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Viewing Atmospheric Aerosols
From the MODIS Satellite Sensor

Lorraine A. Remer
NASA/Goddard Space Flight Center

And the MODIS aerosol team: Y.J. Kaufman, D. Tanré 
D.A. Chu, C. Ichoku, R. Kleidman, I. Koren,  R. Levy, 

R-R. Li, J.V. Martins, S. Mattoo 

 



Definition: Aerosols are suspended droplets or particles that 
can scatter or absorb incoming sunlight

What are aerosols?



Scattering and Absorption of Light by Aerosols

Io=Light 
Source (W/m2) 

 

I=Light  
Detector (W/m2) 

 
L=Path Length 
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The quantity L is called the density weighted path length. σext(λ) L is a measure 
of the cumulative depletion that the beam of radiation has experienced as a 
result of its passage through the layer and is often called the optical depth τλ.  



• Mid-IR is used to 
observe the surface 

brightness  
• Then aerosol is derived 

from estimated surface 
reflectance in the visible 
and actual reflectance 

τ0.66 ∼ [ρ*0.66 - 0.5ρ*2.1 ]

τ0.47 ∼ [ρ*0.47 - 0.25ρ*2.1 ]

λ(µm)

1.2

1.6

2.1

0.47

0.55

0.66

λ(µm)

1.2

1.6

2.1

0.47

0.55

0.66

Wide Spectral Range makes land retrieval possible

Yoram Kaufman
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The Ocean Algorithm

Choice  of  4 fine modes
and 5 coarse modes

And 5 coarse  modes

In order to minimize
(ρmeas - ρLUT) over 6 wavelengths
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MODIS Over Land Algorithm 
20 x 20 pixels at 500 m resolution  

(10 km at nadir)

cloud

water
snow

10 km

cloud

 400 total
-  56 water
________

 344
-  24 snow
________

 320
-  55 cloud
_______

 265
-116 “bright”
________

 149  “good”
Discard brightest 50%
and darkest 20% of the 
149 good pixels.

44 pixels



MOD04 Key Output Parameters �
10x10 pixel (1km) resolution�

and 3x3 km resolution

•  Optical_Depth_Land_And_Ocean –  
 Aerosol Optical Thickness (AOT) at 0.55 
microns for both ocean and land  

•  Optical_Depth_Ratio_Small_Land_And_Ocea
n - Ratio of small particle optical depth to total 
at 0.55 microns  

•  a1.16105.1726.mod04.hdf – MODIS Aerosol Product file 
•  a1.16105.1726.mod04_3k.hdf – MODIS Aerosol High Resolution 

Product file 
•  VAOOO_npp*.h5 files - VIIRSAerosol Optical Depth EDR  







Separating fine mode from coarse mode aerosol



California
Wildfires
Oct. 26, 2003

From Terra-
MODIS

RGB AOT

FLUX Fraction fine Rong-Rong Li



Infrared Detection Technique

Qualitative Product Developed at EUMETSAT

See http://www.eumetsat.int/website/home/Data/
Training/TrainingLibrary/DAT_2042669.html



http://www.eumetsat.int/website/home/Data/Training/TrainingLibrary/DAT_2042669.html







Dust appears largely due to the influence of the 
12 micron minus 11 micron brightness temperature difference





Imaginary Index of Refraction of Ice and Water 8 – 13 microns



MODIS 12-11 micron Brightness Temperature 
Difference Image   14:55 UTC  18 June 2015



MODIS Dust RGB Image
14:55 UTC   18 June 2015



IDEA-I
•  Infusing Satellite Data into Environmental 

Applications - International
•  Globally configurable air quality trajectory 

forecast
•  Identifies areas of high aerosol optical depth 

(MOD04 product), then runs 48 hour  
trajectory forecast to identify where the 
aerosols are moving in 3 dimensions

•  Released as part of IMAPP (International 
MODIS/AIR Processing Package)





Northwest	US	IDEA-I	Domain		







OCEAN	COLOR	



Ocean	Color	-	SeaDAS	



SeaDAS	Key	Output	Products	



Atmospheric	correc5on	is	cri5cal	for	ocean	color	retrievals 

•  Lw is only 5-10% of signal reaching satellite: rest due to Lp 

•  Lp components: molecular (Rayleigh) & aerosols  

Clouds 

Clouds 



MODIS	Atmospheric	Correc5on	for	Ocean	Bands	
	

Statement	of	the	problem:	
• 	Total	radiance	observed	by	the	satellite	is	composed	of	5-10%	ocean	
signal	and	90-95%	atmosphere	signal.	
• 	The	atmospheric	and	ocean	surface	scaTering	effects	must	be	accurately	
modelled	and	removed.	
• 	Desired	parameter	is	normalized	water	leaving	radiance	(remote	sensing	
reflectance)	for	MODIS	bands	8,	9,	10,	11,	12,	13	(0.412,	0.443,	0.488,	
0.531,	0.551,	0.667	microns)	

SeaDAS	file	names:	
	
MODIS:		a1.16111.0556.seadas.hdf	
VIIRS:		SEADAS_npp_d20160420_t1914590_e1922052.hdf	



Remote sensing Reflectance and Chlorophyll Concentrations













MODIS Chlorophyll-a Concentration


