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S1 Comparison between NOs reactivity and monoterpene measurements

During the BAIRN-VIP campaign, a proton-transfer reaction time-of-flight mass spectrometer (PTR-ToF-MS) monitored the
sum of monoterpenes (XMTs) atop the tower. In Fig. S1, we plot the VOC-induced NOs reactivity (with £Y°¢>LOD) measured
at 28 m against the monoterpene concentrations monitored at 36 m. To reduce bias caused by vertical gradients we analyse
only daytime data between 09:00 and 17:00 UTC.

A weighted, orthogonal distance regression yields a slope of 5.6 x 1072 cm? molecule™ s*! and an intercept of —0.004 s™!. The
absolute value of the intercept is below the LOD of the CRDS setup and thus not significant. The slope is the mean effective
reaction rate coefficient (ker) for the reaction of NO; with VOCs and is consistent with that derived from a limited set of

speciated monoterpene data (see Andersen et al.! for details).
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Figure S1: VOC-induced NOs reactivity (black circles) at 28 m plotted against the summed monoterpene concentration (EMTs) at 36 m at
daytime during the BAIRN-VIP campaign. The red line shows a linear, orthogonal distance regression (weighted ODR fit) to the data. The
Pearson correlation coefficient of 0.84 indicates a good correlation between these two measurements.
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S2 Calculation of the vertical decoupling parameter Q

The vertical coupling between the air above and below the forest canopy was assessed with the decoupling parameter (2 as
introduced by Peltola et al.%. The key steps to calculate £2 are reproduced here, and the parameters used (or calculated) are
plotted in Figure S2. We used the site-specific parameters for SMEAR 1I as detailed in Peltola et al.®. £ is defined as the ratio
of the standard deviation of vertical wind speed a,,(z) to the absolute critical vertical wind speed |We,crit(Z)| required to move
an air parcel from a measurement height z above the canopy (here 27 m) to the ground. In order to achieve this, the air parcel
must overcome both buoyancy and canopy drag. According to Eq. S1 as derived by Peltola et al.?, the critical wind speed at

canopy height 4 is

0e—8
7

We arie(R) = —CELAIU,, — \/CZ@ZLAIZU,f +2gh (S1)

with g = 9.81m s and site-specific parameters for SMEAR 11 as detailed in Peltola et al.?, i.e. & is 21 m, leaf area index LAl
is 2 m? m, the constant C is 0.277, and the drag coefficient ¢ is 0.2. The mean potential temperature below the canopy 8 as
well as the potential temperature of the air parcel 8, were derived from the absolute temperature measurements between 0.4
m and 27 m (see Fig.1 in the main text) at the mast and the dry adiabatic lapse rate of 9.68 x 10> K m™'.# The horizontal wind
speed was only measured above the canopy (U:) at z = 27 m. To derive the horizontal wind speed at canopy height Uj, we

applied the Monin-Obukhov similarity theory:3>

"¢m
Un=U, =t 2= h) (82)

In Eq. S2, u* is the friction velocity at z = 27 m, ky is the von Karman constant (0.4) and ¢, (Eq. S3) is the stability scaling

function. Latter is defined as:

1, <0

¢m:{1+5(, (>0 (83)

with the Monin-Obukhov stability parameter { = #, where d is the displacement height being approximated with 2/ g hand

L the Obukhov length measured at z =27 m.> ¢ The critical wind speed at measurement height z is derived from Eq. S4 with

the mean potential temperature 8’ between z and 4:

0.-8'
Wourt(@) = (Weerc (1) + 2902~ )%, (54
Dividing the measured standard deviation in vertical wind speed by absolute W, .+ (z) results in Q:
0 =_ow® (S5)

- |We,crit(z) |
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Figure S2: Measurements at SMEAR I site (z =27 m) of horizontal wind speed U, friction velocity u *, Obukhov length L, standard deviation
in vertical wind speed ow and calculated values of critical wind speed We crit (Eq. S1-S4) and decoupling parameter 2 (Eq. 5) during the
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85 S3 Comparison between NOs photolysis frequencies and PAR below and above the canopy
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Figure S3: Photo-synthetically active radiation (PAR) measured in the forest at the SMEAR 1I site above the canopy (lower panel, blue, 35
m) and below the canopy (upper panel, black, 0.6 m). The NOs photolysis frequencies (Jyo,) were derived from measurements on top of a
tower adjacent to the forest clearing (lower panel, orange, 38 m).
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S4 Vertical profiles in NO3 reactivity and f on different nights
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Figure S4: Median vertical profiles of VOC-induced NOs reactivity (kV°©). The different time bins are coloured according to the legend
that also includes the mean temperature inversions (A7 = T27 m—704 m). Left panels: Height-resolved median profiles. The shaded areas

indicate the 25" and 75™ percentiles. Right panels: Fractional changes in NO; reactivity relative to 28 m (f, Eq. 1 in the main text) for the
115  corresponding night types.
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S5 Losses of NO3 through heterogeneous reactions

The nitrate radical (NO3) can be lost on particles either directly (kdirect) Or indirectly (Kindgirect) Via the deposition of its equilibrium
partner N»Os.” The overall pseudo first-order loss rate (kher) of NO3 on particles is:

__ YN03CNO3 ASA

knet = Kdirect + Kindirect = 7 + 2

¥YN,056N,05 ASA K

eq[NO] (86)

with the heterogeneous uptake coefficients yy,o, and yno, as well as the mean molecular velocities Cy, o, and €y, 0of N2Os
and NOs, respectively.® In order to assess the impact of these reactions, we used the aerosol number density and size-
distribution measured next to the container area at a sampling height of 2 m to derive the aerosol surface area (45S4).° The term
K.q[NO;] was calculated from measured NO, mixing ratios and the equilibrium constant at the appropriate temperature.'® We
deployed a value of 0.03 for yy, o, as reported for SOA in several studies.'" 12 To assess an upper limit for the impact of ket
on the NO; radical budget, we chose a high value of 0.2 for yyq, as reported for SOA originating from the nighttime oxidation
of limonene.'* The resulting values of ke are depicted in Fig. S5. Despite the implementation of such a high value for YNOs»
knet remains mostly below 0.003 s and its campaign-median value is only 9.8 x 10* s”.. This is negligible compared to a

typical value of k¥°C€ = 0.04 s™! during the day or during a coupled night (Fig. 5a).
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Figure S5: Overall pseudo first-order loss rate for NO3 on particles (knet) during the BAIRN-VIP as calculated with Eq. S6.
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