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significant improvements 

in the model performance 

with the implementation of 

the new photolysis module.

The predicted monthly 

averaged AOD from the 
improved photolysis module 

follows the spatial patterns 
of MERRA-2 re-analysis, with 

an overall under-prediction 
of AOD over the common 

domain.

The domain-wide impact of 

direct and indirect effect 
aerosol feedbacks on the 

photolysis rates from 
meteorological changes are 

greater than the direct 
aerosol optical effect on the 

photolysis rate calculations

Improvement of 
MESSy Photolysis 
Module in GEM-

MACH

MESSy Photolysis 
Module

• Optical Depth 
Calculation

• Gaseous Cross 
Section Data

• Gaseous Quantum 
Yield Data

• Effective Scattering 
Coefficient

• Effective Absorption 
Coefficient

• Effective Asymmetry 
Factor

• Black Carbon

• Sea Salt

• Dust

• Internally Mixed 

Final Version of the 
New Mie Lookup Table:

• Extinction Efficiency

• Single Scattering 

Albedo

• Asymmetry Factor

Initial Version on the 
Mie Lookup Table 

Mie Theory in Vector 
Model (McLinden et al., 

2002)Interpolated 
based on 

size 
parameter

• Sea Salt

• Dust

• Internally Mixed

Apply Amplification 
Factor to Black 

Carbon Core Shell 
(Bond et al., 2006)

Hybrid Aerosol 
Mixing State 
Assumption for 
internally mixed 

On-line GEM-
MACH Aerosol 
Size Bin Data: 

Component Mass 
and Bin Number 
Concentration 

If mass fraction 

of black carbon 

in a bin > 40%

If mass fraction 

of black carbon 

in a bin < 40%

Monthly averaged J(NO2)) %difference

Monthly averaged daytime AOD at 580 nm from GEM-MACH and MERRA-2 model.

GEM-MACH AOD with the previous (base) and the improved version of 
MESSy-JVAL versus AERONET AOD at 580 nm, on June 2018. 

With and without AODWith and without aerosol Feedbacks


