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More investigations are needed for the high h bias at low PM2.5 concentration and low h bias at high PM2.5 concentration
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• The annual mean h varies greatly, from less than 10 to more than 200. 
• h values are highest over desert regions such as the Middle East, the southern part of Europe, and the western part of 

China, followed by regions with solid influence from anthropogenic aerosols, such as East Asia, South Asia, and large cities 
around the world. 

• The lowest h is found in humid areas such as coastal areas and areas with high latitudes. 

Why Care About the PM2.5 to AOD Relationship (η)
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Exposure to fine particulate matter (PM2.5) in ambient air is the leading environmental risk 
factor for the global burden of disease, leading to 4.2 million premature deaths every year.
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Datasets used in this study

Number of PM2.5 monitors per million inhabitants by country (Martin, R. 2019)

Ground-measured PM2.5 is sparse, but satellite remote sensing plus a chemical transport 
model (GEOS-Chem) offer an alternative solution. More specifically, this satellite-derived 
PM2.5 is obtained from satellite observation of AOD by applying a modeled PM2.5 to AOD 
relationship (η). 

What Drives the Spatial Variation of η
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Regional mean contributions of aerosol composition 
to (top) surface PM2.5 and (bottom) AOD

Measured (left) and simulated (right) annual mean h (top), surface PM2.5 (middle), and AOD (bottom) 
for 2019. PWM = population-weighted mean. 

Regional mean aerosol mass concentration 
profile

Changes in h when using a continental mean value of (top) fine aerosol 
composition, (middle) aerosol vertical profile, and (bottom) RH. 
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Model Uncertainties
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Defined as η

• The PM2.5 composition, aerosol vertical distribution, and RH are the main drivers for the η spatial variation.
• In populated areas, ambient aerosols contain higher fractions of SNA and OM, which are the main product of 

anthropogenic emissions. This makes the aerosols more hygroscopic (can grow larger by taking up more water) therefore 
more efficient in radiation scattering. The higher AOD then results in lower η.

• Industrial areas are the source regions of aerosol, making it accumulate 
near the surface, resulting in higher PM2.5 near the surface and η.

• Aerosols in humid areas are generally larger and more scattering efficient.

If ignore the dry aerosol size of inorganics and organics

Bias in simulated h as a function of PM2.5 concentration for each month. 

The relative difference between simulated and measured h (left) before and (right) after applying the parameterized Reff

Comparisons of observed and simulated latitudinal distributions of annually 
averaged 210Pb concentrations at (a) surface (b) aloft. (Zhang, B. et al)

• Simulated h is biased high at low PM2.5 concentration and biased low at high PM2.5 concentration. 
• Aerosol size plays an important role in AOD estimation and therefore helped mitigate h simulation bias.
• The high bias at low PM2.5 concentration might reflect the overly strong scavenging aloft, which makes the model 

underestimate AOD. Some previous studies support this idea while others do not. More investigation is needed.

• From global-scale ground-based PM2.5 measurements, satellite observation, and a 3-D chemical transport model, GEOS-
Chem, we found that h values vary largely. They are highest over desert regions, followed by regions with solid influence 
from anthropogenic aerosols. The lowest h is found in humid areas. 

• The spatial variation in h is driven by aerosol composition, aerosol vertical distribution, and RH, which affect PM2.5 and 
AOD to different extents. 

• Simulated h is biased high in low pollution areas and biased low in strong pollution areas. This indicates the possibility of 
aerosol scavenging being too strong. 

• Including a parameterized dry aerosol size helped reduced model bias.          
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• Algorithm: the Multi-
Angle Implementation of 
Atmospheric Correction 
(MAIAC)

• Instrument: Moderate 
Resolution Imaging 
Spectroradiometer 
(MODIS) 

• Satellite: Terra and Aqua
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Map of PM2.5 ground monitoring networks

Aerosol mass vertical distribution (μg/m3)

Comparisons of measured (black) and GC 
modeled(colored) aerosol profiles. Thick color 
lines indicate default simulation, thin color lines 
indicate that from updated wet scavenging 
(LUO, et al. 2019, Gao, et al. 2022)

Base simulation If applied LUO wet deposition

• Ground-based PM2.5 measurement: 6000+ sites from 6 regional networks and 2 global networks.
• AOD measurements are collected from both Satellite and ground-based sun photometer 

measurement
• Simulations are conducted using the high-performance implementation of GEOS-Chem (GCHP).


