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NASA NPP satellite image of an African dust outbreak 24 June, 2014 
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Scientific Questions: 

1. What are the characteristics of dust from the observations? 

2. What are the differences between models? 

3. What are the differences between models and observations? 

4. What are the causes of the differences in models? 



Methods (Observation) 

• Aerosol Optical Depth (AOD), (2000-2005):   
– MODIS, MISR, SeaWiFS, and AERONET 

 

• Dust Optical Depth (DOD), (2000-2005): 
• MODIS: Aerosol type and size (Kaufman et al., 2005) 

• MISR: Non-spherical AOD (Kahn et al., 2009)  

• AERONET: Coarse mode Fraction (Eck et al., 2010) 

• CALIOP: Depolarization ratio (>0.06) 

• AIRS: Centroid Height of Dust 

 

• Fraction of DOD (fDOD) 
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• Standard model output (2000-2005) 
– AOD, DOD, EMI, DRY, WET, and LOAD 

• Normalized parameters 
– Loss frequency   

– Wet deposition fraction 

– Longitudinal gradient of DOD  

– Mass extinction efficient 

Model description 



• AOD and DOD are averaged for 2000-2005. 

• Satellites and AEROENET are quite similar  

– AOD:0.24~0.26, DOD:0.10~0.12 

AOD and DOD from Observations 



AOD and DOD from Observations 

• AOD is best available observations for global aerosol Study. 
• But AOD is mixed with other aerosol types. 
• DOD is retrieved value for ocean but more explicit to dust. 
• About ±50% difference between Satellites and Models.  

– AOD:0.24~0.26, DOD:0.10~0.12 



Distribution of AOD: Observation and Models 

• About ±50% difference between Satellites and Models.  
– Satellite:0.24~0.26 
– Models:0.13~0.36 



Distribution of DOD: Observation and Models 

• Larger differences (factor of 4~5) between Satellites 
and Models than AOD.  
– Satellite:0.10~0.12,     Models:0.03~0.15 
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AOD Seasonal Cycles : Observation and Model 

• AERONET AOD is considered as the most reliable data. 
• AERONET AOD shows strong inter-annual and spatial variation. 
• Models show large discrepancy with AERONET and between models  



Distribution of DOD: Observation and Models 

• Satellites agree on east-to-west gradient of AOD and DOD. 
• Models show large discrepancy with satellite and between models. 

Best AOD agreement appears on the Atlantic Ocean. 
• All models underestimate DOD. 



Distribution of f_DOD: Observation and Models 

• f_DOD=DOD/AOD 
• Satellites agree on east-to-

west gradient f_DOD. 
• Models show large difference 

with satellite and diversity.  
• Models show stronger f_DOD 

gradient. 



Vertical Distribution of DOD: Profile 



Vertical Distribution of DOD:  
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What’s the cause of the model 

uncertainty? 
 

• Emission 

• Dry/Wet removal (absolute and relative)  

• Meteorology (wind, precipitation, 
seasonality…) 

• Optical parameters 

• Particle size and composition 

• Chemistry 



Distribution and Magnitude of Emission 

Formenti et al. (2011) 



Distribution of WET Fraction 



• About 30% difference: 0.28-0.37 s-1. 
• Significantly different behavior 

between models. Some are higher 
over Ocean and other are opposite. 

Distribution of Loss Frequency (~1/Lifetime) 



Distribution of Mass Extinction Efficient (m2/g) 



• About 30% difference: 2.8-4.1 
• Significantly different distributions 

especially over the tropical and 
Western Atlantic and America. 

• Aerosol modeling is dependent to 
Meteorology. 

Meteorology - Distribution of Rainfall 



Summary 

• North African dust is studied using observations (2000-2005) 
(AOD, DOD, and fDOD). 
– Satellites agree in distribution, seasonality, and longitudinal gradient  

• AeroCom models are compared with observations and 
between models (AOD, DOD, and fDOD). 
– Strong spatiotemporal variation and inter-annual variation 

– Large diversity in AOD and the larger diversity in DOD and fDOD  

– Large differences in vertical distributions 

• There are large differences in distribution and magnitude of 
normalized parameters.  
– Loss frequency, Wet deposition fraction, Mass extinction efficiency 

• Dust simulation is highly meteorology dependent such as 
wind and precipitation.   

• More observation is essential to improve models.  




