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S1 Gaseous dry deposition parameterization from the GEOS-Chem model

The dry deposition flux of gases in GEOS-Chem proceeds in grid cells in contact with the ground following an inferential technique

(Eq. (1)), with species-specific deposition velocities V4(x) computed following the standard resistance-in-series approach (Eq. (2)).

Aerodynamic resistance is formulated to represent the resistance to turbulent transport of scalars within the surface layer
from a reference height z (i.e., a measurement height or model grid box center) down to the roughness length z, of the surface—
the height above the zero plane displacement d where the logarithmic wind profile is assumed to extrapolate to zero (Garratt,

1992; Kaimal and Finnigan, 1994; Toyota et al., 2016; Wesely and Hicks, 1977):

w0 (5) = 9 () + % ()] Q)

where k is the von Karman constant (0.4 in GEOS-Chem), u, the friction velocity—a surface layer velocity scale which

Ra(z) =

characterizes surface momentum flux, and ¥, an integrated Monin-Obukhov (M-O) stability-correction factor for sensible heat
(Section S2.3)—an empirical function of the dimensionless ratio (z — d) / L where L is the M—O length (Monin and Obukhov,
1954). Both z, and d are fit parameters to the logarithmic wind profile under neutral stability (Monin and Obukhov, 1954).
Empirical values typical of natural vegetated surfaces are: z, ~ 1/10 canopy height (%.) and d ~ 2/3 h. (Garratt, 1992; Oke, 1987).
At heights well above the surface (z > 10 4.), d may be ignored in the calculation of R, (Garratt, 1992), as is done in GEOS-Chem
since dry deposition is referenced from surface grid box centers (z ~ 60 m AGL). Equation (S1) applies equally to all trace gas and
aerosol species and assumes equivalency in the turbulent transfer of momentum and scalers under neutral conditions from z to z,.
It is noted that R, according to Eq. (S1) assumes a ‘no-slip’ boundary condition, that is, u(z,) = 0 m s"'—the implications of which

are discussed in Sections 3.1 & S2.4.

Across the distance z,, molecular diffusion becomes an important factor governing near-surface trace gas flux. The
species-specific quasi-laminar boundary layer resistance accounts for the transfer of gases from z, to the deposition surface, and is

estimated using the semi-empirical formulation of Wesely and Hicks (1977):

Ry = (&), (s2)

ku, \Dy

where « is the thermal diffusivity of air and D, the molecular diffusivity of the depositing trace gas x. Developments made herein

to the calculation of D, from GEOS-Chem are discussed in Section 3.2.

The resistance to surface uptake of trace gases in GEOS-Chem is parameterized according to a modified ‘big-leaf’
algorithm based on the W89 scheme, as is currently the case for the majority of global CTMs (Hardacre et al., 2015). Species-
specific bulk-canopy surface resistance R.(x) is computed as multiple deposition pathways acting in parallel, including to: (i) upper
canopy leaf interiors via stomatal r; and mesophyll 7;, resistances, (ii) upper canopy leaf cuticles 7y, (iii) lower canopy elements

Tge + 7o, and (iv) ground surface elements 7, + 1.:

Rc(x) = [1/(7:9 + rm) + 1/rlu + 1/(rdc + rcl) + 1/(rac + rgc) ]_1 ] (83)

The W89 algorithm was originally developed over the U.S. and southern Canada for use on 11 land types, with component
resistances varying across 5 seasonal categories (summer, autumn, late autumn, winter, spring). Application to a variety of trace
gases was made possible by 7; dependence on molecular diffusivity and 7y, 1, 7, and 7, dependence on (i) aqueous solubility

at neutral pH via effective Henry’s solubility (H") and (ii) oxidative capacity via an estimated reactivity factor (f,) categorized as



unreactive (f, = 0), slightly reactive (f,=0.1), or as reactive as O3 (f,= 1). Categorized f, values are based on electron activities and
rate-of-reaction with aqueous S(IV) compounds (Wesely, 1989). In-canopy aerodynamic resistance to turbulent transport to the
lower canopy and ground surface is represented by land type dependent fixed values r,;. and 7., respectively. Implementation of
the W89 algorithm into GEOS-Chem included modifications for application to the global scale (Wang et al., 1998). Detailed
descriptions of these modifications have been included in recent work evaluating the dry deposition of O3 in GEOS-Chem (Silva
and Heald, 2018; Wong et al., 2019) and can be found online, along with the fixed input parameters used in Eq. (S3) for the
calculation of R.(x), at http://wiki.seas.harvard.edu/geos-chem/index.php/Dry deposition (last accessed on 19/04/2025). Following
the recommendations of Shah et al. (2018), we limit the cold temperature exponential increase in the non-stomatal components of

R, to a factor of 2 and impose a nominally small R.(HNO3) =1 sm™,

Meteorological inputs to the parameterization of V; in GEOS-Chem are provided from assimilated meteorological fields
from NASA’s Global Modeling and Assimilation Office (GMAO). Daily LAI values are interpolated from a gridded MODIS-
derived monthly LAI product (Myneni et al., 2002). For this study, we have implemented the option to use on-site meteorology

and canopy characterizations to drive the GEOS-Chem dry deposition scheme in single-point-mode.

S2 Aerodynamic resistance in the surface layer
S2.1 Aerodynamic resistance over Harvard Forest

Turbulent vertical transport of scalars within the atmospheric surface layer, often described as the lowest 10 % of the planetary
boundary layer where fluxes of momentum, heat, and mass are assumed to be constant with height, is an important process
governing surface-atmosphere exchange. Aerodynamic resistance to turbulent transport, most commonly parameterized in CTMs
following Eq. (S1), can take on a large range of values depending on the state of surface layer turbulence. Cumulative distributions
of hourly values of R, computed over Harvard Forest (June-November 2000) following parameterizations P1-P3 using MERRA-
2 assimilated meteorology are depicted in Fig. S1 for two reference heights, 29 m and 60 m. Also depicted is R, inferred from
measured horizontal wind and friction velocity (u,) at 29 m, R,(29m) = u (29 m)/ u,’, assuming a no-slip boundary condition, i.e.,
u(z,) = 0 m s”!. Computed from the center of the lowest level in GEOS-Chem, P1 R,(60 m) ranges from ~ 6 s m™' (5" percentile) to
~400 s m™! (95" percentile) with 50" percentile R,(60m) ~ 18 s m™!. Thus, R, has variable influence to total resistance represented
through V7, ranging from minor under well mixed conditions for species with substantial R., i.e., O3 (Massman et al., 1994), HCN
(Nguyen et al., 2015), and NO, (herein), to significant for species with negligible R. under typical diabatic conditions, i.e., HNO;

(herein), to dominant under conditions of very high stability and intermittent turbulence (Toyota et al., 2016).


http://wiki.seas.harvard.edu/geos-chem/index.php/Dry_deposition
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Figure S1: Cumulative distributions of hourly aerodynamic resistance R, over Harvard Forest from June—November 2000. Measurement-inferred
Ra(29 m) =u(29 m)/U,? is compared to coincidently sampled (hourly) simulated values P1&2 and P3 integrated from both the 29 m measurement
height at Harvard Forest (solid lines) and the approximate midpoint of GEOS-Chem’s first level, ~ 60 m (dashed lines).

§2.2 Formulation of R, from eddy diffusivity K.

An equivalent formulation of R, to that of Eq. (S1) may be expressed as a vertical integration of eddy diffusivity K. (Garratt, 1992):

z—d 1
Ra = fzo Ko@) dz , (S4)

K. is the eddy diffusivity for scalar quantities which is commonly represented as the product of characteristic surface layer scaling

parameters U, and height z above the displacement height (d) (Kaimal and Finnigan, 1994), corrected for non-neutral conditions

4



via an empirically determined dimensionless flux—gradient relation for sensible heat ¢, commonly used interchangeably for scalar

quantities:
u.k(z-d)
= =222 S5
¢ o) (S5)

where k£ = 0.4 is the von Karman constant, ¢, is an empirical function of the dimensionless M—O stability parameter { = (z —
d) / L, where L is the M—O length (Monin and Obukhov, 1954). Figure S2 includes calculated values of K. following Eq. (S5),
integrand of Eq. (S4) K./, and resulting R, following Eq. (S4) as a function of height above ground over a rough surface under

neutrally stable conditions.
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Figure S2: (a) Turbulent eddy diffusivity K(z) above a rough surface (zo = 1 m) computed via standard Monin—Obukhov similarity theory
according to Eq. (S5) (green) and using a perturbed Monin—Obukhov form (Eq. (S11)) to account for enhanced mixing within the roughness
sublayer (orange). (b) K(z)/ depicts the integrand of corresponding acrodynamic resistance calculations (Eq. (S4)). (¢) Aerodynamic resistance
Ra(z) computed following Eq. (S4) with stability correction functions according to M—O similarity theory (green) and a roughness sublayer
perturbed from (Eq. (S11)) (orange), both of which assume zero wind at the roughness length z,. R4(z) which accounts for both enhanced
roughness sublayer mixing and non-zero wind at z, is depicted in blue according to Eq. (S13). Meteorological conditions are taken as light winds

U, = 0.2 ms") and a neutrally stable atmosphere (L' ~0 m™!).
y P

§2.3 Monin—Obukhov (M-0) stability correction functions used in GEOS-Chem

Empirically determined dimensionless flux—gradient relations, also known as M—O stability correction functions, used to compute

surface layer R, in GEOS-Chem have the following functional (¢}) and integral (¥},) forms:

Unstable conditions ( { <0 ) (Garratt, 1992; Holtslag et al., 1990)
5



b= (1-150)7"/2, (S6)

W, = 2In [0 (87)

Stable conditions (0 < { < 1) (Dyer, 1974)

ép =145, (S8)

Stable conditions ( { > 1) (Holtslag et al., 1990)
n=5+, (59)

Stable conditions ( { > 0 ) (Holtslag and Bruin, 1988)

‘{’hz—[a(+b((—§)e“”+%, (S10)
where a =0.7, b=0.75,¢=5, and d = 0.35.

S2.4 Roughness sublayer (RSL) mixing

Within a distance of 2 to 3 times the canopy height (/4.) above the surface, the so called roughness sublayer (RSL), turbulent eddy
structure is significantly different from that of the remaining surface layer above (Finnigan et al., 2009; Raupach et al., 1996).
Turbulent flows in the wake of roughness elements are dominated by structures of a larger length scale than predicted by Eq. (S5)
where turbulent eddies are parameterized to scale on a distance z above d (Finnigan, 2000). Near the canopy top, K. is enhanced
over that predicted by M—O similarity theory by a factor of 2 to 3 (Cellier and Brunet, 1992; Raupach et al., 1996), approaching
equivalence by ~ 24, (Simpson et al., 1998). To avoid underestimating turbulent transport of momentum, heat, and mass, models
that employ gradient transport theory (K-theory) may scale eddy diffusivities within the RSL to values above those predicted by
M-O similarity theory (Bryan et al., 2012; Moélder et al., 1999; Neirynck and Ceulemans, 2008; Sellers et al., 1986; Stroud et al.,
2005). RSL functions ¢, designed as perturbations to the dimensionless universal M—O functions ¢,(¢) can be applied in
multiplicative form, yielding modified M—O stability functions ®,,:

Dy = pe(0) by (S11)

where x refers to either momentum, heat, or scalar quantities. Several RSL functional forms have been proposed of varying
complexity, all of which contain an additional RSL length scale, i.e., z" in Eq. (512). Computing mean wind and scalar profiles
requires integral forms of corresponding non-dimensional M—O stability functions (Panofsky, 1963); some RSL modified M—O
stability functions have analytical solutions to integral forms (Arnqvist and Bergstrom, 2015; de Ridder, 2010), while others require
numerical integration (Cellier and Brunet, 1992; Garratt, 1980; Harman and Finnigan, 2007; Moélder et al., 1999; Wenzel et al.,
1997). Physick and Garratt (1995) implement a simple RSL lower boundary correction into a mesoscale model using the RSL

function:

— — z—d
Fm = Gn=05exp [0.7 ((Z*_d))] , (S12)

where the RSL correction is treated the same for both momentum ¢,, and sensible heat ¢, and is independent of buoyancy.
Following Eq. (S12), turbulent mixing within the upper canopy at d is enhanced 2-fold, with ¢, and ¢, decaying to unity at the
top of the RSL, z*. The depth of the RSL was estimated following Physick and Garratt (1995); briefly, for neutral and unstable



conditions (L < 0), zx" = 50 z,; for very stable conditions (zy"/ L > 0.2), z" = 0.37 zy"; for moderately stable conditions (0 < zy"/
L <0.2),z"is linearly interpolated between neutral and stable values. It is noted that the additional mixing in the wake of roughness
elements within the RSL reduces vertical gradients from those of M—O adjusted logarithmic values extrapolated from above the
RSL; as such, flux—gradient wind profiles adjusted for stability and RSL effects can no longer be integrated assuming u(z,) = 0 for

z<z". An updated formulation of R, which accounts for RSL effects and u(z,) > 0 can be expressed as (Physick and Garratt, 1995):

Ro(z<z) = [In(Z2) = w, (Z2) + w, (2) + [7 ¢ (1 - Fp)z"dz] . (S13)

ku, 0

At the top of the RSL where z = z" and ¢, ~ 1, R, from Eq. (S1) & Eq. (S13) become equivalent. Above the RSL (z > z") M—O
similarity theory applies and R, follows Eq. (S1).

Included in Fig. S2 is a depiction of the effects of enhanced RSL mixing on K. and R, as a function of reference height z
above the displacement height d for a rough surface (z, = 1 m) under neutral stability conditions (L ~ 0) and light winds (u, = 0.2
m s). K, and K;! calculated using the RSL modified M—O stability function ®, from Eq. (S12) are shown as orange traces in
panels (a) and (b) of Fig. S2, respectively, and are compared to values from M—O similarity theory which neglects RSL effects
(green trace). The largest relative difference in RSL-corrected K. occurs at z,, where the effect of Eq. (S12) is largest. Panel (c) in
Fig. S2 includes R,(z) computed following M—O similarity theory (Eq. (S1), green trace) alongside R,(z) according to Eq. (S13)
(blue trace); the integral in Eq. (S13) was evaluated numerically via Simpson’s method. Enhanced RSL mixing results in a weaker
above-canopy vertical gradient in R,, while allowing u(z,) > 0 via Eq. (S13) results in a large displacement of R.(z,). R, following
Eq. (S1) and Eq. (S13) asymptotically converge to equivalency by z = z", with good and excellent agreement by z = 24, (10 %) and
z=3h. (3 %), respectively, under these neutral test conditions. Reduced gradients in R, with height results from growth of turbulent
eddies (K.) according to mixing length z - d. As previously noted, R, computed from integration of K./ (Eq. (S5)) where K. is
corrected for buoyancy following ¢y, is equivalent to R, computed following Eq. (S1), both being depicted in panel (c) of Fig. S2
(green trace). However, integration of K. ' where K. is corrected for buoyancy and RSL effects following the modified M—O
stability correction ¢y, is not equivalent to RSL R, computed following Eq. (S13), as seen in Fig. S2¢ (orange trace), as the former
assumes u(z,) = 0 and the later u(z,) > 0. Although the vertical gradients of these two methods are identical, R, corrected for the
RSL following Eq. (S13) is shifted by Ra(z,).

It is noted that RSL-corrected R, has directional asymmetry, where aerodynamic resistance to upward transport of surface
emissions (orange trace in Fig. S2) is significantly less than aerodynamic resistance to dry deposition (blue trace in Fig. S2). This
directional asymmetry is intuitive, as resistance to upward mixing of surface emissions would not be impeded, but enhanced, by
non-zero wind at z,, whereas dry deposition of uniformly mixed trace species from aloft requires contact with surface elements for
removal. It is also noted that many efforts to simulate bidirectional surface exchange of atmospheric trace species employ R,
following standard M—O similarity theory according to Eq. (S1) for both emission and deposition pathways (Haghighi and Or,
2015; Karamchandani et al., 2015; Nemitz et al., 2000; Su et al., 2011; Wen et al., 2014; Wentworth et al., 2014), thus failing to
account for directional asymmetry in resulting fluxes. To prevent the underestimation of upward sensible and latent heat fluxes,
Sellers et al. (1986) in their formulation of a Simple Biosphere Model (SiB) for use in General Circulation Models (GCMs) impose
an aerodynamic resistance to emission from an integration of a RSL modified Kj, which would be similar to that depicted in Fig.
S2c (orange trace). In Boys et al. (in prep), directional asymmetry of R, is implemented into a simple model of subgrid dry

deposition of near-surface emitted NOx.



S3 Review of reactive uptake coefficients for NO: to hydrated surfaces

Although the mechanism for heterogenous hydrolysis of NO» (reaction R1 in main text), likely involving disproportionation of
N20s as a surface intermediate (Finlayson-Pitts et al., 2003), is still an active area of research (Bang et al., 2015; Finlayson-Pitts,
2009; Murdachaew et al., 2013; Spataro and Ianniello, 2014), uptake coefficients for NO2 (yyq,) to various surfaces have been
measured. Laboratory determined values of yy,, are generally in the range of 107 to 10~ for humidified and aqueous surfaces of
various composition (Ammann et al., 2005; Broske et al., 2003; Kleffmann et al., 1998; Kurtenbach et al., 2001), however, values
> 10 (Mertes and Wahner, 1995; Msibi et al., 1993) and < 10® (Ammann et al., 2013) to bulk liquid water have been reported.
Studies finding slow uptake of NO, to bulk water understand the process as driven by low solubility and slow aqueous phase
second-order hydrolysis (Cheung et al., 2000; Lee and Schwartz, 1981; Schwartz and Lee, 1995), while studies finding uptake
above that which can be accounted for by these solution-phase processes suggest heterogeneous first-order hydrolysis at the air—
water interface (Bambauer et al., 1994; Finlayson-Pitts et al., 2003; Mertes and Wahner, 1995; Novakov, 1995). Recent efforts to
understand the orders of magnitude variation in laboratory determined yy,, to aqueous surfaces have used electrospray ionization
(ESI) mass spectrometry (MS) to monitor online NO3™ formation from the reaction of NOx() injected into the ESI source region
with aqueous electrosprays containing various concentrations of atmospherically relevant solutes, finding large enhancements in
inferred yyq, of up to a factor of 10* to solutions containing halide salts NaX (X = Cl, Br, I) (Colussi and Enami, 2019; Kinugawa
et al., 2011; Yabushita et al., 2009). It was proposed that interfacial anions (CI', Br’, I') stabilize NO, at the air—water interface,
facilitating heterogeneous hydrolysis. To this end, it was noted that Bambauer et al. (1994) reported enhanced uptake of NO, to
aqueous droplets containing ~ 3 mM NaCl; however, Msibi et al. (1993) reported a value for ¥y, to deionized water of 8.7 x 107
at~ 0.6 ppm NO,—much greater than can be accounted for by dissolution followed by second-order hydrolysis, i.e., Yyo,~ 6 x 10°
% at 10 ppb NO, (Ammann et al., 2013). Due to the unique complexity of the ESI process, further work is required before application
of these results to atmospherically relevant interfacial surfaces (Gallo et al., 2019b, 2019a; Rovelli et al., 2020). Additionally, the
presence of reducing solutes such as ascorbic acid (Msibi et al., 1993) and phenolic humic acid precursor molecules (Ammann et
al., 2005) have been shown to significantly enhance NO, surface uptake via one-electron reduction reactions yielding
HONO/nitrite, and may also contribute to NO, deposition within the interior of leaves (Farvardin et al., 2020).

For use in models of atmospheric chemistry, field-measured y 0, have provided some constraint on the large variation in
laboratory determined values. Kurtenbach et al. (2001) studied heterogeneous HONO formation in a road traffic tunnel in
Wuppertal, Germany, and found yyo, ~ 10 to a sample of tunnel wall residue to be in good agreement with first-order
heterogeneous formation rates of HONO from the tunnel experiments. VandenBoer et al. (2013) report high resolution vertical
profiles (10 m resolution to 250 m AGL; < 10 min/profile) of various trace species including HONO and NO, at the Boulder
Atmospheric Observatory (BAO) in Colorado, U.S. during late winter of 2011. The BAO site was situated in an agricultural region
32 km northeast of Boulder and was decommissioned in 2018 (Wolfe and Lataitis, 2018). VandenBoer et al. (2013) derived ground
uptake coefficients for NO2 (Vno,, grouna) by assuming the column-integrated rate of change of HONO during the first half of the
night (1800-2400) when HONO was increasing from very low daytime concentrations (mid-day photolysis lifetime of HONO <
15 minutes) was due to heterogeneous hydrolysis of NO; occurring on ground surfaces, and found Yno,, grouna t0 vary between 2
x 106 and 1.6 x 107 as a function of RH for the specific wintertime land type in the vicinity of the BAO site (grassland and tilled
fields). Ren et al. (2020) monitored NO, and HONO concentrations at high temporal resolution at a meadow location (grass height
~ 30 cm, LAI ~ 6) in Melpitz, Germany, and similarly compute NO; uptake coefficients due tos reaction R1 during early evening

when HONO is accumulating in the nocturnal boundary layer, finding yyo, = 2.3 £ 1.9 x 106, Collins et al. (2018) found Yno,=



(1-2.3) x 10 from NO, decay, presumably via reaction R1, following indoor (residential) perturbation experiments probing the
gas—surface equilibrium control over HONO concentrations for which surfaces have developed sufficient reservoirs of

HONO/nitrite via heterogeneous reaction of NO» and by deposition of HONO emitted during operation of a gas stove.

S4 Parameterization of soil NO canopy reduction factor (CRF) in GEOS-Chem

Within-canopy NOx loss processes removing up to 70—-80 % of soil-emitted NO in mature forest ecosystems have been required to
reconcile measured soil NO emissions with above-canopy NOx observations (Jacob and Wofsy, 1990; Lerdau et al., 2000; Min et
al., 2014). Emitted from soils as NO and deposited within canopies as NO», deposition-based parameterizations of soil NO canopy
reduction factors (CRF) for use in large-scale CTMs yield global mean reductions in above-canopy soil NOy fluxes from ~ 20 %
(Wang et al., 1998) to 50 % (Yienger and Levy II, 1995). Soil NO in GEOS-Chem follows the Berkeley—Dalhousie Soil NOx
Parameterization (Hudman et al., 2012), with a CRF as implemented by Wang et al. (1998):

kq
kpt kg’

CRF =

(S14)

where k,, [m s!] is the canopy air ventilation coefficient (Martens et al., 2004; Trumbore et al., 1990) and k; [m s!] the deposition
coefticient for NO; in canopy air. k,, is an empirical function of land type, surface wind speed, and LAI and is tuned to yield canopy
air residence times for soil-emitted inert tracers in the Amazon Rainforest of 1 h during daytime and 5 h at night (Jacob and Wofsy,
1990). Nocturnal canopy air residence times on the order of 2—10 h for the Amazon Rainforest have been estimated from in-canopy
measurements of soil-emitted 2?2Rn (Martens et al., 2004; Trumbore et al., 1990). Application of k,, to additional land types in
GEOS-Chem follows:

N A
ky = ky /9 oy (S15)

where u is the wind speed 10 m above the displacement height, kEF is the canopy air ventilation coefficient tuned for the Amazon
Rainforest (LAl = 7, u = 3 m s*') with daytime and nighttime values of 1x102 m s and 2x10° m s, respectively, and y a
nondimensional extinction coefficient for in-canopy wind speed with a value of 4 for both rainforest and temperate forest
ecosystems (Wang et al., 1998). The deposition coefficient k,; in GEOS-Chem is taken as R.(NO»)”/. Hudman et al. (2012) find
that this representation of the CRF in GEOS-Chem results in a 16 % global reduction in above-canopy soil NO emission. Herein,
we compute the CRF following Eqs. (S14-S15) using site specific meteorology and canopy parameters. We set k; =
[(R:(NO3)™ + Repemm(NO, > N,05)71], where in addition to canopy uptake as described through R.(NO), we include an
estimate of the minimum canopy resistance to nocturnal chemical loss of NO2, Rypem (NOy = NpOs) = Vepew™! ~ 2000 s m™!. We
note that k,; following this approach assumes that soil NO is oxidized to NO> on a much shorter timescale (minutes) than nocturnal
vertical mixing of ground-level air parcels—a reasonable assumption given that: (i) nocturnal in-canopy O3 concentrations of 10—
25 ppb are much greater than NO concentrations at this site (Horii et al., 2004; Munger et al., 1996) and (ii) air parcel residence
times for stable evening/nighttime conditions are on the order of tens of minutes to hours in the lower canopy of mature forests
(Bannister et al., 2023; Martens et al., 2004; Trumbore et al., 1990). Recent observations of daytime air parcel residence times in
mature forest canopies are on the order of tens of seconds to a few minutes (Bannister et al., 2023; Martens et al., 2004)—much
less than 1 h to which daytime k& in Eq. (S15) is tuned. Although beyond the scope of this work, updating the parameterization
of k,, in GEOS-Chem to yield more realistic daytime canopy air residence times (Gerken et al., 2017) seems warranted. Such

reductions in simulated daytime canopy air residence times would result in commensurate reductions to the CRF in Eq. (S14) due



to reduced time for deposition of NO, prior to ventilation; however, incorporation of canopy NOyx chemistry into the CRF
parameterization could partially offset these reductions (Delaria and Cohen, 2020; Min et al., 2014). Given the nocturnal focus of
this study, we proceed with using the CRF parameterization from GEOS-Chem, modified to include nocturnal chemical loss of
NO; in addition to deposition, as previously discussed.

As seen in the bottom panel of Fig. S3, the CRF from the base simulation P1 results in canopy-top soil NO reductions of
30 % at night, increasing slightly to 35 % during the day at the location of Harvard Forest over the period April-November. This
weak diel behavior results from a similar day-to-night reduction in both k; and k, of more than an order of magnitude (Fig. S8
includes diel R.(NO;) at the HFEMS). The reversal of the CRF diel pattern seen in updated parameterizations P6—P8 reflect the
large increases in simulated surface uptake of NO, at night through implementation of reaction R1 via dry deposition, discussed in

Section 3.3.3.
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Figure S3: (TOP) Normalized monthly nocturnal soil NO emission simulated from GEOS-Chem at the location of Harvard Forest. (BOTTOM)
Diel climatology (April, July-November) of the soil NO canopy reduction factor (Eq. (S14)) for parameterizations P1-P4, P6, and P7 & PS.
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S5 Simulated diel profiles of V4(x) for measured NOy component species

Figure S4 depicts simulated diel mean deposition velocities from selected updated parameterizations for NOy component species
HNOs, PAN, and NO, over Harvard Forest, aggregated from hourly values computed using observed meteorology and canopy
characteristics. Corresponding simulated component resistances R,, Rp, and R. are depicted in Fig. S8. Unless otherwise indicated,
aerodynamic resistance was computed from the measurement height of 29 m. Depicted simulations of Vy(HNO3) include
parameterizations P2 (equivalent to P1 referenced from measurement height; Table 2), P3 (RSL correction assuming u(z,) >0 m s’
1, P4 (improved calculation of molecular diffusivity), and P8 referenced from both the measurement height (29 m) and the center
of GEOS-Chem’s lowest grid box (~ 60 m). The computation of V4(HNO3) between parameterizations P4 and P8 is equivalent,
i.e., identical formulations of R, and R, (Table 2). The small increase in daytime R, of ~ 15 % due to the incorporation of the RSL
in parameterization P3 (Fig. S8) results in a small (~ 7 %), yet significant (p < 0.05), decrease in daytime V;(HNO3) compared to
P2 values—a slightly greater change than observed over Talladega National Forest (Section 3.1, Table 3) where a higher relative
measurement height (2 4. vs. 1.5 h. at Harvard Forest) dampened the effect of the RSL on R, computed from this altitude. Similarly,
the lower depth of influence of the RSL during nocturnal conditions results in P3 updates having a reduced effect on nighttime
Va(HNO3). Due to low aqueous solubility of NO, and PAN, R. is the dominant term in the resistance pathway for these species
(Fig. S8) outside of infrequent very stable conditions (Fig. S1); accordingly, RSL corrections to R, in parameterization P3 have
negligible influence on resulting deposition velocities for these species. Large reductions in simulated Vy;(HNQO3) are seen for
parameterization P4, where the use of accurate molecular diffusivities results in an increase in Ry(HNO3) of ~ 95 %. Associated
increases in Rp(NO;) and Ry(PAN) of ~ 60 % and 110 %, respectively, result in insignificant reductions to V4(NO;) across all times
of day and small reductions in daytime Vy(PAN) of 7 % due to the dominant contributions of R, for these species. However, due to
the dependence of species-specific stomatal conductance on the ratio of molecular diffusivities D, /Dy, 0, diffusivity updates to
parameterization P4 result in increased stomatal resistances with notable reductions in daytime dry deposition for species that
deposit under stomatal control—up to 13 % and 32 % for NO; and PAN, respectively. At night when stomates are assumed to be
closed (r; > 10* s m™!), non-stomatal branches of R. control deposition, therefore reducing the effects of updates to molecular

diffusivity on the nocturnal dry deposition of NO, and PAN as depicted in Fig. S4.

Included in Fig. S4 for simulated V,4(NO;) is the effect of replacing the non-stomatal branch of R, with rnyg according to
Eq. (8), resulting in large increases in nocturnal Vy(NO;) of up to a factor of 6, as depicted in parameterizations P6 & P8. The
relative increase in daytime Vy(NO>) is much less (24% for P8 with a = 2) due to competing stomatal uptake, however, enough to
restore peak daytime V4(NO;) to base levels. The reduced diel variability in simulated V4(NO,) seen for parameterization P8, ~ 4-
fold compared to 20-fold for P2, is consistent with the diurnal cycles in V4 NO;) inferred from canopy-scale observations where
daytime values are on the order of 2 to 7 times greater than at night (Eugster and Hesterberg, 1996; Hanson and Linderg, 1991;
Plake et al., 2015; Rondén et al., 1993; Stella et al., 2013; Walton et al., 1997). Greater diurnal variation in Vz(NQO;) is seen in leaf-
level uptake studies, where daytime deposition velocities are on average an order of magnitude greater than in the absence of

photosynthetically active radiation (Delaria et al., 2018, 2020).

Turnipseed et al. (2006) present eddy covariance flux observations of PAN over a summertime coniferous forest in North
Carolina, finding appreciable nocturnal dry deposition that increases when the canopy is wet—well-above predicted values from
the W89 scheme. Accordingly, parameterization P8 includes suggested empirical updates for dry deposition of PAN developed by
Turnipseed et al. (2006) for forested ecosystems, namely, setting non-stomatal resistance to cuticular deposition (7, in Eq. (S3)) to

250 s m*! for dry foliage and 125 s m™! for wet foliage. Turnipseed et al. (2006) define leaf surfaces as wet during and immediately
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Figure S4: Simulated diel mean deposition velocities for HNOs, PAN, and NOz over Harvard Forest (June—November). In addition to depicted
parameterizations from Table 2, shown for parameterization P4 is the cumulative effect of molecular diffusivity updates to quasi-laminar sublayer
resistance Ry followed by resistance to stomatal uptake rs, observable for daytime PAN and NO2 which deposit under stomatal control. Simulated
deposition velocities were computed from the measurement reference height of 29 m, unless otherwise indicated (i.e., P§(60 m)). Diel mean
values are from a continuous hourly dataset computed using observed meteorological and canopy-specific (LAI, canopy height) inputs.
Component resistances Rq, R», and Rc are shown in Fig. S8.

following precipitation events or when above-canopy RH > 96 %; herein, for the purposes of computing V4(PAN), we define the
canopy as wet when above-canopy RH > 96 %. To extend applicability to other forest locations, we scale recommended cuticular
resistances by the ratio LAlnrems/ 3.5, where 3.5 m? m? was the LAI at the study site of Turnipseed et al. (2006). This update to
non-stomatal uptake of PAN in parameterization P8 reduces median nocturnal R.(PAN) over Harvard Forest from ~ 1000 s m*! to
200 s m! (Fig. S8), resulting in nocturnal and daytime increases to Va(PAN) of 250 % and 60 %, respectively (Fig. S4). As was
seen with updates to Vy(NO;) in Fig. S4, parameterization P8 updates to V4 PAN) largely restore reduced daytime values in
parameterization P4 to P2 base levels. It is noted that the empirical update from Turnipseed et al. (2006) is not mechanistically

based, nor is it clear as to the general applicability to other land types, locations, or seasons. As is often the case in parameterizations
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of dry deposition processes, further study is warranted. Recent chamber studies of foliar uptake of PAN both question (Place et al.,

2020) and support (Sun et al., 2016) the role of non-stomatal deposition, rendering dry deposition of PAN an active area of research.

Studies comparing CTM-simulated deposition velocities to measurement-inferred values often reference R, from CTM
grid-box-center instead of measurement heights (Clifton et al., 2017; Nguyen et al., 2015; Nowlan et al., 2014; Silva and Heald,
2018). Increases in R, when referenced from the center of GEOS-Chem'’s lowest level (~ 60 m) instead of the 29 m measurement
height over Harvard Forest results in moderate, although significant (p < 0.05), reductions in simulated Vy(HNO3) of 10 %
(daytime) to 20 % (nighttime), as depicted in Fig. S4 by comparing parameterization P8 with P8(60m). These moderate increases

in R, are insufficient to cause significant change to either V4 PAN) or V4(NO;) which deposit under R. control.

S6 Review of nocturnal stomatal behavior

Stomatal pores exist in leaves to optimize plant water-use-efficiency—the number of molecules of H,O transpired per molecule of
CO; fixed via photosynthesis. Stomatal aperture is under guard cell regulation in response to environmental conditions such as
solar radiation, guard cell CO, concentration, soil moisture, water vapor pressure deficit (VPD), and temperature (Costa et al.,
2015; Nobel, 2009). Fully open stomata occupy ~ 0.2-2 % of leaf surface area, with a density of ~ 50-300 stomata per mm? on the
stomata containing surfaces of leaves of temperate terrestrial plants, making available a moist interior leaf surface area to
photosynthetic mesophyll cells that is in the range of 10-50 times larger than the projected leaf area (Nobel, 2009; Nobel et al.,
1975).

Both canopy-scale and leaf-level observations of pollutant gaseous uptake attempt to separate stomatal from non-stomatal
pathways. A simple approach is to assign nocturnal/dark uptake as entirely non-stomatal, dependent on the assumption of stomatal
closure. In addition to darkness, chamber studies may introduce other stimuli known to reduce stomatal aperture, such as water
stress, elevated CO», or the plant hormone abscisic acid (ABA) (Chaparro-Suarez et al., 2011; Costa et al., 2015; Delaria et al.,
2020). Trace gas specific stomatal conductance (gs) may be deduced by scaling stomatal conductance to water vapor (gs)—inferred
in chamber studies by normalizing measured water vapor flux by leaf VPD (Delaria et al., 2020; Thoene et al., 1996; Wang et al.,
2020), and in canopy-scale studies by inversion of the Penman—Monteith equation using above-canopy water vapor flux (Lamaud
et al., 2009)—by the ratio of diffusivities D, /Dy, in air. Estimates of stomatal conductance enable separation of non-stomatal
from stomatal uptake—including estimates of mesophilic resistance to the leaf interior—by non-linear fits to plots of Vy(x) vs g
(Delaria et al., 2020). However, this method assumes that the measured evaporative flux is due entirely to gaseous diffusion of
water vapor through stomatal pores, without contribution from other sources including evaporation from soil or moisture that may
be present on canopy elements as a result of precipitation, dew, or elevated humidity. Significant scatter and elevated values in
inferred g; have been noted at the canopy scale for RH > 60 % and for a period of time (days) following rainfall, motivating efforts
to fit relations of g, to CO; assimilation flux (which assume nocturnal stomatal closure) on ideal days for application across all
conditions of canopy moisture (Lamaud et al., 2009; Plake et al., 2015; Stella et al., 2013).

In addition to the challenge of measuring stomatal conductance under elevated RH, mounting evidence exists for the
presence of thin aqueous films on foliar surfaces at ambient humidities well below saturation, resulting from the deliquescence of
deposited hygroscopic material in the high humidity laminar boundary layer of transpiring leaves (Burkhardt et al., 1999, 2001a;
Burkhardt and Eiden, 1994; Burkhardt and Hunsche, 2013; Grantz et al., 2018). Concentrated solutions of deliquesced material
have sufficiently low surface tension to spread over hydrophobic leaf cuticles and penetrate stomatal pores as thin liquid films (<
100 nm thick), connecting to apoplastic liquid water within the leaf interior—a process known as ‘hydraulic activation of stomata’

(HAS) (Burkhardt, 2010). An osmotic gradient in water potential drives water movement through hydraulically activated stomata
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to the leaf exterior, where evaporation occurs uncoupled from stomatal aperture—a process known as ‘wicking’. This additional
pathway for water efflux escapes stomatal regulation, thereby reducing plant water-use-efficiency and drought tolerance.
Significant increases in minimum cuticular conductance to water on the order of 23—30 % have been noted across coniferous and
deciduous tree species for foliage exposed to ambient air (ionic aerosol concentration of 4.9 ug m) compared to filtered air (ionic
aerosol concentration of 0.67 ug m™) (Burkhardt et al., 2018). Similar experiments conducted on shorter lived faba beans (Vicia
faba) noted significant increases in both minimum cuticular conductance (16 % average, 80 % max) and nocturnal stomatal
conductance (~ 40 %) (Grantz et al., 2018). Foliar exposure studies to higher concentrations of hygroscopic aerosol have found
large increases in nocturnal stomatal conductance (80-90 %) when stomatal aperture was at a minimum, decreasing to less than
30 % for (i) fully open stomata when water vapor dominates transpiration (Burkhardt et al., 2001b) and (ii) 7 h post exposure,
presumably due to stomatal uptake of dissolved ions through thin aqueous films (Motai et al., 2018)—the latter indicating that
wicking via HAS requires continuous deposition of hygroscopic material to leaf cuticles in order to maintain a sufficient osmotic
gradient. Cuticle loads of hygroscopic material of up to 50 pg cm in these exposure studies were in the range found on urban trees
(Burkhardt, 2010).

Considering the evidence for a liquid phase water loss pathway via HAS on plants exposed to moderate levels of
hygroscopic aerosol, overprediction of stomatal conductance may exist in studies conducted near developed environments,
especially under dark conditions when stomatal aperture is at a minimum and wicking from HAS therefore a larger relative fraction
of total foliar water loss. Chamber studies may be particularly susceptible to this overprediction given the mechanically mixed
conditions often used to minimize diffusive boundary layer resistances (Burkhardt et al., 2001b; Pariyar et al., 2013), thereby
confounding partitioning of non-stomatal and stomatal deposition pathways under dark conditions from scaled estimates of
stomatal conductance to water vapor.

Surface area also plays an important role in gaseous uptake within the interior of leaves. Nobel et al. (1975) found that a
4-fold increase in CO, uptake between shade and sun leaves of the deciduous species ‘Creeping Charlie’ (Plectranthus parviflorus)
could be explained by the corresponding increase in mesophyll cell surface area per unit projected leaf area (A™/APeiccted) and
that internal leaf resistance to CO; per unit area of mesophyll (A™*) remained constant. To our knowledge, no such analysis has
been conducted for foliar uptake of NO,. Delaria et al. (2020) provide estimates of mesophilic resistance (r,) for NO; to six
coniferous and four deciduous tree species native to California, with values of 7, ranging from 20-130 s m™' (median 48 s m™!,
mean 57 s m™!) per unit projected leaf area, which at the forest canopy scale would represent a small (< 5 %) and modest (~ 15 %)
fraction of bulk-canopy R.(NO;) for nighttime and daytime conditions at Harvard Forest, respectively, during summer (Fig. S8 &
Table S3). Nonetheless, using the A™/APeiccted yalue of 50 corresponding to deciduous sun leaves from Nobel et al. (1975) and
the NO; uptake coefficient to distilled water of 2.3 x 10" (Table 1), an estimate of 7, due to uptake on moist intercellular leaf
surfaces is ~ 100 s m™!. This suggests, on average, an additional pathway for NO, uptake to leaf interiors with a resistance on the
order of 100 s m! is acting in parallel to reaction R1—a likely pathway being NO, scavenging by apoplastic antioxidants (Farvardin
et al., 2020; Msibi et al., 1993; Ramge et al., 1993; Teklemariam and Sparks, 2006). The assumption that the ratio A™es/AProiected
50 is representative and constant across the species examined by Delaria et al. (2020) is a generalized approximation and further
work is required to understand the mechanisms driving intra- and interspecies variability in 7,,. Future leaf-level study into the
mechanism of foliar NO» uptake would benefit from consideration of possible HAS, A™es/AProieced a5 well as apoplastic antioxidant

concentrations.
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Additional supplemental figures and tables
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Figure SS: Observed plant area index (PAI) and deciduous leaf area index (DLAI) at Harvard Forest from 1998-2015. Leaf area index (LAI)
includes both deciduous and coniferous foliage and is computed herein as a spline-fit to observed PAI corrected for reported stem and twig area
index (STAI = 0.9). Also depicted is a multiyear mean (2005-2008) MODIS LALI for the corresponding 0.25° x 0.25° grid cell. Dots depict
measurements of PAI and DLAI obtained from the Harvard Forest Data Archive (Matthes et al., 2024). STAI = 0.9 was reported by Horii et al.
(2005).
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Table S1: Compilation of binary gas phase diffusion coefficients in air or N2 for atmospherically relevant molecules. Computed values following
the semi-empirical technique of Fuller’s method are tabulated alongside measured values where available. Diffusivities (D,) are reported at 273
K and 101325 Pa following Eq. (3).

Species Fuller's Method Measured Ref.®
Do D,

(cm?sh) (cm?sh)
inorganics
HNO3 0.130 0.099 +0.008 1
NOs 0.142 0.105 +0.053 1
HONO 0.151 0.110 +0.03 1
NH;3 0.228 0.201 +0.011 1
SO2 0.115 0.107 +0.015 1
H2S04 0.094 0.085 +0.011 1
H202 0.168 0.133 +0.04 1
HOBr 0.115 0.096 +0.01 1
HBr 0.127 0.109 +0.033 1
HCI 0.148 0.135 +0.008 1
Cl 0.106 0.107 +0.011 1
I 0.083 0.061 +0.015 1
Br 0.096 0.086 +0.007 1
NO2 0.157 0.145 +0.001 2
N204 0.111 0.084 +0.004 2
N20s 0.103 0.081 +0.005 2
CIONO2 0.100 0.085 +0.001 2
O3 0.152 0.153 +0.001 2
H20 0.229 0.218 3
CO2 0.133 0.138 3
N20 0.164 0.144 3
CcO 0.161 0.181 3
NO 0.199 0.180 3
organics
methane 0.181 0.190 +0.006 4
ethane 0.122 0.129 +0.006 4
propane 0.097 0.098 +0.006 4
ethylene 0.129 0.140 +0.006 4
benzene 0.077 0.081 +0.003 4
toluene 0.069 0.076 +0.005 4
xylene 0.064 0.061 +0.006 4
methanol 0.138 0.142 +0.012 4
ethanol 0.106 0.111 +0.008 4
acetone 0.091 0.092 +0.006 4
methyl ethyl ketone 0.082 0.078 +0.002 4
formic acid 0.125 0.131 +0.005 4
acetic acid 0.100 0.106 +0.006 4
peroxyacetyl nitrate 0.080 - -
Hydroxymethyl
hydroperoxide 0.107
CCla 0.070 0.069 +0.003 5
CH2Clz 0.090 0.089 +0.005 5
CHCI3 0.078 0.078 +0.003 5
CHBr3 0.073 0.066 +0.001 5

@ References for measured diffusion coeficients:
(1) Tang et al. (2014)

(2) Langenberg et al. (2020)

(3) Massman (1998)

(4) Tang et al. (2015)

(5) Guetal. (2018)
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Table S2: Inferred NO: uptake coefficients yy, to both non-foliar and foliar materials from literature values of surface deposition velocities V4", Abbreviations used: Eddy Covariance (EC),
Coniferous (C), Deciduous (D), Broadleaf (BL), Non-Stomatal (NS), Table (T), and Figure (F).

Material Measurement Technique | Zad Yno,® Surface Area® T RH Ref.0®)

method/location/condition [cm s [unitless] [°C] [%]

Non-Foliar Surfaces

Teflon chamber/ lab ~0 ~0 total 29.4 unknown 1
distilled water chamber/ lab 0.021 23x10°¢ total (planar) 294 N/A 1
concreate (fine) chamber/ lab 0 0 geometric 22 30 2,T5
0.01 1.1x10¢ 50
0.01 1.1x 10 90
concrete (coarse) chamber/ lab 0 0 geometric 22 30 2, TS
0.02 2.2x10° 50
0.03 3.3x 10 70
0.03 3.3x10° 90
wood board (untreated, chamber/ lab 0 0 geometric 22 50 2, T5
hard, fine, aged) 0.007 7.6 x 107 70
0.015 1.6 x 10¢ 90
plywood (untreated) chamber/ lab 0.013 1.4x10° geometric unknown(®) 50 2, T2
tree bark (wet) chamber/ lab 0.093 1.0x 107 geometric 29.4 N/A 1
tree bark (dry) chamber/ lab 0.047 5.0x10° geometric 294 unknown 1
forest floor (hardwood) chamber/ lab 0.47 5.0x 107 planar 29.4 unknown 1
forest floor (coniferous) chamber/ lab 0.48 5.1x107 planar 1
forest floor chamber/ field 0.40 43x107 planar ~20+6 ~60 £ 20 3
snow EC/ prairie/ winter 0.14 1.6 x 107 planar -20t0 0 N/A 4@
Foliar Surfaces
White pine (Pinus strobus): C chamber/field/ NS at gy,o=0 0.043 4.7x10° projected leaf area ~20 ambient 50
0.016 1.7x 10 total leaf area(®
10 tree species: 6 C,2 D, 2 BL chamber/ lab/dark 20 <90 6®
-average of 6 C species 0.034 (0.009-0.087)  3.7x 10 projected leaf area 6, T2M
0.013 1.4x10¢ total leaf area(®
-average of 2 D & 2 BL species 0.017 (0.004-0.037) 1.9x 10 projected leaf area 6, T2M
CA QOak (Quercus agrifolia): BL chamber/ lab/ dark 0.015 1.6 x 10°° projected leaf area 22 50-65 7, T1
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3 tree species: 3D, 1 BL,1C chamber/ lab/ 8@
-average of all 5 species (~ D & BL) dark 0.012 (0.004-0.021)  1.3x10° projected leaf area 20+3 50+4 8, F7®™
2 tree species: 2 C (avg. of 2 C chamber/ field/ dark 0.056 (0.03-0.08) 6.2x10° projected leaf area ~10-14 ~50-70 3@, T2®™
species Norway Spruce & Scots Pine) 0.021 23x10°¢ total leaf area(®
8 tree species: 3 C,5 D chamber/ lab/ 294 unknown 1
-average of 3 C species dark (min gg,0) 0.015 (-0.003-0.03)  1.6x10° total leaf area 1, F4®D
0.041 43x10° projected leaf area
-average of 5 D species NS at gy,0=0 0.014 1.5x10° projected leaf area 1, T2®
Norway Spruce (Picea abies L.): C chamber/ field/ dark 0.014 1.5x10° projected leaf area ~12£3 ~82+12 9@, T20
0.0052 5.7x 107 total leaf area(®
Deciduous/Broadleaf (average) 0.015 1.6 x 10°° projected leaf area 50 to <90 1,6-8
Coniferous (average) 0.038 4.1x10° projected leaf area 50 to <90 1,3,5,6,9
Coniferous (average) 0.014 1.5x10° total leaf area® 50 to <90 1,3,5,6,9

rf

@ Uptake coefficients for NO inferred herein from literature values of surface deposition velocities: yyo, = 4 v;u 77 1, where ; is the mean thermal speed of NO2, and v;urf the surface-

specific deposition velocity measured from well-mixed (minimal R, + R») chamber studies, with the exception of uptake to snow which was measured via the eddy covariance technique.
®) Surface area used to normalize surface-specific deposition fluxes in the computation of surface-specific v;urf .

© Assume chamber temperature of 20 °C for calculating yyo, .
@ v;wf to snow was computed herein from reported eddy covariance (EC) inferred R.(NO:) to snow of 740 £ 210 s m™!; we compute 7; at 260 K.
© Reported v;urf for coniferous species normalized to projected leaf area is scaled herein to reflect uptake to total leaf surface area—a factor of 2.7 for coniferous needles (see Section 2.4).

® 3 D species reported with NS v;wf (at gu,o= 0) not significantly different from zero, which we omit from analysis due to inability to compute v;urf for dark conditions.
(® References which find stomatal conductance sufficient to explain observed NO2 uptake.

(M Mean value averaged herein from values reported in indicated table or estimated from indicated figure (i.e., T2 = Table 2; F7 = Fig. 7) of reference.

o v;urf computed herein by normalizing reported (from Table) or estimated (from Figure) mean NO: flux by mean concentration.

() References for surface-specific v;urf (NO,)
(1) Hanson et al. (1989)

(2) Grentoft and Raychaudhuri (2004)

(3) Rondon et al. (1993)

(4) Stocker et al. (1995)

(5) Wang et al. (2020)

(6) Delaria et al. (2020)

(7) Delaria et al. (2018)

(8) Chaparro-Suarez et al. (2011)

(9) Breuninger et al. (2013)
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Table S3: Monthly mean nocturnal (20:00-04:00 LST) above-canopy Va(NO3) at Harvard Forest computed using bulk-canopy R.(NO) parameterized following: (i) Z03 scheme; (ii) bottom-up
estimates of component canopy surface resistances using surface-specific NO2 uptake coefficients (Table 1) and relevant surface area scaling; (iii) rnyd following Eq. (8) with top-down constraints
on the surface area scaling term a.

Jan. Feb. March April May June July Aug. Sept. Oct. Nov. Dec.
Canopy Conditions ®
T@ 15 m|[°C] -7.0 -6.7 -0.3 3.9 9.2 15 17 19 14 7.2 2.4 2.7
RH @ 15 m [%)] 83 72 83 72 86 93 92 92 95 90 87 79
LAI 0.83 0.83 0.83 0.83 2.2 4.1 4.2 4.2 4.0 2.6 1.0 0.83
U, [ms'] 0.52 0.58 0.53 0.45 0.43 0.39 0.36 0.36 0.39 0.40 0.51 0.55
Aerodynamic Res. ®
R4(29 m) [s m™'] 11.6 10.1 11.3 13.9 13.2 14.9 16.9 17.3 15.7 14.6 10.7 12.0
Quasi-Laminar Res. ®
Rs(NO2) [s m™'] 14.0 12.1 12.8 14.9 14.8 16.4 17.8 16.7 16.3 15.4 12.6 12.5
703 V4(NO2) ©
Re, canopy [s m-'] 691 652 574 645 673 676 715 788 600 652 527 638
Va[em s!] 0.17 0.21 0.23 0.19 0.19 0.18 0.16 0.20 0.20 0.20 0.24 0.20
Bottom-up Va(NO2) @
7e, leaf [s m1] 3410 3410 3370 3250 1850 1070 1010 1060 1140 1720 2990 3380
7e, bark [s m!] 779 782 725 707 637 578 579 617 624 666 682 736
7a, canopy [s m’!] 573 495 561 691 1350 2480 3040 3040 2480 1590 628 513
7e, floor [s m™] 307 296 284 272 260 256 255 254 256 263 273 291
Rc, canopy [s m'!] 352 324 313 347 324 305 315 327 329 345 303 315
Re, canopy [s m''] © 464 419 411 469 444 422 435 450 451 473 401 412
Va[em s 0.28 0.31 0.32 0.29 0.30 0.32 0.30 0.30 0.30 0.29 0.33 0.32
Vilems']© 0.22 0.25 0.25 0.22 0.23 0.23 0.23 0.22 0.22 0.22 0.26 0.25
Top-down Va(NO3) O
Re = riya(a=1) [s m™'] 881 1013 928 1087 969 822 795 728 774 896 847 924
Re = riya(a=2) [s m''] 456 531 474 549 485 411 397 364 387 450 427 475
Va(o=1) [cm s] 0.11 0.1 0.11 0.1 0.11 0.12 0.12 0.13 0.13 0.11 0.12 0.11
Va(0=2) [cm s7'] 0.21 0.19 0.21 0.19 0.21 0.24 0.24 0.26 0.24 0.22 0.23 0.21

@ T, RH, and u+ are nocturnal (2000-0400 LST) monthly medians from an hourly data set spanning 2000-2002. Periods of low turbulence (u* < 0.2 m s™') were excluded from analysis.

® Above-canopy aerodynamic resistance computed as R.(29m) = u (29 m)/u+’; quasi-laminar boundary layer resistance R» computed following Eq. (S2).

© Nocturnal Va(NO3) following the Z03 scheme (Zhang et al., 2003), as described in Section 2.1.2.

@ Bottom-up Va(NO2) computed following Eq. (2), with R.(NO>) following Eq. (10). Component 1, = 4/(¥; y «), where uptake coefficients are from Table 1, as described in Section 3.3.4.

() Computed with uptake to bark reduced by a factor of two (i.e., 2 x . bark) (Section 3.3.4).

® Top-down V4(NO3) computed following Eq. (2) and 7y following Egs. (8-9). Snow fraction is computed following Z03, and ¥gnow = 1.6 x 10~ is used for all available surface area for i, o
=1, and % of available surface area for raya, o0 =2.
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Figure S8: Median component resistances Ra, R», and R. from parameterized deposition velocities for HNO3, NO2, and PAN over Harvard Forest.
Aerodynamic resistance R, is common to all species and depicted for parameterizations P2 and P3 computed from the 29 m or 60 m measurement
height, as indicated. Quasi-laminar boundary layer resistance R» is shown for all species according to parameterizations P1 and P4. Surface layer
resistances R for NO2 and PAN are depicted for parameterizations P1, P4, P6, and P8 (equivalent to P7 for NO2; Table 2).
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Figure S9: (TOP) Hourly eddy covariance NOy fluxes and (BOTTOM) resulting exchange velocities Vex(NOy) as a function of NOy
concentration over Harvard Forest. These publicly available measurements (Section 2.2.2) were made over an established mixed deciduous forest
(Harvard Forest, MA, U.S.) from June—November 2000. Estimated above-canopy soil NO flux was subtracted from measured hourly NOy fluxes
in order to estimate Vex(NO,) due to deposition (depicted as ‘corrected for soil NO”). Data excluded by a day/night Vex(NO,) outlier filter are
shown in blue. Data points excluded from analysis based on visual inspection are circled. Hourly observations made under conditions of low

turbulence (U, < 0.2 m s™!) were excluded from analysis (Section 2.2.2).
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