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Spectroscopy from Space 
    To Study the Earth 
    emphasis on land-based observations 
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The EO-1 Hyperion spectrometer 
 

What’s next? 
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What is Spectroscopy? 

Spectroscopy is one of the most important tools in a 
scientist’s tool-kit – it is the study of light coming from an 
object. 
• Spectroscopy is the study of the interaction between radiation and matter 
     as a function of wavelength (''λ'').  
• A spectrometer is an instrument that can spread light out into its different colors. 

B 
 
A 
 
C 

Star A is green, star B is blue, star C is red. 
They can be identified by their spectra. 
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The Radiation Spectrum 

Visible 
Spectrum 

5 



NASA Earth Science 
• Science Questions 

– How are global ecosystems changing? 

– How do ecosystems, land cover, and biogeochemical cycles 
respond to and affect global environmental change? 

– How will carbon cycle dynamics and terrestrial and marine 
ecosystems change in the future? 

– How can Earth system science improve mitigation of, and 
adaptation to, global change? 

 
Biospheric Sciences Laboratory (Code 618, NASA/GSFC):  
Mission Statement 

Advance scientific understanding of Earth's terrestrial ecosystems and their 
responses to natural or human-induced changes and develop applications  to 
benefit humanity. 
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New Directions 
• Detection of biologic groups based on: 

* Biodiversity 
 * Functional (spectral) properties 
 * Structure  

 * Vitality, health, persistence 

• Processes 
 * Seasonal Phenology, Year to Year trends 

 * Diurnal dynamics 

• Data Fusion/Harmonization, Virtual Constellations 
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Ecosystems = f(C)   
           C = Climate   

Biomes of the World 
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Global Biodiversity is down 
30% since 1970 
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Global Diversity of Species 

LIVING PLANET REPORT 2012 
LIVING PLANET INDEX 9 



Species Composition and Biodiversity  

Phil Townsend, NASA 2011 CC&E workshop 10 
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Permafrost thaw is leading to shrinkage of 
lakes and mobilizing frozen carbon  

(Photo: G. Grosse) 

The Slave Lake, Alberta fire in May 2011 was the second largest 
natural disaster in Canadian history (>$750 million) (Photo: 
National Post - news.nationalpost.com) 

Mountain pine beetle outbreaks have accelerated and 
are spreading (Source: Univ. of Alberta) 

Recent changes in climate are causing significant and novel changes to arctic/boreal 
ecosystems over large areas that have widespread impacts on society 

Climate Change at High Latitudes 
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Global Transformation of the Biomes 1700 - 2000 
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Ellis et al., 2010 12 



Spectroscopy and Photosynthesis 

R. Green 
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Measuring the Global Terrestrial Biosphere 
for Ecosystem Composition and Function 

Imaging Spectroscopy is required to 
measure critical variables of the 
terrestrial biosphere. 

Multi-spectral imaging is insufficient 

14 



“Monitoring Plant Functional Diversity 
From Space” 

 
Jetz, W., J. Cavender-Bares, R. Pavlick, D. Schimel, 
F.W. Davis, G.P. Asner, R. Guralnick, J. Kattge, A.M. 
Latimer, P. Moorcroft, M.E. Schaepman, M.P. 
Schildhauer, F.D. Schneider, F. Schrodt, U. Stahl, & 
S.L. Ustin (2016). Monitoring Plant Functional 
Diversity From Space, Nature Plants, Vol.2(3), Article: 
16024, March 2016. 
 
The world's ecosystems are losing 
biodiversity fast. A satellite mission 
designed to track changes in plant 
functional diversity around the globe 
could deepen our understanding of the 
pace and consequences of this change, 
and how to manage it. 

Observing Biodiversity From Space 
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Observing Biodiversity From Space 
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Despite advances in compiling species databases, information from field surveys is insufficient. 
Latitudinal variation in the richness of all vascular plant species (BLUE; after Kreft & Jetz 2007). 
Compared to TRY database (WHITE; from TRY, Jun 2015) among 110km grid cells (N = 11,626). 

 

TRY Database of 
plant traits 

W. Jetz, J. Cavender-Bares, R. Pavlick, D. Schimel et al. 2016. Nature Plants 16024| 
DOI:10.1038.Nplants 2016.24 



Conceptual Ecosystem Flux Model 
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Biochemistry models used in SCOPE v1.53:  Collatz-TB12 Drought (TB12-D);  Collatz-TB12 (TB12);  Von Caemmerer-MD12 (MD12) 

Global Sensitivity Analysis of the SCOPE Model in Support of 
Future FLEX Fluorescence Retrievals [RAQRS15] 

J. Verrelst, J.P. Rivera, C. Van der Tol, F. Magnani, G. Mohammed, &  J. Moreno 

18 



PLSR wavelength selection for one species PLSR weighting for foliar Nitrogen 

Measuring spectral shift from Lignin;Cellulose ratio 

Full spectrum is required for species/functional-type, biogeochemistry and physiological condition. 

Ecosystem Measurements for Climate Feedbacks 
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Wind River Canopy Crane Site, Carson, WA 
Age class distributions from newly harvested to 500+ 
yr “old growth” Conifer Forest 

R=soil, G=vegetation, B=shade 

Reflectance Changes with Age Class & Species Mixtures 

A. Fox 2013 20 



Imaging Spectroscopy Derived Composition 

21 
P. Moorcroft 



 Plant Functional Traits & Diversity 
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Orbital (e.g. EO-1 / HyspIRI / Landsat @ ~ 700 km) 

High Altitude (e.g. AVIRIS on ER-2 @ 10K – 20K m) 

Mid Altitude (e.g. AVIRIS on Twin Otter @ 2K – 5K m) 

Low Altitude (e.g. G-LiHT on Cessna 206 @ 330 m) 

UAV (current effort @ 10 – 120 m) 

Fixed Tower (e.g. AMSPEC @ < 50 m) 

Proximal (Spectrometer @ < 5 m) 

Leaf Level (@ << 1 m) 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Graphic by Rob Sohlberg 23 



CCI Does a Better Job of Describing “Invisible” 
Evergreen Phenology than NDVI 

Fig. courtesy Fred Huemmrich  Gamon et al. 2016 24 



ECOSYSTEM 3-D STRUCTURE & SCALING 

Spectroscopy + LiDAR  

25 

 
G. Asner 
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EO-1 on the Pad (Nov. 2000) 



EO-1 was designed to flight validate technologies and operational approaches applicable to 
future Earth observing missions. Launched on November 21, 2000, it took images of the 
Earth for over 16 years, with more than 180,000 scenes in archive. 

http://eo1.gsfc.nasa.gov/ 

ALI 
Hyperion Band 

Designations 
Band Names 

(wavelength, µm) 

Pan Pan     (0.48   –   0.69) 

Continuous 
Spectra 

0.4 – 2.4 µm 
242 Bands 
Bandwidth: 

10nm 

Blue 
MS-1p (0.433 – 0.453) 

MS-1   (0.450 – 0.515) 

Green MS-2   (0.525 – 0.605) 

Red MS-3   (0.633 – 0.690) 

NIR 
MS-4   (0.775 – 0.805) 

MS-4p (0.845 – 0.890) 

SWIR 

MS-5p (1.20   –   1.30) 

MS-5   (1.55   –   1.75) 

MS-7  (2.08   –   2.35) 

Spatial 
Resolution Pan: 10m, MS: 30m 30m 

Swath Width 37km 7.7km 

Mission Scientist: Dr. Elizabeth Middleton 2007-2017; Dr. Stephen Ungar 2000-2007 (NASA/GSFC Code 618) 
Mission Manager, Mr. Daniel Mandl (NASA/GSFC Code 581) 
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Earth Observing One (EO-1) Mission 

Off-nadir viewing option 

http://eo1.gsfc.nasa.gov/


N 
EO-1 

Hyperion 

EO-1 
ALI Landsat 7 

ETM+ 

(185 KM) 
(37 KM) 

(7.7 KM) 
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EO-1 and Landsat 7 Descending Orbit Ground Tracks 



Global map of locations having Hyperion (and ALI) imagery collections. EO-1 collected a total of 91,233 
ALI and 90,995 Hyperion images in its 16+ year lifetime. 
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EO-1 Image Collections 



IEEE JSTARS EO-1 Special Issue 2013 

Guest Editor, 
 Elizabeth Middleton 
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EO-1 Hyperion lunar calibration trends. A comparison of integrated radiance values of Hyperion 
bands and those from the Robotic Lunar Observatory (ROLO) model, shows that the sensor’s 
performance is within ±1.0-1.5%. Hyperion has remained stable over the last fifteen years.  

32 

Hyperion Lunar Calibration Trends 



The new lunar acquisition 
strategy enables high quality 
Hyperion observations of 
radiometrically stable features at 
multiple phase angles.  

This new capability is realized 
through a significant increase in 
effective SNR engendered by a 
slow scan of the lunar surface 
resulting in a 32X oversampling.  

We continue monthly 
comparisons of Hyperion 
integrated lunar responses with 
the USGS Robotic Lunar 
Observatory (ROLO) Lunar model 
at near full moon to maintain the 
EO-1 lifetime trends.  

Lunar Calibration using Hyperion 
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34 34 

R (%) 

R (%) 

R (%) 

Level 0 

FLAASH 

ACORN 

Available on the 
Matsu Cloud 

(limited access)  

For select sites or requests: 
CEOS (Cal/Val Portal), LTER 

 and FLUX (ORNL/DAAC) 

EO-1/MSO  

USGS/EROS 

Current Hyperion Products 

Hyperion Level 1R USGS 

Hyperion Level 1G USGS  

Hyperion Level 1R  

Hyperion Level 1G  

Atmospheric CORrection (ATCOR 3) 

Spectral time series - cal/val, veg. 
physiology and canopy chemistry 

(assumes nadir acquisition) 

Accurate - geology, vegetation 
and land cover characterizations  

(near-nadir acquisitions) 

Fast response - geology, vegetation 
and land cover characterizations 

(off-nadir acquisitions) 

Public User  
Complete Archive  

online  

For rugged terrain, geo-coded data 
& Digital Elevation Model (DEM) 

Future  ATCOR is used for 
SENTINEL-2  

EO-1 Data Products 

Level-2 Surface Reflectance 
MSO assists selected users 

Prototype Activity  

ATREM 

Hyperion Level 1T  

ATCOR 3 

Hyperion Level 1T USGS  
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Middle: Temporal trend means 
across the spectrum, with the 
Q uncertainty estimate. 
Coefficient of variation trend 
for temporal trend, with Q. 
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Hyperion VSWIR Over Libya-4 
Top: Hyperion VSWIR surface 
reflectance of 35 images of 
Libya-4 acquired 2004-2015. 
Mean lifetime trends were 
determined with 3 
atmospheric correction (AC) 
models; ATREM, ACORN, and 
FLAASH. 

Bottom: Coefficient of 
determination (R2) between 
pairs of AC models, p<0.01.  

Neigh et al. 2016 



Hyperion spectra collected over a cornfield on six dates between 2005 and 2016, representing 
typical monthly data between July and October in any year: [A] original reflectance spectra; and [B] 
first derivative spectra of reflectance.     Frank et al. 2017 
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Hyperion Spectra Over a Cornfield 



EO-1 Hyperion Reflectance Stability During Increased 
Precession at Railroad Valley Playa (RRVP) 

 

The difference in reflectance 
continues to be within ± 5-9% of 
the mean prior to ∆ precession. 

The regions of highest spectral 
stability (e.g. green, red edge, 

NIR) remain the same. 

Change in reflectance anomaly (Δρ) at select wavelengths at RRVP 

Mean reflectance and standard deviation for RRVP 
(2001-2008 data, n=15, ~10:05 am MLT acquisition) 

EO-1 increased precession started in 2011. Acquisition time 
at RRVP declined from 10:05 to 8:40, approximately. 

off-nadir views 

ρmean  

Departed 
L-7 Formation 

off-nadir views 

37 



Species/Functional-Type from Imaging Spectroscopy 

 chamise,  sagebrush,  manzanita,  mustard,  bigpod ceanothus, 
ceanothus,  grass,  coast live oak,  scrub oak,  California bay,  yucca,  
 soil,  urban,  unclassif ied

      
    
    

New England, USA British Columbia, Canada 

Santa Barbara, CA 

Shenandoah 
National Park, USA 

Hawaii, USA 
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Sevilleta LTER Site, N.M. 

Asner et al. 

Cover Fractions in Transition from Live/Green to Dry/Dead 
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Tillage intensity classification using CAI and NDVI 
(overall classification 
  accuracy = 92%) 

Color Infrared composite AVIRIS image with field boundaries, blue 
(549 nm), green (646 nm), red (827 nm) 

For dry and moist conditions CAI is adequate for assessing 
crop residue cover. 

Crop Residue Cover vs. CAI for Hyperion, 
Iowa – 5-3-2004 

CAI= 0.5(R2000 + R2200) – R2100 

(Daughtry et al. 2001, 2006 and 2010) 

Spectroscopy and Agriculture 
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Hyperspectral Hyperion Images and 
Spectral Libraries of Agricultural Crops 
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Hyperion  HyspIRI-like Products 
fAPARchl at Harvard & Howland Forests 

0    0.1    0.2    0.3    0.4    0.5    0.6    0.7    0.8    0.9   1.0 

Harvard, June 2008  

fAPARchl fAPARcanopy 

• Hyperion simulates HyspIRI Products 
 
• Hyperion demonstrates accurate fAPARchl for 

vegetation (fAPARchl < fAPARcanopy) 
 

• Hyperion fAPARchl = MODIS fAPARchl 

Zhang et al. 2012, 2013, 2014, 2016 

30 m Hyperion 60 m HyspIRI 

30 m Hyperion, Howland, June 2015 
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US-Ne1: Field Measurements, RTM Retrievals and 
Tower GPP from 2001-2004 

• Retrieved fAPARchl matches well with tower GPP while MOD15A2 
FPAR does not. 

• MOD15A2 FPAR does not agree well with field fAPARcanopy. It has 
earlier green-up and later fall-off compared to tower GPP, 
fAPARchl, and field fAPARcanopy. It overestimates fAPARcanopy in 
spring and fall, but underestimates fAPARcanopy in summer. 



Duke Forest, NC with EO-1 Hyperion Data 
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Duke Forest – PRI & NEP 
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Satellite Retrievals of GPP using the Photochemical Reflectance Index (PRI): 
Off-nadir MODIS Twice per day; Nadir Hyperion paired with fAPARchl 

Our study highlights the value of off-nadir directional reflectance observations, and the value of 
pairing morning and afternoon satellite observations to monitor stress responses that inhibit 

carbon uptake in Canadian forest ecosystems. 
We also demonstrate the potential capacity to monitor GPP with space-based visible through 

shortwave infrared (VSWIR) imaging spectrometers such as NASA’s soon to be decommissioned 
EO-1/Hyperion and the future Hyperspectral Infrared Imager (HyspIRI) mission.  

Earth Sciences Division – Hydrospheric and Biospheric Sciences 

Figure 1 Figure 2 

MODIS EO-1 Hyperion 
Elizabeth Middleton, Qingyuan Zhang, Biospheric Sciences, NASA GSFC 

46 Middleton et al. 2016; Zhang et al. 2016 



Left: 3-band (RGB=834, 671, and 549 nm) composite image of surface reflectance. The grid of light blue lines on the lower left is the 
city of Barrow. The straight blue line along the shore near the top of the image is the old airport runway. The oblong features 
scattered around the region are drained thermokarst lakes and the dark red ones are now marshes. 

Middle: Three band RGB continuous fields of estimated coverage of vegetation types derived from spectral unmixing and scaled 
between 0 and 50% coverage. R = Vascular Plant Cover, G = Moss Cover, B = Lichen Cover 

Right: Map of LUE spatial patterns (mol C mol-1 quanta x1000) based on coverage estimates.  

Hyperion Image of Barrow, Alaska 
acquired on July 20, 2009 
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A summary of the time series efforts conducted by the EO-1 mission team.  

Collection Scenes Total 
(<10% clouds) 

Primary 
Sensor Field Earth Observation Networks/Efforts 

1 ABoVE 1367 (293) ALI Arctic-Boreal Vulnerability Experiment, NASA/TE 

2 CEOS/WGCV 1022 (568) Hyperion The CEOS Working Group on Calibration & Validation 

3 FLUXNET 9680 (3552) Hyperion Network of eddy covariance flux measurements of carbon, 
water vapor, and energy exchange 

4 LTER 1181 (412) ALI The Long Term Ecological Network 

5 NEON 973 (314) Hyperion The National Ecological Observation Network 

6 SIEGEO 1125 (298) Hyperion The Smithsonian Institution Global Earth Observatory, 
ForestGEO 

7 SpecNet 1245 (305) Hyperion SpecNet – Linking optical measurements with flux sampling 

8 Volcanoes 19155 (3070) Hyperion Volcano SensorWeb, NASA/JPL 

9 UNESCO-WCH 
Reserves 992 (172) ALI & 

Hyperion UNESCO World Cultural Heritage, Nature Reserves 

48 

EO-1 Time Series 



Hyperion data enable retrieval of net ecosystem production (NEP) utilizing spectral time series.  
49 

Hyperion Measures Net Ecosystem Production (NEP) 

CO2 FLUX parameters 
(NEP, GEE, etc.) 



Hyperion’s Reflectance Serves for Modeling Canopy 
Bio-physical Parameters (Traits) 

RMSE<0.02 

 
 RTMo (part of SCOPE) includes:  
• 4SAIL - radiative transfer  
• Fluspect’ - leaf optical  
• GSV - soil reflectance 

Measured   
EO-1 Hyperion reflectance 

Simulated   
SCOPE, RTMo module  
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Initial 
SIBBORK-HF 

Forest 
Inventory 

Data 

Soils Data 

Atmos. 
Data 

(tower) 

Improved 
SIBBORK-HF 

Model 
Initialization 

Validation 
using LIDAR 

& time 
series 

Study Objectives: 
• Parameterize SIBBORK Model for Howland Forest, Maine (SIBBORK-HF) 
• Use atmospherically corrected Hyperion data to derive vegetation indices across the Howland 

Forest (already collected 2001-2015, 56 total images) 
• Compare indices (e.g. vegetation type, stress variables) with inventory data (calibrate at plot level, 

scale to Hyperion tiles) 
• Test model parameterization with vegetation indices  
• Validate Hyperion indices over time using LIDAR CHMs and modeled forest output raster datasets 
• Demonstrate the effectiveness of hyperspectral data indices to initialize and improve models 

Chlorophyll 

Vegetation 
type 

NDVI 
fAPAR 

H2O 
stress 

Hyperspectral-Derived 
Indices 

EO-1 

SIBBORK-HF 

Assessment of Hyperspectral Vegetation Indices for 
Use in Individual-Based Forest Modeling 

1m resolution 
1000x500m 0 40 

AGB (kg/m2) 
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Hyperion Detects Wildfires 

52 



• Hyperion is great for imaging erupting volcanoes 
• Wavelength range is sensitive to pixel brightness temps >450 K 
        

If data are saturated at longer wavelengths, shorter wavelengths are usable 
for fitting black-body curves:  see Wright et al., Davies et al. pubs. 

Grey area  
= saturated 

“dip” =  
saturation  
feature 

EO-1 and Volcanic Activity 

Davies, et al. 53 



EO-1 Hyperion Imaging of Eyjafjallajökull  
Volcano Eruption, April 17, 2010 

SWIR - thermal vent visible 

VIS - plumes coating 
everything to the South-
East making the ice 
brown/gray  

SWIR– components are 
separated. 

 

A future TIR imager will 
make  daily passes at 
latitude of Iceland 
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Volcano Temperatures from Hyperion 

Time Sequence- 7 images: 
Lava flows at Mt. Etna, Sicily 
using the 4-µm band. 
 
 Each native 30-m Hyperion 
resolution image is paired 
with a simulated HyspIRI TIR 
4-µm image (60 m). 
Color bar gives the 4-µm 
brightness temperature for 
each pixel (o Kelvin).  
 
 
 
 
Hyperion images used to 
generate these results were 
acquired on (i) 12 Sep 2004, 
(ii) 14 Sep 2004, (iii) 16 Sep 
2004, (iv) 23 Sep 2004, (v) 7 
Oct 2004, (vi) 9 Oct 2004, 
and (vii) 3 Dec 2004. 
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EO-1 Volcano Observations  
May 2004 - Feb 2013 
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Davies et al. (2013) JGR 56 



Hyperion Maps Minerals 

An example of Hyperion’s mineral 
mapping capability relying on full 
spectrum hyperspectral imaging from 
0.4 to 2.45 µm. 

Michael Abrams, May 2013 HyspIRI Science Workshop 57 



Use of Hyperion for Aquatic Remote Sensing 

SHALLOW/TURBID WATER FOCUS 

Hyperion spatial and spectral resolution is 
useful for coastal and inland aquatic 
applications. 

Hyperion Signal-to-Noise Ratio (SNR) is 
lower than the Hyperspectral Imager for 
the Coastal Ocean (HICO). 

So, spectral (or spatial) aggregation is 
necessary for the dark water of the open 
ocean. 

From Hu et al., 2012 

 Hyperion has been useful in developing techniques for future global applications for 
missions such as HyspIRI, PACE, and GeoCAPE. 
 

 Hyperion data were collected in Sept 2015 to support research cruises near the the 
Florida Key to further hyperspectral algorithms (see the next slide). 
 

 Lunar observations with Hyperion could be valuable in improving consistent calibration 
techniques across NASA’s ocean color climate data record. 

Top-of-Atmosphere Radiance (Lt) 
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Imaging Spectroscopy 
Measuring Species Type in Marshlands 

59 



EO-1 Hyperion k-Means classification for Agatti Island, India, where the classes are represented as 1 and 2: Reef Slope; 3: Intermediate 
Lagoon; 4: Sand Sheet; 5 and 10: Deep Lagoon; 6 and 12: Shallow Lagoon; 7: Submerged Reef; 8, 9 and 11: Reef Flat. 

Classification for Agatti Island, India 
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Pulsed export of >7 x1010 g of carbon directly to seafloor (negatively buoyant). This is equivalent to the 
daily carbon flux of phytoplankton biomass in the pelagic tropical North Atlantic and 0.2–0.8% of daily 
carbon flux from the global ocean. 

Dierssen et al. 2009.  Geophys. Res. Lett. 

Using Hyperspectral Data to Detect Sea Grasses 

61 



Hyperion Detects the California Methane Leak 

On January 1, 2016, Hyperion imaged the massive 
methane leak in the Aliso Canyon region of California. 

David Thompson’s (JPL) algorithm detected the methane 
leak within the Hyperion data and showed a pronounced 

plume trending to the south. Since then, six additional 
acquisitions have been made, thanks to EO-1’s ability to 
rapidly schedule, reorient satellite attitude, and quickly 

process and distribute the data. 
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Hyperion Radiance Ratio 
(in-plume/out-of-plume) 

Continuum removed 

Imaging Spectroscopy measurements acquired 
December 29, 2015 

Hyperion Matched Filter Detection Technique Provided by 
D. Thompson, A. Thorpe, R.O. Green and The Imaging Spectroscopy Team, JPL, CalTech 
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Standard EO-1 Level 1 data products are currently distributed by USGS 
(EarthExplorer Website http://earthexplorer.usgs.gov/) as 16-bit scaled radiance 
values. These data are available for free. 

• Level 1R , Hyperion and ALI: Radiometrically corrected 
• Level 1G, ALI: Geometrically corrected to Earth spheroid 
• Level 1Gst, Hyperion and ALI: Geometrically and terrain corrected through use of a 

Digital Elevation Model (DEM) 
• Level 1T, Hyperion and ALI: Co-registered with Landsat Global Land Survey (Landsat 

GLS), only available for cloud-free images 

 

New EO-1 Level 2 data product prototypes (access limited): 
• All Hyperion Level 1R images are atmospherically corrected automatically using FLAASH. 

Products are available for 2014-2016. 
• Previous years of data (Level 1 & 2 products) will be added as the Matsu Cloud adds 

additional storage hardware. 
• Fire (detection, severity and temperature); Flood (extent, water quality) for first 

responders. 
• Final archive and access location of these data products: TBD 

EO-1 Data Products 
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Ways to Access EO-1 Imagery 
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EO-1 Hyperion Reflectance Stability During Increased 
Precession at Railroad Valley Playa (RRVP) 

 

The difference in reflectance 
continues to be within ± 5-9% of 
the mean prior to ∆ precession. 

The regions of highest spectral 
stability (e.g. green, red edge, 

NIR) remain the same. 

Change in reflectance anomaly (Δρ) at select wavelengths at RRVP 

Mean reflectance and standard deviation for RRVP 
(2001-2008 data, n=15, ~10:05 am MLT acquisition) 

EO-1 increased precession started in 2011. Acquisition time 
at RRVP declined from 10:05 to 8:40, approximately. 

off-nadir views 

ρmean  

Departed 
L-7 Formation 

off-nadir views 
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Orbital Changes near End of Mission 

67 

• Equatorial image data are 
always usable, even in 
2016. And even then, 
higher-latitude image data 
could still be acquired in 
the summer months. 

• The seasonal change in 
SZA is much larger than 
the change due to EO-1’s 
orbital decay. 

Summer 

Scheduled EO-1 
Shutoff Date in 

September 2015. 



2009 2010 2011 2012 2013 2014 2015 
US ALI 1276 3818 2980 3737 66704 2854 723 
  HYP 2503 7363 5901 13679 6165 69003 155765 
International ALI 7748 11055 5895 10844 6543 7196 2150 
  HYP 7572 23156 7984 13339 17792 23276 12807 

USGS Accomplishments for EO-1: 
• In the 2012 time frame, USGS released the new L1T product along with the "GIS Bundle" allowing for users to download 3-band, GIS-ready 

JPEG bundles of the imagery.  
• In 2013, USGS introduced the Bulk Download Application (BDA) tool which allowed users to download data through a GUI with little to no 

interaction. 
• In 2014, USGS created a Machine-to-Machine (M2M) interface that allowed authorized users the ability to script downloads while still 

allowing metrics to be captured. In addition to M2M, USGS also saw a larger increase in the demand of bulk media copies, where users 
sent in hard drives and the entire USGS EO-1 collection was copied and sent back to them. 

The EO-1 User Community 
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• There was a large drop in ALI downloads from 
2013-2014 after Landsat 8 became available, but 
there was an equally large increase in Hyperion 
downloads in 2014. 

• For the Global Land Survey 2010, EO-1 collected a 
large number of islands and shallow water 
bodies, which are currently of interest for aquatic 
studies. 

Level of effort to support ALI vs. Hyperion – 50/50, the level of acquisition support effort is 
equal because both instruments are ON during every collect, and different for post-
processing, depending on the output product produced. 

 
Larger EO-1 users include: The disaster support, “cloud prediction support” study for GeoCape 

(Decadal Survey Mission), EnMAP pre-launch support (Hyperion), Landsat 8 support, 
Sentinel-2, science requests for time series and/or large scale mapping for: mineralogy, 
tropical spectral diversity, terrestrial ecology, signal processing, and simulations for HyspIRI, 
Sentinel-3, and EnMAP. 

The EO-1 User Community 
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• Globally distributed hyperspectral Hyperion measurements (@ 10 nm) in the visible 
through shortwave infrared (VSWIR) at 30 m for Earth surface types (e.g., ice, snow, 
evergreen & deciduous forest, grasslands). 

• Albedo determined across full Hyperion VSWIR spectrum for satellite calibrations, 
now based on Sentinel-2. 

• Time series at vegetated validation sites (especially w/flux towers);  
• Spectral characterization of CEOS LandNet calibration sites (e.g., DOME-C, Libya); 
• High dimension spectral data that enables machine learning & data mining approaches to relate 

spectra to ecosystem characteristics and processes.  
• Spectral reflectance indices for plant pigments and stress are not available (e.g., the 

Photochemical Reflectance Index, PRI, which uses narrow wavebands at 531 and 570 nm).  

• Temperature estimates from Hyperion based on emitted radiance spectra at 30 m 
(fires, volcanoes). When “hot” pixels were detected at night, the AI system 
autonomously scheduled additional collections at the same site. 

• EO-1 had pointing ability to increase collections (up to 5 in 16 days) for disaster 
support. EO-1 led the automated collaborative collections among satellites for 
disaster monitoring. 

• Capability to provide a testbed for flight and sensor-web software from EO-1’s flexible 
platform. Maneuverability of the whole platform for technology evaluations. 

Unique Functions of EO-1   
now not available for NASA 
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EO-1 Mission Extension 

We request an extension of EO-1 because: 
• In spite of orbital changes, EO-1 provides 

unique and valuable data to the science & 
applications communities and supports SLI, 
HyspIRI, & future mission development. 

• Rapid response 
• Hyperspectral imagery 

• The risks are low 
• The costs are low 

Middleton, et al. 



EO-1 Celebration 
June 7, 2017 

NASA Goddard Space 
Flight Center 
Rec Center 

Sponsored by: 
NASA, SSAI, GST, 
and OrbitalATK 

THANK YOU! 
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• Global terrestrial and coastal VSWIR spectroscopy at 30 m, 16 days 
and multispectral TIR at and 60 m, 4 days with real-time downlink 
of selected products. 

HyspIRI Measurements 
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HyspIRI Preparatory Mission Update 
Science Workshop October 17-19, 2017 

Pasadena, California 

Robert O. Green and The HyspIRI Team 
 

Copyright California Institute of Technology 75 
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Future Spaceborne Imaging Spectroscopy EO Missions 
Launch and Lifetime 
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28 29 30 
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HYPXIM-P 
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HiakaSat 

Sentinel-2A 
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