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1. Climate, weather conditions, and concentrations of trace compounds

The Fichtelgebirge Mountains are located in the transition zone from maritime to continental
climates (Foken, 2003). Since 1994, meteorological data have been monitored at a clearing
(Waldstein-Pflanzgarten, 50°08'35" N, 11°51'49" E, 765 m a.s.l.) about 200 m west of the
Waldstein-Weidenbrunnen site. Since 1985 there has also been continuous monitoring of am-
bient O3, NO, NO, and sulphur dioxide (SO;) concentrations at the Waldstein-Pflanzgarten
site (up to 1993 station Wilfersreuth of the Bavarian Environment Agency). Since 1985, me-
dian annual O3 concentrations have ranged between 20 and 30 ppb, and median annual NOy
(= NO + NO,) concentrations between 2 and 5 ppb. Those of sulphur dioxide have, since
1995, been less than 1 ppb (Foken, 2003;Lers et al., 2009).

Climate data are given in Table S1, complemented by recent climatic trends. While the year
2007 was the warmest in the region since permanent weather observations have started in
Bayreuth (1850), the summer 2007 was warm but not extreme. IOP-1 (Table S2), starting just
at the end of summer 2007, was always under influence of cyclonic conditions and it was only
during the “Golden Days” that the anticyclone “Katrin” dominated Central Europe. From 18
June 2008 onward, I0OP-2, in the beginning cold and cyclonic, experienced warmer air (Table
S2), which was bordering colder air masses to the north. Under these warm and cyclonic con-
ditions, thunderstorms passed through the Fichtelgebirge region including our site on 25 June
(8.5 mm, 15:10-16:50 CET). The IOP-2 “Golden Days” period, starting on 28 June, was cha-
racterized by dry summer weather, not dominated by an anticyclone, and ended on 03 July
with the cyclone “Renate” (44.1 mm of rain). Up to the end of IOP-2 cyclonic conditions

(with some showers) returned.

An overview of the meteorological conditions and ambient O3, NO, NO,, and SO, concentrati-
ons is given in Table S3. Wet deposition of the ionic components of rain (in mg m™), inte-
grated over the entire time period of I0P-1 and I0P-2, was found to be typical for the region.
Highest wet deposition rates were observed in the rain fall just after the “Golden Days” of
IOP-1 and during the heavy rainfall on 03 July, 2008 (IOP-2), respectively. Average Oz, NO,
NO,, and SO, concentrations, observed at 31 m (a.gr.) at the main tower were within the typi-
cal range of the long-term data (monitored at the Waldstein-Pflanzgarten site (3 m a.gr.). Dur-
ing IOP-2, maximum SO, and NO; concentrations (10.8 ppb and 15.1 ppb, respectively) oc-
curred on 09 June, 2008, when easterly air masses have reached our site from the industrialized

regions of the Czech Republic.



Table S1. Climate data for Waldstein-Pflanzgarten (period 1971-2000, Foken, 2003) and cli-
mate trends (Foken, 2004;Seifert, 2004), *) Classification by Kdppen/Trewartha/Rudloff ac-
cording to Hendl (1991), but Df according classification by Kdppen/Geiger (Kottek et al.,
2006), **) Fichtelberg-Huttstadl, 662 m a.s.l.

Parameter Climate (1971-2000) Climate trend
height a.s.l. 765m

climate zone * Dc

annual mean 5.3 0.33K/10a, 99 % sign.
temperaturs in "C winter: 0.62 K/10a, 95% sign.
annual temperature 18.1

amplitude in K

annual sum of pre- 1162.5 19 mm/10 a, not significant

cipitation in mm
maonth  with  maxi-
mum of precipitation
snow cover **

December, July

approx. 80 days

—10days/10a, 95 % sign.

Table S2. Overview of the meteorological conditions at Waldstein-Pflanzgarten site during

IOP-1 and IOP-2
Parameter 10P-1 (6 Sep to 10P-2 (1 Jun to
7 Oct 2007) 15 Jul 2008)
mean temperature in *C 9.9°C 152°C

relation to normal

absolute maximum
temperature in °C
absolute minimum
temperature in °C
precipitation sum in mm
relation to normal

maxirmum daily sum
precipitation in mm

mean incoming shortwave
radiation in Wm™ (24 h)
maximum daily mean
incoming shortwave

radiation in Wm™>

Sep too cold (t1.2 K);
Oct too cold (t0.6 K)

21.0°C at 24 Sep 2007

2.8°C at 19 Sep 2007
113.2 mm

Sep too wet, from 30 Sep
no rain; Oct to dry.

22.1mm at 27 Sep 2007
80.4Wm=

152 5Wm™ at
15 Sep 2007

Jun too warm (+1.5 K);
Jul normal (+0.2 K)

28.9°C at 22 Jun 2008

3.7°C at 14 Jun 2008
112.8 mm

Jun too dry, no rain

from 18 Jun to 3 Jul
except a thunderstorm

at 25 Jun 2008; Jul normal

441 mm at 3 Jul 2008
225 6Wm °

342 7TWm 2 at 1 Jun 2008




Table S3. Overview of trace gas concentrations (ppb) and total of wet deposition (ionic com-
ponents; mg m™) during the Intensive Observation Periods of the EGER project (IOP-1, 10P-

2), measured at the Waldstein-Weidenbrunnen site (31 m a.gr.) and Waldstein-Pflanzgarten

site (wet deposition, 1.5 m a.gr.), respectively.

Trace gas 1OP-1 OP-2
6 Sep—3 Oct 2007 1 Jun—11 Jul 2008
ozone (O3) 33 ppb (average) 55 ppb (average)

maximum O
nitric oxide (MO)

maximum NO
nitrogen dioxide (NO,)

maximum NO,
sulphur dioxide (SO,)

maximum SO,

total of wet deposition
(ionic components)
Cl~

NO;

NG‘

SD%‘
NHj

50 ppb (95% quantile)
59ppb (23 Sep 2007)
0.3 ppb (average)

1.1 ppb (95 % quantile)
2.5ppb at (2 Oct 2007
3.1ppb (average)

6.7 ppb (95 %: quantile)
28.5 ppb (28 Sep 2007)
MAA

NI
1OP-1

EEmgm 2
< Tmgm*
297 mgm>
199 mgm~>
107 mgm=—>
< 30mgm™2
5mgm™>
32mgm >

76 ppb (95 % quantile)
85 ppb (6 Jun 2008)
0.2 ppb (average]

0.6 ppb (95 % quantile)
3.4 ppl:r (7 Jun 2008)
2.5ppb (average)

4.6 ppb (95 % quantile)
15.6 ppb (9 Jun 2008)
0.8 ppb (mean)

2.6 ppb (95 % quantile)
10.8 ppb (9 Jun 2008)

OP-2

<22mgm °
<4mgm™
187 mgm™2
114mgm=
78mgm*
<18mgm~
<Bmgm
3B mgm*

2. Additional information about the experimental set up

The locations of the installed towers of the EGER experiment are shown in Fig. S1; exact
geographical positions of all towers and remote sensing instruments are listed in Tables S4
and S5, respectively. The footprint climatology of the entire year 2003 of the Waldstein-Wei-
denbrunnen site (see Siebicke 2008) is shown in Fig. S2. Clear cuts performed during the
planning period of EGER, the wind-throws (and following clear cuts) after the storms “Ky-
rill” (18 January, 2007) and “Emma” (01 March, 2008) had somewhat, but insignificantly
affected the footprint distribution of 2003 in the SW corner of the map (not shown).



Figure S1. Towers at the Waldstein-Weidenbrunnen site: left: Permanent main tower since
1996 (height 31 m) for routine measurements, FLUXNET station and chemical measure-
ments, middle: turbulence tower (height 35 m) since 2007 with second FLUXNET complex

and turbulence measurements, right: biological tower (height 36 m) for gas exchange meas-
urements at needles.
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Figure S2. Footprint climatology (for the year 2003) of the Waldstein-Weidenbrunnen site
(details, see text). Black and white crosses indicate positions of the main and turbulence tow-
ers, respectively, while white contour lines are relative flux contributions (in %) to the foot-
print (Siebicke, 2008).



Table S4. Towers at the Waldstein-Weidenbrunnen site during the Intensive Observation Pe-
riods of the EGER project (I0P-1: 2007; I0P-2: 2008)

Coordinates Height [m] Major eguipment

“main tower" S0°08'31.2"N 31 FLUXMET station
11°52'00.8" E Wind-, dry and wet bulb temperature profiles
7fama.s.l. Profiles of trace gas concentrations and fluxes

Measurements of soil related quantities and trace
gas soil flux measurements (dynamic chambers),
within a radius of 10-50m

“urbulence tower” 50°08'20.9" N 35 Profile of turbulent energy and carbon dioxide
11°52'03.1" E fluxes

“bio-tower” 50°08'32.9" N 36 Vertical profile of sapflow, temperature, humidity,
11°51'67.8"E and net radiation

C0O, and H;O exchange measuremeants on spruce
branches (dynamic cuvette)

Table S5. Remote sensing techniques used during the Intensive Observation Periods of the
EGER project (I0OP-1: 2007; 10P-2: 2008)

Device Coordinates Location
2-D sonic anemometer  50°08'31.2" N, Waldstein-Weidenbrunnen, ,,main tower®
(Thies) 11°52'00.8"E
77amasl +32m
mini-sodar, SEAS 50°08'30.3" N, clearing, NE of Waldstain-Weidenbrunnen site
(Scintec AG) 11°62'11.0"E
785ma.s.l.
Sodar/RASS, 50°08"35.3" N, Waldstein-Pflanzgarten
DSDPASD.64 11°51°48. 8" E
(METEK GmbH) Tedma.s.l
UHF-windprofiler 4998"N, 11.68°E Oschenberg near Bayreuth
(Vaisala) E1dma.s.l

3. Characteristic turbulent and chemical time scales; Damk6hler numbers of
the NO-NO,-O5 triad

The Damkdohler number (DA) is the ratio of two particular time scales, namely the characteris-

tic turbulent transport time (z wrb) Over the characteristic chemical time scale (zchem):

DA= fun (S1)

2-chem

Dominance of the turbulent transport over chemical reaction (hence, treating a trace substance
as “non-reactive” during transport through the forest or considering a trace substance as “non-

reactive” for “volume averaging”) is given, if DA <0.1. Defined by the K-approach, the cha-



racteristic turbulent time scale, 7w, may be computed from the mean transfer velocity v; and

the thickness 4z of the layer being considered (Mayer et al., 2011)

Az
Twrp = V_ (82)

t

The final expression for the time scales of turbulent trace gas transport thus reads:

Az* -, (¢)- Sc,
T =
turb K- Zm ‘U (83)

with ¢y the universal function for the heat exchange (also used for trace gases), ¢=z/L with the
Obukhov-length L, the von-Karmén-constant x, the measuring height zp, the turbulent
Schmidt number Sc;, and the friction velocity u=. It should be stated that Eq. (S3) is only ap-

plicable under Monin-Obukhov similarity conditions.

Typical time scales for reactions of chemically reactive compounds are given in Appendix B
(reactions 1-15, see Dlugi, 1993). However, assuming reasonable vertical mixing and consid-
ering given (measured) concentrations of reaction partners, the characteristic chemical reac-
tion times can be calculated using (i) kinetic constants (Atkinson et al., 2004), (ii) radiation
fluxes for photolysis (e.g. for O3, NO,, and HONO), and (iii) known thermodynamic quan-
tities, NH3-HNO3-NH4NO3, (see Wolff et al., 2010b), respectively. As Mayer et al. (2011),
we consider for the chemical timescale (z chem) Only the NO-NO,—O5 triad comprising the
reactions O3 + NO—NO, + O, (reaction coefficient ky = 1.40x10? exp "*'""(see Atkinson et
al., 2004) and NO; + hv—NO + O3 (1 < 420nm), characterized by the NO, photolysis fre-
quency j(NO,), which has been measured directly. Destruction of NO; is then controlled by
J(NOy) only and, in turn, the chemical production of NO and Oz. From simple reaction kinet-
ics, the time scales for NO, NO, and Os are given by zvo = (kiNoz) ™, mnvo2 = (j(NO2)™?, and o3
= (ksNno)™ (where Nyo and Nog represent the molecule number density of NO and Os). The
overall chemical timescale of the NO-NO,—O3 triad (zchem), @ measure of the extent of chemi-
cal conversions (for comparison with the turbulent time scale ), has been formulated by
Lenschow (1982):
2

z-chem = _ _ S4
\/(J(Noz))2 + klz(NO3 - NNO)+ 2k1](Noz)(No3 +Nyo +2NN02) (54)




4. Flux-gradient relations and roughness sub-layer

Because of the substantially enhanced aerodynamic roughness of the forest canopy in com-
parison to smooth surfaces, where the Monin-Obukhov similarity theory is valid, a stronger
mixing occurs over forest canopies (mixing layer theory, see Sect. 1 and 2.4). Consequently,
higher fluxes will occur in case of lower gradients. This can be compensated by application of
an universal function ¢+ of the roughness sub-layer (of thickness z«). From integration of flux-
gradient equations between two levels follows the aerodynamic method for the trace gas flux
(Foken, 2008a;Monteith and Unsworth, 2008).

The profile function for scalars and momentum in the integrated form is given by

— x? (u,—u,)c, —¢,) @ o) (S5)
© nlz-d)/z-d) T
This equation was already formulated for the application above a canopy with the zero-plane
displacement height d. According to the definition of the profile functions in the roughness
sub-layer the universal function of the roughness sub-layer ¢~ must be included. The site spe-
cific universal functions of the roughness sub-layer is called enhancement factor. The en-
hancement factor for scalars was often assumed to be 1/¢.,(z/z.)~1. Instead of using an en-
hancement factor for momentum, the friction velocity is often directly determined with eddy-

covariance measurements at the relevant height of the application of the aerodynamic method.
With this assumption it follows for Eq. (S5)

S - S6
Fo= wo=-— (e, ~c) D, (S6)

In[(22 o d)/(zl - d)]

Therefore, an unknown error due to the enhancement factor for scalars must be assumed

which underestimates the fluxes up to 30-60 %, if the enhancement factor for scalars is in the

same order as that for the momentum exchange (Mdolder et al., 1999).

The usual procedure to characterize the roughness sub-layer could not be realized for the
Waldstein-Weidenbrunnen site, simply because none of the EGER towers was tall enough to
install a sufficient number of measurement levels between the top of the canopy (23-25 m
a.gr.) and the roughness sub-layer height z- (presumably >50 m a.gr.). Data from the so-
dar/RASS and the mini-sodar cannot be used because their (large) footprint is not representa-
tive for the Waldstein-Weidenbrunnen forest. Therefore, we preferred using the following

alternative to derive the desired correction function ¢+(z/z+). The function ¢+ has been deter-



mined from data obtained during the recent field experiment COPS (Wulfmeyer et al., 2011),
performed over a growing maize field (for details see Eigenmann et al., 2009).

In Fig. S3 the results of the COPS experiment over maize are shown in comparison with the
data from the Waldstein-Weidenbrunnen site (only in the range z/z-=0.41 — 0.45) and the

equations
¢.(z/2.)=00[-07(1-7/2.)] (S7)

(Garratt, 1992) and
_ z n
(D*u - (Z_) (88)

(Cellier and Brunet, 1992). A strong dependence on the friction velocity was found, but for
moderate friction velocities up to 0.6 m s™, Eq. (S8) gives the best approximation with #=0.6,
which was also found by Maélder et al. (1999). A slight but not significant dependence on sta-
bility was also recognised. The enhancement factor for the momentum exchange at 31 m

height is therefore approximately 1.6.

Similar to other authors (Mdlder et al., 1999), the number of measuring points and the accu-
racy of the data were not adequate for the calculation of the universal function of the rough-
ness sub-layer for scalars. For the temperature profile over the maize field the linear relation-
ship with #=1.0 was in agreement with Molder et al. (1999). At the forest site the scalars at a
height of 23 m, at the top of the canopy, already showed an increased gradient to the top of
the tower and no reduced gradient according to the roughness sub-layer assumption. There-

fore, for scalars no additional enhancement factor should be used.

For many trace gases the use of the eddy-covariance technique is not yet feasible due to the
lack of fast response sensors. The aerodynamic method, as described above, was not directly
applied in the present paper, but in parallel studies (Wolff et al., 2010a;Wolff et al., 2010b);
furthermore, the site specific enhancement factor is important for the interpretation of fluxes
and gradients (see Sect. 3.5). Moreover, characteristics of the roughness sub-layer are relevant

for the mixing layer theory, which is the basis for the coupling approach (see Sect. 2.4)
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Figure S3. The calculated ¢« values of the EGER data are presented by crosses, upward-
pointing triangles, diamonds, and plus signs. The crosses represent u~ values smaller than 0.4
and larger than 0.2. Further the upward-pointing triangles represent 0.4<u~<0.6, the diamonds
0.6<u+<0.8 and the plus signs 0.8<ux<1.2. The calculated ¢+ values of the COPS data for a
canopy height of 1.2m are represented by squares and circles. The squares represent
0.2<u+<0.3 and the circles represent 0.3<u=<0.6. The calculated ¢+ values of the COPS data
for a canopy height of 2.9m are represented by downward-pointing, right-pointing, and left-
pointing triangles. The downward-pointing triangles represent 0.2<u«<0.3, the right-pointing
triangles display 0.3<u«<0.4 and left-pointing triangles 0.4<u«<0.5. Furthermore, the solid
line represents the equation developed by Garratt (1992) and the dashed line represents the

equation developed by Mdolder et al. (1999).

5. Energy balance closure

In former studies (Aubinet et al., 2000;Foken, 2008b), a value of 77 % for the energy balance
closure was found according to
100 - Re s[%] = # 100% (59)

n



with the net radiation Ry, the sensible heat flux H, the latent heat flux LE, the ground heat flux
G, and residual of the energy balance closure Res. In this study the heat storage was neglected.

During both IOPs similar values were found with approx. 80 % for both IOP’s (Fig. S4).
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Figure S4. Energy balance closure at the turbulence tower during 10P-1 (left) and I0P-2
(right)

6. Local circulation systems

The aim of this section is to show the (potential) effect of the clear cut (south of the Waldstein-
Weidenbrunnen site) on the flow in the roughness layer and its influence on trace gas concen-
trations. For stronger winds, the wind direction of the entire boundary layer dominates also
down to the canopy level. In contrast, under light wind conditions (cloudy conditions), there
are very small horizontal wind velocities above the canopy and significantly lower vertical
wind velocities (not shown). Then the effect of the clear cut on the wind field of the site be-
comes obvious (see Fig. S5). In general, main wind directions — in the south-west sector — are
nearly identical at 200 m (sodar) and 1050 m (windprofiler) heights. A strong SE component,

coming up the Lehestenbach valley, could occurs as well, but only below 100 m at night.
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Figure S5. Time-height cross-sections from sodar and mini-sodar data of wind direction
(above) and wind velocity (below) on June 28, 2008. Periods with southerly winds directly

above the canopy (originating from the clear-cut) are highlighted.

Analysis of coherent structures was extended to the lower boundary layer according to Thomas
et al. (2006) using sodar measurements. To derive characteristics of coherent structures from
sodar/RASS individual soundings, data had to be preprocessed and wavelet analysis has to be
applied. For occasional environmental noise detection and discarding of erroneous data, de-
noising and gap filling procedures were considered (Crescenti, 1998;Miller and Rochwarger,
1970;Neff and Coulter, 1986). Firstly, data were filtered using the error flag output by the so-
dar/RASS system. Secondly, a quality control tool, described in Thomas et al. (2006), was ap-



plied. Spectra of wavelet variance for different observation levels (14 September, 2007) are
presented in Fig. S6. Data for the lower levels, which are comparable with corresponding
structures responsible for the coupling, exhibit the first maximum at ~30 sec, whereas the

higher observation levels show the stronger maximum at ~50-60 sec.
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Figure S6. Normalized spectra of the wavelet variance of the vertical wind component at dif-
ferent observation levels during IOP-1 (14 September, 2007, 00:00 — 00:25 CET).

7. Time series of trace gas fluxes

Trace gas fluxes measured by the eddy covariance technique at 32 m above forest floor are
shown in Fig. S7 (IOP-1: left panels, a—c; IOP-2: right panels, a—e). They comprise turbulent
fluxes of water vapor (Fu20), carbon dioxide (Fco2), 0zone (Fos), nitrogen dioxide (Fnoz),
nitric oxide (Fno), and the composites Fox = Fosz+Fno2 and Fyox = FnotFnoz. During the se-
lected fair-weather days, Fuoo clearly followed diel variations of available energy and H,O
gradients; it was close to zero during night, and up to 200 W m™ during day (Fig. S7 a). Clas-

sic daily variations were found for Fcop, featuring negative fluxes during daytime (CO, up-



take by vegetation) and positive (respiration) fluxes during night (Fig. S7 b). As expected,
ozone fluxes reflected during both 10Ps the well-known O3 deposition to forest vegetation and
ground (Fig. 16 c, black symbols); Fox followed closely Fo3 (Fig. S7 ¢, grey symbols) for rea-
sons explained below (see Section 3.5.). In contrast, Fno, (measured during IOP-2 only) was
mostly directed upwards, with large fluxes during most of the daytime and smaller fluxes dur-
ing night (Fig. S7 d, right panel). For NO, however, peaks of downward directed fluxes were
determined during the morning hours, whereas Fno was indistinguishable from zero for the

rest of the day and also during night-time (Fig. S7 e, right panel).

Data gaps in Fno and Fnoz were due to routine calibration. The flux of the chemically conser-
vative composite NOy showed a very similar pattern to that of Fnoz (Fig. S7 d, right panel,
grey symbols), with the exception of those time periods between 06:00 and 12:00 CET, when
Fnox Was substantially lower than Fyo, (due to noticeable Fyo < 0), which in turn is most like-
ly the result of advection induced, strong and positive vertical gradients (downward) of NO
concentration above the canopy. Otherwise, Fno, is approximately equal to Fyox, because the
contribution of Fno to Fnox is one order of magnitude lower than that of Fyo.. Therefore, both
Fnox and Fox (the flux of the chemically conservative composite Ox= O3+NO;), and also the
respective concentration differences, are not considered for the analysis of fluxes and concen-
tration gradients vs. coupling stages (see Sect. 3.4 and 3.5).

The fluxes of Fnpa+tor @and Fnos-tor are shown in Fig. S7 (left panels, d and €) and were mostly
directed downward to the forest canopy with pronounced diel variations. Wolff et al. (2010b)
provide a detailed discussion about the magnitude of Fyua+ ot and Fnos- ot With respect to
comparable previous studies reported so far. Turbulent time scales (zwrb, EQ. 2) for the surface
layer above the canopy are also shown in Fig. S7 (panels f); they remained mostly below 50 s
during both 10Ps.
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Figure S7. Results of flux measurements of gaseous and particulate trace compounds at the
“main tower” during 20 — 24 September 2007 (I0OP-1, DOY 263-267, left panels) and for 29
June to 02 July 2008 (IOP-2, DOY 181-184, right panels). (a) Frz0, (b) Fcoz, (¢) Fos (black
symbols) and Fox (grey symbols, 10P-2 only), (d) Fyua+tot (left panel) and Fyoz and Fyox
(right panel, black and grey symbols, respectively), (e) Fnos-twt (left panel) and Fno (right
panel), (f) turbulent time scale zym, (24-32 m), (g) Damkdhler number DA (24-32 m), (h)
coupling regimes (determined from measurements at the ‘turbulence tower’, see section 3.1).
Measurement heights were 32 m (a. gr.) for all fluxes measured by eddy covariance during
IOP-1 (a—c), and during IOP-2 (a—¢); fluxes of total ammonium and total nitrate (d and e,
IOP-1), determined by aerodynamic gradient technique, refer to 27.1 m (geometric mean of

the heights of both intake levels).

8. Time series of concentration differences between canopy top and forest floor

During both 10Ps, H,O concentration differences (A [H20]=[H20]24m — [H20]0.0m) between
the 24 m (canopy top) and 0.9 m (above understory) levels were for most of the daytime nega-
tive (upward), and positive during summertime nights (downward), confirming that we have
observed well-known fair weather in-canopy gradients with moister conditions below the ca-
nopy compared to those above during day, and opposite gradients during night (Fig. S8 a).
Most of the time, 4[CO;] = [CO2]24m — [CO2]o.om Was negative, however, during daytime it



was close to zero; highest CO, concentrations were found close to the forest floor at night
(Fig. S8 b). As expected, A[O3] = [O3]24m — [O3]o.om Was positive (downward) day and night
during both 10Ps, reflecting the well-known Os deposition to ground and vegetation
(Fig. S8 ¢, black symbols). During the fall period (IOP-1), A[NOz] = [NO2]2am — [NO2]o.om
exhibits a small diurnal course (negative during daytime, positive or close to zero during
night, Fig. 19d, left panel, black symbols); during most of the summer period (IOP-2),
A[NO;] was clearly negative (see Fig. S8 d, right panel, black symbols), once again indicating
the already mentioned strong chemical source of NO, within the canopy. Gradients of
NOx(= NO,+NO) between 24 m and 0.9 m (Fig. S8 d, grey symbols) show patterns very simi-
lar to those of NO,, and gradients of Ox(= O3+NO,, Fig. S8 ¢, grey symbols) follow closely
those of O3. The latter is due to O3z concentrations being one order of magnitude larger than
NO, during the investigated time periods. Since the forest soil acts as a biogenic source of
NO, A[NO] = [NO]24m—[NOQO]o.om has actually been expected to be directed upward (i.e., nega-
tive, and presumably small). However, positive NO gradients (downward), particularly in the
morning hours (06:00-12:00 CET), confirm the advective impact of traffic related NO
sources (see Sect. 3.4), especially during IOP-1 (Fig. S8 e, left panel), but still visible in 10P-
2, too (Fig. S8 e, right panel). Only for IOP-1, A[HONO] = [HONO]2sm — [HONO]o.9m is
available (Sorgel et al., 2011). During many of the daytime hours, 4[HONO] was negative

(upward) or close to zero, but positive (downward) during much of the night (Fig. S8 f).
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Figure S8. Concentration differences A[C] = [C]2am —[Clo.om between the 24 m and the 0.9 m
level at the ‘main tower’ for 20-24 September 2007 (IOP-1, DOY 263-267, left panels), and
for 29 June to 2 July 2008 (IOP-2, DOY 181-184, right panels): (a) 4[H20], (b) 4[CO,], (c)
A[O3] and A4[Oy] (black and grey symbols, respectively), (d) 4[NO;] and A[NOy] (black and
grey symbols, respectively), (e) 4[NQ], (f) A[HONO] (IOP-1 only); (g) coupling regimes (de-
termined from measurements at the ‘turbulence tower’, see Sect. 3.1). Note that a positive
concentration difference indicates a downward, while a negative concentration difference an

upward directed concentration gradient.
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