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Long-term change of atmospheric Hg pollution in the US
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Impacts of meteorology on atmospheric Hg pollution
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Ye et al., Atmos. Environ., 2019, Cizdziel et al., Atmosphere, 2019
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Solar radiation, wind speed, temperature and humidity are key to atmospheric Hg concentration and deposition



Quantification of anthropogenic and natural contributions
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Advanced statistical and machine learning models
have been used to quantify impacts of key factors
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Scientific questions in this study

® How did long-term anthropogenic and natural perturbations change

regional atmospheric Hg pollution patterns?

® How different are the changes of atmospheric Hg concentration and

wet deposition flux in response to the perturbations?

® What will be the influence of global climate change in future on the

regional atmospheric Hg pollution patterns?
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A machine learning model for atmospheric Hg concentration
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XGBoost model configuration and validation
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® Limited correlations between any two predictors
® Outliers removed for the dependent variable (GEM)
® Good model performance (10-fold cross-validation)
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An generalized additive model for Hg wet deposition flux
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Performance of the generalized additive model

In(HgConc) ~ s(Prec) + s(Temp) + s(TCC) + s(WS) + s(RH) + s(Elev) + s(SR)
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® The dependent variable was selected to be the logarithm of Hg concentration in precipitation
® Both temporal and spatial 10-fold cross-validations show good model performance for GAM
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Contributions of key drivers to GEM concentration variation
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® Geographic features, meteorological factors,
and Hg transport contributed 44%, 27%, and
23% to GEM variation, respectively

® The contribution of intra- and inter-regional
Hg transport to GEM variation experienced
an increase followed by a decrease
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Impacts of meteorological factors on GEM concentration

| Continental US

| Eastern China
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® Temperature and solar radiation are
key to GEM concentration

® Natural and legacy Hg emissions are
important via high temperature
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Impacts of meteorology on precipitation Hg concentration
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® Precipitation directly contributes to Hg wet deposition, while Hg concentration in precipitation decreases
dramatically with increasing precipitation when it is low due to the dilution effect

® Temperature is positively correlated with precipitation Hg concentration, with a similar pattern as on GEM,

but in a milder way at high level
17



Trends of future meteorology and Hg wet deposition
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® Hg wet deposition flux
will increase with more
significant fluctuations
in SSP2-4.5 or SSP5-8.5
scenarios

® The increase is going to
be driven by increasing
temperature

® The larger fluctuation is
going to be driven by
extreme precipitation

18



Impacts of future climate change on Hg wet deposition

Changes in Hg wet deposition in the western US
from 2030 to 2060
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® Hg wet deposition will reduce along the west coast
of the US and increase significantly in inland area

® Global warming will boost Hg wet deposition flux,
while extreme precipitation will intensify variability

Impacts of temperature and precipitation on Hg wet
deposition flux in the western US (2020-2100)
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Take-home messages

® Advanced statistical and machine learning models are effective tools

for identifying the key drivers for atmospheric Hg pollution.

® The declining of local anthropogenic emissions and intra- and inter-

regional transport drives the decrease of GEM in the eastern US.

® Precipitation and temperature are key factors for Hg wet deposition

which will be controlled by future extreme weather conditions.
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Thank you very much for your attention

Lei Zhang (Izhang12@nju.edu.cn)
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