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Abstract Dissolved organic matter (DOM) concentrations and composition within wet deposition are rarely
monitored despite contributing a large input of bioavailable dissolved organic carbon (DOC) and nitrogen
(DON) to the Earth's surface. Lacking from the literature are spatially comprehensive assessments of
simultaneous measurements of wet deposition DOC and DON chemistry and their dependencies on metrics of
climate and environmental factors. Here, we use archived precipitation samples from the US National
Atmospheric Deposition Program collected in 2017 to 2018 from 17 sites across six ecoregions to investigate
variability in the concentration and composition of depositional DOM. We hypothesize metrics of DOM
chemistry vary with ecoregion, season, large‐scale climate drivers, and precipitation geographic source.
Findings indicate differences in DOC and DON concentrations and loads among ecoregions. The highest wet
deposition concentrations are from sites in the Northern Forests and lowest concentrations from sites in Marine
West Coast Forests. Summer and autumn samples contained the highest DOC concentrations and DON
concentrations that were consistently above detection limit, corresponding with seasonality of peak air
temperatures and the phenology of the growing season in the northern hemisphere. Compositional trends
suggest lighter DOM molecules in autumn and winter and heavier molecules in spring and summer. Climate
drivers explain 51% of variation in DOM chemistry, revealing differing drivers on the concentrations and loads
of DOC versus DON in wet deposition. This study highlights the necessity of incorporating DOC and DON
measurements into national deposition monitoring networks to understand spatial and temporal feedbacks
between climate change, atmospheric chemistry and landscape biogeochemistry.

Plain Language Summary Organic matter concentrations in wet deposition–or rain–are rarely
reported, even though they contribute significantly to the dissolved organic matter (DOM) reaching the Earth's
surface. We particularly lack insight into trends in the dissolved organic nitrogen (DON) portion of DOM. In
this study, we examine how wet deposition DOM concentration, composition, and source change over time and
across different regions. We hypothesize that the concentrations and composition of dissolved organic carbon
(DOC) and DON in wet deposition will vary by region, show seasonal patterns, and be influenced by large‐scale
climate factors. To test these hypotheses, we use archived samples from the US National Atmospheric
Deposition Program to analyze wet deposition DOM from samples collected in 2017 to 2018 across the U.S. Our
results show that the concentrations of wet deposition DOM varied among regions, with most sites showing the
highest values during the summer and fall seasons. Climate factors explained much of the variation in DOM wet
deposition, but the carbon and nitrogen fraction of organic matter were related to different climate factors.
Monitoring the exchange of organic matter between the atmosphere and the land surface provides valuable
insights into the role of deposition in carbon and nitrogen cycles.

1. Introduction
Atmospheric wet deposition (e.g., precipitation) of organic carbon (C) and nitrogen (N) represents a critical
proportion of bioavailable elements exchanged between the atmosphere and land surface. The composition of wet
deposition is a function of landscape emissions, in‐atmosphere chemical transformations, airmass transport, in
and below cloud precipitation scavenging, and precipitation rate. Both natural and anthropogenic processes emit
volatile organic compounds (VOCs) some of which contain N (N‐VOCs). Processes that introduce organic C and
N into the atmosphere include decomposition (Isidorov et al., 2010), pollen dispersal, tree leaf‐out/senescence
(Neff et al., 2002), biomass burning (Coggon et al., 2016), as well as anthropogenic practices such as agriculture
(Cornell et al., 1995, 2001; Mace et al., 2003; Seitzinger & Sanders, 1999). Different emission sources of organic
aerosols contain distinct types of organic functional groups, some of which can dissolve within precipitation
directly via dissolution or indirectly via aerosol scavenging (Cape et al., 2011; Lee et al., 2022). The atmospheric
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residence time of (N)VOCs varies, depending on molecular weight and reactivity (Cape et al., 2012; Millet
et al., 2004). Molecules may be transported to distant ecosystems via long‐range airmasses, persisting in the
atmosphere for weeks at a time, while others persist for only a few days, likely deposited to closer ecosystems via
short‐range airmasses.

Dissolved organic matter (DOM) within wet deposition represents a diverse and complex pool of molecules
(Altieri et al., 2009, 2012; Gorzelska et al., 1992; Raymond, 2005). Concentrations and loads of dissolved organic
carbon (DOC) are more commonly reported in deposition assessments relative to dissolved organic nitrogen
(DON) (Iavorivska et al., 2016; Liptzin et al., 2022). Quantification of DON in wet deposition concurrently with
DOC is important as it is a quantitatively significant fraction of wet deposition N contributing on average 30% and
up to 92% of the total N load in precipitation (Cornell, 2011). Within the biosphere, DOC and DON fate and
stoichiometry are not necessarily parallel (Brookshire et al., 2007; McDowell et al., 2004; Rodríguez‐Cardona
et al., 2022; Vanguelova et al., 2010; Verstraeten et al., 2016; Wymore et al., 2015) necessitating the specific
quantification of DON. Wet deposition of DON contributes bioavailable compounds to terrestrial ecosystems
(Scudlark et al., 1998; Seitzinger & Sanders, 1999; Vet et al., 2014) and can stimulate biologic uptake to the same
extent as inorganic N (Mladenov et al., 2012; Russell et al., 1998; Violaki et al., 2010). DON can also serve as an
energy or nutrient source in ecosystems driving an array of ecosystem and biogeochemical processes (Murray
et al., 2023; Neff et al., 2002; Wymore et al., 2015).

While assessments on the spatial and decadal trends of depositional DOC and DON have been conducted
independently (Cornell, 2011; Cornell et al., 2003; Jickells et al., 2013; Liptzin et al., 2022; Murray et al., 2022;
Neff et al., 2002), spatially comprehensive data sets containing simultaneous measurements of both the C and N
fraction of DOM in wet deposition are lacking. In the U.S., the National Atmospheric Deposition Program
National Trends Network (NADP NTN) measures weekly wet deposition chemistry at 384 sites and has focused
on quantifying dominant cation and anions in wet deposition (pH, conductivity, Ca2+, Mg2+, K+, Na+, NH4

+,
NO3

−, Cl−, SO4
2−). This program was largely motivated by the impacts of acid rain and implementation of the U.

S. Clean Air Act and equivalent policies in Europe such as the Directive on Ambient Air Quality Assessment and
Management. Previous efforts quantifying the spatiotemporal variability of wet deposition have understandably
focused on inorganic N due to the clear connection between anthropogenic emissions and ecosystem effects of
inorganic N producing useful management guidelines such as ecosystem‐specific nitrogen critical loads (CL;
Aber et al., 1998; McDowell et al., 2004; Lovett & Goodale, 2011). Ecosystem CLs assess whether inputs of N via
deposition exceed nutrient threshold tolerable to the ecosystem without adverse impacts (Kuylenstierna
et al., 2001; Schulze et al., 1989). The calculation of ecoregion‐specific CLs currently only considers inorganic N
deposition (Pardo et al., 2011) due to the sparsity of monitoring DON. The lack of DOC and DON measurements
were historically justified based on the assumption that organic molecules in wet deposition are sourced from
short‐range airmasses reflecting local background recycling processes, complemented by the analytical chal-
lenges and expense in measuring DON (Cornell, 2011; Cornell et al., 2003). In recent decades, however, studies
have found the potential for long‐range deposition of organic matter, and analytical resources have improved
(Cape et al., 2011).

The few continuous published long‐term records of wet deposition DOM indicate that both DOC and DON
concentrations have increased over the last 2 decades while displaying distinct phenology (Benedict, Carrico,
et al., 2013; Murray et al., 2022; Verstraeten et al., 2016). These observations evoke questions pertaining to the
role these molecules play in terrestrial and aquatic biogeochemical cycles. Understanding the dynamics and
drivers of wet deposition DOC and DON concentration, relative abundance, and molecular characteristics is
important for understanding the full suite of deposition inputs into global ecosystems and their potential effects on
surface water chemistry (e.g., Murray et al., 2023). Because wet deposition DOC and DON concentrations are
rarely reported alongside one another, considerable gaps remain in understanding how long‐term trends may be
influenced by global climate change. It remains unknown, for example, how changes in ecosystem seasonality,
airmass patterns, precipitation intensity, and air temperature may influence emissions and delivery of organic
matter to the Earth's surface. Shifts in precipitation phase from snow to rain because of warming winters (Contosta
et al., 2017) may also be a potential factor affecting the composition of wet deposition (Murray et al., 2022), with
rain potentially favoring smaller, more labile DOM compounds (Lei & Wania, 2004; Mitra et al., 1990).
Determining the relationship between wet deposition DOM concentration and composition and climate drivers is
critical for interpreting the role of global climate change within the growing library of long‐term trends on wet
deposition chemistry (Du et al., 2024).
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Here, we leverage archived samples collected from 17 NADP NTN sites across six North American ecoregions
spanning 2 years. We use this data set to ask: what is the spatiotemporal variability in wet deposition DOM
concentration, composition, and geographic source? We hypothesize that (H1) DOM wet deposition concen-
tration, load, and composition will differ among ecoregions that represent a gradient of temperature and pre-
cipitation conditions; (H2) DOM wet deposition concentration, load, and composition will display seasonality,
with values most different during warmer months due to heightened biogenic emissions during the northern
hemisphere growing season correlated with higher air temperature; and (H3) short‐range airmasses will be
associated with higher DOM concentrations, and short‐ and long‐range airmasses will differ in DOM compo-
sition. We also examine the relationship between climatic variables and DOM wet deposition chemistry using a
multivariate redundancy analysis. Results from this study highlight whether, and at what scale, measurements of
DOC and DON should be included in deposition monitoring networks and provides hypotheses for the abiotic and
biotic controls on wet deposition DOM.

2. Materials and Methods
2.1. Site Selection

We used archived samples from 17 NADP NTN sites distributed across the continental U.S. (Figure 1) to hindcast
DOM wet deposition concentration and composition. The subset of NADP NTN sites selected for this study were
based on level 1 EPA ecoregions that represent a gradient of temperature and precipitation conditions (Figure 1),
specifically Marine West Coast Forests (AK02, WA14), Northwestern Forested Mountains (MT05, WY08, CA96),
North American Deserts (NV05, AZ03), Great Plains (ND00, IA23, OK00), Eastern Temperate Forests (TX03,
LA30, GA09, TN11, WV05) and Northern Forests (MN32, ME09). Study sites were located within national or state
parks, research stations, wildlife refuges, or U.S. Forest Service land. Sites were selected based on distance from a
major city center (e.g., >50 miles from populations >10,000), and overlapping sampling dates within 1 January
2017, to 31 December 2018, with approximately one sample from each site per month in 2017 to 2018. Anomalous
meteorological patterns, such as El Nino/La Nina, were classified as neutral during 2017 and 2018.

2.2. Wet Deposition Chemistry Analyses

2.2.1. Archived Sample Validation

Wet deposition samples were collected according to NADP standard operating procedures. Only samples with the
highest NADP quality ranking were selected for this study. Filtered wet deposition samples were stored in HDPE

Figure 1. (a) Map of selected NADP study sites for archived sample analysis shown with level 1 EPA ecoregion boundaries
and (b) the relationship between site‐level mean annual precipitation (mm) and air temperature (°C) with site colors grouped
by level 1 EPA ecoregion.
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bottles in a dark fridge held at 4°C at the NADP Central Analytical Laboratory (Madison, WI) until selected
samples were overnight shipped in September 2022 to the University of New Hampshire Water Quality Analysis
Lab (UNH WQAL) where they were immediately stored in a dark fridge held at 4°C until sample analyses in
October 2022. Archived wet deposition samples are viable for reanalysis (Harvey, 2001; Nanus et al., 2018)
because rain is generally nutrient dilute and absent of microbial activity, relative to surface waters for example,
However, to test this assumption, we reanalyzed samples for NO3

− and NH4
+ to determine whether samples were

viable for additional analyses of TDN, DOC, DON (by subtraction), and DOM spectral properties. The NADP
NTN measures concentrations of NH4

+ and NO3
− using ion chromatography. For direct comparison we also

measured these ions using automated ion colorimetry on a SmartChem 200 (NH4
+ detection limit

(DL) = 0.004 mg N/L and NO3
− DL = 0.005 mg N/L). Measures of NO3

− and NH4
+ represent the atomic portion

of N and are reported as NO3–N and NH4–N. We compared concentrations of NH4
+ and NO3

− measured at the
UNH WQAL and to historical NADP measurements. We considered samples invalid and excluded them from the
final data set if either NH4

+ or NO3
− contemporary concentrations had more than ±10% misalignment from the

historic measurements. This threshold is used as an indicator for error in analytical chemistry QA/QC procedures
at the UNH WQAL.

Inorganic N concentrations from archived samples showed strong agreement with contemporary measurements
(Figure 2a), suggesting minimal to no deterioration of bioavailable N‐containing compounds during sample
storage. Out of the 298 archived samples analyzed, 8% (24 samples) were invalid, and were excluded from data
analyses. For samples within the accepted 10% error range, NH4

+ concentrations were overall lower and NO3
−

concentrations higher in contemporary measurements relative to historic concentrations (Figure 2a). No ecor-
egion‐ nor temporal‐specific patterns were detected between historic and contemporary inorganic N
concentrations.

2.2.2. DOM Analyses

Total dissolved N and DOC were analyzed using high‐temperature catalytic oxidation on a Shimadzu TOC‐LCSH
with a TNM‐1 Total Nitrogen Module (TDN DL = 0.05 mg N/L and DOC DL = 0.1 mg C/L). Concentrations of
DON were determined as the difference between DL corrected TDN and dissolved inorganic nitrogen (DIN),
where DIN is the sum of NO3

−–N and NH4
+–N. A DL of 0.01 mg N/L was assigned to DON. Data below the DL

were included in data analysis and assigned ½ the DL. Relative abundance was calculated by dividing DL‐
corrected NO3

−–N, NH4
+–N, and DON concentrations by TDN concentrations (as the sum of DL corrected

DIN and DON concentrations; Figure 2b). Given our ability to recover DIN within 10% error (Figure 2a), our
estimates of organic matter concentrations in the sampling bucket at the time of collection are representative of
concentrations at the time of sample collection, however we recognize that values may be conservative based on
some loss of DOM prior to sample collection (Walker et al., 2012). Loads of DOC and DON were calculated as

Figure 2. (a) Scatter plot between validated contemporary (i.e., measured at UNH WQAL). and historic (i.e., measured at
NADP NTN lab at the University of Wisconsin) measurements of NH4–N (black) and NO3–N (blue) concentrations (mg N/
L) (n = 274). The orange line is a 1:1 line, the blue and green lines are ±10% of the 1:1 line, respectively. Not shown are the
28 samples outside of the 1:1 ± 10% line which were excluded from statistical analyses; (b) Ternary diagram of relative
abundance (%) of DON, NH4, and NO3 from all sites. Shapes represent the season during which each sample was collected
with points colored by dissolved organic carbon concentration (mg/L).
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the product of DOC or DON concentration (mg/L) and the precipitation depth (mm) reported by NADP divided
by the number of days within a sampling window, yielding units of load in mg per m2 per day.

The composition of DOM wet deposition was assessed via optical properties and the molar stoichiometric ratio of
DOC: DON was calculated for only those values where DON was above DL (n = 39). Ultraviolet (UV)
absorbance of wet deposition samples was measured using a Thermo Genesys 150 UV‐Vis Spectrophotometer
(Thermo Fisher Scientific, Waltham, MA, USA) that scanned from 240 to 700 nm in 1‐nm intervals. Log
transformed absorption spectra in the ranges of 275–295 and 350–400 nm was fit nonlinearly to an exponential
function to determine spectral slope (S) (Helms et al., 2008). Slope ratio (SR) was calculated as the ratio of slopes
for the 275–295 and 350–400 nm ranges and is an indicator of DOM molecular weight (Helms et al., 2008). Slope
ratio is negatively correlated to DOM molecular weight wherein a steeper SR slope is reflective of more low
weight organic compounds while shallower slopes are heavier weight organic compounds. All contemporary
measurements and historical NADP variables are available in the associated open‐source data repository for this
manuscript.

2.3. Spatial and Seasonal Scale Variability in DOM Wet Deposition

To test our first hypothesis, that DOM wet deposition concentration and load (DOC, DON) and composition
(DOC: DON ratios, SR) differ between ecoregions, we applied a linear mixed effects analysis of variance
(ANOVA) using a random intercept approach. The model was implemented with ecoregion as a fixed effect and
site as a random effect because multiple sites are nested within an ecoregion (Figure 1). Modeling was conducted
in RStudio using the lmerTest and multcomp packages. If the overall ANOVA was significant (e.g., F‐value
>0.05), a Tukey HSD post‐hoc test was employed to test specific differences between ecoregions and DOM
variables. Post‐hoc p‐values were adjusted using the Holm method and significance was determined at the 0.05
alpha level. DOC and DON concentrations, DOC: DON and SR were log10 transformed prior to analyses
(Isles, 2020).

To test our second hypothesis, that DOM wet deposition concentrations, loads, and composition display sea-
sonality, we used a nonparametric Kruskal‐Wallis (KW) test between DOM wet deposition variables and month.
A Dunn post‐hoc test was used to determine differences between our response variables by month with signif-
icance determined at the 0.05 level and p‐values transformed using the Holm method. Analyses were performed in
RStudio using the FSA and stats package. Quantifying overall and site‐specific seasonality of wet deposition
DOM allows for understanding how trends at the local scale reflect trends at the continental scale. Site‐level KW
and post‐hoc tests were also conducted on a seasonal scale (i.e., differences in values of DOM wet deposition
between samples collected in winter, spring, summer, and autumn). Molar ratios of DOC: DON were not included
in the site‐level KW test due to lack of representation of valid data (i.e., DON concentrations > DL) occurring in
all seasons across sites.

2.4. Climate Drivers of Wet Deposition DOM

To analyze the relationship between climatic drivers and DOM wet deposition, we performed a multivariate
redundancy analysis (RDA; Legendre & Legendre, 1998) in RStudio using the vegan package (Jari Oksanen
et al., 2018). Redundancy analysis allows for constraining not only the strength of explanatory variables with the
canonical axes, indicated by the length of vectors, but also the correlation between explanatory and response
variables, which are indicated by the direction and angles between these respective vectors (Legendre & Leg-
endre, 1998). Response variables included log10 transformed site means of DOC and DON concentrations and
loads, DOC: DON molar ratio, and SR. Site TN11 was excluded from the analysis due to missing data needed to
complete the matrix. Explanatory variables included the predominant cardinal direction of airmasses arriving to a
site, frequency of samples derived from short‐range or long‐range airmasses, frequency of the type of precipi-
tation (e.g., rain or snow) in deposition samples, precipitation seasonality index, site mean annual temperature
(MAT) and precipitation (MAP). Derivation of predictor variables are described in detail below.

2.4.1. Modeling Airmass Backtrajectories and Directionality

Airmasses are the vector by which emissions of chemicals and aerosols are distributed to other systems and are
therefore a proxy measurement for attributing the spatial trajectory of landscape emission sources to wet
deposition chemistry. We used a “top down” approach to provide a general sense of the distance and cardinal
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direction of precipitation‐carrying airmasses arriving to a given site during our study period (Cape et al., 2011).
Daily backward trajectory of airmasses to each NADP site was calculated using the NOAA HYSPLIT model
version 5.2.1 (Draxler, 1999; Draxler & Hess, 1997, 1998; Stein et al., 2015). For each site, trajectories with a 24‐
hr run time were computed from 1 January 2017, to 31 December 2018, using the archived data from the Global
Data Assimilation System (GDAS) meteorological data set at 1‐degree resolution. The model output is a pair of
latitude and longitude coordinates (e.g., X, Y) for each hour across the 24‐hr period. The series of paired X and Y
coordinates originate (i.e., hour −24) at the beginning of the airmass trajectory and terminate (i.e., hour 0) at the
study site location.

For all subsequent analyses, we selected only those airmasses that contributed precipitation during a wet depo-
sition sampling window (defined from sample deployment to collection). Detection of daily precipitation pres-
ence or absence was conducted using the Daymet Daily Surface Weather Data on a 1‐km Grid for North America,
Version 4 R1 (Thornton et al., 2022) accessed via the Python daymetpy package (version 1.0.0). Daily precip-
itation values were downloaded for the cell corresponding to the latitude and longitude of the study site. We then
assigned a daily airmass as containing precipitation if the corresponding precipitation value accessed from
Daymet was greater than zero.

To determine the predominant cardinal direction of airmasses arriving at a given site, we input the precipitation‐
containing 24‐hr backtrajectories into the cluster analysis option in the HYSPLIT model. This analysis determines
the mean path of dominant groups of airmasses, which allows for assigning common patterns of airmass delivery.
The number of clusters chosen by the HYSPLIT model is based on the maximum reduction in total spatial
variance and the output allows for each daily airmass backtrajectory input to be assigned a cluster value. We
determined the predominant airmass direction as the cluster with the highest percentage of daily precipitating
trajectories classified under a cluster value (Figure S1 in Supporting Information S1). The bearing of the pre-
dominant cluster trajectory at each NADP site was calculated using the Haversine formula and subsequently
assigned a cardinal or intercardinal direction (e.g., north, south, east, west, northwest etc.). We visually assessed
the geographic source of the predominant airmass cluster and directionality relative to each site.

To assign the frequency of wet deposition derived from short‐range or long‐range airmasses, we classified each
precipitation‐containing airmass backtrajectory as short‐range (e.g., origin of airmass < 100 km from study site;
Aliaga et al., 2021) or long‐range (origin of airmass > 100 km from study site). Most weekly deposition samples
correspond to more than one daily precipitation event; therefore each observation of wet deposition was cate-
gorized as being sourced from short‐range airmasses, long‐range airmasses, or a combination of short‐and‐long‐
range airmasses.

To test our third hypothesis, we subset the data by site and calculated the mean of DOC and DON concentrations
and the slope ratio for each airmass category (i.e., short, long, or combination of short‐and‐long) which were used
to calculate the ratio between the short and long airmass categories (e.g., μ[DOM]short: μ[DOM]long). If the ratio is
greater than 1, the site has on average greater DOM values in short‐range airmasses, and if the ratio is less than 1
the site has on average greater DOM values in long‐range airmasses. Seven out of 17 sites contained samples only
sourced from long‐range or only sourced from short‐range airmasses in combination with the mixed bin of short‐
and long‐range airmasses, which prevented us from calculating the short: long ratio for these sites.

2.4.2. Precipitation Phase

Precipitation phase can influence the concentration and composition of C and N in deposition (e.g., Murray
et al., 2022) because of the greater capacity of snow particles to scavenge heavier molecules due to increased
surface area relative to rain (Lei & Wania, 2004; Mitra et al., 1990). To determine how precipitation phase of our
archived samples influences organic matter in wet deposition, we hindcasted the frequency of whether samples
are sourced from rain, snow, or mixed precipitation at a given site. Daily air temperature values were downloaded
for the cell corresponding to the latitude and longitude of the study site from Daymet. For each deposition
collection window, we hindcasted the proportion of precipitation in the sampling bucket sourced from rain, snow,
or a combination of rain and snow (e.g., 100% Rain, Mixed, and 100% Snow). We applied a site‐specific surface
air temperature threshold to define whether daily precipitation fell as rain or snow. This temperature threshold is
the 50% rain‐snow threshold for the region (cell size = 50 km2) and represents the temperature at which pre-
cipitation occurs as rain and snow with equal frequency and below which precipitation is primarily snow (Jen-
nings et al., 2018).
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2.4.3. Precipitation Seasonality and Mean Annual Temperature and Precipitation

Wet deposition fluxes depend on meteorological conditions (Benedict, Carrico, et al., 2013). For example,
precipitation seasonality, MAT, and MAP all reflect the climatic and meteorological positioning of a given site.
To determine how these variables influence organic matter in wet deposition, we used Daymet values of air
temperature and precipitation volume to calculate the long‐term (1980–2019) MAT and MAP for each site. We
also calculated a long‐term precipitation seasonality index (SI), which expresses the degree to which precip-
itation is concentrated in time, for each site using daily Daymet precipitation values from 1980 to 2019,
following Markham (1970). Values range from 0.06 to 0.5 (Table 1). Sites that are a‐seasonal with respect to
precipitation have a lower SI while sites that are highly seasonal in precipitation frequency will display a higher
number.

Table 1
Response and Predictor Variables Used in the RDA Analysis

Ecoregion Site
DOC
mg/L

DOC
mg m‐2d−1

DON
mg/L

DON
mg m‐2d−1

DOC:
DON SR

Elevation
(m)

Seasonality
index

MAP
(mm)

MAT
(ºC)

Dominant
precipitation

airmass
direction

Frequency
of airmass
range (%)

Frequency of
precipit‐ation

phase (%)

Marine West
Coast
Forest

AK02 0.37 1.94 0.006 0.03 30.8 2.9 25 0.22 1,746 5.5 S

WA14 0.52 3.78 0.008 0.05 45.0 2.3 182 0.40 2,416 9.5 SW

Northwestern
Forested
Mountains

CA96 0.42 2.55 0.007 0.07 15.5 2.4 1,754 0.48 622 7.5 S

MT05 0.95 2.31 0.01 0.02 57.4 2.2 964 0.09 754 6.2 S

WY08 0.65 1.95 0.01 0.02 37.2 1.9 1,912 0.08 454 3.9 W

North
American
Deserts

NV05 1.02 2.59 0.009 0.02 72.7 2.2 2,066 0.08 363 8.3 NW

AZ03 0.69 1.69 0.005 0.01 73.4 1.7 2,071 0.11 460 9.4 SW

Great Plains ND00 0.98 2.63 0.01 0.02 59.2 2.6 863 0.42 427 6.3 S

OK00 0.74 4.32 0.008 0.04 22.5 1.6 344 0.26 829 15.2 S

IA23 0.84 3.95 0.007 0.04 61.7 1.8 320 0.32 1,030 10.0 S

Eastern
Temperate
Forests

TX03 0.48 1.97 0.007 0.05 30.4 1.6 82 0.14 815 21.6 SE

LA30 0.71 4.00 0.009 0.06 42.6 1.9 77 0.06 1,743 19.3 SW

GA09 0.83 3.54 0.01 0.05 54.9 1.3 45 0.18 1,316 20.1 SW

WV05 0.74 2.90 0.006 0.02 44.8 2.4 210 0.09 1,328 11.7 SW

Northern
Forests

MN32 0.99 2.79 0.02 0.03 32.1 2.2 421 0.34 797 3.1 S

ME09 0.82 2.65 0.02 0.05 37.7 2.1 322 0.09 1,164 4.4 S

Note.
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3. Results
3.1. Ecoregion Variability in DOM Wet Deposition

As hypothesized, wet deposition DOM concentration and load differed among ecoregions (Figure 3). Dissolved
organic C concentrations were nearly twice as low in the Marine West Coast Forest ecoregion (μ = 0.4 mg C/L)
compared to Eastern Temperate Forests (μ = 0.8 mg C/L; p < 0.001), Great Plains (μ = 0.8 mg C/L; p < 0.001),
and Northern Forests (μ = 0.9 mg C/L; p = 0.002). The highest DOC and DON concentrations occurred in the
Northern Forests (Figure 3). Dissolved organic N concentrations were nearly 3‐fold lower in the North American
Deserts ecoregion (μ = 0.007 mg N/L) and the Great Plains (0.008 mg N/L) compared to the Northern Forests
(μ = 0.02 mg N/L; p = 0.05). Loads of wet deposition DOC did not necessarily correspond to patterns of DOC
concentrations (Figure 3). For example, while DOC concentrations were relatively high at sites in the North
American Desert, DOC loads (μ = 14 mg C/m2) were on average nearly half of the highest DOC loads occurring
at sites in the Eastern Temperate Forests (μ = 25 mg C/m2; p = 0.01) and Great Plains (μ = 26 mg C/m2;
p = 0.001). Similarly, DON loads at sites within the North American Deserts (μ = 0.1 mg N/m2) were a third
lower than the highest DON loads found at sites within the Northern Forests (μ = 0.3 mg N/m2; p = 0.04), Eastern
Temperate Forests (μ = 0.3 mg N/m2; p = 0.007), and Marine West Coast Forests (μ = 0.3 mg N/m2; p = 0.006).
Some sites showed mirroring trends for both DOC and DON loads and concentrations, such as the Great Plains,
which displayed high DOC concentrations and load (Figure 3). Sites within the Great Plains receive a relatively
low amount of annual precipitation (427–1000 mm) compared to the other ecoregions considered (Figure 1c;
Table 1) yet still reflect significantly high DOC loads (Figure 3). No significant differences in DOM composition
(DOC: DON or SR) were detected at the ecoregion level (Figure 3).

3.2. Seasonality of DOM Wet Deposition

Consistent with our hypothesis, we found significant differences in pair‐wise comparisons among months for
DOC and DON wet deposition concentrations, loads, and SR (p < 0.001), corresponding with trends of daily
average air temperature (Figure 4). Across all sites, peak daily mean air temperature occurred during June, July,
and August (Figure 4). Similarly, DOC concentrations in July and August were significantly higher compared to
concentrations in months from October to April (p < 0.01). Monthly pair‐wise comparisons for DOC concen-
trations also showed significantly higher values in May, June, and September, compared to January, February,
and March (p < 0.01), with a generally increasing trend from April to September and decreasing trend from
August to December (Figure 4a). Loads of DOC (mg C/m2) were significantly higher in June, July, and August as
compared to loads occurring during months from January to April (Figure 4c). Distinct seasonality in DOC wet
deposition was also reflected in the site‐level KW tests (Figure S2 in Supporting Information S1). Specifically,
DOC concentrations at MN32, ME09, AZ03, WV05, and GA09 had significantly (p = 0.005–0.03) lower DOC
concentrations in the winter (0.3–0.5 mg C/L) as compared to summer (1.2–1.5 mg C/L). However, DOC loads
were only significantly different between winter and summer for site MN32 (p = 0.03).

Wet deposition DON concentrations were generally low at many sites, with many values at DL, except during the
summer and autumn seasons (Figure 5). Dissolved organic N concentrations were highest in August compared to
most other months except July, September, November, and December (p < 0.001–0.03). Concentrations of DON
in wet deposition progressively increased from June to August (Figure 4b) with concentrations five‐fold greater in
August, matching increases in daily average temperature (Figure 4). Loads (mg N/m2) and concentrations (mg/L)
of DON wet deposition were significantly lower (p = 0.02) in September than the highest concentrations and
loads observed in August (Figure 4d) likely due to the low precipitation all sites experienced during September
2017 and 2018. No site‐level seasonality was observed for DON concentrations, however, DON loads at WY08
were significantly higher (p = 0.03) in summer compared to autumn (Figure S2 in Supporting Information S1).
Only one site in winter (ME09), and five sites in spring, (MN32, AK02, IA23, OK00, TX03) had 20%–40% of
samples above the DON DL (Figure 5). In contrast, 12 sites in summer (DON concentrations ranged from 0.006 to
0.08 mg/L), and eight sites in autumn, had 20%–80% of samples above the DON DL (Figure 5).

Metrics of DOM composition also varied seasonally. Ratios of DOC: DON displayed a similar trend to DOC
concentrations (Figure 4e). Peak DOC: DON ratios (e.g., relatively enriched in DOC) corresponded to peak daily
temperature in July (Figure 4e), however monthly pairwise comparisons were not significant. At the site level, no
significant seasonality trends were detected for SR. Across all sites, SR had significantly shallower slopes in June
compared to the steeper spectral slopes detected in January (p < 0.02), October (p < 0.01), and November
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Figure 3. Bar plots of mean (±1SE) (a) DOC concentrations, (b) DON concentrations, (c) DOC load, (d) DON load, (e) DOC: DON molar ratio, and (f) slope ratio (SR).
Statistical significance among ecoregions is noted with letters.
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(p < 0.03), indicating the DOM deposition pool is comprised of lighter molecules when DOC concentrations are
lowest (Figure 4f). Across all sites, DOC and DON concentrations were positively correlated (Pearson's R = 0.64;
p < 0.05) while DOC and SR were negatively correlated (Pearson's R = −0.23; p < 0.05).

3.3. Climate Drivers of DOM Wet Deposition

Results from the redundancy analysis indicate that metrics of climate variability are correlated with wet depo-
sition DOM chemistry and composition (Figure 6). Climate drivers explained 51% of the variation in deposition
DOC and DON concentrations and load, DOC: DON ratio, and SR. The first redundancy axis (RDA1) explained

Figure 4. Monthly mean ±1 SE of (a) DOC concentration, (b) DON concentration, (c) DOC loads; (d) DON load, (e) DOC: DON molar ratio, and (f) spectral slope
ratio, across 2017 and 2018 for all sites. The gray line represents the daily mean air temperature in a given month. Statistical significance of monthly pairwise
comparisons are noted with letters. Missing data from months 11 to 12 in panel e reflects no valid data for DOC: DON (e.g., all DON values below DL).
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32% of the variation in response variables, with frequency of shortrange airmasses and snow precipitation phase
highly positively correlated, and MAP, MAT, rain precipitation phase, and precipitation seasonality index highly
negatively correlated (Figure 6). The second redundancy axis (RDA2) explained 19% of the variation in response
variables, with predominant airmass direction from the SE and SW (respective to each site) highly positively
correlated, and MAT and the frequency of long‐range airmasses negatively correlated (Figure 6). Mean annual
temperature is equally negatively weighted on both RDA1 and 2. The vector representing the frequency of a site
receiving long‐range airmasses is the longest, displaying strong explanatory power of DOM wet deposition
(Figure 6). Airmass directionalities were mostly distributed along the zero line for RDA1, with short vector
lengths, indicating their relatively low power in explaining variability in DOM variables (Figure 6).

Results suggest the C and N fraction of DOM deposition may be influenced by different climate drivers. Except
for SR, all other DOM deposition variables were negatively correlated with RDA2 (Figure 6). Concentrations of
DOC, DOC: DON, and SR were positively correlated with RDA1 while DOC load, DON load, and DON con-
centration were negatively correlated to RDA1 (Figure 6). Vectors representing DOC loads and DON concen-
tration plotted closely together and showed a tight positive association with MAT across the first axis and tight
negative association with frequency of short‐range airmasses (Figure 6), however the vector length for DON
concentration is relatively small. The SR vector was negatively correlated with the frequency of long‐range
airmasses and weakly positively correlated with the predominant airmass direction from the W (Figure 6).
Vectors for concentrations of DOC and the DOC: DON ratio plotted near one another and were negatively
correlated with precipitation seasonality index and MAP across the second axis (Figure 6), indicating that lower
concentrations of DOC are associated with high MAP values that are also highly seasonal. Loads of DON plotted
close to zero along the first axis and were negatively correlated with snow precipitation phase along the second
axis (Figure 6). Some sites within ecoregions plotted together along the axes (e.g., sites within the Northwestern
Forested Mountains), however no strong grouping patterns were apparent.

Figure 5. The percent of samples from each site with DON wet deposition concentrations above the detection limit (DL) in
winter, spring, summer, and autumn.
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3.4. Role of Airmass Range

Coastal sites received precipitation predominantly from marine sources, specifically, the Pacific Ocean for AK02,
WA14 and CA96, the Gulf of Mexico for TX03, LA30, and GA09, and the Atlantic Ocean for ME09 (Table 1;
Figure S1 in Supporting Information S1). All but two sites, MN32 and NV05, received most precipitation from
airmasses arriving from within the same ecoregion as the site (Table 1; Figure S1 in Supporting Information S1).
In contrast, MN32 in the Northern Forests received 36% of airmasses (predominantly long‐range) from the S
corresponding to the Eastern Temperate Forests ecoregion, and NV05 in the North America Deserts received 60%
of airmasses (predominantly long‐range) from the NW corresponding to the Northwestern Forested Mountains
ecoregion (Table 1; Figure S1 in Supporting Information S1).

Contrary to our hypotheses, we found that wet deposition DOM was predominantly sourced from long‐range
airmasses, and two sites (ND00 and IA23) had DOM sourced exclusively from long‐range airmasses (Table 1;
Figure 6). While no site was dominated by short‐range airmasses (Table 1), most sites had higher DOC con-
centrations associated with short‐range airmasses, consistent with our hypothesis. Contrary to our hypothesis, half
the sites (AK02, CA96, AZ03, TN11) contained higher DON concentrations in samples from long‐range air-
masses compared to samples arriving from short‐range airmasses. The majority of sites had μ[SR]short: μ[SR]long

ratios below one indicating lighter weight (i.e., steeper slopes) organic matter in deposition was associated with
samples from long‐range airmasses (Figure 7). No apparent seasonality was detected in the frequency of a given
site receiving short‐ or long‐range airmasses.

4. Discussion
Results from this study inform on the spatiotemporal variability of organic matter in wet deposition, with im-
plications for constraining the role of atmosphere‐terrestrial exchanges in C and N biogeochemical cycles.

Figure 6. Redundancy analysis of selected explanatory variables: MAT, MAP, precipitation seasonality index (SI),
predominant cardinal direction of airmasses (DirX), frequency of short‐range or long‐range airmasses, and frequency of
precipitation phase for site means of dissolved organic carbon and dissolved organic nitrogen (DON) concentrations (DOX.
C) and loads (DOX.L), DOC: DON molar ratio (DOC, DON), and spectral slope (Sr). Points are colored by ecoregion. The
length of explanatory vectors (solid black) indicates strength of the relationship with the canonical axes. The angles between
response (dashed turquoise) and explanatory vectors indicate their correlation and the direction of the explanatory arrows
relative to the response arrows indicate the direction of correlation (Legendre & Legendre, 1998).
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Concentrations of wet deposition DOC in this study (0.05–3.5 mg C/L) are on par with global average lake
concentrations (Toming et al., 2020) and similar to the lower range of global stream and river concentrations
(Kronholm & Capel, 2012; Wymore et al., 2021). The magnitude of DOM wet deposition, coupled with its
distinct seasonal and spatial variability, are important to consider for biogeochemical models (e.g., PnET‐BGC)
that include wet deposition inputs (e.g., Benedict, Chen, et al., 2013; Boyer et al., 2002; Cambell et al., 2000;
Gbondo‐Tugbawa et al., 2001). Results suggest inputs of organic matter through deposition are not fixed through
time and space. For example, the concentrations of DOM in wet deposition within the Northern Forests ecoregion
were twice those in the Marine West Coast Forests. Increased concentrations and loads of DOM in wet deposition
during warmer months indicate that current gridded annual estimates of wet deposition DOC (e.g., NADP TDep)
may not reflect the strong seasonal variability of organic matter deposition.

Analyzing both the C and N fraction of organic matter in wet deposition revealed variability across ecoregions and
the distinct influences of climate drivers. Although DON and DOC represent two ways to measure the same pool
of DOM, they showed different ecoregional patterns. Many hypotheses regarding the drivers of DOM wet
deposition have been proposed (Cape et al., 2001, 2011; Cornell, 2011; Murray et al., 2022; Neff et al., 2002), but
few studies have directly tested relationships between abiotic processes and DOM chemistry. Our results show the
spatial heterogeneity of DOM concentrations is somewhat predicted by climatic variables such as air temperature,
MAP, precipitation seasonality, and precipitation phase. These relationships may allow for the development of
hypotheses regarding the role of climate change to influence inputs of DOM via deposition. With the general
observation that winter months are warming across the northern latitudes (Burakowski et al., 2022), we can expect
changes in the chemistry of DOM at the seasonal scale. For example, wet deposition in winter months had
generally lower weight organic matter and lower concentrations and loads; the frequency of winter precipitation
phase (i.e., snow) negatively influenced DOC concentrations and DON loads. These results are in line with
previous research that found rain collected smaller organic compounds compared to snow (Lei & Wania, 2004).

The phenology of multiple biological processes impacts wet deposition of both C and N (Cape et al., 2011; Jordon
et al., 1995; Kieber et al., 2005; Mitra et al., 2013; Seaton et al., 2013). Concentrations and loads of DOC and DON in
wet deposition display strong seasonality correlating with the growing season in the northern hemisphere. Because
wet deposition concentrations and loads of DOC were at background levels (e.g., 0.3–0.7 mg/L) and DON below

Figure 7. Ratio of mean volume‐weighted concentrations of wet deposition dissolved organic carbon (red), dissolved organic
nitrogen (blue) concentrations, and spectral slope ratio (yellow) between short‐range and long‐range airmasses for a given
site ordered by MAT. Values above the black dashed line (e.g., >1) indicate the Dissolved organic matter (DOM) deposition
metric is greater when sourced from short‐range airmasses while values below the black dashed line (e.g., <1) indicate the
DOM chemistry metric is greater when sourced from long‐range airmasses, the frequency of which is indicated by the pie
charts.
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detection limit for months outside summer, we interpret the controls on DOC and DON in wet deposition as binary,
“turning on” in the spring and summer months and “turning off” in autumn and winter months (Murray et al., 2022).
Biotic processes such as seasonal transpiration (Nguyen et al., 2011; Sharkey et al., 2007), biogenic VOC emission
(Sindelarova et al., 2014), forest fires (Sricharoenvech et al., 2024) and decomposition (Isidorov et al., 2010) align
with the seasonality detected in wet deposition DOM (Paulot et al., 2011; Zamora et al., 2011). It is important to
connect seasonal trends of wet deposition organic chemistry with patterns of organic gaseous emissions because
VOCs, when combined with atmospheric nitrogen oxides (NOx), can produce tropospheric ozone (O3), a regulated
air pollutant (Jacob, 1999; Seinfeld & Pandis, 2012). Organic gaseous emissions directly from wildfires, or indi-
rectly via isoprene emissions during plant transpiration are likely to exhibit increased variability with climate
change (Contosta et al., 2017; Green et al., 2021; Harrison et al., 2020; Mansoor et al., 2022), which may impact
background levels of organic matter emissions from landscapes (Schurman et al., 2015). Many questions remain
regarding the impacts of climate change on biological processes, emissions and aerosol composition, and how these
interactions translate to DOM wet deposition and subsequent ecosystem effects (Benedict et al., 2018).

Our results suggest that precipitation‐carrying airmasses represent a vector for water and organic solutes to cross
continental‐to‐ecosystem scale boundaries. It was historically assumed that DOM in wet deposition was sourced
from short‐range airmasses and local recycling processes (Cape et al., 2011; Cornell, 2011; Cornell et al., 2003).
Pairing wet deposition chemistry with airmass backtrajectories allows for a direct test of this assumption. In
contrast to our hypothesis, we found that atmospheric organic C and N is subject to long‐range transport (Cornell
et al., 1995, 2001; Matsumoto et al., 2018; Zamora et al., 2011). For about half of the sites, airmasses delivered
precipitation sourced from a different ecosystem than the site, specifically coastal sites received precipitation
from marine sources and MN32 to NV05 received precipitation from long‐range airmasses from neighboring
ecosystems. These results support previous findings that both marine and terrestrial environments emit VOCs that
can be transported by long‐range airmasses and eventually deposited via precipitation (Cornell, 2011). The
relative role of short‐range airmasses in transporting organic matter, however, appears to be site specific. While
DOC and DON concentrations were often highest in short‐range airmasses (88% and 55% of sites, respectively),
no site was dominated by wet deposition sourced from short‐range airmasses. Short‐range airmasses are most
frequent in sites within the Northwestern Forested Mountains, specifically, MT05 and WY08. This may indicate
that wet deposition at these sites reflect local background recycling processes which are influenced by land use in
the surrounding landscape (i.e., grasslands and crops in MT and WY; Nickerson et al., 2011). Attributing wet
deposition chemical signals from a given airmasses to specific landscape sources is challenging because weekly
deposition samples often capture multiple precipitation events, making it impossible to separate the chemical
contributions of each event. Future studies that collect daily or event‐scale samples would be well suited for
detailed airmass source apportionment which could directly constrain the landscape (N)VOC emissions a given
airmass accumulates as it travels from one ecosystem to another (e.g., Seaton et al., 2013).

The legacy of long‐term monitoring of wet deposition chemistry originated out of efforts to understand the
ecosystem impacts of acid rain (e.g., H2SO4 and HNO3). Foundational studies focused on how the inorganic N
and sulfate chemistry of wet deposition interacts with soil cation exchange capacity to cause ecosystem N
saturation, C retention, and the acidification of freshwaters (Aber et al., 1998, 2003; Brookshire et al., 2007; Frey
et al., 2014; Magill et al., 2000; McDowell et al., 2004; Oulehle et al., 2008). However, as the concentrations of
NO3

− and S have declined in precipitation, the source of H+ ions has shifted toward organic acids (Feng
et al., 2021; Lawrence et al., 2023; Vet et al., 2014). The implications for increased loading of organic acids via
DOC wet deposition remains unclear. Much of the knowledge regarding the ecosystem impacts from wet
deposition is framed within the concept of critical load's (CL), which assesses whether the deposition of a
particular element in a given area exceeds the threshold that the ecosystem can tolerate without adverse impacts
(Kuylenstierna et al., 2001; Schulze et al., 1989).

The calculation of ecoregion‐specific CLs does not currently consider organic N deposition (Pardo et al., 2011).
Critical loads of N are thresholds that indicate the maximum N input before adverse effects on different organisms
such as lichens, herbaceous species, and trees, are observed (Kuylenstierna et al., 2001; Schulze et al., 1989). These
adverse effects of excess N loading via wet deposition include N saturation, which occurs when the rate of N
additions exceed rates of N removal via incorporation into biomass or soil (Lovett & Goodale, 2011). Including
DON in critical load models is important because many organisms can directly assimilate DON at the same rate or
higher than DIN in both marine and terrestrial environments (Antia et al., 1991; Dahlman et al., 2004; Paerl
et al., 1999; Peierls & Paerl, 1997; Seitzinger & Sanders, 1999). Thus, incorporating depositional DON
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concentrations in ecoregion‐specific wet deposition CL calculations (e.g., Figures 4 and 5) could result in some
regions exceeding their minimum CLs for longer than estimated (Benedict, Carrico, et al., 2013; Cape et al., 2011;
Mladenov et al., 2012). To demonstrate this potential effect, we performed a conservative post‐hoc estimate of how
annual N deposition loads would change if the organic fraction of TDN loads were included. Assuming the site‐
specific DIN and DON loads reported here sufficiently represent TDN fluxes to landscapes within each studied
ecoregion, the inclusion of DON would push sites within the Northern Forests and Eastern Temperate Forests
ecoregions past their minimum CL (3 and 4 kg N ha−1 yr−1, respectively, from Pardo et al., 2011) by an additional
0.3 kg N ha−1 yr−1, and all sites (except those in North American Deserts) would exceed the minimum CL by an
additional 1%–13%, as compared to DIN alone. This may lead to an extended ecosystem recovery time and hy-
pothesized hysteresis of recovery (Gilliam et al., 2019) in response to periods of excess inorganic N deposition.

Simultaneous measurements of DOM wet deposition concentration and composition metrics may be helpful for
predicting its eventual fate once deposited on the Earth's surface (Benedict et al., 2018; Schurman et al., 2015).
For example, DON can either be an energy source or nutrient source (Orsi et al., 2016; Wymore et al., 2015). As
such, depositional DOM with a higher C:N ratio (e.g., North American Deserts) may be more likely to be
governed by different biogeochemical controls, depending on the ecosystem's nutrient status, than wet deposition
organic matter that is richer in N (e.g., Northern Forests). The size of organic molecules can also determine the
dominant biogeochemical pathways. Our finding of heavier weight molecules in the growing season may indicate
that more deposition‐derived organic matter persists in the environment in its depositional molecular form during
this season because larger organic molecules are often more recalcitrant (Findlay & Sinsabaugh, 1999). Wet
deposition DOC has also been shown to have positive associations with atmospherically derived Hg which
contributes to the accumulation of Hg in litterfall (Navratil et al., 2021) and likely other organisms. Understanding
what fraction of DON deposition is bioavailable would also be important for critical load calculations. DON wet
deposition can be comprised of 20%–70% amino acids (Altieri et al., 2009; Cao et al., 2019; Finzi & Ber-
throng, 2005; Gorzelska et al., 1992; Seitzinger & Sanders, 1999). The labile N‐containing proportion of DOM
can be directly assimilated participating in the “short‐circuit” of the terrestrial N cycle (Neff et al., 2003) via the
direct uptake of amino acids by plants (Antia et al., 1991; Cao et al., 2019; Paerl et al., 1999; Peierls & Paerl, 1997;
Seitzinger & Sanders, 1999) or provide a labile source of carbon driving denitrification (Murray et al., 2023). Wet
deposition can also be further enriched in organic N during the process of throughfall (Cao et al., 2019;
McDowell, 2023; Qualls et al., 2002), thereby contributing to the labile pool of soil organic N.

Wet deposition may contribute disproportionately to biogeochemical cycles in certain ecosystems relative to
others. This may be especially important in places where depositional DOM inputs equal or exceed outputs. For
example, high concentrations and loads of DOC and DON are prevalent in sites within the generally nutrient poor
alpine zone of the Rocky Mountains, which may increase the relative influence of wet deposition DOM on
catchment‐scale biogeochemical cycling (Kaushal & Lewis, 2005; Mladenov et al., 2012). Low rates of DOC and
DON loading to sites in the North American Deserts may reflect the minimal precipitation these landscapes
receive (Figure 1c; Table 1). Further exploration on the lability of depositional DOM via molecular character-
ization and bioassays is needed as current efforts have only identified about 50% of potential molecules present
(Cornell, 2011). More information is needed about what types of DOM compounds are retained versus trans-
ported in a catchment. Due to the strong continental patterns observed in this study, coupled with site‐specific
results regarding seasonality and role of airmass range, the monitoring of wet deposition organic matter at a
spatiotemporal scale that captures the variability shown in our study is critical for understanding vectors by which
ecosystems receive bioavailable nutrients.

5. Conclusions
Wet deposition organic matter originates from a combination of anthropogenic and natural processes, contrib-
uting nutrients to watersheds through precipitation. We used archived samples to investigate the variability of
DOC and DON concentrations and composition in wet deposition. We found that DOM variables (DOC, DON,
DOC: DON and SR) are highly seasonal and vary across ecoregions. Contrary to historical assumptions, long‐
range airmasses can transport DOC and DON into ecosystems. Other climate drivers such as MAT and MAP
appear to influence aspects of the DOM deposition pool. This study has begun to reveal the dynamics of wet
deposition DOM across space and time, however the role of depositional DOM in global biogeochemical cycles is
challenging to decipher. To address this gap, we need to continue adding organic solutes to programs that
routinely monitor wet deposition. Opportunities may exist for hindcasting nation‐wide DOM wet deposition
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concentrations using archived samples from national depositional monitoring programs. These data could help
determine the extent to which anthropogenic and biogenic emission sources contribute to the overall composition
of organics in deposition and the fate of C and N entering the biosphere through precipitation.

Data Availability Statement
The raw wet deposition chemistry variables and airmass cluster analysis results supporting the results presented in
this paper are openly available on Hydroshare at: http://www.hydroshare.org/resource/
f1fc42978b4f4b64a90f198235d762e3 (Murray & Wymore, 2024).
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