
ACPD
12, C991–C997, 2012

Interactive
Comment

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

Discussion Paper

Atmos. Chem. Phys. Discuss., 12, C991–C997, 2012
www.atmos-chem-phys-discuss.net/12/C991/2012/
© Author(s) 2012. This work is distributed under
the Creative Commons Attribute 3.0 License.

Atmospheric
Chemistry

and Physics
Discussions

Interactive comment on “Nested-grid simulation of
mercury over North America” by Y. Zhang et al.

Anonymous Referee #2

Received and published: 27 March 2012

This study describes the development of a higher resolution nested version of the
well known GEOS-Chem model, and describes the results obtained simulating the
wet deposition of Hg over continental North America, and compares these results
with the extensive observations made in the Mercury Deposition Network. The article
also discusses the speciation of emissions from major anthropogenic sources, and
assesses the quality of the simulation results, representing in plume reduction by
using different speciation profiles for certain types of anthropogenic emission source.
Overall the paper is clearly written and well presented. The subject is relevant, in 2013
UNEP hopes to complete negotiations for a legally binding instrument on mercury
before the twenty-seventh regular session of the Governing Council / Global Ministerial
Environment Forum in 2013, see,
http://www.unep.org/hazardoussubstances/Mercury/Negotiations/tabid/3320/Default.aspx,
which is something the authors may wish to add to their Introduction.
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The approach used by the authors is sound; using the same model (physics parametri-
sations, and chemistry scheme) to perform both the global and regional simulations
makes more sense than taking boundary and initial conditions from a global model, as
input for a regional model which calculates atmospheric chemistry and physics differ-
ently. The results certainly seem to give a greater insight into the processes influencing
the spatial and temporal distribution of the wet deposition of Hg over North America.
There is no doubt that the article deserves publication, although there are a few gen-
eral and a couple of specific points which the authors should address by the authors
before final publication in ACP.

Generally speaking throughout the article there seems to me to be a tendency to over-
estimate the amount of confidence that can be placed in the results obtained from
model simulations, and to present model results as if they were fact, some of the in-
stances where a caveat might be useful are noted in the following comments.

In the abstract the authors use the term high-resolution. In terms of regional modelling,
would a half by two-thirds degree resolution be classified as as high, although certainly
it is higher than the global model obviously. Higher resolution, maybe? Also in the
abstract the last three sentences read as facts rather than findings from model sim-
ulations. The last sentence regarding dry deposition should certainly be qualified as
there are very few dry deposition measurements with which to compare the simulation
results, and the methods used for the measurements are still under development.

In the introduction the authors could add the following references: regarding emis-
sions; one or both of AMAP/UNEP (2008); Pirrone et al. (2009), and concerning the
influence of boundary conditions Pongprueksa et al. (2008), which showed very clearly
the correlation between boundary conditions and deposition fluxes in regional models.

In the description of the model (p2607 onwards) the authors give an annual total of
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220 Mg yr−1 for the contribution of Hg emissions from biomass burning, this is notice-
ably less than the 300 Mg yr−1 in Holmes et al. (2010), which the authors cite, and
significantly less than the 675 ± 240 Mg yr−1 in Friedli et al. (2009) which is not cited.
Is this because the authors prefer to use an enrichment factor ∆[Hg]/∆[CO] at least in
part derived from measurements over North America?

On page 2609, the parametrisation process to describe polar AMDEs is described,
however there are no references, and the figure of 5 ppt is given as the concentration
of BrO in the boundary layer when a series of conditions is met. What period do
the authors consider as springtime, how much sea-ice per model cell is necessary, is
there a cut off value for the incoming solar radiation at which there is no BrO, how are
stable conditions defined, and why below 268 K? The reader is left with rather a lot of
questions and the authors should expand a little, or provide a reference for the source
of the parametrisation.

In the description of the IPR simulation, p2611, the authors describe the studies that
show that the oxidised Hg content of coal fired power plant plumes is significantly less
downwind of the plant than it is when measured in close proximity to the stack, which
suggests that there is an in plume reduction of HgII. If I recall correctly it was proposed
that SO2 is involved in the reduction mechanism. The authors adjust the proportions
of Hg species in the emission inventory for CFPPs. The authors then apply similar
changes to the emissions from incinerators (is there evidence of high concentrations
of SO2 from incinerator stacks?), and use 96% Hg(0), 0% HgII, and 4% HgP; this
speciation profile is cited as from Streets et al. (2009). Streets et al. (2009) actually
cites Streets et al. (2005), which for Hg speciation from waste and residue burning in
the table 7 of their article cites three articles by Friedli et al. namely Friedli et al. (2001,
2003a,b), which refer to biomass burning and agricultural waste burning. Therefore I
am not convinced that the application of the in plume reduction parametrisation used
for CFPPs is entirely valid. Given the underestimation of Hg wet deposition in Florida
at certain times of the year, it may well be a good idea to rerun the model removing this
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assumption.

The total emissions from natural and anthropogenic sources are described on page
2612 and illustrated in Figure 1. I am surprised that there are no (or extremely low)
emissions from the sea all along the West Coast of the United States, and also that the
emissions from parts of the North Atlantic appear to be as high or higher than they they
are from the most part of the continental US (middle row, left, figure 1). It also seems
from the two figures in the middle row that the area of intense emissions in the vicinity
of the Great Lakes in the global model is not present in the regional model. Could the
authors comment on this please? Also on page 2612, the sensitivity study with primary
anthropogenic emissions turned off, this refers only to Hg emissions I assume?

On page 2616, last line. Is ’very well’ perhaps a slight overstatement?

On page 2617, the last sentences of section 3.2. I wonder if these underestimations
would improve if the authors remove their assumption about the speciation profile from
waste incineration and rerun the model. Or perhaps they tried and it led to poor results
in other areas. Would it be possible to include a little more discussion here, perhaps
mentioning what happens in the waste incineration in-plume reduction assumption is
removed?

Page 2717, Section 3.3. In the discussion of the simulated mean surface concen-
trations of atmospheric Hg there are a number of comments in the text which seem
unusual. Temme et al. (2003) and Lindberg et al. (2007) both give the hemispheric
background of Hg0 as 1.5 - 1.7 ng m−3, (northern), and 1.1 - 1.3 ng m−3 (southern).
Therefore values of 1.7 - 1.8 ng m−3 for TGM in the Ohio River Valley cannot be con-
sidered ’high’, nor can 1.5 - 1.6 ng m−3 in Nevada and Utah be considered ’elevated’
and 1.3 - 1.5 ng m−3 over the Great Plains, southern Canada and northern Mexico
is not ’typical’ background. The concentrations in the MBL seem anomalous as well,
mean values of the measurements in the Atlantic (northern hemisphere) are higher
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than 1.2 - 1.4 ng m−3 (see Sprovieri et al. (2009)), and the authors ascribe the low MBL
values to low emissions (fig 1, middle panels) which as mentioned before hardly seems
to be the case looking closely at the figure. These concentrations seem low and require
explanation.

On page 2618, the authors state that at higher altitudes, HgII concentrations are high
due to faster oxidation and slower removal processes. This is another instance where
modelling studies suggest that this is indeed the case, however there are not enough
experimental results of certain enough quality to state this definitively. The authors
should qualify this statement.

On pages 2619-20 the authors discuss the seasonal cycle of TGM and refer to the sum-
mertime increase in oxidation and subsequent deposition, citing a number of previous
studies. However the studies by Bergan and Rodhe (2001) and by Selin et al. (2007)
used a different chemical mechanism based on oxidation by OH (and O3 in the case
of Bergan and Rodhe (2001)), therefore the authors should explain why they think this
comparison is valid, or point out the fact that whatever the atmospheric oxidation path-
way for Hg0 is, observations indicate that it is more rapid in summer and any attempt at
modelling the atmospheric Hg cycle needs to be able to reproduce this phenomena.

p2622 section 3.6. Do the authors mean all anthropogenic Hg emissions?

On p2624 the authors mention that the model resolution cannot capture the local scale
enhancements in Hg deposition which occur close to point sources. Is it possible that
the IPR simulations therefore underestimate the contribution of north American sources
to north American deposition? And therefore that the 12% estimated in the last line of
the Conclusions may not be as robust as it seems?
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