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Abstract. Within the framework of the AFO 2000 project 1 Introduction
ECHO, two PTR-MS instruments were operated in combi-

Hatlon fW'th sonic ag%mqr;etersfto determme b|oghen|c VOCyjatile organic compounds (VOCs) emitted by terrestrial
uxes from a mixed deciduous forest site in Nort 'WeStemvegetation represent a major source of reactive carbon to

Germany. The measurement site was characterised by a fO{he atmosphere on a global scale. Locally, biogenic VOCs

est of inhomogeneous composition, complex canopy strucigyocs) may contribute significantly to the formation of
ture, limited extension in certain wind directions and fre- ozone and particulate matter. In the perspective of carbon
qugnt calm wind con.ditions during .night. time.. The eddy co- budgets on the ecosystem level, the amount of carbon re-
variance (EC) technique was applied since it represents thFeased as BVOCs can reach a significant fraction of the net
most direct flux measurement approach on the canopy scalg, iy yptake (net ecosystem productivity, NEP) (Guenther,
and is, therefore, least susceptible to these non-ideal condi;g55- kesselmeier et al 2002). When assessing the im-
tions. A specific flux calculation method was used to accoun%acts' of these natural S(.)’UI’CE'S O'f VOCs on air quality and
for the sequential multi-component PTR-MS measurement limate, it is not only important to know these emissions, but

and aI'Iowing an in'dividual delay time adjustment as Wel,l also their fate once they are released. These were the major
as a rigorous quality control based on cospectral analysisy |5 of ECHO (Emission and CHemical transformation of
The validated flux results are consistent with light and tem'biogenic volatile Organic compounds), a project of the Ger-
peratur(_a dependenF emissions of isqprene a_nd.monoterpenﬁ%n atmospheric research program Atm@sphforschung

from this for?gt’7Y'th averagel daytime ¢m|SS|]f)ns c;f 0'9|4(AFO) 2000. ECHO included various laboratory studies and
and 0.3ug m™“s™%, respectively. Emissions of methanol o maior field campaigns in the summers of 2002 and 2003,

—2 1 dpiri ;
reached on average 0.089 m s durlpg dgyt|m§, but designed to investigate both emissions and chemical transfor-
fluxes were too small to be detected during night time. UP-mation of BVOCs within and above a forest canopy.

ward fluxes of the isoprene oxidation products methyl vinyl ) L ) ]
Key information in this context are the different BVOC

ketone (MVK) and methacrolein (MACR) were also found, X
being two orders of magnitude lower than those of isoprene flUXes out of the vegetation canopy. Measurements and es-
Calculations with an analytical footprint model indicate that fimates of this quantity have been reported for a variety of

the observed isoprene fluxes correlate with the fraction of€COSYStems throughout the last years. They stem from en-
oaks within the footprints of the flux measurement. closure studies (e.g. Lamb et al., 1985), gradient techniques
(Guenther et al., 1996) and more recently from the eddy

covariance (EC) method or derivatives of it (relaxed eddy
accumulation, REA (Baker et al., 1999) and disjunct eddy
covariance, DEC (Karl et al., 2002; Rinne et al., 2001)).
The EC method directly determines the vertical flux of a
Correspondence taC. Spirig trace component by measuring the covariance between fluc-
(christoph.spirig@fal.admin.ch) tuations in vertical wind velocity and the mixing ratios of
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Fig. 1. Map of the ECHO site with the locations of the west (red circle) and main tower (blue circle). The colours represent forest areas
with different dominating tree species, oak dominated forests are yellow, brown areas indicate beech sections. The wind rose indicates the

distribution of daytime winds during the measurement period (13-25 July 2003).

the trace components. The key analytical issue for usingrhe research site consists of a mixed deciduous forest with
the direct EC approach to simultaneously measure fluxes obeech, birch and oak as dominating tree species. Figure 1
several compounds is the availability of an appropriate senshows an overview of the forest with the location of the
sor: It must be capable to measure these components fasto towers (in the following referred to as “main tower” and
enough and with high sensitivity. Several years ago, the com*“west tower”) that served as platforms for the measurements
pany lonicon Analytik GmbH (Innsbruck, Austria) made the discussed in this paper. The west tower is surrounded by a 55
technique of Proton-Transfer-Reaction Mass-Spectrometryear old stand of European oaRiercus robuy and a minor
(PTR-MS) commercially available. PTR-MS can measurefraction of silver birch Betula penduly with a younger un-
many of the relevant BVOCs at their typical ambient con- derstory of European beechagus sylvatica The oak stand
centrations (Lindinger et al., 1998). Karl et al. (2001) have extends to about 250 m to the west and 40 m to the east. The
demonstrated that a redesigned model of the original lonicorforest canopy at the west tower is 24—26 m high and had a
instrument is able to perform direct EC measurements of deaf area index (LAI) of 3.0 in July 2003. The main tower
wider suite of compounds. is located within an area dominated by beeches and birches.
We applied two PTR-MS instruments in combination with West of the main tower (main wind direction) is a stand of 65
the EC technique to directly measure the vertical fluxes ofyear old beeches (90%) and birches (10%), an older forest of
several BVOCs at the ECHO field site, a mixed deciduoussimilar composition as that in the east, and an oak fo@st (
forest on the area of the Research Centriécll in North- robur and Q. rubrg about 50 m away in a south-western di-
Western Germany. While this field site is ideal for deploying rection. The forest canopy west and east of the tower is 30 m
bulky instruments for measuring chemical species usuallyhigh and exhibits a LAl of 3.5.
limited to investigations in the laboratory, it is a challeng- At both sites, sonic anemometers measured on the upper-
ing place for doing flux measurements. The forest is non-most tower platform and the PTR-MS instruments were in-
homogenous both in species composition and canopy strugstalled in containers at the base. The PTR-MS systems sam-
ture, and its extension in certain wind directions is less thampled air through‘% inch Teflon (PFA=Perfluoroalkoxy) lines
100 meters. Under these circumstances, the determination @fith an inner diameter of 3mm. The details of the setup at
fluxes by the EC technique requires careful evaluation anchoth sites are described in Table 1. Data acquisition for the
quality control. PTR-MS systems and the sonic anemometers was performed
on different computers making a temporal adjustment of the

. time series necessary.
2 Experimental y

2.1 The ECHO site and instrumental setup 2.2 VOC measurements

The 2003 intensive investigation period of ECHO took place Proton-Transfer-Reaction Mass Spectrometry (PTR-MS)
at the Research Centrélith, west of Cologne, Germany. utilises the ionisation of air constituents by reaction with
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Table 1. Details of experimental setup at both towers.

Main tower West tower
Line and fitting material PFA PFA
Length of inlet line 50m 60m
Inner diameter 3mm 3mm
Flow rate 6SImiml 4-5SIminm!
Height above ground / canopy 37/7Tm 30/6 m
Distance of inlet to wind sensor 30cm 20cm
Line heating none HC above ambient
Wind measurements
Sonic anemometer type USAT (METEK GmbH) HS (GILL Instruments Ltd.)
Time resolution 10Hz 5Hz
PTR-MS instruments
Total residence time of sample gas in drift tube+inlet systemls <200 ms
Drift tube pressure 2.5mbar 2.1 mbar
Drift voltage 400V 580V
E/N (E=electric field strength, 70 Townsend (Td) 130Td
N=buffer gas density) (1 Td=410"V cm—2)

hydronium ions (HO™) in a drift tube and subsequent de- by directing humidified air (dew points 0P520°C) through
tection of the protonated compounds by a mass selectiva heated Platinum catalytic converter, which efficiently oxi-
quadrupole detector. Among the VOCs detectable by PTRdised all the VOCs of interest present in air. All tubing and
MS are many of the relevant biogenic compounds like iso-fittings of the gas dilution system were made of PFA Teflon.
prene and some of its oxidation products, monoterpenes, and For several ion masses, considerable offset signals are de-
methanol. Further details of this analytical techniqgue maytected in the PTR-MS (Ammann et al., in 2004). Of particu-
be found in literature (de Gouw et al., 2000; Lindinger et |lar importance in this context is the signal on mass 33 orig-
al., 1998). Here the focus is on the specific configuration ofinating from oxygen isotopes0!’O") or other potential

the two instruments deployed during the ECHO campaign.interfering ions, which is in the same order of magnitude as
The instrument installed at the west tower was the commerthe mass 33-signal (GGOHH™) of typical methanol concen-
cially available PTR-MS manufactured by lonicon with an trations in ambient air. For the other four masses treated in
optimised inlet system for fast time response (all tubing madethis paper (M69, M71, M81 and M137), instrumental back-
of silcosteel with inner diameters of 0.5 and 0.25mm). Theground counts were lower by at least one order of magnitude.
PTR-MS operated at the main tower had a larger drift tube  The attribution of ion masses to VOC compounds is a cru-
but had identical properties in all other relevant aspects. Thesija| problem of the PTR-MS method. Different ionised com-
configuration and characteristics of the two instruments argyounds with the same mass cannot be distinguished. Among

also included in Table 1. BVOCs, this limitation concerns, for example, the oxidation
products of isoprene, MVK and methacrolein (MACR), that
2.2.1 Calibration are both detected at mass 71, or the various monoterpenes (

pinene,8-pinene, limonene, sabinenas-carene, etc.), all
The two PTR-MS systems were calibrated against the samef them having a protonated ion mass of 137 amu. For these
gas standards and were also compared against other meeempounds, the measurement results are interpreted as a sum
surement systems of various techniques in an extensive ineoncentration of the respective components. Intercalibration
tercalibration experiment prior to the field campaign. Cali- and comparison with continuous GC-FID measurements dur-
bration gases were generated by capillary diffusion sourcegng the ECHO project showed good agreement and demon-
(Komenda et al., 2003; Schuh et al., 1997) and by dynamicstrated that the masses discussed in this paper (M33, M69,
dilution of custom prepared standard gases (Apel-RiemeM71, and M137) can be allocated to the chemical species
Environmental Inc., Denver, CO). The gas standards condisted in Table 2 (Ammann et al., 2004).
tained methanol, acetaldehyde, acetone, isoprene, methyl
vinyl ketone (MVK), anda-pinene at concentrations be- 2.2.2 Sensitivity and time resolution
tween 100 and 3000 ppbv. With help of a dynamic gas dilu-
tion system (Bronkhorst, NL), VOC concentrations betweenThe sensitivity of the PTR-MS for a certain VOC is deter-
100 pptv and 10 ppbv were produced. Zero air was generatethined by the kinetics of the proton transfer reaction, and

www.atmos-chem-phys.org/acp/5/465/ Atmos. Chem. Phys., 548352005
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Table 2. Calibration factors for the compounds of interest in this stifdgps=counts per second normalised to 1 million counts of primary
ions.

Compound Product ion mass Calibration factor Calibration factor
[amu] west tower instrument  main tower instrument
[ncps*/(ngm=3)] [ncps*/(ugm=—3)]
Methanol 33 10.8 5.4
Isoprene 69 6.4 4.9
Sum monoterpenes 137 1.4 0.9
MVK+MACR 71 13.1 10.3
M 21 ferent ion masses, the achievable time resolution decreases
\ M3 M3z mes wmM71  mer M1 with the number of scanned masses. When measuring sev-

i I I I I I ' eral masses, the number of masses determines the time reso-
| . | , | . | - lution, and not the residence time of the analyte in the PTR-
(') ' ! ' ; ' ; ~ MS, even in the case of the instrument with the larger drift
tube (Table 1). During ECHO, six to eight different masses
seconds were measured, resulting in typical measurement cycles of 3
seconds length as illustrated in Fig. 2.

Fig. 2. Typical measurement cycle, with dwell times of 0.1 s for

primary ions and 0.5 s for other masses. 223 Effects of inlet lines

Besides the instrumental characteristics described above, the
the instrument and mass specific detection efficiency (transtime resolution of the VOC measurements is also affected
mission). Some product ions undergo collision-induced frag-py the sampling configuration with 50—60 m long inlet lines.
mentation, depending on the operating pressure and electrigast concentration changes are attenuated as a consequence
field in the drift tube. Among the VOC species investigated of differential flow speed across the tube diameter and small
here, protonated isoprene and monoterpenes can fragmestale turbulence within the tubes. This high frequency damp-
significantly. As only part of the resulting products can un- jng sampling through long tubes can be described by spec-
ambiguously be detected, fragmentation has to be accounteg| transfer functions, which specify the attenuation in de-
for in the calibration. The fragmentation patterns can rea-pendence of the frequencies (Lenschow and Raupach, 1991).
sonably be assumed constant as long as the operation pgay| et al. (2002) confirmed experimentally that these spec-
rameters of the PTR-MS are not changed. The calibrationya| transfer functions produce realistic estimates for the
is summarised in Table 2, showing the compounds of interesjamping of VOCs aspirated through PFA Teflon tubes. In the
for this study with the corresponding masses and calibrationsgnfiguration of this study (60 m long PFA tube with an in-
factors. The differences in the sensitivities of the two in- ner diameter of 3mm, and a typical flow of 5-6 litres min
struments are mainly a result of different choices of kinetic Reynolds numbers 0£2300-2700), the transfer functions
energies in the two instruments. predict a relevant damping only for frequencies above 1.5 Hz,

The time resolution of the VOC measurements is of par-even if unfavourable laminar flow conditions are considered.
ticular interest with respect to the use with the EC technique. Another potential problem of long inlet lines are chro-
The time response of PTR-MS measurements is limited bymatographic effects for compounds having a high affinity to
the integration time necessary to obtain sufficient counts ofthe tube surfaces. For clarification, experiments with stan-
the respective ion mass and by the residence time of the ardard gases were performed at both tower sites. A Tedlar
alyte in the instrument. The signal of primary ions (detectedpag containing a mixture of methanol, isoprene afuinene
as HP0O™ on mass 21) was»610°~1x 10" counts per sec- in nitrogen was connected to the inlet on top of the tower
ond (cps) corresponding to %POJF-signal of 3-510Pcps.  via a three-way Teflon (PFA) valve. In the default posi-
The signals of the masses related to VOCs were in the ordetion (0) of the valve, the flow corresponded to the regular
of 107 cps/ppbv. For typical ambient concentrations of one setup; air flowing from the inlet next to the sonic anemome-
ppbv or less, an integration time of 0.2—-0.5s is necessary téer down to the PTR-MS. The other position (1) connected
avoid important noise contributions due to counting statis-the sampling line with the Tedlar bag. By manually switch-
tics. The maximum time response for the measurement ofng the valve from position 0 to 1 and back, pulses of high
a single compound is therefore in the order of 5Hz. As theVOC concentrations were sent through the inlet line. The
quadrupole detector only allows subsequent detection of difPTR-MS at the base of the tower was operated in a mode

Atmos. Chem. Phys., 5, 46881, 2005 www.atmos-chem-phys.org/acp/5/465/
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Fig. 3. Measurements of two concentration pulses as generated by aspirating a standard gas through the 60 m long inlet lines. Top:
visualisation of the sequential measurement of the three masses within one measurement cycle, middle: raw signals of the PTR-MS, anc
bottom: peaks normalised to maximum concentration.

measuring the corresponding masses in a measurement cydrates that there were no significant differences in the atten-
of 1s or less. Figure 3 shows the measurements of two condation of one VOC relative to another in the inlet tube, at
centration pulses generated by such an injection of calibrateast not within the chosen time resolution of the flux mea-
tion gas at the top of the tower. The upper diagram displaysurements (0.5-0.25Hz). Besides the compounds/masses
the PTR-MS raw signals (counts per second) of the respecpresented in Fig. 3, acetaldehyde, methyl ethyl ketone, and
tive masses (M33 representing methanol, M69 isoprene, antbluene were investigated in the same manner and the results
M137 monoterpenes), whereas the bottom diagram shows were identical. To quantitatively check for losses, a second
magnified display of the two pulses, in which the signals areinlet line experiment was carried out. Instead of manually
normalised to the maximum of the peak. generating pulses of VOC concentrations, a cylinder with
- ) ) o standard gas and a mass flow controller (MFC) was used to
Within the time resolution of the PTR-MS, no significant generate better defined pulses of concentrations. The stan-
delay from one peak to another was observed. In fact, thejarg gas was added to zero-air for about 5 s providing mixing
slight deviations of the single normalised peaks are consis;tins at the inlet of 5 to 20 ppb. Based on the precision of the
tent with the time difference between the actual measuréyEc and the uncertainty related to the instantaneous open-
ments of the single masses within one measurement cyclgng/closing of the MFC, the accuracy of the summed concen-
As illustrated in the top part of Fig. 3, the three massesi ation of such a pulse was estimated tod20%. The inte-
were successively integrated fgr 0.2 s. However, the data arral VOC concentrations as measured by the PTR-MS at the
logged on a cycle basis, meaning that the recorded measurgise of the tower were within this range for all compounds.
ment times for the three masses of one particular cycle argp,g comparison of the results with a heated (S€1@bove
identical, although in reality they are shifted by 0.2s (plus gmpjent temperature) and non-heated inlet line showed no

a small delay time necessary to adjust the quadrupole masggnificant differences for any of the VOCs discussed here.
filter from one mass to the next). These delays correspond al-

most exactly to the lag of the different mass peaks. It demon-

www.atmos-chem-phys.org/acp/5/465/ Atmos. Chem. Phys., 548352005
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S B R S scalar and the wind are time-displaced. The EC flux is then
] 0 given by
u LWW o £ )
~ -400 —
] a0 Fe (ter) = 1 > (wi—w)- <ci et — c) , 2)
h Co 3 n i1 At
v lww FE wherer, s is the time lag between the two seriest) and
| L a0 c(t). A spatial separation of the wind sensor and the scalar
] N sampling point along the wind direction also contributes to
W W%» o the effective time lag.
B o The covariance betweean andc as a function of the lag
T EWWME 0 o is called the covariance functiaf.(z). It is most efficiently
] Eo calculated via transformation of the time series into the fre-
1 Eosoo quency domain by application of fast Fourier transforma-
M 33 5#%%} w0 & tions, multiplication of the Fourier spectra and subsequent
] [ back-transformation. If there is a vertical flux, the covariance
C* . function exhibits a maximum at the effective lag between the
M37 | H—F—L—LM\—\_F 23 § measurements af andc.
i Lo 2 Wienhold et al. (1994) proposed to use the fluctuation of
] > the covariance function atvalues far away from the true lag
M 69 ~lhﬂw~ 160 % as an estimate for the precision of an individual flux determi-
] Lo nation. The idea of this error determination is that the signal
1 [ 40 of the flux at the true lag needs to exceed the general noise
] M e of the covariance function. We adopt this approach and de-
M 81+ 2 o . . L. . . .
] = e termine the standard deviations of the covariance function in
1 , , , , , , o the rangeg=—180s to—160s andr=160s to 180s. These
0 20 40 60 delay times correspond to several times the integral timescale

seconds under turbulent conditions. It can thus be assumed that the

vertical wind and the scalar are no longer correlated and the
covariance function fluctuates around zero. The standard de-
viations at these lags characterise the noise of the covariance
function. The averages of the threefold standard deviations
in these ranges are used as a proxy of the precision and also
characterise the detection limit of an individual flux measure-
ment.

Fig. 4. Plot of sonic anemometer data (black) and PTR-MS data
after expansion (blue).

2.3 Calculation of fluxes

2.3.1 Eddy Covariance

2.3.2 Eddy covariance for scalars with limited time resolu-

The EC flux of a scalar is equal to the covariance of the tion

vertical windw andc. If w andc are continuously measured
at a given point with a constant time stép, the scalar flux  The calculation of the EC flux in the frequency domain re-

can be determined as: quires time series with the same time resolution for both wind
" and scalars. As described in Sect. 2.2.2, the time resolution
F. = 1 Z (w; — W) - (¢; — ) (1)  ofthe VOC measurements was about 10 times lower than that
ni= of the wind and temperature records of the sonic anemome-

ter. Based on theoretical turbulence spectra (Kaimal and
w; andc; are the instantaneous values of vertical wind andFinnigan, 1994), it is assumed that the main portion of the
scalar concentrationp andc are the means over the inte- flux is transported in eddies large enough to be resolved by
gration interval, and n corresponds to the number of equidisthe lower sampling frequency of the VOC measurements.
tant individual measurements within the integration interval Expecting only a minor loss by neglecting high-frequency
T,=n - At, usually between 10 and 60min. The determi- concentration changes, an individual VOC measurement by
nation of a flux by Eq. (1) is valid if the turbulent elements the PTR-MS is regarded to be representative for the whole
(eddies) are advected past the measurement sensor in a stime period of the measuring cycle8 s). Technically, this is
tionary flow and the eddies are assumed to remain unchangehplemented by simply repeating the PTR-MS mass concen-
during this transport (Taylor hypothesis, see e.g. Stull, 1988)trations of a particular cycle (according to the time resolution
If the scalar is measured by aspirating the sample ga®fthe wind measurements) until the next PTR-MS data point
through an inlet line, the corresponding fluctuations of theis available. Figure 4 illustrates the effect of this procedure
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on the time series of the PTR-MS data. After this treatment, oz .
the VOC data are equidistant with the same time resolution ©
like the wind time series, allowing a spectral analysis of the *? - i

measurements. This brings the advantage of calculating the** - F] b ?0.2

1
covariance function in the frequency domain and several es- , Jtemperature \MJ\‘ mass 81 [ o4
T

L 0.6
mass 33

Fo - 04
. 02

tablished quality control procedures for EC data can be ap- o2 I E o2
plied (Aubinet et al., 2000; Foken and Wichura, 1996). This ° FA ]
convenience comes at the cost of losing flux contributions at zi Jmass 69
high frequencies. 02

Another issue complicating the direct EC flux calculation o 1~~/\v,
is the time difference between the sonic anemometer and-oz +——
PTR-MS measurements. The long inlet tubes from the top 6 80 © 80 160 60 80 0 80 160
of the towers to the PTR-MS installed on the ground lead to Tl T
a general delay between the measured time series of the son"Ec _ . i

. ig. 5. Correlation functions for a flux calculation of an exemplary

anemometers (wind and temperature) and the mass concely e val (15 July 2003 13:00-13:30).
trations of the PTR-MS. In addition, the data of the two in-
struments were collected on different computers. Although
the internal clocks of these computers were synchronisedorelation functions,,.(z). While the lag (location of max-
about twice a day in reference to a radio clock, deviationsim m) is close to zero for temperature and momentum (mea-
in the order of seconds in either direction betweep the twog;req by the sonic anemometer), significant positive lags are
systems occurred. For these reasons, the effective 1ag beserved for the PTR-MS mass signals. Using the individu-
tween the wind data and PTR-MS data is only known within o1y getermined delays, cross-spectra were lag-corrected and

arange of a few seconds. _ co-spectra (real part of the cross-spectra) were calculated for
Given these circumstances an algorithm for the EC fluxi,e following spectral analysis procedures.

calculation that does not depend on the knowledge of the lag
was applied. In short, the procedure involved 5 steps. 2.3.3 Quality control of fluxes

— 0

t -0.2
mass 137 r
— 04

e
ANV (WS 2y

— 71— 02

1. Rotate the wind data to obtain zero vertical wind speedsgeside the described evaluation of the covariance function,
and apply a linear de-trending to all time series for the the ogive analysis (Oncley, 1989) is used for an effective
integration period of 30 min. quality control of the EC fluxes. The finite ogiv@g( f) is

defined as the sum function of the co-spectrdn,.), over

Nthe frequency range given by the sampling interfjaland

the time resolution. The lowest resolvable frequengy,()

Ijs determined by (Z,)~1, the highest frequencyfkiqn) is

(2-Ar)~1 (Nyquist frequency).

2. Transform the time series into the frequency domai
with a fast Fourier transformation.

3. Compute the cross-spectra of vertical wind and scala
quantities.

m
4. Calculate the covariance functions betweenand  0g,. (f,) = Z Cowe (fin) Af
scalars through back-transformation of the cross-spectra i=0
into the time domain. N
m:O,l,Z,...,E—l,N=n~At 3)
5. Identify the effective lags.ss from the maxima of the

covariance functions and set the fluxes equal to thesd he ogive over all frequencies is equal to the covariance of
covariances . (z,f). the corresponding time series. Under ideal conditions and

well-developed turbulence, the ogive starts at zero and mono-

If no maximum can be identified in the expected lag win- tonically approaches . (z.ss) with increasing frequency.
dow, an unambiguous determination of the flux is not possi-Generally, flux contributions at the low and high end of the
ble. In these cases the confidence interval for the flux valuespectrum are small and the frequencies between 0.01 Hz and
around zero was estimated by the above defined method fdd.1 Hz dominate, resulting in a typical S-shape of the ogive.
determining the precision of an individual flux measurement.Significant deviations from this form reflect disturbances of
This quantity corresponds to the lag-independent noise in théhe eddy fluxes. If the ogive has a large slope at the lowest
covariance function. frequencies, significant fractions of the flux occur at these

Figure 5 shows an example of covariance functions from aimescales, indicating that the integration interval may not be
multi-component flux measurement by PTR-MS. For compa-long enough to also capture these low frequent contributions.
rability, the covariance functiong,(t) were divided by the At certain frequencies, the ogives may exhibit turning points
standard deviations af andc, yielding the corresponding as a result of dominating fluxes in the opposite direction at
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5Hz (west tower instrument). The heat flux and the mo-

T T e = ---r1
:;e:;sﬂ;; mentum flux therefore encompass the frequency range from
|| — mass 33 flow=5.5x10"*Hz (corresponding to an integration time of

MS time series has artificially been brought to 5Hz, but ef-
fectively has a lower time resolution. Flux contributions at
05— -————— P e P - 05 the highest frequencies of the PTR-MS data are therefore
} lost, which is reflected in the ogives reaching their maxima
} at frequencies lower tha,;,,. The underestimate of the
| flux through the lack of high frequencies is determined by
l comparing the normalised ogives of the sensible heat and
1 the VOC fluxes. It can be assumed that the frequency be-
20001' " ;”g(’;’ ' Ogl o 01 i o 10 0 haviour of temperature and VOCs are the same (Anderson et
' ' frequency [Hz] al., 1986; Moore, 1986) meaning their normalised ogives are
identical. In the case of high-frequency damped VOC fluxes,

Fig. 6. Normalised ogives of heat, mass 69 and mass 33 fluxes orthe ratio of the normalised ogivq% is smaller than
18 July at 13:00. one below the cut-off frequency and its difference to one cor-
responds to the fraction of the flux lost due to the damping.
Therefore, the VOC fluxes reported here were corrected by
those timescales. The occurrence of turning points indicatethe mean of these differences/t0.1 Hz andf=0.067 Hz.
a violation of stationarity or homogeneity, and hence the ba- The performance of this correction and potential effects
sic assumptions for determining a flux by EC are questionfrom the expanding of the PTR-MS data was examined with
able. As the raw co-spectra exhibit large scatter with increasthe 5Hz temperature data of the west tower. Temperature
ing frequency, the resulting ogives also include considerableime series of the same structure as the expanded PTR-MS
noise. For using the ogives as a quality criterion, a frequencyata were generated by taking the temperature readings at
smoothing is applied. The averaging interval is exponentiallythe start of each PTR-MS measurement cycle and repeating
increased with increasing frequency, yielding a similar num-it for the duration of this cycle. For an exemplary day, the
ber of data points for each frequency decade (Kaimal antheat fluxes from both this lower-frequency data set and the
Finnigan, 1994). To compare the ogives of different scalars original 5Hz data were calculated. The fluxes of the low-
it is convenient to look at normalised ogives (i.e. the ogivesfrequency data were on average 10.7% lower in comparison
divided by the respective covariance flux). to the fluxes calculated from the original time series. The
Flux measurements are accepted if the normalised ogivelecrease represents the part of the flux that is lost by using
has not more than one turning point and if its value at thethe lower frequency data. After applying the correction de-
frequency 0.002 Hz is smaller than 15%. Turning points arescribed above, the covariance calculated from the low fre-
only accounted for in case the absolute difference from onejuency data set falls well within the error range of the flux
point to the next exceeds 2% of the flux, thus a moderatejerived from the 5Hz data. It should also be noted that the
noise level in the co-spectrum is tolerated. co-spectra derived from the expanded time series showed no
The validity of a VOC flux measurement is assessed withadditional signals in the frequencies related to the data ex-
two criteria. 1) The lag must be within a time window allow- pansion 0.3 Hz), as long as a flux was detectable from a
ing plausible differences in the computer time and considerclear maximum in the covariance function. In case of very
ing the residence time in the sampling tube, and the lags ogmall fluxes with unclear maxima, a spectral signal in the
different VOC masses must not differ more than the durationrange of 0.2-0.5 Hz appeared.
of a single PTR-MS measurement cycle. 2) The ogive of the
heat or momentum flux, and the ogive of the VOC flux must2.4 Footprint calculations
meet the ogive criteria described above. Figure 6 shows an
example of ogives from the west tower instrument on 18 JulyThe footprint of a flux measurement can be understood as
at 13:00. While the lag criterion applies to both isoprene anda probability density function that describes how strongly a
methanol, the flux of methanol is not acceptable, because theurface exchange at any location upwind of the sensor affects
ogive exhibits too many frequency intervals with fluxes of the measured flux. In order to calculate footprints for flux

|

|

:

| I 30 minutes) tof};g»=2.5 Hz (Nyquist frequency). The PTR-
| L

|

|

|

opposite signs. measurements in this study the analytical footprint model de-
veloped by Kormann and Meixner (2001) was applied. It
2.3.4 Compensation of high frequency losses is able to describe two dimensional footprints for receptors

within the surface layer under non-neutral conditions and is
The sonic anemometer measuring the vertical wind speed asmple enough to be routinely applied for the analysis of flux
well as the temperature was operated at a time resolution ofneasurements.
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Fig. 7. VOC mixing ratios as determined from PTR-MS measurements, black diamonds=west tower, grey triangles=main tower.

The footprint estimates from the model were combined3 Results

with information from vegetation maps in order to study

the contributions of different forest areas to the measured.1 VOC concentrations

flux. For doing this analysis operationally, a Visual Basic

macro module that can be conveniently executed within arhe two PTR-MS systems were operated at the main and

spreadsheet was developed. Besides the relevant meteor¢rest towers during most of July 2003, whereas the EC mea-

logical parameters for footprint models (friction velocity, sta- surements focused on the period from 13 to 24 July. This

bility, wind direction, cross-wind fluctuations), the program period was mostly characterised by clear sky conditions and

uses the coordinates of a number (unlimited, in princip|e)high temperatures. The weather of the first half was influ-

of quadrangular areas around the sensor as inputs. It thepnced by an extended high-pressure area over Central Eu-

calculates the footprint area and the relative contribution offope. Synoptic winds blew from eastern and south-eastern

each quadrangle to the footprint. For the discussion of thedirections. Temperatures peaked on 16 July and fell after

measurements during ECHO, 11 quadrangles were definethe transition of a cold front on 17 July. Figure 7 gives an

around the west tower, according to the areas with differenoverview of meteorological conditions during this period and

tree species compositions. As an example, the white-frameéhe concentrations of ion masses related to BVOCs.

quadrangle in Fig. 1 represents the oak dominated part of the The concentrations of isoprene and the sum of monoter-

forest surrounding the west tower. penes exhibited the same diurnal pattern at both tow-
ers. lIsoprene levels at the west tower exceeded those of
the main tower on some occasions, whereas monoterpene
concentrations differed less between the two locations, with
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Fig. 8a. Fluxes of BVOCs at the west tower. Black error bars are the precisions of individual flux measurements, grey error bars denote the
confidence interval in the cases where no fluxes could be determined.

more frequent observations of higher values at the main Concentrations of mass 71, relating to the sum of the

tower. isoprene oxidation products MVK and MACR, were nearly
Among the compounds investigated, methanol (mass 33jdentical at both sites. In contrast to their precursor, they

generally exhibited the highest concentrations, behaving difoften reached their maximum concentration later in the day,

ferently from isoprene and monoterpenes, with maximumwith exceptions on 16 and 20 July, when they peaked in the

values at night time and no clear repetitive diurnal variation.afternoon, with the decrease apparently related to the distinct

Often the highest levels of methanol occurred coincidentlyshift of the wind direction on these days.

with high concentrations of toluene (data not shown), indi-

cating an anthropogenic origin of these night time events.
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Fig. 8b. Fluxes of BVOCs at the main tower.
3.2 VOC fluxes these time series represent periods when the PTR-MS sys-

tems were not operated in EC mode or were offline because

Between 13 July and 25 July both PTR-MS systems mea—Of maintenance (e.g. west tp\{ver ins.trur.n.ent on 20 July). The
sured fluxes for a total of 366 (main tower) and 255 (Westerror bars denot_e the precision of individual flux_ measure-
tower) half hour periods. During most of this period, iso- ments representing three times Fhe stan_dard dgwaﬂon of the
prene, its oxidation products MVK+MACR, methanol, and corresponding covariance function at time shifts far away

the sum of monoterpenes were measured simultaneouslf.Om the expected lag (as degcrlbed n 2'3'1)'. Grey error
The time series of fluxes at the two towers that passed th ars (around zero) are plotted in the event of rejected fluxes.
quality criteria are presented in Figs. 8a and b. Gaps in he data selection based on the quality criteria defined in 2.4
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West tower 3.2.1 Standardisation of fluxes
| .

3T - 0.8
| isoprene | 1z monoterpenT

Because many of the biogenic VOCs are emitted in depen-
dence on temperature and light, it is useful to normalise the
j 04 ﬂ ++ emissions to standard temperature and radiation conditions
” : o] + (usually 30C and 100Qumoles m2s~1 PAR). At the leaf
0 L : 1 level, isoprene emission&(..r) are related to the standard
1 emission €y;4) by

0.6

Hg m2 st
i
Hg m2 st

17 T T T T T 0.2—— T T T T T
2:00 6:00 10:00 14:00 18:00 22:00 2:00 6:00 10:00 14:00 18:00 22:00 Eleaf — Estd . CL (PAR) . CT (T) , (4)

Main tower where, C (PAR) and C7(T) are dimensionless functions
3 08 describing the light and temperature dependence (Guenther,
Jisoprene 1> monoterenes “ 1997), referred to as G97 algorithm. For the purpose of using

this model for standardising above canopy fluxes, the orien-
tation of the leaves and shading effects within the canopy
¢ need to be considered. The total leaf area of a canopy is di-
vided into a sunlit and shaded fraction, and the emission is

1= T T T T T 0.2=—7 T T T T T described as
200 6:00 10:00 14:00 18:00 22:00 2:00 6:00 10:00 14:00 18:00 22:00

time (CET) time (CET) Ecanopy — Estd . CT (T)

Fig. 9. Mean hourly fluxes of isoprene and monoterpenes during’ [LARigh - Cu.(PARiighi) + LALhade - Ci (PARspade)] (5

days with simultaneous measurements at both towers. Small SYMwhere P ARj;gne and P A Rspade are the PAR experienced by
bols are individual measurements_,, large circles are _hourly meanshe sunlit and shaded leaves, respectiveljighs /shade are

and error bars are the corresponding standard deviations. the leaf area indices of sunlit and shaded leaves in the canopy.
The fraction of sunlit and shaded leafs as well as the cor-
respondingP AR were estimated as a function of the solar
elevation angle and measuréd R above the canopy, ac-

g m2 st
-
|
g m2 st
o
>
|
—
-~
—o—
e

resulted in a rejection of 45% to more than 90% of the flux

m(?ra;]surr?mherf]ts, dependdmg on th? c?mpour&d.t ined f cording to the canopy radiation transfer model described by
€ high Trequency damping tactor as determined WoMe, o ihar et 4. (1995). A single layer canopy was assumed,
the comparison of temperature anq VOC ogives was in an acl'mplying a homogeneous canopy with a spherical leaf an-
_ceptable range. In the case of the ISoprene fluxes, the dam jle distribution. Setting the observed emission flux equal to
ing factor was on average 11% for the instrument on the wes in (5) yielded an average standard emissifi,{)
0 . Lcanopy !
rgggjatnhdellc?s/so:; wgr?g{;l;[/oz\tlzglg?lr;?aenﬁh; lg SL?;?“S'SV\?;I Fgf the leaves in this canopy. The resulting virtual standard
' . X o mission factors for the west tower site were @ggm2s 1
7 and 15%, respectively), and did not depend on stability o

e s —2 1
. ; : .. for isoprene and 0.18g m—< s~ for the monoterpenes (av-
Wlnd.sp'eled. The damping factors for other VOCs did not d'f erage over the whole measurement period). On a ground area
fer significantly and also showed no dependence on stabilit

X Yasis (LAI of 3, corresponding to LAl measurements at the
or wind speed.

: S _ west tower during July 2003), the standardised emissions of
Highest emission fluxes were found for isoprene. The day—thiS canopy were 2.4 and 0.5 m~2s1 for isoprene and

time fluxes of th_e su.m.of monoterpenes were also cIearIythe sum of monoterpenes, respectively.

above the detection limit of both flux measurement systems.

The fluxes of methanol were significantly lower, only de- 3.3 Footprint

tectable during the day. MVK+MACR fluxes hardly ex-

ceeded the detection limit, and only an order of magnitudeThe inhomogeneous species distribution within the forest

estimate of these fluxes could be derived from measurementsround the two towers most likely caused major variations

in this study. No systematic deposition fluxes could be de-of the flux measurements. As a case study, the analytical

tected for either of the compounds investigated here. model of Kormann and Meixner (2001) was used to estimate
In order to compare the results of the flux measurementghe footprints for the whole set of flux measurements at the

at both towers, the mean daily fluxes of isoprene and the sumvest tower. Typical footprint extension along the wind direc-

of monoterpenes during the days with simultaneous meation was 200-300 m. Experimentally derived footprints from

surements at both sites were looked at, as shown in Fig. Ssite specific wind tunnel studies were of the same magnitude

Isoprene fluxes were higher at the west tower (1.25 versugAubrun et al., 2004), indicating that the model is able to

0.61ugm2s1, on average) and the fluxes of monoter- predict realistic footprints despite its simple nature.

penes were comparable at both sites (0.33 at the west and Considerable spatial inhomogeneities are expected for the

0.37ugm2s1 at the main tower) emissions of isoprene, as this compound is mainly emitted by
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105%
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JFig. 11. Comparison of fluxes calculated from expanded data (not

corrected for high frequency losses) and from disjunct VOC time

series.

oaks, which cover only certain sections of the forest aroundime of sample air in the PTR-MS drift tube. The result-

the tower. The footprint model was used to determine theing losses of the fluxes were fairly moderate, 11% and 16%
fractions of oak dominated forest within the footprints of sin- for the west and main tower systems, respectively. These
gle measurements. The measured isoprene flux was then cantegral high-frequency losses were not significantly higher
related with this oak fraction. Since isoprene fluxes are ex-than the damping factor in the simulation with the tempera-

pected to be mainly controlled by light and temperature in theture data (Sect. 2.3.4). It demonstrates that the data expan-
short term, the measured fluxes were first normalised to starsion is in fact dominating the high frequency damping and
dard environmental conditions for this consideration. Theoverlays all other effects. The difference in high frequency
canopy emissions were standardised as described in 3.2.1 af@sses between the west tower and main tower system can be
then plotted against the oak fraction in the footprint (Fig. 10). explained by the longer measurement cycle (3.5-4 s) at the
Cases with PAR below 1Q@moles nT2s~1 were excluded main as compared to the west tower (3 s). The magnitude of
from this analysis, as well as events with a significant foot-these high frequency losses is in agreement with theoretical
print contribution from non-forested areas. The relationshipturbulence spectra (Kaimal et al., 1972). For an aerodynamic
between isoprene emissions and the proportions of oaks imeasurement height of 12m (resulting from a geometrical
the footprint is apparent. height of 30 m above an estimated displacement height of
18 m:% canopy height), Kaimal theory predicts a 11.5% and
15% flux contribution of frequencies above 0.1 and 0.16 Hz,
respectively, under wind (3—4 mb) and stability conditions
(—2<z/L<0) as encountered during ECHO. The moderate
high-frequency losses are therefore mainly a consequence of
the dominating eddy timescales3 seconds over a rough
The EC method applied here includes an expanding of theeanopy such as the ECHO forest. The time resolution ap-
PTR-MS data and treating them like a time series of theplied here would hardly be sufficient for flux measurements
same (equidistant) time resolution as the wind data. Thisover areas with smaller roughness. The missing dependency
procedure results in a loss of information in the frequencyof the high frequency damping on wind speed or stability is
range above 0.17 Hz. The overall high frequency losses oprobably a consequence of the data selection, which resulted
the VOC flux measurements were determined and correcteth a set of mainly daytime fluxes under similar conditions.
for by comparison with the heat flux spectra from unalteredAs an additional check of the high frequency correction, the
temperature data. The high frequency damping derived irfluxes at the west tower were also calculated from the real
this way includes not only the effect of the PTR-MS data 0.2 s data, by applying the virtual disjunct eddy correlation
expansion, but also the attenuation caused by the long in(DEC) technique (Karl et al., 2002). Figure 11 shows the un-
let tubes, the effects of sensor separation and the exchangmrrected fluxes (in raw signals, i.e. cps ¢hs 1) from the

4 Discussion

4.1 Methodical aspects
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expanded data and the corresponding DEC data. The goodependent emissions of these components from the forest.
correlation supports that the stability independent high fre-The tree species European o&k (obur), European beech
quency correction was appropriate. The slope of 1.07 show¢F. sylvaticg and silver birch B. pendula account for most
that our high frequency correction of 11% resulted in 4% of the biomass in this forest. Studies both in plant chambers
higher fluxes. While this difference is well within the mea- and with branch cuvettes in the forest, confirmed light and
surement uncertainty, it indicates that even the DEC calcutemperature dependent emission of isoprene and monoter-
lation suffers from high frequency losses, probably due topenes (Dindorf et al., 2003).
the combined effects of tube damping, sensor separation and In a radius of 100 m around the west tower, the leaf area
mass integration time. contributions of beech, oak and birch were 48%, 44%, and
The goal of the measurements during ECHO was a char8%, respectively. Equation (5) relates the emissions of the
acterisation of BVOC fluxes at this site, rather than a con-forest canopy to an average standard emission factor at the
tinuous VOC exchange measurement for the determinatioteaf level. Assuming that isoprene is exclusively emitted
of a budget. Accordingly, the directive for quality control from oaks at this site, this relationship was used to estimate
was not obtaining the best possible coverage of flux measurethe isoprene standard emission for oaks from the observed
ments, but ensuring a selection of trustworthy data. As carabove canopy fluxes. The average standard isoprene emis-
be seen in Figs. 8a and b, the resulting coverage of isoprension (30C, 1000xmoles nT?s~! PAR at leaf level) of the
and monoterpene fluxes was still quite complete during day-canopy was 2.4gm—2s™t (ground area basis). Taking a
time, whereas most of the methanol and MACR+MVK data typical dry weight of 320 gm? (Simpson et al., 1999) for
were not suited for a flux determination. The large fraction oaks and using the oak fraction of 44%, this translated to
of rejected data reflect the problematic nature of this site fora standard isoprene emission factor of&C gt h~1 (dry
performing flux measurements and the precision limits of theweight basis). The emission factor@f roburcurrently used
multi-component PTR-MS measurements. In most cases, thin European emission inventories is 58C g~* h=! (Simp-
quality criteria of lag consistency (i.e. identifiable maximum son et al., 1999). This comparison confirms that the assump-
in the covariance functions at realistic lags) and ogive shapdions used in up-to-date VOC emission models are consistent
responded redundantly. The main reason for rejections durwith the magnitude of the measured isoprene fluxes.
ing night time were low wind speeds leading to a breakdown Assuming that the remainder of the trees at this site were
of turbulence, as documented by the ogives shapes of hedeeches (56%), and using the same dry weight per ground
and momentum fluxes. area, the basal emission rate of monoterpenes for b&aeh (
The detection limit derived from the fluctuations in the gus sylvatichwas estimated to be;8&gC g-*h~1. Previous
covariance function is not a constant value (Fig. 8). It de-reports on the emissions of this species extend over a great
pends not only on the correlating characteristics of the sonidange (Kesselmeier and Staudt, 1999; Schuh et al., 1997), the
anemometer and the PTR-MS instruments, but also on the invalue derived here is in the upper range. Cuvette measure-
stantaneous atmospheric conditions that are specific to eaghents on trees in the ECHO forest during 2002 and 2003
measuring site. The range of detection limits for different sShowed basal emission rates in agreement to our estimate,
compounds does not directly correspond to the sensitivitiesletails of these results are presented elsewhere (Dindorf et
of the PTR-MS (Table 2). For isoprene, monoterpenes andil., 2005).
MVK+MACR, the observed detection limits are in line with The small number of valid methanol fluxes does not allow
the instrumental sensitivities, with highest sensitivity for the a conclusion about the environmental control of methanol
sum of MVK and MACR. However, the detection limits of emissions. Only daytime upward fluxes could be observed
methanol fluxes are not lower than those of isoprene an®n a regular basis, with an average of 0.9g/n~2s~ (the
monoterpenes, despite the higher PTR-MS sensitivity foraverage PAR and temperature of the same data set were
methanol. This is attributed to the higher ambient concen-1315umoles nt2s~1 and 26.3C, respectively). This is in
trations and background signals of mass 33 and their varithe range of recently reported methanol fluxes over a tropical
ability in comparison to other masses. Although most of theforest (0.03-0.14gm=2s~1 (Karl et al., 2004)), but lower
non-turbulent fluctuations will not appear in the covariancethan previous observations over conifer (Baker et al., 2001)
function as they are not correlated with vertical wind speed,and pine forests (Schade and Goldstein, 2001).
they increase the general noise in the covariance function. Based on the observations of high methanol concen-
Lowering the instrumental signal offset on mass 33 is onetrations on top of the tower and profile measurements
possibility to improve the performance of the measurementhroughout the canopy (Ammann et al., 2004), deposition of

system for methanol fluxes. methanol is likely to occur, especially during night time. As-
suming a methanol deposition velocity of 0.27 crhgKarl
4.2 Fluxes of biogenic VOCs et al., 2004) and taking 10-15ppb as the upper range of

methanol concentrations observed above the canopy, depo-
The fluxes of isoprene and monoterpenes exhibit strongsition fluxes of 0.03—-0.06g m~2s~! are plausible. Most of
diurnal patterns, consistent with light- and temperature-the time, this magnitude was below or close to the noise in
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the covariance functions of mass 33 and vertical wind. Thewind data (5-10Hz). The inevitable high frequency loss
sensitivity of these systems was hence not sufficient to meathrough this procedure is accounted for by spectral analy-
sure a systematic methanol deposition flux, albeit methanosis of the covariances of wind speed and scalars. A com-
deposition fluxes were observed in single cases. The rathgrarison with fluxes calculated from the real 0.2s data by
momentary periods with high methanol concentrations indi-the DEC technique demonstrated that this high frequency
cate that strong methanol sources outside the forest may excorrection was appropriate. Due to the dominance of eddy
ist. Such strong emissions outside the typical fetch of ourtimescales below 0.5 Hz at this site, the resulting correction
measurements can contribute to the observed irregularities ifor the 0.3 Hz scalar measurements was only moderate. At
the ogives and may be one reason for the large number athis speed, the PTR-MS instrument can be used to measure
non-acceptable methanol fluxes. the fluxes of several VOC compounds simultaneously. The

Fluxes of mass 71 (related to the isoprene oxidation prod{presented method is able to handle non-exact time synchroni-
ucts MACR and MVK) exceeded the detection limit of the sation of the instruments for wind and scalar measurements
flux measurement system only sporadically. The average upand significant high frequency damping effects. The toler-
ward flux during these (midday) events was 0.02D,008)  ance in these respects enhances the practicability of this di-
ugm-2s1. Availing the picture of the forest as a chemical rect flux measurement method in field applications, where
reactor, we can compare this flux with an estimated producsuch limitations can be difficult to avoid.
tion of MVK and MACR from isoprene oxidation in the vol-  Spectral analysis was used to discard measurements that
ume below the measurement sensor. With an observed meajiolated the basic conditions for EC measurements. The gen-
OH concentration of 2:510° moleculescm? throughout  erally large fraction of rejected flux data is a result of frequent
the canopy (Hofzumahaus et al., 2003), 80 ppb of ozone, an@reakdowns of turbulence during night time and reflects the
1.5ppb isoprene (=mean mixing ratios during events withcomplex nature of the measurement site with limited fetches
measurable fluxes of mass 71), the production of MVK andin certain wind directions and pronounced inhomogeneities
MACR from isoprene becomes 5@ 0° moleculescm®s™!  in the source area.
(rate constants and product yields according to the recom- The yalidated fluxes of isoprene and monoterpenes are
mendations of IUPAChttp://www.iupac-kinetic.ch.cam.ac.  consistent with light- and temperature dependent emissions
uk). Con_sidering this production as representative for theys ihese compounds by the dominating tree species (Euro-
whole height below the EC measurement (30 m) and assuMpean oak, beech and birch) at this site. The above canopy
ing that all products leave this virtual air column before be- fi,yes were used for a top-down estimate of isoprene and
ing deposited or subject to further chemical transformation,monoterpene emission rates at the leaf level. The result-
a total MVK+MACR flux of 0.02ugm2s~1 was derived. ing basal emission rates (54)C gL h~? isoprene from oak
This estimate indicate_s that isoprene oxidation could in factgayes and 29C g~ h~1 monoterpenes from beech) agree
account for the magnitude of the observed mass 71 fluxegith results from cuvette measurements on trees in this for-
above the canopy. The data set gathered during ECHO is agg; The plausibility of the flux measurements is further sup-
ideal basis for a detailed investigation of the chemistry within yorted by the footprint analysis, which revealed that mea-
the canopy and ongoing modelling activities may provide ad-gyred isoprene fluxes correlate with the abundance of oaks
ditional tests for this interpretation. within the footprint.

The presented results of the footprint calculations demon- Single events of upward MVK and MACR fluxes were

strate that a rough classification of the fluxes according to the, . J b <o ved. The order of magnitude of these fluxes is com-

tree SPeCIes comp05|t_|on of_the source areas 1 Poss'ble'_ﬂl?atible with an estimated production from isoprene oxidation
scatter in the correlation (Fig. 10) is not surprising con5|d—throughout the forest canopy

ering the uncertainties in the spatial vegetation classification
as well as in the flux measurements, the normalisation with
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