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Example: Imaging Spectroscopy for Carbon 
Cycle and Ecosystem Science 

Spectrometer 

Telescope 

Detector Array 

Slit 

≥1000’s of  Parallel Spectrometers 
Calibrated 
Image Cube 

Ecosystem 
composition, function, 
chemistry, etc. 



Full Continuity with Landsat 



Past: The Airborne Imaging Spectrometer 
Proposed at JPL in 1979 (IRAD) 

AIS-1982 32x32 HgCdTe Detector 
Rockwell Scientific 



AIS First Flight Discovery 
Buddingtonite Occurrence at Cuprite, NV 

(NH4)AlSi3O8 



Present: Airborne Local Mineral Mapping 
Spectral Fitting from a Library (USGS) 



•  Grapevine Mountains 20m x 20m AVIRIS measurements 

Spectroscopy Enables  
Sub-pixel Detection 

Calcite Dolomite 

3m x 1m Dolomite discovered 
with 20m x 20m AVIRIS imaging 
spectrometer measurement 
 
 
 
Boardman and Kruse 



Mapping Superfund Hazards at 
Leadville, CO 



Advances in Mineral Dust Source Composition Measurement with Imaging 
Spectroscopy Demonstrated at the Salton Sea, CA   

Mineral dust emitted by the surface into the atmosphere affects climate through direct 
radiative forcing and indirectly through cloud formation as well as changes in the albedo and 
melting of snow/ice.  
 
Based on their chemistry, the minerals in dust react and modify tropospheric photochemistry 
and acidic deposition.  
 
Mineral dust aerosols affect ocean and terrestrial ecosystem biogeochemical cycling by 
supplying limiting nutrients such as iron and phosphorus.  
 
In populated regions, mineral dust is a natural hazard that affects human health and safety.   



Test of Imaging Spectroscopy Retrieval from 
HyspIRI Preparatory Campaign AVIRIS 

Measurements 

a b 

c d 



Mapping Vegetation Species with Imaging Spectroscopy 
MESMA Species Type 90% accurate 

Species Fractional Cover  Quercus agrifolia 

Dar Roberts, et al, UCSB 

Airborne Imaging Spectroscopy, Santa Barbara, CA 



Species/Func+onal-type	Map	
Shenandoah	

Na+onal	Park,	USA	



Biodiversity  



 
Composition for Ecosystem 

Modeling 

Basal Area = 33.5 m2/ha 

FIELD OBSERVED 

IMAGING 
SPECTROSCOPY  
DERIVED 

Basal Area = 35.6 m2/ha 
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Ø  Initial: Horizontal heterogeneity in canopy structure 
represented. Parameter values specified from the 
literature.  

Ø  HET: Horizontal heterogeneity in canopy structure. 
Optimized model parameters. 

Ø  AGG: ‘big-leaf’ model (aggregated model of forest 
canopy). Optimized model parameters  

Ø  HET model has better predictive capability than 
AGG model 



Fire Ecology with Imaging 
Spectroscopy 

Spectrometer 

Telescope 

Detector Array 

Slit 

Many Parallel Spectrometers 
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AVIRIS
Estimate
Residual

Simi Valley Fire
Spectrum AA

Temperature Estimate=999K
7.5% of the Spectrum Sample Area

Image Cube 

Species Dry Biomass 

Canopy Water 
Fire Temperature 

Severity Recovery 



Agriculture 

Crop type, Crop health, Nitrogen, Leaf water, Soil Composition, Soil Salinity, Soil 
Carbon, etc. 



Three Phases of Water 
Mount Rainier, WA 



Nepal	Himalaya	

1956	

2007	

•  Water availability 
•  Melting of the Earth’s glaciers. 

Kaspari	et	al.	in	prep	

Snow and Ice: Albedo, Dust, Melting 
Upper Colorado River Basin (T. Painter, JPL) 
San Juan Mountains, CO 
15 June 2011 
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Snow and Ice: Greenland Ice sheet 



Atmospheric Spectroscopy and the three 
Phases of Water: Cal Water Experiment 

Blue: Ice, Green: Liquid Water, Red: Water Vapor 

Older relevant reference: Green RO, Painter TH, Roberts DA,  and Dozier, Js., “Measuring the expressed abundance of the three phases of water with an imaging spectrometer over melting 
snow,” WATER RESOURCES RESEARCH 42 (10): Art. No. W10402 OCT 3 2006 

Example three phase AVIRIS spectral fits 



2001 Emergency Response 
After 9/11 



April 25, 2010 MODIS 
 
 

2010 Gulf Oil Spill Response 
NASA AVIRIS used by USGS, NOAA and NASA science team to estimate the thickness 
and volume of the surface oil.  Example result: High values at 131 liters/pixel*. 

Oil Spill 
Spectroscopic Basis  
C-H Bond Absorptions AVIRIS AVIRIS Spectra Thickness Fraction 

NASA AVIRIS used by a broad government and university science team to map vegetation 
species and physiological condition (health) before and after oil impact. 

Quantitative 
Volume  

Estimates 

Pre Oil AVIRIS ER-2 
Coastal  

Data Post Oil 
AVIRIS Vegetation 

Spectra  
AVIRIS Species 

Map 
AVIRIS Oil Impacted 
Vegetation Spectra 

Oil Impact 
Product 

*A Method for Quantitative Mapping of Thick Oil Spills Using HyspIRI; Roger N. Clark1, Gregg A. Swayze1, Ira Leifer2, K. Eric Livo1, Raymond Kokaly1,  Todd Hoefen1, Sarah Lundeen3, Michael 
Eastwood3, Robert O. Green3,  Neil Pearson1, Charles Sarture3, Ian McCubbin4 Dar Roberts3, Eliza Bradley3,  Denis Steele3, Thomas Ryan3, Roseanne Dominguez3, and  AVIRIS Team3; 1USGS, 
2UCSB, 3NASA,  4 DRI 



AVIRIS-NG June 2014 Methane Plume, California 

New Imaging Spectroscopy based Algorithms 



Spectroscopic	Measurement	Approach	



 What is the relationship between coral reef 
condition and biogeophysical forcing parameters? 

Benthic Reflectance Benthic Cover Primary Productivity 

Calibrated Spectral Radiance  



Dimensionality of the Earth System 
Captured with Imaging Spectroscopy 

NASA HyspIRI 
Preparatory Campaign 

AV
IR

IS
 Flight line from

 M
ono Lake to S

anta B
arbara, C

A 

A single HyspIRI airborne campaign flight line has 50 
content rich eigen images.   
 
A single scene show up to 30 content rich eigen images. 
 
This demonstrates huge dimensionality available for 
access with imaging spectroscopy for new Earth system 
science  
 



Mapping Imaging Spectrometer 
for Europa (MISE) 



Possible Future Demonstration 
16 Revisit, 30 m, Full VSWIR 



Affordable 16 day revisit for 
demonstration 



•  Spectroscopy reveals physics, chemistry, and biology and related processes 

•  With advances in detectors, optics, and electronics, imaging spectroscopy 
became feasible in the late 20th Century 

•  Since its inception, the use of imaging spectroscopy on Earth and 
throughout the solar system has been proven and expanded extraordinarily 

 
•  Imaging spectroscopy enables remote measurement for the 21st Century 

•  Mouroulis, Pantazis, Robert O. Green, Byron Van Gorp, Lori B. Moore, 
Daniel W. Wilson, Holly A. Bender, “Landsat-swath Imaging Spectrometer 
Design,” Optical Engineering, 2016. 

Conclusions 



Images raise questions and spectra answer them! 


