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Mercury (Hg), a neurotoxic contaminant, spreads globally in atmosphereH. M. Horowitz et al.: A new mechanism for atmospheric mercury redox chemistry 6359

4 Global budget of atmospheric mercury

4.1 Budget and lifetimes

Figure 1 (top panel) shows the simulated vertical and latitu-
dinal distributions of annual zonal mean Hg0 and HgII mix-
ing ratios. The fraction of tropospheric HgII in the aerosol
phase ranges from less than 10 to more than 90 % (Amos
et al., 2012). Modeled Hg0 decreases rapidly in the strato-
sphere, while HgII increases with altitude and dominates to-
tal Hg in the stratosphere. This vertical structure is driven by
chemistry (Selin et al., 2007; Holmes et al., 2010), and these
general vertical trends in the two species are consistent with
limited available observations (Murphy et al., 2006; Talbot et
al., 2007; Lyman and Jaffe, 2012). The exact partitioning of
total Hg in the stratosphere between Hg0 and HgII is uncer-
tain, and GEOS-Chem predicts a higher HgII fraction relative
to other models (Bieser et al., 2016). Photodissociation of
gas-phase HgII halides may be possible at ultraviolet wave-
lengths (Maya, 1977), but whether this is important in the
mid-to-upper stratosphere requires further investigation. The
stratosphere in the model accounts for 12 % of total Hg atmo-
spheric mass and is in a very different redox regime from the
troposphere. Here we focus on tropospheric budgets, which
are most relevant to Hg deposition. The stratosphere is dis-
cussed further in Sect. 4.4.

Figure 2 shows the global tropospheric Hg budget from
our GEOS-Chem simulation, including the rates of the ma-
jor Hg0 / HgII cycling pathways. The global tropospheric
Hg reservoir is 3900 Mg, including 3500 Mg as Hg0 and
400 Mg as HgII, smaller than the 4500 Mg reservoir in
Holmes et al. (2010). In both cases, the reservoir was ad-
justed through the HgII photoreduction rate coefficient to
match the observed annual mean TGM at long-term moni-
toring sites, mainly located at northern midlatitudes (Fig. 3).
Holmes et al. (2010) used observations for 2000–2008 aver-
aging 1.87 ± 1.00 ng m�3 STP (p = 1 atm, T = 273 K; n =
39 sites), whereas we use observations for 2007–2013 av-
eraging 1.46 ± 0.25 ng m�3 STP (n = 37). Observed atmo-
spheric concentrations in North America and Europe have
declined on average by 1–2 % yr�1 since 1990, which has
been attributed to the phase-out of Hg from commercial prod-
ucts and declines in coal Hg emissions as a co-benefit of SO2
and NOx emission controls (Zhang et al., 2016). Observa-
tions used in Holmes et al. (2010) also included very high
concentrations at four East Asian sites (3–7 ng m�3 STP;
Nguyen et al., 2007; Sakata and Asakura, 2007; Feng et
al., 2008; Wan et al., 2009), whereas the more recent ob-
servations over East Asia used here (n = 6) are all less than
3 ng m�3 STP (Sheu et al., 2010; Fu et al., 2012a, b; H. Zhang
et al., 2015). Only one site (Mt. Changbai, China) has data
available during both time periods, and observed TGM con-
centrations decreased there by a factor of 2 (Fu et al., 2012b).
Thus, our atmospheric loadings may be more representative
of recent (ca. 2010) conditions.
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Figure 2. Global budget of tropospheric mercury in GEOS-Chem.
HgII includes gaseous and particulate forms in local thermodynamic
equilibrium (Amos et al., 2012). The bottom panel identifies the
major chemical reactions from Table 1 cycling Hg0 and HgII. Re-
actions with global rates lower than 100 Mg yr�1 are not shown.

We calculate several atmospheric lifetimes to understand
the processes driving Hg deposition: the chemical lifetime of
Hg0 against oxidation, the chemical lifetime of HgII against
reduction, the lifetime of HgII against deposition, and the
lifetime of total gaseous mercury (TGM ⌘ Hg0 + HgII(g))
against deposition. We find that the lifetime of Hg0 against
oxidation to HgII in the troposphere is 2.7 months, with Br
atom-initiated pathways contributing 97 % of total oxidation.
This chemical lifetime is smaller than most prior model es-
timates, e.g., 6 months in Holmes et al. (2010), which used
lower Br concentrations. The addition of NO2 and HO2 as
second-stage oxidants is also important in increasing the rate
of HgBr conversion to HgII, more than compensating for
faster thermal decomposition of HgBr relative to Holmes et
al. (2010). Our results are consistent with Shah et al. (2016),
who estimated a global annual tropospheric Hg0 lifetime
against oxidation to HgII by Br atoms of 1.2 to 2.8 months,
based on their simulation of measurements of HgII over the
southeastern US in summer during the Nitrogen, Oxidants,

www.atmos-chem-phys.net/17/6353/2017/ Atmos. Chem. Phys., 17, 6353–6371, 2017
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How well does GEOS-Chem dry 
deposition represent Hg vegetation 

uptake?

What is the impact of Amazon land-
use change on the Hg cycle?
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Comparing modelled and measured dry deposition velocities

M.L. Wesely / Atmospheric Environment 41 (2007) S52–S63S54
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Resistance-based 
scheme in GEOS-Chem 

Compiled measurements 
(93 forest sites)

Depends on T, wind, LAI, land type
Species: reactivity (f0) and solubility

Compare model sub-grid cell with 
observed land type (Silva and Heald, 2018)

Wesely (1989)

Published: Feinberg et al. Environ. Sci. Processes Impacts (2022), Evaluating atmospheric Hg uptake by vegetation in a chemistry-transport model

Total foliar uptake
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GEOS-Chem underestimates Hg, especially in Amazon

BASE simulation, f0 = 1e-5

Feinberg et al. (2022)

AMAZON_U, f0 = 0.2 in Amazon
3e-5 elsewhere
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New f0 better agrees with other atmospheric Hg observations

Seasonal amplitude improved 
when include stronger veg. uptake

Bias reduced from +0.21 ng m-3 to 
+0.05 ng m-3

South American [Hg] observationsNorthern Hemisphere midlatitudes

Measurements from CAPMoN, EMEP, AMNet, GMOS, and LAPAN networks
Sourced in: Travnikov et al. (2017), AMAP/UNEP (2018), Sprovieri et al. (2016), Koenig et al. (2021), Quant (2021)

Observed
BASE
AMAZON_U
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Compound specific
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Can we fix Amazon underestimation with land-type resistances?

Stomatal resistance Eq.

Land-type specific

Ozone deposition is also underestimated in Amazon 
à multi-compound assessments of dry deposition scheme?

n = 10 n = 3
O3 measurements compiled by Silva and Heald (2018)

Measured
GEOS-Chem
(𝑟!" = 200 s m-1)
(𝑟!" = 65 s m-1)
(𝑟!" = 1 s m-1)
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How does Amazon deforestation impact Hg cycle?

Soares-Filho et al., Nature (2006)

Deforestation scenarios
GEOS-Chem

- deposition
- biomass burning
- soil emissions

GloSEM

- soil erosion

Models
Business as Usual (BAU)

Governance (GOV)

Fire in Pará State, Brazil (Carl de Souza/AFP)
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Policies determine whether Amazon remains a net Hg sink

Feinberg, Jiskra et al., in prep. Preliminary results…

Increasing deforestation

Complete deforestation case:
+337 Mg yr-1 additional Hg deposited to ocean
(340 Mg yr-1 gold mining emissions in S. America)

Atmospheric deposition increases over ocean
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Conclusions and Outlook

Modelled Hg0 dry dep now agrees better with observed importance

Takeaway #1

Deforestation leads to substantial Hg mobilization 

Takeaway #2
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