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• Atmospheric acidity increased from preindustrial (PI) to 1980s, and 
decreased since then due to air quality control strategies in US and 
Europe;

• Atmospheric acidity may impact tropospheric halogen abundance via 
pH-dependent heterogenous reactions on cloud droplets and 
aerosol;

• The impacts of atmospheric 
acidity on reactive halogens 
and other oxidants over 
preindustrial to present day
(PD) transition hasn’t been 
investigated.

• GEOS-Chem model v11 with Cl, Br, I chemistry (Wang et al., 2019; 
Sherwen et al., 2017; Chen et al., 2017)

• Model setup: all simulations are in July
PI: 2007 meteorology, no anthropogenic emissions, and prescribed    
1750 CH4 mixing ratios (following Murray et al., 2014)
1980s: 1985 meteorology and emissions
PD: 2007 meteorology and emissions

• Explicitly use calculated acidity in heterogeneous reaction rate 
calculations

• Updated cloud pH calculation by Jonathan Moch
• Consider NH3/NH4 partitioning on coarse sea salt

Methods

Fig.1  Weighted annual-mean nssSO4
2- concentrations (black circles) from four shallow ice cores drilled at 

Summit, Greenland (Cole-Dai et al., 2013) from 1850 – 2005 C.E.  Anthropogenic emissions of sulfur (Gg S yr-1) in 
North America (blue line), the former Soviet Union (red line), Europe (green line), and sum of these three 
regions (Total, black line) from Smith et al. [2011] are also shown.

• Modeled aerosol acidity (accumulation mode) and cloud pH show 
similar trends as in ice core nssSO4

2- records over PI-1980s-PD, and 
this trend is reflected in Bry trends. 

• Iy trends are potentially more sensitive to ozone variations, since 
ozone uptake to ocean surface layer is the major source of Iy.

• Largest source of Cly is the acid displacement reactions on aerosol, 
further investigation is needed to explain Cly trends.

Conclusion and Discussion

Issue: Coarse mode sea salt pH, which affects heterogeneous 
production of reactive halogens and gas-particle partitioning of HCl, 
NH3 and HNO3, is not explicitly calculated in the model, so it cannot 
reflect the change in atmospheric acidity.
Future work:
• Use reverse mode ISORROPIA_II to calculate coarse sea salt pH;
• Include blowing snow source of sea salt aerosol to improve model 

performance in polar regions;
• Quantify acidity’s role in regulating halogen variations during PI-

1980s-PD;
• Compare model results using available observations and ice core 

records of halogens and other oxidants.

Issues and Future work
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Aerosol pH trends over PI-1980s-PD

Fig.2 (Upper panel) Accumulation mode aerosol pH at surface level in Preindustrial (PI), 1980s, and Present Day 
(PD); (Lower panel) Absolute change in aerosol pH at surface level from PI to 1980s (left), PI to PD (middle), and 
1980s to PD (right). 

Motivation

Fig.3 Same as Fig.2 but for cloud pH at 0.9km level. Dark blue marks regions where there are no clouds over simulation time.

Ozone trends over PI-1980s-PD

Fig.4 (Upper panel) Surface ozone mixing ratio in Preindustrial (PI), 1980s, and Present Day (PD); (Lower panel) 
Absolute change in ozone mixing ratio at surface level from PI to 1980s (left), PI to PD (middle), and 1980s to PD 
(right). 

Bry trends over PI-1980s-PD

Fig.5 (Upper panel) Surface Bry mixing ratio l in Preindustrial (PI), 1980s, and Present Day (PD); (Lower panel) 
Absolute change in Bry mixing ratio at surface level from PI to 1980s (left), PI to PD (middle), and 1980s to PD (right). 

Fig.6  Same as Fig.5 but for Iy species (upper two rows) and Cly species (lower 2 rows) at surface level.
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