a source for methanol, acetonitrile, acetaldehydetoae, isoprene+cycloalkanes, benzene, tolueneCarokenzenes

(Velasco et élLﬂJ}é Langford et aLI., beg; Velasco L,M Langford et alLﬂhb; Park eﬂ £I., 2|oho; Valach Le@ﬁ)

In addition, concentration measurements connected t@sanodels have underlined emissions of various other VO($, s

as light hydrocarbons, from the urban sources Le_g_Wmsgﬂw,lQ_O_O_ll] Hellén et eLI[ 2(2[)&, 2(1(*_6_,_21)12). Monoterpenesem

sions have surprisingly remained mainly unstudied, aljiioilne monoterpenes have generally major effects on atredsph

chemistry. For exampl 5 12) found that nerpeenes and isoprene together have a considerable rold-in O
reactivity in Helsinki, Southern Finland. The biogenic sgidbns might have also a considerable role in 0zéng ¢hemistry

in the urban areas (e]g._C_aEa.pLelLa_eltLaL_JZOB).

The VOC flux measurements reported in literature have berdumted in the latitudes ranging from°Mto 53N, but

most of the measurement in the north have been conducted lKhwhere winters are relatively milh_LLa.ngI_o_Ld_eJ MOOQ
|2Ql£[);|Ma.La.Qh_e_t_allL_2Q115). Thus no measurements have bpertgéd from the northern continental urban areas. The VOC
emissions from traffic are typically due to incomplete costimn. This also results in emissions of carbon monoxid@),

and thus the emissions of certain VOCs are potentially inkéh CO fluxes. However, only two publications on the urban
VOC fluxes combine the VOC fluxes with tlt&O fluxes in their analysisl:_LLa.ngLQLd_eﬂa{L._ZJ)iO;_HaLLLs_inJaJmli). Thus
our aim is i) to characterize the VOC fluxes in a northern urtignover an annual cycle, ii) to identify the main sourcests

as traffic and vegetation, of aromatics, oxygenated VOCgempenoids taking into account traffic volume together wlith
measured”O and carbon dioxide({O-) fluxes and the ambient temperatu¥8,(and iii) to compare the VOC fluxes with the

previous urban VOC flux studies to assess the relation of D€ Yluxes and th€ O andCO;, fluxes in different cities.

2 Materials and methods
2.1 Measurement site and instrumentation

Measurements were carried out at urban background statid@AR |1l in Helsinki (60° 12’ N, 24° 58’ E,I.a).
The population of Helsinki is around 630 0C0 (http://vrkiéfault.aspx?docid=8882&site=3&id=0, cited in 12 Decemb
2015). The site is classified as a local climate zone, whickesponds to "an open low-rise” category (m Ok
) with detached buildings and scattered trees and abtinggetation. The site is in a humid continental climateezo
with a clear annual variation between the four seasons: mhontean temperature varies fromt.9°C in February tal7.6°C

in July (1971—200@@02; see also[Big. 1), aytight hours range from 6 to 19 h per day. The SMEAR llI site
consists of a 31-m-tall lattice tower located on a hill, 26 boee the sea level and 19-21 m above the surrounding terrain.
The site is roughly five kilometres North-East from Helsi@kiy Centre. According to local wind direction, the surrdimgs

around the tower can be divided into three areas: built, maﬂvegetatiorl_uesa.la_eﬂ a{L_ZbOS, Tddle 1, Elg. 2). Howeve
a fraction of vegetation was significant also in the built aodd sectors (Tablg 1). Thus, a better name for the builbsect
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would be, for example, "urban residential sector with vageh”, but the short names are used throughout the textep #ee
terminology and subsequent discussion as simple and shpdsszible.

The built sector in the northern direction (32@0) is dominated by university campus buildings and Finnishiddeologi-
cal Institute (mean height 20 m) close to the tower. In thel sEctor (40-180°), one of the main roads leading to Helsinki city
centre passes through with the closest distance betweenalleand the tower being 150 m. The area in-between is covered
by deciduous forest with mainly birctBétula sp.), Norway maple Acer platanoides), aspen Populus tremula), goat willow
(Salix caprea) and bird cherryRrunus padus) (IVesaIa et AILLO;)B, Figl 2). On the road, a typical workulaffic rate is around
44 000 vehicles per day (Li La.u_iOll), amrdvithicles have been found to be the main sourde@jf and

aerosol particle number emissions in the aL'_e_a_(,la.nLJ M;LBMMMIL_ZQM). In the vegetation sector {38Q0),

most of the surface is covered by green areas of the KumpulanBoGarden and the City Allotment Garden. During this

study, the wind blew most often from the vegetation sectdrlaast from the built sector.
The site infrastructure, the flux measurement conditiorstha surrounding areas are described in detm eta

@) and iMIL(ZO_d%).

2.1.1 VOC measurements with PTR-MS and volume mixing ratio clgulations

A proton-transfer-reaction quadrupole mass spectronf@idr-MS, lonicon Analytik GmbH, Innsbruck, Austr.,

) was measuring 12 different mass-to-charge ratis éee Tabl€]2) every second hour using a 0.5 s sampling time be-
tween 1 January 2013 and 27 June 2014. The total samplingwsas around 7 s (Fifil 1). For the rest of the time the PTR-MS
sampled a wider range of mass-to-charge ratios but thossureaents are not considered in this study. In addition, aze h
a short campaign between 27 June and 30 September 2014 winesis$40-charge ratios were measured using the same 0.5
s sampling time. During the campaign, the two additionals¥tascharge ratios wemg/z 89 andm/z 103. In that period, the
measurement cycle took always two hours so thiat31-69 were measured during the first and 79—-137 during the second
hour, and the total sampling cycle was around 4.5 s. In sun2®#&4, there were some data gaps due to software problems
(Tablel2).

The PTR-MS was located inside a measurement container amglesair was drawn to the instrument using a PTFE tubing
with 8 mm inner diameter (i.d.). The sample line was 40-ngland it was heated (10 W) to avoid condensation of water
vapour. A continuous air-flow was maintained in the tube \gitme variations in the flow rate: first 20 | mih (whole year
2013), then 40 I min® (until 30 May 2014) and then 20 | mirt (until the end of the measurements) again. The correspgndin
Reynolds numbers were around 3500 and 7000 for the lower ighdihsample line flows, respectively. From the main inlet,

a side flow of 50-100 ml min! was drawn to PTR-MS via a 0.5-m-long PTFE tube with 1.6 mm i.d.

The PTR-MS was maintained at a drift tube pressure of 2.0mB& and primary ionl{z O ") count rate of about 10-3m°
counts per second (cps, measurechat21). With these settinggy /N-ratio whereF is the electric field andv the number
density of the gas in the drift tube, was typically around T85Td = 10~2! V m?). Oxygen level G was mostly below 2%
of the ;O™ signal.
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The instrument was calibrated every second or third weekguaidiluted VOC standard (Apel-Riemer, accuracy%;
Table[2). The volume mixing ratios were calculated usingac@dure described in detail[lnlaip_al_e_ét E.L_dOOS). Befbes
calibration, SEM voltage (MasCom MC-217) of the PTR-MS whgags optimized to get a high enough primary ion signal

[ 20

level (e.gl

instrumental background was determined every second hosaitmpling VOC free air, produced with a zero air generator

hS). The optimized SEM voltages &kso used in the measurements until the next calibratioa. T

(Parker Balzon HPZA-3500-220). The intake for the zero amayator was outside of the measurement cabin close to the
ground, thus, the relative humidity was the same for bottz#re air measurements and the ambient measurements. During
the measurement period, the zero air generator was workimgtimes improperly leading to contaminatety 93 signal.
These periods were removed from the zero air measuremetteplaced by the nearest reliable values. In addition, due t
software problems, the zero air measurements were notdeddretween 7 July and 30 September 2014. These gaps were
replaced by a median diurnal cycle values of the zero air oredsduring 27 June — 7 July 2014. One should note that the
mentioned problems with the zero air measurements had ect @ifi the flux calculations. However, they did, of coursesea
additional uncertainties in the measured concentratiegldebut a systematic error for the concentration levels egdisnated

to be negligible.

2.1.2 Ancillary measurements and data processing

An ultrasonic anemometer (Metek USA-1, Metek GmbH, Germavas installed at 31 m, 0.13 m above the VOC sampling
inlet. The ambient temperature was also measured at the \&DIlmg level with a Pt-100 sensor. Photosynthetic photon
flux density was measured at 31 m in the measurement toweg agpmotodiode sensor (Kipp&Zonen, Delft, Netherlands).
Pressure was measured with Vaisala HMP243 barometer ondhefrthe University building near the site.

Hourly traffic rates were measured 4 km from the measurenitertiysthe City of Helsinki Planning Department. These rates
were converted to correspond to the traffic rates of the reatto the measurement site following the procedure preséant

barvi et al [ 2012).

CO2 andCO concentrations (10 Hz) were measured with a Li-Cor 7000G0R, Lincoln, Nebraska, USA) and a CG/O
analyser (Los Gatos Research, model N20O/CO-23d, Mountain, \CA, USA; later referred as LGR), respectively. Th®,
concentration was measured continuously between Jan0aB/ahd September 2014. Th® concentration was measured
between 3 April and 27 May 2014 (Figl. 1) and the LGR was coratketti the same main inlet line with the PTR-MS. During
the CO measurements, the main inlet flow was 40 | minAfter the LGR was removed from the setup, the main inlet flow
was decreased to 20 | mif to increase the pressure in the sampling tube and to get arsgte flow to the PTR-MS (from
50 to 100 ml mirrt).

Thirty minute averag€’O and CO,, fluxes were calculated using the eddy covariance technigue faw data according
to commonly accepted procedurEs_(Aubin_e_t_laLaL_lZOlZ).aAcIi/mensionaI (2D) coordinate rotation was applied to tiedw
data and all data were linearly de-trended. The 2D rotatias wsed instead of a planar fitting as the 2D rotation is likely
be less prone to systematic errors above a complex urba{inéNQLd_b_o_e_t_éIL;OﬁZb). Spike removal was made based on a
difference limit kMammarglla et LL;QIlG). Time lags betwevind and scalar data were obtained by maximizing the €ross
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covariance function. For tHeO andCO, measurements, mean time lags of 5.8 s and 7.0 s, respectwezd/obtained. Finally,
spectral corrections were applied. The low frequency kdsethe fluxes were corrected based on theoretical cooreti
(Rannik and Veséli_l&l%), whereas the high-frequencye$osgre experimentally determined. Finally, the 30-mindhix
were quality checked for stationarity with a limit of 0J3 (em and WichuHﬁbG) and the periods with< 0.2 m s!
were removed from further analysis. More details of the gest-processing can be foundli t[a.L(Zble) The
corresponding data coverages 00 and CO, fluxes were 54.0% and 61.9%, respectively. The random entidatection

limit of CO flux were 0.23ug m~—2s~! and 0.16ug m~2s~!, respectively. The corresponding numbers for@@, flux were
0.051g m2s~! and 0.03ug m—2s~1, respectively.

2.2 VOC flux calculations
2.2.1 Disjunct eddy covariance method

In a disjunct eddy covariance method (hereafter DEC), theiflgalculated using a discretized covariance:

lz (i — M ADE (D), @)

3

wheren is the number of measurements during the flux averaging tnés a sampling interval andlis a lag time caused by

sampling tubes (e.b. Rinne ej lal., Zblg)l; Karl AIJ_aL_}Zb_QEQB'and Ammar rll.;OJlZ). The VOC fluxes were calculated for each

45-min-period according to Ed.](1) using 385 data point®(@&ta points between 26 June and 30 September 2016). Before
the calculations, the linear trend was removed from the @otmation and wind measurements. In addition, the 2D atatias

applied to the wind vectors.

The PTR-MS and the wind data were recorded to separate censptitus, lag times were shifting artificially as the coneput
clocks performed unequally. Therefore, we first determiagdimes ofm/z 37 (first water clustedI; O+ H,O) for each data
set between two calibrations. Then, a linear trend was reshdiom the lag times to cancel the artificial shift. Afterttha
the shifted cross covariance functions were summed .,), and an average lag-time was determinedafdr e
mass-to-charge ratio from the summed cross covariancédnscFinally, the lag-time for each 45-min-period wasedetined
by using a£2.5 s lag time window around the previously determined meartifag-with a smoothed maximum covariance
method described inlalpﬁ.l_e_ej al.[_{ZblO). The smoothedsarogariance functions were calculated using a running mean
with an averaging period of2.4 s. However, if the mean lag-time value was not found, theiptsvreliable mean lag-time

value was used instead. We defined that the mean lag-timeapessentative if a peak value of the summed cross covariance
function was higher thafioy; whereoy; is mean standard deviation of the summed cross covariamz¢idn tails. The
standard deviations were calculated using a lag-time winafot-(180 — 200) s. If a certain mass-to-charge ratio showed no
representative peak values during the whole period atafluix values were defined to be insignificant and the masséoge
ratio was disregarded from further study.

The lag times were allowed to vary slightl¢£.5 s) around the mean lag-times because removing the linewat petentially
caused uncertainties. Moreover, changes in relative htymdght have led to changes in the lag times at least in tise o&
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methanol which is a water-soluble compound, even with lieatiet line. Thus, the fluxes could be underestimated if the
constant lag-times were used (see supplementary matét@hever, the lag time window we used, was quite narrb,5

s, to limit uncertainties ("mirroring effect”) caused byettmaximum covariance method connected to the fluxes near the
detection limit (Langford et A{IL@ 5). Also, one shouldenthat in our case the maximum covariance was determined fro
the smoothed cross covariance function which alreadydithié possible overestimation of the measured DEC fluxeghasd

the mirroring effect/(Taipale et lal., 2(]10). Some flux valoesld be slightly underestimated if the correct lag-timewatside

of the+2.5 s window. Figure S1 shows a comparison of the fluxes that wadcellated using a constant lag-time and the fluxes

obtained in this study.
The fluxes measured by the DEC method suffer from same soofsgstematic underestimation as the fluxes measured by

the EC method, including the high and low frequency IOSS@M, 19é6|;ﬁo_JsL;9_b7). Accordingl@%?ﬁ th

high frequency lossesyorsy, Can be estimated using an equation

1

1t 27 frnT)B’ ®

(Oéhorst)_1

wherer is the response time of the systefy), = n,,u/(z,, —d) andg = 7/8 and = 1 in unstable and stable stratification,
respectively. In hereg is the mean horizontal wind,,, is the measurement height asdidorresponds to the zero displacement
height. The parameter,, has been observed to be constant in the unstable stratificgtthe sitex,,, = 0.1), and in the stable
stratification { > 0) having the following experimental, stability and windetition dependent valu 09b):

0.1(1+42.54¢%28), d=13m, (built)
N =9 0.1(140.96¢°92), d=8m, (road) ()
0.1(1+2.00¢°27), d=6m, (vegetation)

where( is the stability parameter.

A constant response time of 1.0 s and Edq|. (2) were used forigieftequency flux corrections. The constant value was

estimated based on the previous studies with PTRM&,MMMMMMOB)

where the response time of the measurement setup was estitodbe around 1 s. However, the response time is probably

compound dependent as e.g. methanol might have a depenalerice relative humidity (RH) due to its polarity and water

solubility. The response time of water vapour has been gbdeto increase as a function of RH ( t 007;

Mammarella et AI[_ZOgbi,ﬂoLd_b_o_e_d ell_.,_ZQlle) and this isljikrue for methanol as well. In addition, the Ienjth of the

sampling tube affects the response time as well but theteffelifficult to quantify without experimental dai
géﬂi).

The correction factot,orst for the high frequency losses was 1.16 on average. Even lthilveguse of the constant value

of 7 =1.0 s may lead to random uncertainties if the true response tames/temporally, this is likely to only have a small
effect on the calculated fluxes. Also a systematic errorwfgercentages is possible, if the actual average respansentas
smaller or higher. We can also note that the change of the fitsvfrom 20 to 40 | min! had only a negligible effect on the

attenuation as long as the flow is turbulent ds_e_e_N_o_Ldb_oJ&QlJl)
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In addition to the high frequency losses and lag-time séagctoutines, the calculated flux values may also be biased by
some other factors. For short-lived isoprene and monategpéminimum lifetimes ca. 2 hours, El_e_e_tl_ell_e_n;H_a.L,_IZOtI@)
flux losses due to chemical degradation were estimated tevb@ércentages (st@OlZ). However, thesssloss
are difficult to compensate as they do depend on oxidant oorat®ns (mainly OH and §) and on surface layer mixing.

Thus, no corrections due to the chemical degradation wepkeap All the flux values were slightly underestimated %
based on the measur€tD, fluxes) as the low frequency corrections were left out duedigynVOC spectra. Larger errors
might be produced by calibration uncertainties that aftéctctly the measured fluxes. All mass-to-charge ratiosuetiag

m/z 47 (ethanol+formic acid) were directly calibrated agamsttandard in this study. According [Lo_lﬁajg_s_ét Lil_(ll’015(), th
concentrations of the calibrated compounds may also bedid$e flux values of ethanol+formic acid should especiadly

considered with caution as the concentrationsntf 47 signal was scaled based on transmission curves
2008).

Periods when the anemometer or the PTR-MS were working ipgohpg were removed from the time series (Fiy. 1). For
example, the fluxes were not measured during summer 2013odai¢htunderstorm that broke the anemometer, and in the
beginning of 2014, when the PTR-MS was serviced. During sper@ds, signal levels did not behave normally but had
for example a lot of spikes. Those periods were disregardededl. To limit the underestimation of the absolute flux \esu
caused by weak mixing, the fluxes during which< 0.2m s~! were rejected from further analysis. Other quality corstrol

such as filtering the flux data with the flux detection limitswath the stationarity criteri ichu 996xsw
not performed because applying these methods for the ndsy data would potentially bring other uncertainty sourées.
example, disregarding the fluxes below the detection linoitild lead to an overestimation of the mean absolute flux galue
However, before calculating correlation coefficients lesw a specific VOC and another compound (C©, or another
VOC), a percentage (1%) of the lowest and highest values weeneved to avoid effect of possible outliers. Data covesage
for VOC fluxes are listed in Tablg 2.

2.2.2 ldentification of measured mass-to-charge ratios

Identifications of the measured mass-to-charge ratiosistesllin TabldR. Most of the identifications are clear butdhare
some exceptions. First of all, p-cymene fragments to theesam93 with toluene@‘szS), therefore, p-cymene may
potentially have an influence on the observed concentmttmn/z 93 as the used'/N-ratio, 135 Td, can cause fragmentation
of p-cymene@l@b& HoweVL-::L_I:I_e.IJ_é.D_elt[al_(bOjlﬁserved that the p-cymene concentrations at the SMEAR Il
site are low compared with the toluene concentrations gogiaound 9% in July. Therefore, the major compounavato3 was

likely toluene, although p-cymene might have increasedlthes atm/z 93 during warm days.

Anthropogenic furarl (de Gouw and Wardel&e_jOO?) and cylkdoads had probably a major contribution on the measured
m/z 69 concentrations between October and May as isoprene mipatiens at the site are reported to be small (araunrd0
ppt;hielLén_e_t_JlLZQ_Mi._ZQhZ). In our study, the me@n69 concentrations between June and August were only ca. &Qf#r|
than during the other seasons (Tdlle 3), indicating a ceredide influence of furan and cycloalkanes (e.g. cyclohexsee

Hellén et QH.LO_d6 ar{d_Le_e_e_t| £I., 2006). Another importantgound influencing the measurementst69 is methylbutenol
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(MBO) fragment (e.@@u). However, MBO is nipsimitted by conifers (e.ﬁ_G_u_enlh&Lel Lilu_j012) thatare r

near the SMEAR Il station. Therefore, MBO should only haveegligible effect on the concentration and fluxes measured a
m/'z 69.

Monoterpenes fragment to thez 81. The parental mass-to-charge ratio of the monoterpene$37, had a low sensitivity
during the study, and therefore, the monoterpene condmtsavere calculated usimgyz81. For some reason the monoterpene
concentrations were only slightly higher during the sumthan during the other seasons (TdHle 3). Therefore, a batitn
of other compounds than monoterpenesrét 81 can be possible. On the other hatlad_‘ieﬂéﬂlewml%m@s also
considerable monoterpene concentrations at the site iteryspring and fall, possibly due to anthropogenic sources

Acetone and propanal are both measuredvat59 with the PTR-MS bull_lj_e_ll_é_n_e_t_lalLQdOG) showed that theaye
propanal concentrations were only around 5% compared Wéitaverage acetone concentrations in Helsinki during winte
Thus, most of then/z 59 signal consisted probably of acetone. However, as pedgluxes at the site are unknowm/z 59
will still be referred as acetone+propanal.

Measurements a/'z 107 consisted of 5-benzenes including, for example, o- and p+m-xylene angleghzene. According
toheﬁn_e_t_a“(;OjZ), major compounds measured at thesgitem-xylene. Other important compounds reported arelerey
and ethylbenzenE. Hellén g1| MblZ) observed annudati@rifor those compounds with a minimum in March. In our gtud
only small differences between the seasons were obserabte(3). However, the measured concentrations in this suedg
quite close to the corresponding vaIuelS_ln_H_e_Ll_én_l%Lalleﬂor example, the summed concentration of o-, p+m-xyéeTte
ethylbenzene was ca. 0.16 ppb in JlL|¥ (Hellén LL@I_..JZOl@re&B in this study, a mean value from June—August was 0.23
ppb (TabldB).

The mass-to-charge ratio 42 is connected with acetonhrjth)_unn_e_el_AIL(ZQiZ) observed that the signal might beypart
contaminated by product ions formed in reactions with'Nedid O] that exist as trace amounts inside the PTR-MS. However,

this effect was impossible to quantify in this study, andstma’z 42 was assumed to consist of acetonitrile. Generally, aceto

trile is used as a marker for biomass burning as it is relefisadthose processes (e|.g. Holzinger AIJ al., llb99; De Go@Let
|20_0_:L;|_Ea1Qko§KLe1_£L_2d15).

2.3 Estimating biogenic contribution of isoprene

A well-known algorithm for isoprene emissionEi{,) is written as

LEiso= EO,syntl"CT CL ) (4)

whereEj synh, Cr andC', are the same as in the traditional isoprene algoribnlfmm_a'.hﬂdi_lﬁbbgﬁu&mhﬁ_lbgn

The shape of this algorithm is based on the light response@frthe electron transport activitg’() and on the temperature

dependence of the protein activity't). The emission potentialyy syntn describes the emission rate of isoprené at 30°C
whereT is the leaf temperature (the ambient temperature in thidy$tu

The algorithm was used to identify possible biogenic isnpremissions. For other compounds, such as methanol or
monoterpenes, no empirical algorithms were applied.
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3 Results and discussion
3.1 Seasonal behaviour of observed fluxes and concentrat®n

Significant fluxes were observed for methanmola33), acetaldehyder(z 45), ethanol+formic acichyz47), acetone+propanal
(m/z 59), isoprene+furan+cycloalkanesvg 69, later referred as iso.+fur.+cyc.), benzen#z(79), toluene ifVz 93), Cs-
benzenesniyz 107) and sum of monoterpenew/t 81). The fluxes of these compounds had also a diurnal cycleaat In
one of the wind sectors (Figl 3, Talgle 1). Correlation coigffits between VOC, CQ, O, fluxes and traffic rates are shown in
Table[AT.

Methyl tert-butyl ether (MTBE) andert-Amyl methyl ether (TAME) are commonly connected to the e&hexhaust emis-
sions as the compounds were at least used to increase time outember of gasoline (e.b_lj_e_l]_é_n_ek EL._Z{OOG). MTBE and
TAME were measured at their parental ionsrét 89 andnvz 103, respectively. However, both mass-to-charge ratiowet

no significant fluxes, and therefore, those measurements exatuded from further analysis. As the identification cfsé
mass-to-charge ratios was uncertain, both 89 andm/z 103 are marked asnknown in Table[2. Formaldehyde, which was
measured atvz 31 showed no fluxes either. Therefongz 31 was excluded from further analysis as well.

All of the studied compounds except acetonitrile had sigaift fluxes during winter (Tablg 4), indicating anthropdgen
sources. All compounds except acetonitrile, iso.+furcteynd monoterpenes had also a significant difference batweekday
and weekend values (Figl 4) which is also a strong anthrapogggnal as many anthropogenic activities can expectda to
lower during the weekend than during the weekdays.

The toluene and,-benzene fluxes showed statistically significant seasaa@tion with a maximum in winter and a
minimum in summer—autumn (Tallé 4 and FiY. 5). However, #réations were rather small because the biogenic emissions
of these compounds should be either small or negligible th@@nthropogenic emissions are unlikely to have largeosehs
variations. Nevertheless, the traffic counts were loweindufune—August (Fi] 1). The average benzene fluxes hastistaty
no significant differences between the seasons (Table 4 ign@)- A ratio between the average toluene(@rbenzene and
benzene fluxes had no considerable seasonal trend eithe[AZ).

The benzene and toluene concentrations had a clear aneandl with a minimum during June—August. This is a well
understood pattern and it is partly caused by the differembapheric lifetimes of these compounds between seasans (e

Hellén et aH 29ﬂ2). Of course, local sources may affecotieerved concentration trend as well if the boundary lagéyht

has a seasonal cycle. The concentrations of all aromatipeonus had also a diurnal cycle with a maximum during morning
rush hours when the traffic related emissions were high amatimospheric boundary layer was still shallow after thdig
(Fig[6). The behaviour is similar compared with ® andCO- concentrations.

A clear biogenic signal was observed for iso.+fur.+cyc.chhiiad a large difference in both the fluxes and concentiation
between winter and summer (Tablgs &1- 3). Therefore, theidraof terpenoid to the total VOC fluxes was also higher
in the summer than in the winter (Figl 7). The iso.+fur.+djex followed also well the ambient temperature (HiYy. 8). The
monoterpene fluxes were significantly higher during the senbiat the average flux during the winter was considerablestis w
(Table[4), indicating other major sources than only the biig ones. Interestingly, both the monoterpene and isp+dyc.
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concentrations peaked during morning rush hour (Hig. @licating an anthropogenic contribution, most likely froraffic
related sources.

Methanol had a higher average flux during spring and summmpaced with winter and autumn (Talile 4 and K. 5).
Similarly, an average acetaldehyde flux from summer wasratd®0% larger compared with the winter value, which might
indicate a significant biogenic contribution during the suen. For methanol and acetone, the largest difference eetive
average fluxes was interestingly between summer and auteasos. This cannot be explained by the biogenic emissions as
the autumn values were smaller than the winter ones (Tabhel #&.[5), but it might be a result of changes in the non-traffi
related anthropogenic activity. On the other hand, the meskedifferences can be partly explained by wind directians
summer, 38% of the time the wind blew from the road sect6? ¢ 180°) whereas in autumn, the corresponding occurrence
was only 24%.

The methanol, acetone and acetaldehyde (OVOCSs) condentrditad also a seasonal cycle with a maximum in summer.
However, those compounds showed no clear diurnal cyclebapty due to high ambient background concentrations cosdpa
with aromatic or terpenoid compounds (Table 3; Hig 6). THmraf the measured OVOC fluxes to the total measured VOC
fluxes stayed stable, being 48—-61% depending on the seaigoilF

The diurnal concentration level of acetonitrile stayed@dirconstant but the concentrations showed an annual trghd w
a maximum in summer (Tabld 3 and Fid. 5). However, this wabalsty related to advection from distant sources (e.g.
[EaLQkQ_SIsLe_t_AIL_ZQiS). Generally, the average acettiluixes were really small being still above the detectiamith except
in winter (Table€’4; Figlb).

Both ethanol+formic acid fluxes and concentrations hadfsgmt differences between the seasons. However, as tAeatiformic

acid was not calibrated, the results should be taken as restjmates. Nevertheless, the average ethanol+formicflacid
seemed to have a maximum in winter. Their concentration sbosiso a weak diurnal trend with minimum during early
morning (Fig[6).

3.2 VOC, CO and CO, emissions from different sources

To investigate the relative contributions different sasahe fluxes were analysed by wind sectors. The data wakediunto
three groups based on the local wind direction correspartdibuilt, road and vegetation dominated areas (Table 1 enfdF
The measured flux value was defined to be, for example, fromotiesector if less than 30% of the flux footprint area covered
other than the road sector. Thus, the periods when wind biese ¢o a sector border, were rejected from further analysis
total rejection rate was around 30%. The footprints weremened according JQ_KQLmﬁm_anﬂ_MﬂJMOOD.

The CO flux was observed to have a clear diurnal cycle, and as exghabiehighest emissions were detected from the road

sector (Fig[P) where the traffic emissions are at their lighehe measure@O fluxes from the road sector also correlated
very well with both the correspondingO- fluxes ¢ = 0.68, p < 0.001) and with the traffic rates (= 0.56, p < 0.001, Fig.
[I0). The average and medi@i® andCO- fluxes andCO concentrations from April 3 —May 27 2014 are presented irél@b
The ratio between the medi&O andCO-, fluxes was the lowest during night-time due to respiratio@ ©f, from vegetation
(Fig.[9). The highest flux values of bo@0 andCO, were observed during day-time. However, the rush hour pestsot be

10



10

15

20

25

30

35

seen from the flux data. On the other hand, the traffic rates wely slightly higher during the rush hours compared with th
other day-time values.
During the measurement period, the aver@geflux from the road sector was ca. 0.52% compared with the sporeding
CO, flux (Table[3). On the other hand;O, probably already experienced biogenic uptake betweenl Apd May 2014
Arvi 2; Fid.]9; Tablg 5). Therefore, a betteimeste for the flux ratio was taken from mﬂ) who
estimated that th€ O, emission rate from the road sector is 26¢m~2s~1(1000 veh h~1)~! which is based on wintertime
data from 5 years. In our study, the correspondil@ emission rate from traffic was 0,8 m—2s~!(1000 veh h™*)~! which
is ca. 0.34% compared with the corresponding emission fat&g in mass ba&@f@

12) used data from a more
narrow wind sector, 40—120However, the averaggéO fluxes had no considerable differences between the morewnamd

the whole road sector. Thus, this probably had only a min@cebn the results. The COQ, fraction was smaller than in
previous study conducted in Edinburgrﬁnimmle [1(@ovho estimated that the traffic relate€ emissions are 0.60%
compared with the correspondifi- emissions in Edinburgh (in mass basis). In that study, th&JCQ flux ratio was also
otherwise quite large, 1.36%. On the other hé.n_d._lj_a.tl:i_s_@d M) found that th€ O/CO flux fractions of 0.32% and
0.55% which are closer to the flux ratio obtained in this stilythermore, the Edinburgh data set is many years older and

the traffic related anthropogeni®O emissions have generally decreased during these yeard\{equality in Europe — 2015
report, http://www.eea.europa.eu//publications/aialdy-in-europe-2015, accessed 2 May 2016).

ConsiderableCO fluxes were observed from the built sector during afterngfigs[@). Such a behaviour was not observed
for the CO, during the same period (Figl 9). Domestic burning sourceghtréxplain part of the observed behaviour of the
CO fluxes from the built sector. On the other hand, many cainesgre always started in the afternoon (between Monday and

Friday) when people are leaving the university campus. |@ataconverters that oxidiz€0O to CO, may not work properly

right after starting the engine (elg_Ea_tLaulo_and_‘-lL?_Qkfj).%ding to the high observadO emissions. Unfortunately, the
CO data set from the built sector was very limited from weekeftierefore, th& O fluxes from the working days could not
be compared with th€O fluxes from Saturday and Sunday. However, aromatic VOCs $edr@ave a similar behaviour with
increasing values during afternoon from the built sectdg.{) which is somewhat expectedLas_Be_lma.nn_a.n_d_ll.éms_kmoz

33) mentions that the VOC related "cold start emissions’ta@ming more and more important. On the other hand, none of

the aromatic compounds had a positive correlation with@Beflux, indicating different sources f&¢O and for the aromatic
compounds.

According to a study bLLH_e_LLé_n_e_tJaJL(ZdOG), the traffic is thest important source for the aromatic compounds in Heisink
with for example wood combusting explaining less than 1%hefdetected benzene concentrations. However, the study by
Hellén et al.[(;O_dG) was based on the chemical mass balaceptoe model with the VOC concentrations. Thus, the foatpri
of their study was larger than in our work which is based onflive measurements. The major emissions could originate
also from the biogenic sources, at least in the case of ine@ad monoterpenels_{,liell_é_n_elt [a.L._ZlOlZ). Therefore, sutimnee
data of iso.+fur.+cyc., monoterpenes, and also OVOCs (@meth acetone+propanal and acetaldehyde) were analysed mo

carefully. Conversely,the aromatic compounds were asdumbave no biogenic emissions, although benzenoid congsoun

might also originate from vegetati0|n_(Mi§LLa.Lel MOlS)

11
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In addition to the traffic, other anthropogenic VOC sourcesld potentially include wood combusting and solvent use.
Industry is also a source for the VOCs but no industrial &ty were located inside flux footprint areas. However ghlgent
use might be a significant source for many compounds, edlydoithe built sector where the university buildings aredted.

3.2.1 Traffic related emissions

Out of the measured compounds, methanol, acetaldehy@deatlacetone, toluene, benzene, @Ghebenzenes are ingredients

of gasolinel(Watson et ul., Zd(bl; Ni;b&;bb_&_c_a;&amgmd, Langford et AILLQbQ). Therefore, the traffic is ptigdly an

important anthropogenic source for these compounds. litiaddmany studies have shown traffic related isoprene sions
({Remann_el_ellLZOsbbﬂ_B_omm_ejl Mhmﬁ@ﬂimﬁmmmﬂl $.l_(2b12) also slzaed

that some of the monoterpene emissions could originate fhentraffic. Of course, the ingredients of gasoline probalay

have variations between countries. In Finland, a popul&195yasoline contains a significant amount of ethazol (%) and
methanol € 3%).
In recent VOC flux studies at urban sites, the fluxes of some &@&ve correlated with the traffic ratMt al.,

M,LZleLEaLK_QLLILJdJlMIa&h_At[a.[JOlS) but thessdwt necessaril |me causality. At SMEAR lIl, the traffias

been shown to be the most important source(for, from the road secto arvi e 12) and the same seehwdalso

for CO (Tabld®). Therefore, the influence of the traffic on\@C emissions was quantified by studying the measured VOC
fluxes from this direction. The difference between the ayeiftuxes from the road sector and the other sectors wadistltis
significant (95% confidence intervals) for methanol, acketayde, iso.+fur.+cyc., benzene atigtbenzenes.

All three studied aromatics (benzene, toluene @pcbenzenes) were assumed to have same main source, the Tradfie-
fore, the aromatic compounds are analysed together andtbégter referred as the aromatic flux. However, espediligne
and Cy-benzenes are also released from solvents and paint relagedicals. These non-traffic related sources were studied
by comparing the average toluene angbenzene flux with the corresponding average benzene flibgrazene was assumed
to be emitted from the traffic related sources only. The satietween the average toluene and benzene fluxes from the road
vegetation and built sector were arou@ + 0.4, 2.50 £ 0.7 and 3.70 £ 1.9, respectively. The ratios indicate that toluene
might have also evaporative sources. In previous studiesexhaust emission ratio between toluene and benzene éas be
determined to be around 2 — 2.5 (Mtoog andeedes therein) but the ratio depends on catalytical ctenger
etc. (e. g R . Above an industrializeibrem Mexico City where toluene had also other major souines
addition to traﬁlc@ 9) found the ratio to beand 10-15. In this study, the corresponding ratios for brag’;-
benzenes were.32 + 0.05, 0.31 +0.09 and0.30 £0.17. In earlier studies (e.m 09 and referenceeeth), the
exhaust emission ratio for those compounds have been @ustnbe around 0.4. Thus, both toluene &hdbenzenes had

probably also other than traffic related emissions in allsetors. However, the possible sources for these noretraféited
emissions remained unknown. In the built sector, the ewajeremissions from the University buildings might explaiart
of the toluene and’»-benzene flux.

The traffic rates and the aromatic fluxes had a significanetion ¢ = 0.38, p < 0.001, measurements between January
2013 and September 2014) from the road sector. The aromatiesflcorrelated even better with the measut€d fluxes
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(r=0.50, p < 0.001, measurements between April and May 2014). The significamrelation between the aromatic VOC
flux and theCO flux indicates a common source from incomplete combusti@th&se both correlated in also with the traffic
rates, the traffic is likely to be the major source for arogsati

To estimate the total emission of the aromatic compounds fre traffic, the aromatic fluxes were fitted against the traffi
rates. A linear model between the traffic rates and@fe emissions has been suggested, for exampmi 12

On the other han&;a&gﬂd_eﬂ $I._(;b10) lmdﬂeﬁteﬂi@l_l_b proposed an exponential fit for the VOC &d, emissions.

Helfter et al. (ZQﬂl) mention mané reasons for the expoakrglationship, such as an increased fuel consumptiongaehi

traffic rates. Howev 12) did not obsereestkponential behaviour between th8-, fluxes and the traffic rates
at the site. Therefore, a linear model was also used in thdysdditionally, the exponential relationship was telsteit it
brought no clear benefit compared with the linear model. Feat fit gaveF o = (28+5)-1073Tr+104+9 ng m2s~!, where
Fyurois the flux of the aromatics (unit ng™s~1) and Tr is the traffic rate (veht). Based on this model and the traffic rates
measured in 2013, the aromatic emission from traffic wasnestid to be ca. 1:#0.2 g nT2yr—! if the intercept is assumed
to be indicative other than traffic-related sources. Theettainty estimate excludes possible errors related todhbrations
and to the traffic counts. Nevertheless, the valuet0.2 g nT2yr—! is around 0.01% compared with the correspondiitdp
emission from the road sector (in mass basis) that was dstihuging a linear model provided t@OlZ).

The methanol fluxes were observed to correlate with thednaffes { = 0.32, p < 0.001, Sep—May) and with th€ O fluxes
(r =0.31, p=0.001, Apr—May 2014) in the road sector. According to a linear fig tnethanol flux values were around 20 ng
m~—2s~! or higher when the traffic rate was close to zero (Eig. 11)sTindicates that methanol had probably also other major
sources than the traffic. This is also supported by the fattthie average methanol fluxes from weekend and weekdays were
guite close to each other (FId. 4), even though the traffiesratere clearly larger during the weekdays (Elg. 9). Howewver
were not able to identify any clear additional sources tottaffic except biogenic emissions during summer. To supairt
claim, Langford et AI.L(;O_{O) found that the traffic countgevable to explain only a part of the observed methanol fluxes b

other methanol sources remained unknown in that study ds wel

The other oxygenated hydrocarbon fluxes correlated aldotivd traffic rates. The ethanol+formic acid fluxes were some-
what noisy and mostly close to the detection limit (Tableut)the correlation between the measured fluxes and the traffis
was still significant{ = 0.19, p < 0.001, Jan 2013 — Sep 2014). However, no correlation between tia@elt+formic acid and
CO fluxes was found. The corresponding correlation coeffisiémt acetone+propanal were 0.28< 0.001, traffic) and 0.42
(p < 0.001, CO). The correlation between the acetaldehyde@ddluxes was 0.394 < 0.001) and between the acetaldehyde
flux and the traffic rates 0.3@  0.001). The methanol, acetaldehyde and acetone+propanal flaxesl$o considerable cor-
relations with each other, indicating that these compounadsprobably similar sources from the road sector. The lztive
coefficients between the methanol and acetaldehyde fluxésnathanol and acetone+propanal fluxes were 0.52 and 0.38,
respectively f < 0.001, measurements from Sep—May). The period between Septemteévay was used instead of winter,
i.e. non-growing season, to have a reasonable amount of data

The iso.+fur.+cyc. fluxes measured during September—Madyahaeak but a significant correlation £ 0.20, p < 0.001)
with the traffic rates (Fid._11). Moreover, the average ifor.+cyc. flux was positive during winter (Tall& 4), indiicag that
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some of the iso.+fur.+cyc. fluxes originate from anthropogsources. A correlation between the iso.+fur.+cyc. fiued the

traffic rates has also been earlier observelj_b;ulalas;tl m A correlation between the iso.+fur.+cyc. and @t fluxes
was significant{ = 0.37, p < 0.001) also indicating a traffic related source. However, one khoote that isoprene is also
emitted from biogenic sources and this component is difficudlistinguish from the measured fluxes. If the data fromterin
months was only used, no relation between iso.+fur.+cygefiland the traffic rates was found. On the other hand, amdunt o
data was also quite limited from those months (Téable 4).

The monoterpene fluxes had only a weak correlation with @ifidrirates ¢ = 0.14, p = 0.001). However, even the weak
correlation might also have been a result of the increasegebic emissions as they have a similar kind of diurnal cycle
compared with the traffic rates. The biogenic influence waelghossible to eliminate by dividing the monoterpene flurés i
different temperature classes, but the amount of data veasnall for that kind of analysis. Thus, the possible mompse
emissions from the traffic remained unknown, although tisé hour peak in the diurnal concentration cycle (Eig. 6)datid
traffic related emissions.

The acetonitrile fluxes had no correlation with the traffiesa This was expected as the only considerable aceteriitrides
were observed from the built sector (Hid. 3). The acetdaigmissions from the traffic should also be small compared to
- 009 antkrefes therein).

Overall, the observed correlations were relatively low &irthe VOCs. One explanation is that the fluxes were noisy,

toluene or benzene emissions (

reducing therefore also the corresponding correlatioffficats. On the other hand, the low correlations may alslicate
multiple sources for many of the VOCs, decreasing therdftgecorrelations between the fluxes and, for example, tliféctra

rates, and thus making the VOC source analysis very chatigng

3.2.2 Biogenic emissions

.[(ZQlia observed that the urb#@, fluxes are clearly dependent on the fraction of vegetatetidaga in the flux
footprint. Moreoverl12) observed that at measurement site the vegetation sector is a sinkCfog during
summer (see also Fifil 9). Thus, the biogenic VOC emissionkldme expected to occur at the site. For iso.+fur.+cyc., the
biogenic contribution was clear, and an anticorrelatios (—0.53, p < 0.001) between th€ O, and iso.+fur.+cyc. fluxes were
observed from the vegetation sector during the summer.sthefur.+cyc. fluxes were also affected by the ambient teaipee
with the small fluxes associated with the low temperaturég ). Also the methanol fluxes had a high anticorrelatiothwi
the carbon dioxide fluxes from the vegetation sector betweeae and August-(= —0.59, p < 0.001), indicating a biogenic
source as well.

The iso.+fur.+cyc. fluxes were fitted against the empirisapirene algorithm (Edyl 4) to obtain the emission at standard
conditions. Thus, the only free parameter in the fitting viiesemission potentidl, . It has been shown before that the emission

otential of isoprene might have a seasonal cycle with ammaxi during midsummer (e.g.in the case of asm etal
IESL; see alslo_Ranla.Iﬁ_e_l lalu_2|015). However, due to a ladktafpoints, the fitting was done for the whole summer period
(Jun—Aug) only. First, the fitting was done for each wind dii@n, but no considerable differences in the emissionriks
between the wind directions were found. When all the data ffeersummer was used, the correlation between the measured
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fluxes and the calculated emissions (Eig. 12) was goed({.81), indicating that most of the measured flux at m/z 69 origidat
from the biogenic isoprene emissions during the summerh@wther hand, the algorithm was unable to explain some highe
iso.+fur.+cyc. flux values from the road sector (fEigl 12)e3é values might be related to random uncertainties butntligyt
also be, for example, a result of the traffic related emission

The calculated emission potentidi{ = 125+ 5 ng m2s~1) is roughly twice as high that has been measured above a
pine dominated boreal forest in Hyytidla, Southern FinIh_dmal_a_e_t_all.L;O_iS), although the fraction of vegetatiover
at SMEAR Il is only 38-59%. However, this was expected asutien vegetation consists of mostly broadleaved trees that

are major isoprene emitters (eJ.g._ng_mh_eLLell_aLJ2006)h@nther hand, one should note that the emission potemierks
determined above a rather heterogeneous terrain withptauttiee species (e.g. Botanical garden). Thus, a direcpadson
with the other studies should be avoided. More accurateysisalvould be possible if dry leaf masses were known inside th
flux footprint area. Unfortunately, this information wastravailable for this study. As a conclusion, the biogenipisme
emissions explained arould + 5% of the measured iso.+fur.cyc. flux in the summer (Table B)s Estimate was calculated
by comparing the average iso.+fur.cyc. flux at low tempeestiFig[8) with the average flux in the summer (Table 4).
Methanol, acetaldehyde and acetone are also emitted fi@bidlenic sources (e|g._GALemner_41J_aL_12012), and theamaith

fluxes were dependent on the ambient temperature (see mgkry material). The average methanol flux was around 30

ng m2s~! when temperature was less thadfC indicating a biogenic contribution as the average flux wasiad 54 ng
m~2s~! in the summer (Tablel4). For acetaldehyde and acetone-+pabphe corresponding average fluxes wheg 10°C
were around 9 and 14 ngms !, respectively. When comparing these valuEs<{10°C) to the average summer time fluxes
(Table[4) and taking to account the variation in data, thestatgpn had a contribution af2 4 8%, 26 + 8% and30 + 11% for
the methanol, acetaldehyde and acetone fluxes during theneymespectively. Together, the biogenic emissions éxgda
around 35% of the total OVOC flux during summer. These esémate valid if anthropogenic emissions are assumed to be
independent of the ambient temperature. Therefore, tiraasts are only rough but still reasonable. For examplantbesured
biogenic OVOC emissions in Hyytiala, Southern Finland,ehbgen comparabIE (Rantala étMOlS).

The average monoterpene flux was around 7 ngsn' when temperature was 10°C (Fig.[8), indicating that the sig-

nificant monoterpene emissions originated from other ssuthan the biogenic ones. Therefore, no empirical emisaion
gorithms were fitted against the monoterpene fluxes. Nestexth, in June—August the average monoterpene flux wasdaroun
twice as high, when compared with the average at the low temyres " < 10°C; Table[4). Taking into account the vari-
ation in the data, the biogenic contribution was assumecttahlx: 15% of the value of the average monoterpene emissions
in the summer. Overall, the anthropogenic emissions weimated to be around 35% compared with the total terpenoid
(isoprene+monoterpenes) emission in the summer (Table 6).

3.2.3 Other VOC sources or sinks

The other potential sources of VOCs, mainly wood combusaind solvent use, were found to be difficult to identify. For
example, quite large acetone+propanal emissions werewaasEom the built sector in the afternoon (Hig). 3). Theséssions
might have been originating from the chemistry departmesatr the site that uses acetone as a solvent. Recent studjes (e
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|lALQhJIa.I1Lt_e_t_aJ.I_2Q]J5 and references therEﬂ;Rﬁ.Dl&LﬁL&QL%;LS.Qhﬁllhﬁ.ﬂﬁLLLZdlS) have shown that depositight

have a significant role in the OVOC exchange in some ecosgstdowever, clear signals of net deposition were not observe
for any of the studied OVOCs.

Nevertheless, methanol, acetaldehyde and acetone-+loparissions were observed and they did not depedent on the
ambient temperature or on the traffic rates. The methanasionis were around 20-45 ngis~! from the road sector when
the traffic rate was close to zero (Higl 11). The intercephefinear fit was larger during June—August than during Sepez—
May but the difference was statistically insignificant. Whae sum of OVOCs (excluding ethanol+formic acid) was fitted
together against the traffic rates (Sep—May), the intensgs8 + 22 ng m—2s~! whereas the corresponding average OVOC
flux was around 82 ng mes~!. If the intercept is assumed to be describe of a non-trafficrapogenic flux, the ratio between
the non-traffic related anthropogenic emissions and tteé #otthropogenic OVOC flux wak34 + 0.27. The ratios between
the average benzene and the average OVOC fluxes had no gabsédgifferences between the sectors, thus the givena&stim
represents the whole measurements site. Hence, the otifeoogenic sources than the traffic explaidédt 25% of the
total anthropogenic OVOC flux at the site (Table 6). This fsgaurse, a rough estimate, as the biogenic sources, traffic a
other anthropogenic sources are difficult to distinguisimfieach other. Probably all of these sources have, for exasiptilar
diurnal cycles with the minimum and maximum emissions dyrilght and day, respectively.

Globally the aromatic compounds have other sources thdiicirauch as solvent and petroleum u@@mos;

|S_Lua.slala_e_t_€ltl|u_2QbL'z._LangI_QLd_e_{ la.LJ_ZIOOQ). When comisigan intercept of 049 ng m—2s~! of the linear fit between the

aromatic fluxes and the traffic rates (Higl 11), the emissidtise aromatic compounds from the non-traffic sources nptgyt

a role at the SMEAR IlI. A ratio between the intercept and therage aromatic flux from the road sector viaks3 £+ 0.17.
Thus, the other sources than the traffic were estimated faiexjt) & 15% of the measured aromatic fluxes (Tdble 6). Again,
this represents the whole measurement site as the flux kegtfegen toluene dr;-benzenes and benzene had no considerable
differences between the sectors.

For the iso.+fur.+cyc. compounds, small emissions ar@nd ng m—2s~! were detected (Fi§l 8 and Table 4) originating
from other than biogenic sources. They might be trafficteelaas discussed above but they may also come from petroleum
productsl|(Langford et JaLLQIOQ). Nevertheless, the domtion of the iso.+fur.+cyc. emissions from the anthropogsources
was relatively small during summer, with a maximum aroufd 25%. The estimate was calculated by comparing the average

iso.+fur.+cyc. flux at< 10°C with the average iso.+fur.+cyc. flux between June and Audtes monoterpenes, the anthro-
pogenic influence was stronger but no clear sources weréfiddnHowever, monoterpenes could originate from solserst
they are for example ingredients of various cleaning prtsluc
Acetonitrile had significant emissions only from the buiéctor. This indicates that the major sources of acetaomitril
are not traffic related, althouéh_l:l_ojlmg_e_LeJt 001)ndwveak signals for the traffic related acetonitrile emissjaand
.|_(2QJ[O) measured the acetonitrile fluxes¢batklated with the traffic rates. On the other hand b
) mentioned that despite of the correlation, the adgitie sources were not known. In this study, a possibles®tor

acetonitrile could be wood combusting in the residentie@hawhich is located around 200-400 m from the site, and thihe a

edge of the typical flux footprint area (sle_e_RmaanluHalli and Fig12). On the other hand, for exanm eta
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M) mentioned that the acetonitrile emissions from wamdbusting are small in comparison with the other biomass-bu
ing sources. In addition, acetonitrile is released fromgbleents. Thus, this might explain the observed acettaitliix as
well. This is supported by the observed correlation betwbermcetone and acetonitrile fluxes from the built sectanl€[AT).
However, the acetonitrile fluxes were mostly noisy and clostine detection limits (Tablgl 4), making any final conclusio

challenging.
3.3 Comparison of the results with previous VOC studies

Generally, the measured VOC fluxes were much lower than tiepseted in the previous urban VOC flux studies (Eig. 13). For

exampleb[e_[a_s_c_o_e_t_la[__(ZdOS) measured an order of magnitigher methanol, acetone+propanal, toluene@nthienzene
fluxes in Mexico City compared with this study. Most of the\poeis measurements were done in the city centres while this

study was done at the urban background site, which likelyehasnsiderable effect on the magnitude of the VOC fluxes.
For example, Reimann and Le 07, p. 53) underlineddbtthat the concentrations were lower in the suburban drea o
Zirich compared with the city centre.

For the measuredO- fluxes, intercity variations are found to be considerg.bmah_o_e_t_ah .bQﬁa). For examd@t al.
1 ) measured ca. five times higli&D- fluxes in London tha12) at SMEAR |1l (Hig] 18Helsinki. The

variations in the carbon dioxide fluxes can be due to intgrdithe anthropogenic activity, differences in the heasggtems

(central, electrical, domestic gas, coal, oil or wood firedting systems), the types of public transport (electrsebuand trams
or diesel buses) etc. The relatively low VOC fluxes obserwetiis study are in line with the low carbon dioxide flux, both o
which indicate relatively low anthropogenic intensity ireturban area. In this study, for example, the traffic relatednatic
emissions were around 0.01% in comparison with the corretipg CO, emissions, and according/to Valach étMOlS), the
aromatic VOC fluxes measured in London were around 0.025%vaced with the corresponding averdg®- fluxes (scaled
from yearlyCO, budget, seL?_I:LQII_te_Le_tJJ.L_Zdll). Hence, the VOC flux tdibe flux ratio is in the same order of magnitude,
although there is almost a one order of magnitude differéeteeen the absolute aromatic flux values.

A fraction of urban vegetation has a strong influence orite exchange| (Nordbo et lall., 201251), thus a perfect correlation
between the VOC an@O- fluxes cannot be expected. However, the laigéx, fluxes could indicate larger VOC fluxes as

both have common sources, such as traffic. In Fifure 13 thegeeairban VOC fluxes reported in the literature are plotted
against the corresponding averd@®, fluxes. The lowest average VOC afi@- fluxes were found in Helsinki (Fif.13). On
the other hand, the largeSO- fluxes were measured in London, although the largest VOCdlwere measured in Mexico
City. The large VOC fluxes in Mexico City can be due to much oldehicle fleet, fewer catalytic converters and poorer
fuel quality in Mexico City than in the UK (Langford et aJI_.._G_&). The differences in the ambient temperatures might also
affect the evaporative emissions. In Mexico City, the ambiemperature varied diurnally between 10 andQ%E@sj—_ejﬁl.,

) whereas in London, the average temperature was ai@@dluring the measurements. In Mexico City, the evaporative

emissions of toluene were considerable as the ratio bettheeaverage toluene and the average benzene flux was around 8
dMeLa_s_c_o_e_t_zJILLOﬁ)%. Therefore, th®,-fluxes do not of course directly correlate with the VOC fluaes/OCs are released
also from other than the burning processes.
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The VOC flux composition differed between the cities (Ffig).1Benzene was the least emitted compound in all three
studies which is an expected result stemming from the dpwadmt of catalytic converters and changes in fuel compmuusiti
as the traffic related benzene emission have generallya&niejramaticall)t (Reimann and Lé\xl&jOO?, p. 33 and nedere

therein). Otherwise, the VOC flux composition is unique facke of the measurement location.

4 Conclusions

We present results from the first urban VOC flux measuremargsidrthern city with cold winters. Out of 13 measured mass-
to-charge ratios, the fluxes were observed for tefz 83, 42, 45, 47, 59, 69, 79, 81, 93 and 107). Previous publigiuzlls
have indicated the emissions of the same compounds in urddhfiix studies. The different land use categories around the
measurement site in different wind directions enabled @ntidyse the different sources of various compounds diffextng
between the traffic, vegetation and residential sources.

The VOC fluxes varied as a function of season. Methanol hadiititeest fluxes in all seasons. The other OVOCs, toluene
andC,-benzenes fluxes were of the same magnitude with each ottdraahdifferences in the absolute flux values between
winter and summer. The iso.+fur.+cyc. fluxes were cleamyhr during the summer than during the winter, indicatingagom
contribution of biogenic isoprene emissions.

All compounds with the detectable fluxes illustrated cdmttions from anthropogenic sources at the site. The aremati
compounds originated mostly from the traffic whereas forigwe+fur.+cyc. fluxes, the anthropogenic influence was less
important. However, even the small iso.+fur.+cyc. fluxed haelatively large influence on the iso.+fur.+cyc. concaiuns
during the winter when the biogenic emission is small. Fonaterpenes, the anthropogenic influence was larger, bding o
similar magnitude with the biogenic emissions in summeke dkygenated VOCs originated from the traffic, vegetatioth an
unknown anthropogenic sources, which probably includéeesd use at the University campus. Generally, the magaitfd
the traffic related OVOC emissions was estimated to be §jitligher compared with other anthropogenic sources. Hewev
estimating the exact fraction was found to be difficult andartainties were large. Even in the urban background $ite, t
biogenic activity had a contribution to the total annual G¥®xchange. For methanol, the biogenic emissions explained
around 40% of the measured flux values during the summer.

On one hand, the measured VOC fluxes were much lower than laaler dbeen observed in the urban VOC flux studies.
On the other hand, most of the earlier urban VOC flux studigs baen carried out in dense city centres, such as in London,
whereas this study was done ca. five kilometres from the Rlélsity centre in a semi-urban area. Moreover, @@, fluxes
have been observed to be relatively low at SMEAR Il compavéH the other urban stations. However, the variation of the
CO; flux can only partly explain the variation in the VOC fluxesweén the different urban areas.

The measured urban VOC fluxes showed considerable vasdtiemveen the different cities both in quantity and in gyalit
Thus, a general parameterization for the VOC exchange iruthan areas may be challenging. However, links between
the VOC emissions an@0, and theCO emission provide indication of the processes which neecetddscribed by the
parameterizations. To acquire this, a larger body of coritzorhmeasurements of VOC,0 andCO,, fluxes may be needed.
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Appendix A

Table Al. Correlation coefficients from each wind sector between VOC, CQ; fluxes and the traffic rates (Tr, only from the road sector)
using all available data (one percent of the highest and the lowest waéresdisregarded). Insignificarg & 0.05) correlation coefficients
are not shown in the Table. For a comparison, the correlation coefflotween th€>O- fluxes and the traffic rates was calculated from the
same period with th€O fluxes (Apr—May 2014).

Road sector

mz33 miz42 mz45 m/iz47 m/z59 mz69 m/iz79 mz81 mz93 m/z107 CO CO., Tr

mz33 1 - 0.52 0.31 0.38 0.33 0.29 0.21 0.3 0.33 031 031 030
mz42 - 1 - - - 0.12 - - - - - - -
mz45 052 - 1 0.32 0.44 0.44 0.31 0.13 0.33 0.35 0.39 0.33 0.30
mwz47 031 - 0.32 1 0.14 0.08 0.23 0.13 0.23 0.25 - 037 019
mz59  0.38 - 0.44 0.14 1 0.31 0.23 0.19 0.24 0.34 042 015 023
mz69  0.33 0.12 0.44 0.08 0.31 1 0.19 0.19 0.24 0.19 037 - 0.30
mwz79 029 - 0.31 0.23 0.23 0.19 1 - 0.26 0.25 035 021 017
mz81  0.21 - 0.13 0.13 0.19 0.19 - 1 0.13 0.19 - 011 0.14
mz93 03 - 0.33 0.23 0.24 0.24 0.26 0.13 1 0.38 0.37 037 030
mz107 0.33 - 0.35 0.25 0.34 0.19 0.25 0.19 0.38 1 044 038 032
Cco 0.31 - 0.39 - 0.42 0.37 0.35 - 0.37 0.44 1 0.68 0.56
CO, 0.31 - 0.33 0.37 0.15 - 0.21 0.11 0.37 0.38 068 1 0.43
tr 0.30 - 0.30 0.19 0.23 0.30 0.17 0.14 0.30 0.32 056 043 1

Vegetation sector

mz33 miz42 mz45 miz47 mz59 mz69 mz79 mz81 mz93 mz107 CO CO.

mz33 1 0.1 0.55 0.29 0.37 0.34 0.14 0.23 0.23 0.21 0.28 -0.29
mza42 0.1 1 - 0.08 0.09 - - - - 0.09 - -
mz45 0.55 - 1 0.35 0.42 0.35 0.14 0.18 0.19 0.22 034 -0.12
mz47 0.29 0.08 0.35 1 0.25 - 0.19 0.13 0.19 0.24 0.18 0.18
m'z59 0.37 0.09 0.42 0.25 1 0.25 0.18 0.17 0.19 0.18 0.39 -0.10
mz69 0.34 - 0.35 - 0.25 1 - 0.13 - 0.18 - -0.44
mz79 0.14 - 0.14 0.19 0.18 - 1 0.08 0.13 0.14 - -
mz8l 0.23 - 0.18 0.13 0.17 0.13 0.08 1 0.13 - 0.20 -0.17
mz93 0.23 - 0.19 0.19 0.19 - 0.13 0.13 1 0.17 024 -
mz107 0.21 0.09 0.22 0.24 0.18 0.18 0.14 - 0.17 1 0.22 0.09
Cco 0.28 - 0.34 0.18 0.39 - - 0.2 0.24 0.22 1 0.28
CO; -0.29 - -0.12 0.18 -0.10 -0.44 - -0.17 - 0.09 028 1
Built sector

mz33 mz42 m/z45 mz47 m/z59 mz69 m/z79 mz81 m/z983 mz107 CO CO»

mz33 1 0.21 0.45 0.37 0.30 0.27 - 0.24 0.32 - - -
mz42 021 1 0.35 - 0.40 - - - 0.19 0.21 - -
mz45  0.45 0.35 1 0.48 0.25 0.19 - - 0.26 - - -
mz47 037 - 0.48 1 0.22 - 0.33 - 0.35 - - -
mz59  0.30 0.40 0.25 0.22 1 0.18 0.27 0.18 0.32 - 075 -
mz69  0.27 - 0.19 - 0.18 1 0.33 - 0.38 0.19 - -0.32
mwz79 - - - 0.33 0.27 0.33 1 - 0.23 - - -
mz81  0.24 - - - 0.18 - - 1 - - - -
mz93  0.32 0.19 0.26 0.35 0.32 0.38 0.23 - 1 0.4 - -
mwz107 - 0.21 - - - 0.19 - - 0.40 1 - -
Cco - 0.52 0.60 0.55 0.53 - - - - - 1 0.49
CO, - - - - - -032 - - - - 049 1
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Table A2. The average VOC fluxes from the different seasons compared wittothesponding benzene fluxes (Tdhle 4). The values in the
parenthesis represent 95% confidence intervals.

m'z33 mz42 mz45 mz47 mz59 m'z69 mz79 mz8l mz93 mwz107
Jan 2013-Sep 2014
82(£1.0) 0.13¢003) 1.9(0.2) 4.0@05) 3.0¢04) 1.5¢0.2) 1 20¢03) 2.6¢0.3) 3.0¢0.4)

Winter

4.8 (£1.9) - 0.7¢03) 6.3@23) 2409 03¢0.2) 1 1.2(¢0.6) 2.7@0.9) 3.41.2)
Spring

9.1(17) 0.20(0.05) 1.9¢0.4) 4.6(1.0) 2.9¢0.6) 0.9 ¢0.2) 1 1.6(0.4) 24¢05) 2.9(0.6)
Summer

11.2(¢2.0) 0.13(0.05) 24(04) 3.0@0.7) 4.3¢08) 3.000.6) 1 29¢06) 2705 29(0.6)
Autumn

6.0(£1.8) 018(0.08) 2207) 3812 26¢09) 18@¢06) 1  23¢10) 24E11) 27@¢12)
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Table 1. The table presents three sectors around the measurement site aadtiba fsf vegetation of each sectgi( Se@LTQIM).
The averag€ O, flux values (in carbon basis) were taken f@ZOlZ).

foaved  fould  fueg AnnualCO2 emissions

[gC m~?] (five-year average)

Al 036 0.15 0.49 1760
Built (320-40) 042 020 0.38
Road (40-180) 039 015 0.46 3500

Vegetation (180-32) 0.30 0.11 0.59 870
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Table 2. The list of compounds for which the fluxes were determined for. Thepmund names and the formulas listed below in third

and fourth column, respectively, are estimates for the measuredtorakarge ratios (see eLq_d_e_G_o_LMLa.n_dJNaJHe_ke_J 2007). Thadseco
column shows whether a sensitivity was determined directly from the ctdibrar from a transmission curve (i.ealculated), and which
compounds were used in the calibrations. LoD shows the average limgtectibn for 0.5 s measurementq6o). Note thatm/z 89 and

m/z 103 were measured only during 27 June — 27 August 2014. Dudtiase problems, some data were lost. Those gaps are marked by
superscripts andb that correspond to the lost periods between 27 June-9 July 2014 amekebe?7 August—30 September, respectively.
The second final column shows the flux data coverages for each oéthygound from the whole period January 2013—September 2014.

[m/z]  Calibration compound  Compound Chemical formula  Data covefj#ge LoD [ppt]
31@ calculated formaldehyde CH20 - -

33 methanol methanol CH40 32.2 397
42 acetonitrile acetonitrile, alkane products CoHzN 32.4 35

45 acetaldehyde acetaldehyde CoH40 32.6 141
47% calculated ethanol, formic acid CoHgO, CH20O2  32.9 -

59¢ acetone acetone, propanal C3HgO 37.0 71

69 isoprene isoprene, furan, cycloalkanesCsHg 32.1 105
79  benzene benzene CgHg 32.8 60

81b a—pinene monoterpene fragments 28.5 120
8%  calculated unknown - - -

93  toluene toluene CrHg 31.7 295
103  calculated unknown - - -

107  m-xylene,o-xylene Cao—benzenes CgHjyg 30.9 197
137 a—pinene monoterpenes Ci0H1s6 - -
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Table 3. The average and median concentrations for each of the measureda@i@und excludingvz 31, 'z 89 andnVz 103. The error

estimates of the average values were calculated using the equatioryee// N, whereoyo is the standard deviation of the VOC time

series andV number of data points. The lower and upper quartiles are given inthass after the median values, and the 95% quantile is

shown as well. One percent of the lowest and the highest values weggatided from the time series to avoid effect of possible outliers.

methanol acetonitrile acetaldehyde ethanol+formic acid ~ acetone+milopaso.+fur.+cyc. benzene monoterpenes toluene Cs-benzenes
VOC concentration [ppb]

Jan 2013-Sep 2014
mean 3.2840.09) 0.10 ¢-0.00) 0.59 (-0.01) 1.05 (-0.04) 1.45 (-0.03) 0.10 ¢-0.00) 0.19 {-0.01) 0.14 -0.00) 0.20 {-0.01) 0.22 {-0.01)
median 2.58(1.61...4.57) 0.09 (0.07..0.13) 0.51(0.36..0.76) 0.71(0.41...1.22) 0(0B5..1.89) 0.08 (0.05...0.14) 0.13(0.08..0.25) 0.12(0.08...0.17) 0.14 (0.5...00218 (0.12...0.29)
95% 7.66 0.19 1.20 4.07 2.97 0.27 0.52 0.28 0.63 0.52
N 2415 2431 2451 2477 2779 2412 2462 2139 2383 2319
Winter
mean 1.3340.11) 0.06 ¢-0.00) 0.49 ¢-0.03) 1.01 ¢-0.08) 0.89 ¢-0.05) 0.07 §:0.00) 0.45 -0.02) 0.13 ¢-0.01) 0.36 -0.02) 0.30 -0.02)
median 1.13(0.79..1.67) 0.06 (0.05..0.08) 0.43(0.34...0.60) 0.82(0.60...1.26) 9 (0®@...1.11) 0.06 (0.04..0.08) 0.44(0.34...0.57) 0.12(0.09...0.15) 0.32 (0.5)...00426 (0.18...0.38)
95% 2.78 0.10 0.91 2.26 1.71 0.13 0.72 0.29 0.70 0.66
N 176 199 207 203 354 203 357 203 380 371
Spring
mean 3.0540.15) 0.09 £-0.00) 0.59 £-0.02) 0.75 ¢-0.04) 1.28 £0.04) 0.09 ¢-0.00) 0.18 {:0.01) 0.12 :0.00) 0.15 :0.01) 0.18 £:0.01)
median 2.18(1.46..3.81) 0.08 (0.06..0.11) 0.53(0.40...0.73) 0.65(0.35...1.00) 8 (0BB..1.58) 0.08(0.05..0.11) 0.15(0.10..0.23) 0.11(0.08...0.15) 0.12 (0.§...00115 (0.11...0.22)
95% 8.20 0.15 1.10 1.92 2.61 0.19 0.41 0.22 0.45 0.41
N 874 876 905 891 915 879 892 853 892 859
Summer
mean 4.2740.17) 0.12 {-0.00) 0.60 £-0.02) 1.15 £:0.07) 1.88 -0.05) 0.14 ¢-0.01) 0.11 ¢-0.00) 0.15 {-0.01) 0.12 ¢:0.01) 0.23 {:0.01)
median 3.88(2.40..5.70) 0.12(0.09..0.15) 0.50 (0.35...0.79) 0.79 (0.52...1.40) 0 (124..2.42) 0.12(0.07...0.18) 0.09 (0.06..0.14) 0.13(0.09...0.18) 0.08 (0.@)...00119 (0.13...0.29)
95% 8.56 0.21 1.22 4.00 3.54 0.32 0.26 0.29 0.44 0.50
N 748 751 756 778 863 743 938 823 826 823
Autumn
mean 2.9540.13) 0.11 ¢:0.00) 0.62 {-0.03) 1.36 {-:0.13) 1.41 :0.05) 0.10 (-0.01) 0.13 (:0.01) 0.16 (-0.01) 0.35 (-0.04) 0.25 (-0.02)
median 2.58(1.62...3.96) 0.11(0.06..0.15) 0.50(0.29...0.92) 0.60 (0.26...1.65) 6 (0B#...1.91) 0.06 (0.04...0.14) 0.10(0.07..0.16) 0.14(0.09...0.21) 0.30 (0.98...00521 (0.10...0.35)
95% 5.81 0.19 1.29 4.36 2.64 0.28 0.31 0.36 1.03 0.62
N 617 605 583 605 647 587 275 260 285 266
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Table 4. The average and median fluxes for each measured VOC compoatudieg m/z 31, m/z 89 andm/z 103. The error estimates of
the average values were calculated using the equatiiint ovoc/v/N, Whereoyo is the standard deviation of the VOC time series and
number of data points. The lower and upper quartiles are given in thasis after the median values. One percent of the lowest and the
highest values were disregarded from the time series to avoid effgcissfble outliers. The mean detection limit®D) were calculated
asLoD=1/NY LoD? .5) where single detection limits, LoD, were defined to.®& s where o is the standard
deviation of cross covariance tait@OlO). The acetoffitri@vas belowLoD in the winter.

methanol acetonitrile acetaldehyde ethanol+formic acid ~ acetone+miopaso.+fur.+cyc. benzene monoterpenes toluene C»-benzenes

VOC flux [ng m~?s™']

Jan 2013-Sep 2014

mean 44.942.5) 0.7 ¢:0.1) 10.1 ¢-0.6) 21.9 ¢:1.7) 16.7 ¢-1.1) 8.0 (-0.6) 5.5 (-0.6) 10.9 ¢-1.2) 14.1 ¢1.1) 16.4 (-1.4)

median 29.4(10.4..62.2) 0.7(-1.2..2.2) 83(24..16.7) 16.5(-0.8..35.2) 11089 55(-0.7..14)  46(-22..11.2) 11.0(-5.7..256) 11.4(-1.3..26)  14.6.33.0)
LoD 1.2 0.1 0.5 1.0 0.7 03 05 0.9 0.7 1.0

N 2021 2034 2050 2066 2311 2018 2090 1820 2029 1983

Winter

mean 35.547.9) - 5.0 (-:1.3) 46.4 (:8.8) 17.4 :3) 2.4 (1.4) 7.3@2.3) 8.5 (+3.4) 19.6 ¢:3.1) 24.6 (-4.0)

median 16.4 (4.8..42.4) - 5.1(-0.6...9.7) 26.7 (8.2..69.9) 11.6 (3.0...27) 2.4 (-1)9..55.9 (-6.3..20.6) 8.1(-4.5..19.7) 155(1.3..35.2) 23.3(0.9..43.8)
LoD 3.0 0.3 13 4.0 25 1.0 22 35 25 35

N 178 - 185 179 327 182 315 181 328 324

Spring

mean 52.144.7) 0.9 (-0.2) 10.7 ¢-1.1) 26.2 (-3.3) 16.4 (-1.8) 4.9 (-0.8) 5.7 (-1.0) 8.9 (-2.0) 13.9 ¢-1.9) 16.5 (-2.4)

median 31.8(10.6...75.5) 0.8(-1.3..2.5) 8.3(1.7..18.6) 18.4(-2.2..43) 11.269)..2 3.8(-2.6..11.3) 5.0(-2.7..12.2) 8.4 (-115..26.4) 11.7(-4.0..27.3) 154238.7)
LoD 2.3 0.2 11 2.0 1.3 0.6 0.8 1.6 1.1 1.7

N 758 765 775 765 789 762 775 731 778 755

Summer

mean 54.244.5) 0.6 (-0.2) 11.8 ¢-:1.0) 14.7 ¢:2.2) 20.6 (-2.1) 14.3 (-1.4) 4.8 (£0.8) 14.1 ¢-1.8) 13.2 (:1.5) 14.0 ¢-1.9)

median 39.1(15.7...76.0) 0.8 (-1.1..2.0) 9.4(3.9..18.1) 14.1(-2.4...29.3) 15.8012)  9.1(2.1..22.6) 4.0(-1.1..9.3) 12.8(0.4..26.1) 10.8(26..22.0) 13.1(-24..29
LoD 2.3 0.1 0.6 1.2 1.2 0.7 05 1.4 0.9 15

N 623 622 626 643 710 608 782 689 688 688

Autumn

mean 24.442.5) 0.7 ¢:0.3) 9.0 ¢-1.0) 15.6 (-2.5) 10.8 ¢-2.1) 7.3¢1.0) 4.1¢1.2) 9.3 (3.0 10.0 (:3.6) 11.2 ¢:3.5)

median 21.4(6.3..42.6) 0.7(-1.1.22) 8.4(27..143) 14.6(-15..31.2) 74(A9..1 58(-0.1..12.6) 4.1(-1.4..85) 9.6(-6.0..258) 7.0(-6.6...22.0) 8.5(-7.3)..26.9
LoD 1.8 0.1 0.4 1.2 0.9 0.4 0.7 1.8 3.0 2.0

N 462 465 464 479 485 466 218 219 235 216
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Table 5. The statistics of the measurét) andCO-, fluxes and th€=O concentrations from each wind sector (3 Apr — 27 May 2014). The
error estimates of the average values were calculated using the equation //N, whereo is the standard deviation of tigO or CO.
time series andV the number of data points. The lower and upper quartiles are giveneéntpasis after the median values.

All Built Road Vegetation

CO flux [ug m—2s71]

mean 0.69-0.05 0.5#0.11 1.46t0.15 0.35:0.03
median  0.36 (0.11 — 0.86) 0.37 (0.22-0.75) 1.18 (0.54 — 2.08) .26 (.10 — 0.48)
COs flux [ug m—2s71]

mean 1389 15H-34 282+27 719
median 111 (57 — 198) 123 (68-177) 257 (135-378) 80 (31-123)
CO concentration [ppb]

mean 146.51.0 152.45.6 152.6:1.9 143.1#1.1
median  142.0 (133.8 -155.9) 141.2 (132.8-164.4) 148.273381.4) 139.2(131.8-151.9)

Table 6. The estimated contributions (%) of the aromatic and biogenic sourcessf@\DCs (methanol+acetaldehyde+acetone), aromatics
(benzene+toluengh-benzenes) and terpenoids (iso.+fur.+cyc.+monoterpeneg).sBould note that furan and cycloalkanes may affect
also to the contributions of the terpenoids. For the terpenoids, separagicliffdrent anthropogenic sources was not possible. In the case
of OVOCs and aromatics, the ratio between the traffic related and the attieopogenic emissions was assumed to have constant annual
cycle.

OVOCs [%] aromatics [%] terpenoids [%0]

Winter
Traffic 65+ 25 80415 -
Other anthropogenic sources35 + 25 20+ 15 -
Total anthropogenic 100 100 100
Total biogenic 0 0 0
Summer
Traffic 42+16 80+£15 -
Other anthropogenic sources23 + 16 20£15 -
Total anthropogenic 65+ 6 100 3548
Total biogenic 35+6 0 65+8
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Figure 1. The daily averages of the ambient temperatures and the traffic rateslath coverages of the PTR-MS (VOCSs), Li-Cor 7000
(CO2) and LGR (CO) measurements are marked by blue, green and black lines, respediive grey shaded areas show periods between

June—August. The black dashed line represents the zero line of therateigperature.
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Figure 2. The aerial photograph of the SMEAR |II station (©Kaupunkimittausosasedsinki, 2011). The measurement tower is marked

with a black cross. The white dashed lines represent different sgbigits vegetation, road). The turquoise solid line shows borders of

cumulative 80% flux footprinl (Kormann and MgixLEr, 2&)01).
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Figure 3. The median diurnal VOC fluxes from the three sectors for each of thgoond (Jan 2013 — Sep 2014). The blue circles, red
crosses and black crosses correspond to the road sector, thetivegstator and the built sector, respectively. The vertical lines show the

lower and upper quartiles (25% and 75%). Due to scaling, one uppeilgwalue is not shown in the acetone+propanal figure.
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Figure 5. The mean seasonal flux and concentration (VMR) values for the VOeidg$ % anfl3). The vertical lines show the 95% confidence
38

intervals. The seasonal cycle of th®. flux is shown for a comparison. However, the longer gaps without thie-MB measurements (Fig.

(), were removed also from the correspondig. data.
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Figure 6. The median diurnal VOC, CO and GQolume mixing ratios for each compound. The vertical lines show the 9%&%idence
intervals. The VOC an@O-, data is between January 2013 and September 2014. However, timespoording to the longer gaps in the
PTR-MS data (Fid.]1), were removed also from @@- data. TheCO data is from April — May 2014.
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Figure 7. The fractions of the measured OVOC (methanol, acetaldehyde, a¢ptopanal), aromatic (benzene, tolue@lg;benzenes) and
terpenoid (isoprene+furan+cycloalkanes, monoterpenes) fluxesdach season (in mass basis). Ethanol+formic acid was left ontir®

analysis as its concentrations were not directly calibrated.
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Figure 9. The two topmost figures present the hourly median diurnal flux€¥®»andCO- from the three sectors (3 Apr — 27 May 2014).

The blue circles, red crosses and black crosses correspond taathsector, the vegetation sector and the built sector, respectively. The

vertical lines show the 25 and 75 quartiles. The ratios between the mééiaand CO,, fluxes are shown in the figure in the left corner.

The figure in the right corner depicts the median diurnal cycles of thiéctrates from Saturday+Sunday, weekdays, and all days (Jan 2013

— Sep 2014). The vertical lines show the lower and upper quartiles faveéle&end and week day values. TH®), flux is positive during

night-time due to biogenic respiratian (Jarvi etlal., 2012).
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Figure 10.The CO fluxes against the traffic rates and@. fluxes from the road, vegetation and built sector (measured durinig-May

2014).
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Figure 11. The traffic rates against the methanol (bin-averages; 15), iso.+fur.+cyc. (bin-averages; = 15) and aromatic fluxes
(benzene+toluené+h,-benzenes, bin-averages= 30) from the road section. The linear correlations between the methaneffusacyc.
and aromatic fluxes and the traffic rates were 0.24 (Jun—Aug)/0eg2-(&ay), 0.20 and 0.38, respectively< 0.001).
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Figure 13.The selected VOC fluxes as a function@®- fluxes from Helsinki, London and Mexico City (note the logarithmic scalég T
averageCO- and VOC fluxes for Helsinki are taken fr MOQ) (st&lem the annual average) and this study, respectively.

The corresponding average values for London are ) (scaled from the annual average) @ll
the values for Mexico City are from the MILAGRO/MCMA-2006 campaigmelasco e 9). The pie diagrams show the corresponding

fractions of each compound.
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