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Advanced Particle Microphysics (APM) model 

Secondary particles (SP) : 40 bins 

Sea salt particles: 20 bins 
Dust: 15 bins 
BC: two log-normal modes  (one for 
fossil fuel, the other for biomass burning) 
 

Primary OC: two log-normal modes 
Coating of primary particles by 
secondary species tracked. 

POC + 
coating 

SP SS + 
coating 

BC + 
coating 

Dust + 
coating 

(composed of SO4, NO3, NH4, SOA) 



Modeled aerosol burden from GEOS-Chem-APM 

Ma et al. (ACP, 2012)  
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(a) Global  

(b) Ocean  (c) Land  

• Satellite: clear sky, daytime 
• APM clear sky: cloud cover 

<0.25  
• 16 other models: 
      all sky AODs for year 2006 
 
AODs all sky is ~30% higher than 
clear sky according to the GEOS-
Chem-APM simulations 
 
AODs from most global models 
are lower than satellite 

Ma and Yu (Tellus B, 2015)  



Global AERONET Sites 

Selection criteria: 
• at least 36 months data available 
• eliminated the sites with a low spatial domain and with a low data 

quality according to the site assessment provided by Kinne et al. (2013) 

Level 2.0 Quality Assured Data, over 600 sites around the world 



Selected AERONET Sites 



North America 
(b) (a) 

(c) (d) 

• Secondary Particle (SP: Sulfate, Nitrate, Ammonia, SOA) dominates 
• Smaller inter-annual variabity in the model 

Ma and Yu (Tellus B, 2015)  



Europe 
(a) (b) 

(c) (d) 

• Secondary Particle and dust dominate. dust transported from North Africa too high? 
• Reasonable inter-annual variation 

Ma and Yu (Tellus B, 2015)  



North Africa 
(b) 

(d) 

(a) 

(c) 

• Mineral dust dominate. dust transported from North Africa too high? 

Ma and Yu (Tellus B, 2015)  



South Africa 
(b) 

(d) 

(a) 

(c) 

• POA dominates, SP contributes secondly high.  
• Consistent seasonal variation (highest in Fall due to BB). 

Ma and Yu (Tellus B, 2015)  



South America 
(b) 

(d) 

(a) 

(c) 

• POA dominates  
• the burning season in South America is shorter compared to South Africa 



East Asia 
(b) (a) 

(c) (d) 

• Secondary Particle (SP: Sulfate, Nitrate, Ammonia, SOA) dominates, POA and BC 
contribute more than in North America and Europe.  

Ma and Yu (Tellus B, 2015)  



Vertical profile of aerosol extinction 

Ma et al, AR, 2014 

Major anthropogenic 
emission regions 

Low biases in satellite 
products. 

EUS 
 
 
 
 
 

WEU 
 
 
 
 

CALIPSO 

CALIPSO 

GEOS-Chem/APM 

GEOS-Chem/APM 



Ma et al. (ACP, 2012); Yu et al. (ERL, 2014); Ma et al. (JGR, 2014) 

Aerosol radiative forcing  

 Direct forcing 

16 models 
[-0.58,-0.016] 
Mean: -0.27 
GEOS-Chem: -0.26 

Myhre et al. (2013), Ma et al., 2013 



Aerosol radiative forcing  

 Indirect forcing 

Ma et al. (JGR, 2014) 

Anthropogenic RF is generally 
stronger over oceans even though 
anthropogenic aerosol sources are 
on land.  
 
Because maritime clouds are more 
susceptible to changes in aerosol 
concentrations. 



Summary and conclusions 

  Predict sulfate mass concentrations much better than BC. 
 

 Capture the observed seasonal of AOD over all representative 
regions. 
 

 Overall weak inter-annual variability compared to observations. 
 

 Vertical profile of AOD at EUS and WEU agree well with 
CALIPSO. 



Partition/Rea
ction 

SV-SOA MV-SOA 

Condensation 

LV-SOA 

H2O Hygroscopic growth  

SO2 

Sulfate 

Aging 

Aging 

VOCi 

Nucleation 
Condensation 

Equilibrium 

Formation and evolution of 
atmospheric particles considered in 
APM 

Nitrate/ 
Ammonium 

Primary Particles 
+ coating 

Secondary 
Particles  

Condensation/
Coagulation 

(Yu and Luo, 2009; Yu, 2011) 



Simulated and observed particle size distribution 

Yu (2008, ACP) 
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New particle 
formation: 
Ion-mediated 
nucleation 
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