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MODIS- the MODerate-resolution Imaging Spectroradiometer
A key remote sensing instrument on board NASA’s Terra and Aqua  satellites which has revolutionized our 

understanding of many Earth system processes, including dust storms, since 2001.



December 15, 2003: Dust storm turned the 
sky brown (or white or grey) over much of 
west Texas. 

Texas Tech University, Lubbock
Typical day                                                      December 15, 2003



Lee et al., 2009

First major case study: event of 15 Dec. 2003, ~150 discrete point sources of 
dust were identified on a single true-color NASA MODIS satellite image.         
Many of these individual point source locations were then visited in the field.

Lee et al., Geomorphology, 2009



By visiting satellite-detected dust point sources in the field, we can
• Determine what the land use and geomorphology is of actual dust source spots
• Learn how these characteristics may differ from other areas where dust didn’t blow as 

much or wasn’t evident on satellite
• Obtain soil samples to understand the physical and chemical characteristics of dust 

source materials for source apportionment and health effects studies
• And, of course, get the vehicle stuck, so it qualifies as a traditional field geology project ☺



By overlaying the MODIS- identified point sources 
with soil and land use data in a GIS, we can 
systematize these observations.



This was done not only in North America
but throughout the world, 
creating a global                                                                 
classification system                                                                       
of the land surface,                                                                
based on dust emissions.

Chihuahuan Desert, N. America

Lake Eyre Basin, Australia

Takla Makan Desert, China

Bullard et al., JGR- Earth Surface, 2011



We can quantify the 
relative “dust plume 
intensity” of different 
land use and soil types.

Lee et al., Aeolian Research, 2012                                                Baddock et al., Journal of Maps, 2011



That allows 
us to map out 
regions of 
high, 
medium, and 
low dust 
emission 
propensity 
over large 
areas of the 
landscape.



These maps of ground-based dust emissivity can be geospatially 
cross-checked against other MODIS products such as optical depth.

Baddock et al., GRL, 2016



This creates the 
ability for these 
products to                 
serve as input and 
initialization 
parameters to earth 
system models, 
such as 
meteorological 
models used for 
forecasting of wind 
storms, and thus 
improve prediction 
of dust events.



Much more; geospatial relationships of the locations of dust 
plumes to drought intensity (also see Kandakji et al. poster)



Relating MODIS- Based Dust Optical Depth to data from ground based air 
quality monitoring networks



AMS: Next Tuesday morning at 9:30



This is only scratching the surface 
of what has been done…                  

thanks MODIS and NASA!
• Thanks to many other colleagues, 

collaborators and students.

• Support for this work has come from 
multiple NASA grants through ROSES, as 
well as grants from the US EPA, State of 
Texas, NOAA, and other agencies.







Global frequency of dust derived from MODIS Deep Blue product

Ginoux et al., 2012


