





Atmosphere-surface exchange of mercury in eastern North America

where Hg’,,.; and Hg’,.q, are the observed and modeled Hg® concentrations in the ith month, respectively.
A smaller NRMSE value indicates a better model performance. Compared to the average NADP AMNet
observation in 2013, the NRMSE values for REF, INV, HOX, HSO, and HOXSO are 0.14, 0.09, 0.09,
0.10, and 0.05, respectively, and thus HOXSO has the best performance among them. As shown in Figure 3,
HOXSO is also the only simulation that reproduces the observed seasonal pattern of Hg” concentration. The
two changes applied in HOXSO, the faster summertime Hg® oxidation (also made in HOX) and the elevated
springtime mid-latitude soil volatilization (also made in HSO), are both essential for modeling this seasonal
pattern. The tripled summertime BrO, accelerates the conversion of Hg” to Hg" through oxidation, and thus
the modeled Hg” concentration in HOXSO shows a similar decreasing gradient (about -0.06 ng m™ month™)
during the summer months with the observation in 2013 (about -0.08 ng m™ month™) and in 2009-2012
(about -0.04 ng m™ month™). However, the model simulations without enhanced oxidation (REF, INV, and
HSO) cannot reproduce this feature in the observed Hg’ concentration. In contrast, the simulations without
elevated soil volatilization (REF, INV, and HOX) show a large decline of about 0.23 ng m™ in modeled Hg°
during the spring months, which is not seen in the ground-based observations. By increasing springtime soil
volatilization, HOXSO better reproduces the observed Hg” trend in this season. Since the two sensitivity
simulations, HOX and HSO, cannot reproduce the observed seasonal pattern of ground-based Hg’, hereafter
we do not compare their results with ship cruise and aircraft measurements. Figure S2 shows the comparison
of Hg" wet deposition fluxes between the MDN measurements and different model simulations (REF, INV,
and HOXSO) during 2013 summer over eastern North America. REF and INV have similar insignificant
positive biases of +2% and +1%, respectively. This is because only Hg” surface fluxes differ between these two
simulations. HOXSO shows a large positive bias of +59% due to the enhanced bromine radical fields used
in this sensitivity simulation. It is noted that this bias should become smaller if an in-plume Hg" reduction
is applied in GEOS-Chem (e.g., Zhang et al., 2012).

Table 3 compares the observed and modeled concentrations of Hg in both the atmospheric boundary layer
and the ocean mixed layer for three summertime ship cruises in the Northwest Atlantic Ocean (Soerensen et
al.,2013). These simulations (REF, INV, and HOXSO) produce air Hg’ concentrations (1.2-1.4 ng m™) within
the uncertainty ranges of the observations. Among these simulations, REF leads to the lowest mixed layer
concentrations of both Hg,’ and HgaqT, whereas HOXSO predicts the highest. Compared with measurements,
REF and INV underestimate mixed layer Hg,,” concentrations by 17-54% and 12-51%, respectively. HOXSO
models comparable Hg,,” concentrations for one ship cruise (AUGO8), but still underestimates its levels for
the other two (up to 40%). On average, HOXSO underestimates the observed mixed layer Hg,,* by about
20%. As shown in Figure 4 (b—d), the modeled net oceanic Hg” emission fluxes also follow the order of
REF < INV < HOXSO. Considering that HOXSO may underestimate mixed layer Hg,,” concentrations
by 40% and that different gas exchange parameterizations may lead to a 30% variability in estimated oceanic
Hg? fluxes (Sunderland et al., 2010; Andersson et al., 2007), we conduct an additional sensitivity simulation
referred to as HOCEAN, in which the net Hg” fluxes from the Northwest Atlantic (100-60° W, 15-45°
N) during the summer months (June—July—August) are increased by 80% above the oceanic Hg? fluxes in
HOXSO.HOCEAN thus represents a potential upper limit of oceanic emissions from the Northwest Atlantic
determined from the above model-observation comparison of ship cruises.

Table 2 shows the background within-PBL Hg" observations during the NOMADSS aircraft campaign,
divided into two groups (over terrestrial and over oceanic surfaces), and the corresponding model results
from REF, INV, HOXSO, and HOCEAN. All these model simulations predict lower Hg’ concentrations
than the DOHGS observed. The modeled median concentrations of Hg® over terrestrial surfaces range from
1.29-1.39 ng m™, about 4-11% lower than its observed median of 1.45 ng m™. This difference generally falls
within the overall measurement uncertainty range of 6-10% of the DOHGS. In contrast, by comparing the
observed and modeled Hg” concentrations (1.33 and 1.30-1.42 ng m™, respectively) during the NOMADSS
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Figure 3

Averaged monthly observations
and model simulations of Hg"
concentrations for the NADP
AMNet ground-based sites.

Locations of the 11 remote/rural
NADP AMNet sites are plotted
in Figure 1. The thick black line
and gray shaded region show the
average and 10 uncertainty range
of observed Hg” concentration in
2013. The thin black line shows
the average observation in 2009—
2012. The blue, green, and red
solid lines indicate model results
from REF, INV, and HOXSO,
respectively. The dotted and
dashed red lines indicate model
results from HOX and HSO,
respectively.
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period (2013 June—July) for the 11 AMNet ground-based sites in the eastern United States, we do not find
a consistent negative bias in our model simulations (Figure 3). As described earlier, the DOHGS observed a
significantly higher Hg® concentration of 0.10 ng m™ over oceanic surfaces in the Northwest Atlantic than
over terrestrial surfaces in the eastern United States. However, our model simulations cannot reproduce
this land-ocean difference. As shown in Table 2, REF, INV, and HOXSO indicate that the median Hg"
concentrations over oceanic surfaces are 0.07 (p < 0.001),0.02 (p = 0.45), and 0.03 (p < 0.001) ng m™ lower
than those over terrestrial surfaces. HOCEAN increases the summertime net Hg? flux from the Northwest
Atlantic by 80% than HOXSO, and predicts comparable (p = 0.67) Hg” concentrations over terrestrial surfaces
(1.29 £ 0.03 ng m™) and over oceanic surfaces (1.29 * 0.05 ng m™). Among our sensitivity GEOS-Chem
model simulations, HOCEAN can be considered as the best simulation with regard to the comparison with
Hg" observations.

Discussion

Enhanced terrestrial flux of Hgo in spring

We have described that HOXSO can reproduce the seasonal variation of Hg” concentration observed at
the NADP AMNet ground-based sites with an enhanced springtime soil volatilization in the mid-latitude
region (20°-60°). As shown in Figure 2, the net terrestrial fluxes of Hg” (the sum of soil volatilization, rapid
recycling, and dry deposition) modeled by HOXSO are positive in the spring months. We hypothesize that
the mid-latitude terrestrial flux of Hg in spring may be enhanced based on the following evidence from both
atmospheric mercury modeling and surface flux measurements. Song et al. (2015) quantitatively constrained
monthly soil volatilization using worldwide ground-based observations and a Bayesian inversion approach.
As shown in Figure 2, the 16 uncertainty range of soil volatilization from the emission inversion revealed an
enhancement during the spring months (Song et al., 2015), and increasing the soil volatilization by a factor
of 4 agrees well with this modeling result. The measured net Hg® fluxes in the mid-latitudes for different land
use types (i.e., forest, grassland, agriculture, and bare soil) and different seasons are summarized in Table S1.
We find that most of them (7 out of 9) show higher terrestrial Hg” fluxes in spring (by 40% to a factor of
6) than the averages in other seasons. Bash and Miller (2007) suggested that springtime agricultural tilling
operations can significantly mobilize Hg into the atmosphere from its soil pool. The small vegetation coverage
in spring, which allows the penetration of solar radiation to the soil surface, may also be another important
factor for the measured high Hg” emission fluxes (Choi and Holsen, 2009). It is important to note, however,
that only limited terrestrial flux measurements are available and very large uncertainties exist in them. Net
deposition fluxes of Hg’ during springtime have also been suggested (Mao et al., 2008; Converse et al.,2010).

Implications for regional terrestrial and oceanic Hgo fluxes during summer

The NOMADSS aircraft campaign found higher Hg” concentrations over the Northwest Atlantic than over
the eastern United States (Table 2). Gay et al. (2013) reported a similar finding by combining the NADP
AMNet sites into several loosely defined groups, including a coastal/remote group (NS01 and NH06) and a
continental/remote group (VT99,NY20,and GA40) (Figure 1). Three years of data show that the former group
has about 0.07 ng m™ higher Hg concentrations than the latter. However, the Hg? measurement systematic
uncertainty for these NADP AMNet sites, which is estimated to be about 0.14 ng m™ (10% of the observed
Hg" concentration of 1.3—1.4 ng m™; Figure 3), is larger than this 0.07 ng m™ difference between the two site
groups, limiting our ability to apply these results in a modeling context. NOMADSS minimizes potential
systematic differences since the DOHGS was used to measure Hg® over both terrestrial and oceanic surfaces.

Table 3. Observed and modeled air and aqueous Hg for three summertime Northwest Atlantic ship cruises®

AUGO08 JUNO9 AUG10
Hg species®
air Hg’ Hg, HgaqT air Hg? Hg.,’ Hg," air Hg’ Hg, HgaqT
Observation 14+02 | 133+14 | 13-29 | 14=20.1 120+ 7 N/R¢ N/R¢ 196 £34 | 1.2-1.6
REF 1.40 110 1.3 1.33 78 0.9 131 91 1.1
INV 1.37 117 1.6 1.31 94 1.2 1.30 96 13
HOXSO 1.32 143 1.9 1.32 98 13 1.17 123 1.6

*Observations are obtained from Soerensen et al. (2013). For the cruise in August 2008, we exclude aqueous mercury data measured in the
coastal Gulf of Maine because they were affected by anomalously high freshwater inputs.

The units of air Hg’, Hg,,’, and Hg,," are ng m™, fM (10™? mol m™), and pM (10" mol m™), respectively.

‘N/R, not reported.
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(a) Anthropogenic/Geogenic/Biomass burning (b) Net surface flux: REF

7
)

(c) Net surface flux: INV

This land—ocean difference of atmospheric Hg concentrations over eastern North America has important
implications for regional terrestrial and oceanic Hg” fluxes. The modeled net surface fluxes in 100-60° W and
20-50° N during summer are shown in Figure 4 (b—d). Note that all model simulations also include the same
three unidirectional sources that occur over land (i.e., anthropogenic, geogenic, and biomass burning), which
together emit 3.1 Mg month™ Hg” from terrestrial surfaces (corresponding to an average Hg flux of 0.8
ng m™ h™), as shown in Figure 4a. REF emits an average net oceanic flux of 1.3 ng m”h™ from the Northwest
Atlantic and an average net terrestrial flux of 0.8 ng m™ h™ from the eastern United States. (Figure 4b).
Thus, in REF, the total Hg® flux emitted over land (1.6 ng m™? h™) is larger than that from oceanic surfaces
(1.3 ng m™? h"). As described earlier, in REF, the median Hg® over land is 0.07 ng m™ higher (p < 0.001)
than that over ocean, which is opposite to the observed land—ocean difference in NOMADSS. Among our
model simulations, HOCEAN has the lowest terrestrial Hg” flux of -0.6 ng m™? h™" (total Hg" flux emitted
over land is thus 0.2 ng m™ h™) and the highest oceanic Hg? flux of 3.3 ng m? h™', and predicts the same Hg"
concentrations (p = 0.67) over both surfaces in NOMADSS. Consequently, the above comparison between
our model results and NOMADSS observations implies either even higher oceanic Hg” fluxes from the
Northwest Atlantic or lower Hg® fluxes emitted from land in the eastern United States, or both, than the
fluxes simulated by HOCEAN.

We have demonstrated through the model-observation comparison of ship cruises that HOCEAN
represents a potential upper limit of oceanic emissions from the Northwest Atlantic. However, riverine
discharges of Hg, an oceanic source that is not considered in the 2D mixed layer slab ocean of GEOS-Chem,
may lead to additional Hg® emissions from coastal/shelf areas and help to reconcile the difference between
model results and NOMADSS observations. Soerensen et al. (2013) found, during the ship cruise AUG08
in the Northwest Atlantic (Figure 1), that enhanced freshwater inputs due to anomalously high precipitation
in July 2008 strongly increased the mixed layer Hg,,’ concentrations and Hg” fluxes in waters of the Gulf
of Maine approximately 60 km offshore (270 + 50 fM and 7.2 + 4.2 ng m™ h™"), when compared to those in
more open waters (130 + 14 fM and 3.8 + 2.9 ng m™ h™"). A spatial trend of higher Hg,” levels in coastal
waters (~ 100 km) than in open waters has also been observed in other cruises (e.g., Ci et al., 2011b). Two
NOMADSS research flights, RF-14 and RF-16, sampled the oceanic air 50-150 km off the coast of South
Carolina on July 5 and July 8 of 2013, respectively (Figure 1). Unusually high water discharges were measured
in July 2013 for rivers in South Carolina (see Figure S3a for an example). Additionally, measurements within
the NADP Mercury Deposition Network (MDN; Prestbo and Gay, 2009) showed heavy rainfall and high
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Figure 4

Spatial distributions of modeled
atmospheric Hg’ fluxes in eastern
North America in summer.

The average fluxes during the
summer months (June—July—
August) are shown. The sum of
the three unidirectional emissions
(anthropogenic, geogenic, and
biomass burning) is shown in (a).
The net terrestrial and oceanic
fluxes from REF, INV, and
HOXSO are plotted in (b), (c),
and (d), respectively.
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(a) Net oceanic emission flux of Hg® (b) Wet deposition flux of Hg"

1 2 3 4 ngm?h” 0 1 2 3 ngm2h"’

(d) Net entrainment + Ekman pumping

(c) Sea salt uptake and dry deposition of Hg"

1 2 3 -3 -2 -1 0 1 2 3 ngm?h"

ngm?h’

1 2 3 ngm?h’ 0 2 4 6 mmd”

wet deposition fluxes of Hg in late June and early July 2013, right before the sampling time of these two
flights (see Figure S3b for an example). Overall, these results suggest that riverine discharges of mercury may
contribute to the observed high Hg® concentration over the Northwest Atlantic.

HOCEAN simulates an average net terrestrial flux of -0.6 ng m™ h™', meaning that the simulated terrestrial
ecosystem in the eastern United States is a net sink of Hg? during summer. The simulated dry deposition
of Hg” of 2.0 ng m™ h™ is only partially offset by its evasion that includes soil volatilization (0.6 ng m? h™)
and rapid recycling of newly deposited Hg (0.8 ng m™ h'"). The global terrestrial lux measurement database
(Agnan et al., 2016) suggests a small positive median Hg” flux of 0.1 ng m™ h™" (50% uncertainty range: -0.1
to 0.5 ng m™ h™") over background bare soil, which is in agreement with measured vertical profiles of Hg"
in soil pores (Obrist et al., 2014). However, forest is the most important land use type in the eastern United
States, especially during summer when the leaf area index is maximum (thus leaf surface areas are several times
larger than underlying soil surface areas) (Drummond and Loveland, 2010; Buermann et al., 2001). Forest
canopies can reduce Hg? evasion from underlying soils by absorbing most of the incoming solar radiation
and suppressing the rising of soil temperature (Wang et al., 2006; Choi and Holsen, 2009). Foliage is well-
known to constitute a net sink of atmospheric Hg’ through stomatal and non-stomatal uptake (Wang et al.,
2014; Stamenkovic and Gustin, 2009), and the median Hg’ flux measured over leaves at background forest
sites is -0.12 ng m™ h™ with a 50% uncertainty range from -1.48 to 1.65 ng m? h™' (Agnan et al., 2016). Hg
translocation from soil to leaves is unlikely to be significant (Fay and Gustin, 2007; Cui et al., 2014). Therefore,
it is not unreasonable to consider the summertime terrestrial ecosystem in the eastern United States as a net
sink of Hg’, given relatively low soil evasion and high foliage uptake. However, it is not possible to provide
an accurate estimate for the magnitude of this sink, since reliable flux measurements over forests are currently
lacking, and the mechanism of Hg transport in plant/vegetation is not well understood (Agnan et al., 2016).

'The unidirectional sources over land (i.e., anthropogenic, geogenic, and biomass burning) are also uncertain
and their fluxes may be higher or lower than the values applied in our model. However, their uncertainties
are small compared to those associated with terrestrial and oceanic fluxes in the studied region. In summer,
simulated geogenic activities and biomass burning emit little atmospheric Hg? from the eastern United States
(<0.1 ngm™h™ on average), and thus the contributions of their uncertainties on Hg” fluxes are insignificant
in this context. The NEI 2011 inventory used in our model has an average Hg? flux of 0.7 ng m™? h™' in the
eastern United States. In general, anthropogenic emissions in North America are considered to be relatively
well constrained (16 error around + 30%) (e.g., Pacyna et al., 2010; AMAP/UNEP, 2013). Although U.S. EPA
will not release the NEI inventory in 2013 (the year in which NOMADSS took place), another estimate, the
Toxics Release Inventory (TRI; U.S. EPA, 2015), shows that the magnitudes of estimated mercury emissions
for 2011 and 2013 differ only slightly (< 2%).
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Figure 5
Spatial distributions of modeled

vertical exchange fluxes in the
North Atlantic in summer.

Model results from HOXSO are
shown. The plots in (a—e) indicate
different mercury exchange fluxes
between the atmosphere and
the mixed layer and between
the mixed layer and subsurface
waters. The spatial distribution
of precipitation rate is shown in
(f) overlaid with geopotential
height contour lines at 850 hPa.
The geopotential height data
are obtained from the NCEP/
NCAR reanalysis (http://www.
esrl.noaa.gov/psd/data/gridded/
reanalysis/).
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Origin of high HgO flux from the Northwest Atlantic

Based on the comparison between model results and aircraft and ship cruise observations, our analysis suggests
a high Hg” flux from the Northwest Atlantic. In our simulations, this high Hg® flux helps to explain the
land—ocean differences of observed atmospheric Hg” concentrations in the eastern North America, and also
agrees with the observed high aqueous Hg” levels in the mixed layer. In contrast, a recent study by Weigelt et al.
(2015) classified Hg” data observed at the Mace Head station on the Northeastern Atlantic coast of Ireland
into different air mass groups according to their geographical origins. Air masses originating mostly from
the Northeast Atlantic were found to have generally lower Hg® concentrations (0.07 £ 0.04 ng m™ calculated
from monthly means and 0.04 + 0.05 ng m™ from monthly medians, both using data in 2010-2013) than
those from continental Europe. As shown in Figure S4, our model simulations of the Northwest Atlantic,
particularly the waters near the continental United States, have overall higher Hg” fluxes when compared
to the Northeast Atlantic. This is qualitatively consistent with the different land—ocean patterns of observed
atmospheric Hg® over the Northeast and Northwest Atlantic.

The model also enables us to identify physicochemical processes that lead to simulated high Hg” fluxes in
the Northwest Atlantic (and the relatively low fluxes in the Northeast Atlantic). The modeled Hg® fluxes are
positively correlated with the mixed layer Hg,,’ concentrations (Equation 1), which are in turn determined
by multiple processes in the mixed layer, including photochemical- and biological- redox reactions and
adsorption/desorption on particles, and the vertical interactions of the mixed layer with the above atmosphere
and subsurface waters. The wet/dry deposition of Hg'"" from the atmosphere is a source of mercury in the
mixed layer, whereas Hg” evasion into the atmosphere is a sink. Vertical exchanges between the mixed layer
and subsurface waters include entrainment/detrainment, wind-driven Ekman pumping, and particle sinking
(biological carbon pump) (Soerensen et al., 2010; Batrakova et al., 2014; Song et al., 2015). Figure 5a shows the
spatial distribution of net Hg” fluxes (modeled by HOXSO) from the North Atlantic Ocean (100° W-20°" E,
20-60° N) in summer. The spatial distributions of modeled Hg fluxes associated with several above-mentioned
processes are shown in Figure 5(b—e). A comparison of the magnitude of these Hg fluxes indicates that the
high wet deposition of Hg" into the Northwest Atlantic is the dominant process determining the simulated
high net oceanic flux of Hg" from this region. The wet deposition of Hg"" is closely related to the precipitation
rate, which also has a spatial pattern with generally higher values in the Northwest Atlantic, in particular
the waters near the continental United States, and lower values in the Northeast Atlantic (see Figure 5f).
The summertime precipitation in the North Atlantic is influenced by the North Atlantic Subtropical High
(NASH, also known as the Bermuda High), a semi-permanent high pressure system in the lower troposphere
(Li et al., 2012). As shown in Figure 5f, strong precipitation is located along the western boundary of the
NASH, which can be represented by the 1560 m geopotential contour line at 850 hPa (Li et al.,2011), while
the precipitation rate in eastern side of the NASH is very small. Overall, the high simulated Hg” flux from
the Northwest Atlantic is mainly a result of high wet deposition of Hg", which is in turn linked to high
precipitation rates in this region during summer. Given the uncertainties in modeling oceanic mercury and
the limited representation of these processes in our slab ocean model, however, our ability to draw process-
based conclusions from this study is limited. Similarly, a more detailed 3D oceanic mercury model (Zhang
et al., 2014) suggests that high wet deposition of Hg" leads to high Hg” flux from the Northwest Atlantic
(Zhang Y, personal communication).

Conclusions

Atmosphere—surface exchange of Hg” in eastern North America is constrained by combining aircraft-based
observations made during the 2013 summer NOMADSS campaign (as well as ground- and ship-based
measurements) and GEOS-Chem CTM simulations. As a consistent instrumentation (the DOHGS)
measured Hg throughout NOMADSS, the systematic uncertainty of Hg® concentration measurements at
different locations is minimized. Within the PBL, significantly higher median Hg" concentrations were
observed over oceanic surfaces of the Northwest Atlantic than over terrestrial surfaces of the eastern United
States during NOMADSS (p < 0.001). The model simulation (HOCEAN) with a low (negative) terrestrial
Hg" flux and a high (positive) oceanic flux in this region obtains the same Hg" concentrations (p = 0.67)
over both surfaces. Riverine discharges of mercury, an oceanic source that is not included in GEOS-Chem
but may be significant in the NOMADSS period, may help to reconcile the model-observation discrepancy.
By analyzing processes in the 2D mixed layer slab ocean of GEOS-Chem, we show that inferred high Hg"
emission fluxes from the Northwest Atlantic may be a result of high wet deposition fluxes of oxidized mercury,
which are in turn linked to high precipitation rates in this region. Given relatively low soil evasion and high
foliage uptake, it is likely that terrestrial ecosystem in the summer eastern United States acts as a net sink of
Hg". Increasing simulated terrestrial fluxes of Hg” in spring compared to other seasons can better reproduce
seasonal variability of observed Hg” concentration at ground-based sites in eastern North America.
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Supplemental material

*  Figure S1. Vertical profile of potential temperature observed during all the NOMADSS research flights.
The altitude of 0—4 km is shown. Each black circle is an individual 2.5 minute observational data point merged
based on the sampling interval of the DOHGS. The red line displays the medians of potential temperature for each
0.2 km vertical bin. The dashed blue line indicates the altitude of 1.2 km which is one of the two criteria to select
observations within the PBL. This altitude is determined by inspecting the vertical profile of potential temperature.
Within 1.2 km, potential temperature is nearly constant with height; whereas above 1.2 km, it increases sharply with
altitude. (EPS) doi: 10.12952/journal.elementa.000100.s001

*  Figure S2.The wet deposition data measured by the NADP MDN and its comparison with different model simu-
lations in 2013 summer.
The plot in (a) shows the spatial distribution of measurement sites in the eastern North America. The plot in (b)
shows the model-observation comparison for REF, INV, and HOXSO. The gray solid lines indicate 1:2, 1:1, and
2:1 ratios, respectively. (EPS) doi: 10.12952/journal.elementa.000100.s002
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Figure S3. Examples of temporal changes in river water discharge from South Carolina into the Northwest
Atlantic during recent years and measurements of precipitation rate and wet deposition flux of mercury in South
Carolina during 2013 summer.

The plot in (a) shows daily water discharges of the Edisto River measured at a USGS station (No. 02175000)
near Givhans, South Carolina, from 2011-2014. Notice that vertical axis is expressed in a log scale, and that the
highest water discharge during recent years was measured in July 2013. The plot in (b) shows measurements at a
NADP Mercury Deposition Network (MDN) station (No. SC05; 32.9430° N, 79.6592° W) in 2013 summer.
Both precipitation rate and Hg wet deposition peaked from June 19 to July 2, 2013, right before the over-water
sampling dates (July 5 and 8,2013) of the two NOMADSS research flights (RF-14 and RF-16). Similar temporal
patterns of river water discharges, precipitation rates, and Hg wet deposition fluxes can be found for other stations in
South Carolina on the USGS web page (http://waterdata.usgs.gov/usa/nwis/) and on the NADP MDN web page
(http://nadp.sws.uiuc.edu/mdn/). (EPS) doi: 10.12952/journal.elementa.000100.s003

Figure S4. Seasonal variability and spatial distribution of modeled net oceanic Hg" flux from the North Atlantic.
Results of the model simulation HOXSO are shown. The modeled net oceanic Hg” fluxes for different seasons
are plotted in (a) December—January—February, (b) March—-April-May, (c) June—July—August, and (d) September—
October—November. (EPS) doi: 10.12952/journal.elementa.000100.s004

Table S1. A summary of measured net emission fluxes of Hg" for different land uses and seasons. (PDF)
doi: 10.12952/journal.elementa.000100.s005

Data accessibility statement

The NOMADSS observational data are publicly available from the SAS project on the NCAR/UCAR Earth Observing
Laboratory’s website (http://data.col.ucar.edu/master_list/?project=SAS). The NADP AMNet observational data are
available on the NADP’s website (http://nadp.sws.uiuc.edu/data/ AMNet/) but access to these data is password protected
(please contact the program coordinator). Ship cruise data are published in Soerensen et al. (2013). GEOS-Chem is
an open source chemical transport model for atmospheric composition (http://www.geos-chem.org). Model simulation
results are available upon request.
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