
HyspIRI Mission Concept Study 

Concept Science Leads – Robert Green, Simon Hook, Elizabeth Middleton 
Program Scientists - Woody Turner3/John LaBrecque 

Program Executive - Steve Neeck 
Program Applications Leads - Woody Turner, Simon Hook, and Jeffrey Luvall 

Mission Study Lead - Carl Bruce 

HyspIRI Science Workshop, 15 Oct 2013 
Jet Propulsion Laboratory, California Institute of Technology 

1 

2013 Earth Science Pre-Formulation Workshop 

© 2013 All Rights Reserved 

2012 Science Workshop 



HyspIRI 

Mission Concept Status 
Level 1 Measurement Requirements: Vetted by community 
and stable 
Payload:  VSWIR Imaging Spectrometer, TIR Imaging 
radiometer, and IPM-Low Latency subsets 
Full Mission option: Baseline mission mature with Aerospace 
Independent Cost Estimate ($493M to $647M in FY12$) 
Options for Technology/Science ISS Demonstration: 
Submitted for VSWIR and TIR with IPM 
Studies for instrument on separate platforms:  
Draft Science whitepaper underway 
Summary: The HyspIRI mission measurement requirements 
and baseline instruments approach are mature and stable with 
good heritage, low risk and modest cost.  Now exploring a range 
of instrument and data options to save cost, per guidance letter. 

 
 
 
 

Mission Urgency 
The HyspIRI science and applications objectives are critical  
today and uniquely addressed by the combined imaging 
spectroscopy, thermal infrared measurements, and IPM direct 
broadcast. 
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HyspIRI 
            Key Science and Science Applications 

Climate: Ecosystem biochemistry, condition & feedback; spectral 
albedo; carbon/dust on snow/ice; biomass burning; 
evapotranspiration 
Ecosystems: Global biodiversity, plant functional types, 
physiological condition, and biochemistry including agricultural 
lands 
Fires: Fuel status; fire frequency, severity, emissions, and 
patterns of recovery globally 
Coral reef and coastal habitats: Global composition and status 
Volcanoes: Eruptions, emissions, regional and global impact 
Geology and resources: Global distributions of surface mineral 
resources and improved understanding of geology and related 
hazards 
 
 Measurement 
Imaging Spectrometer (VSWIR) 
-  380 to 2500nm in 10nm bands 
-  60 m spatial sampling 
-  19 days revisit   
-   Global land and shallow water 
Thermal Infrared (TIR): 
-  8 bands between 4-12 µm 
-  60 m spatial sampling 
-   5 days revisit; day/night  
-   Global land and shallow water 
IPM-Low Latency data subsets 
 

Ecosystems 

Snow & ice 

Fires 
Evapotranspiration 

Volcanoes 
Coastal 
Habitats 
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Key Guidance 2013 
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 Proceeding into FY13, the following guidance is given to the HyspIRI team: 
 
“the team should … focus on the instrument and data management/data product 
development activities.”  
 
ü  [i.1] Continue the broad community support by conducting workshops and data symposia. 

ü  [i.2] Complete a draft science objectives white paper specifying the value of the individual science measurements and 
the potential science return of individual instruments on separate platforms. 

ü  [i.3] Use the planned airborne activities, including the science-supported HyspIRI airborne campaign with flights in 2013, 
to better define the instrument capabilities and data product development and utilization related to a hyperspectral 
instrument. 

ü  [i.4] Examine instrument trades toward defining lower cost and more adaptable instrument and/or measurement 
approaches, for example VSWIR/TIR with a passive versus active cooler. The team should consider conducting 
Instrument Design Lab (IDL) studies to assist with this, in addition to enlisting the support of ESTO and the ESM SEWG. 

ü  [i.5] Participate in the Program-level data latency study being led by Applied Sciences. 

ü  [i.6] Support cross mission studies of possible ISS implementation options for advanced instrument demonstrations. 

ü  [i.7] Provide a schedule detailing the implementation of the FY13 tasks, due February 1, 2013. 
 



HyspIRI 

Ø  The HyspIRI team supported cross mission studies of possible ISS implementation 
options for advanced instrument demonstrations. [i.6] 
q   Both a VSWIR and TIR option were prepared and delivered, each included the IPM 
q  These options provide important technology maturation/demonstration and early science 

measurements for HyspIRI 
 
 
 
 
 
 
 
 
 
 
 
 

Ø  Instrument trade studies [i.4] 
❑  Investigated lower cost cryocooler options from both the VSWIR and TIR 

§  Thales LPT9510 for VSWIR and LPT9310 for TIR with Iris Technology electronics 
§  Adds flexibility to VSWIR.  Reduces cost of TIR.   

q  Investigated single spectrometer solution for VSWIR  
§  Pointing mirror to support wide field of regard 
§  More detector elements in the detector array (>1X2500 versus 2X1280) 
§  Additional work planned in FY14 

q  Next level of compression and cloud screening (VSWIR) 
§  Reduces downlink complexity and cost 
§  Enables increased science and applications 

Key Technical Progress in 2013 (1) 
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TIR 
VSWIR 



HyspIRI 

Ø  Participated in the Program-level data latency study being led by Applied Sciences.
[i.5] 
q  Information gathering teleconferences led by Molly Brown, Mark Carroll and Vanessa 

Escobar (program guidance by Frank Lindsay) 
q  Experimented with rapid production of potential HyspIRI data products via the use of EO-1 

data, the Matsu compute cloud provided by Open Cloud Consortium and various 
accelerated algorithms 

q  Providing feedback from experiments into draft “Data Latency Needs and Requirements” 
report 

Ø  Demonstrated large scale HyspIRI data processing over diverse environments as 
part of R&A HyspIRI Preparatory Campaign.[i.3] 
q  VSWIR Level 1 radiance and Level 2 reflectance 
q  TIR Level 1 radiance and level 2 emissivity and temperature 
q  These algorithms are required for the HyspIRI mission science and applications success 

Ø  Maintained technical connection with other national and international activities 
related to HyspIRI.[i.1] 
q  Made available HyspIRI information for USGS 2012 RFI; Ready to support future NASA 

Sustainable Land Imaging Studies as requested 
q  Continue to coordinate with international missions in Europe (e.g., PRISMA, EnMap), 

Japan (HISUI), Argentina (NIRST) and elsewhere  
q  International sampling missions support local process studies and complement HyspIRI global 

mission needed to achieve the Decadal Survey and climate science  

Key Technical Progress in 2013 (2) 
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Key Science Progress for 2013 (1) 
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Ø  2013 HyspIRI Data Symposium, May 29-30 [i.1] 
q  Significant outreach and data development, with a focus  
on applications for societal benefit and coastal/inland waters 

Ø  2013 HyspIRI Science and Applications Workshop, October 15-17 [i.1] 
q  Maintains alignment and active connection to scientific and applications communities 
q  Includes several papers on results from R&A-funded HyspIRI calls 
q  Used to vet Level 1 requirements and other HQ guidance 

Ø  Draft science objectives white paper developed for potential science return of individual 
instruments on separate platforms [i.2] 
q  Based on vetted HyspIRI Science questions  
q  Process described at Data Symposium, results to be reviewed by community at Science Workshop 
q  Need study on impacts of separate platforms on cloud detection and our ability to register VSWIR 

and TIR data sets  
Ø  HyspIRI-related science papers, including from HyspIRI-related ROSES calls  

q  >50 recent science and technology papers relevant to HyspIRI (see bibliography in back up).  
q  A number of the papers resulted from the R&A-funded HyspIRI calls 

Ø  HyspIRI Aquatic Studies Group is producing a whitepaper on potential coastal and inland 
aquatic products 

Ø  Working HyspIRI Special Issue of Remote Sensing of Environment 
q  RSE has requested list of potential papers, special issue will focus on results from HyspIRI R&A calls 

and in particular the HyspIRI airborne campaign 
Ø  HyspIRI Science Study Group member Greg Asner elected to National Academy of Science 
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Key Science Progress in 2013 (2) [i.2] 
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CQ2. Wildfire, Fuel and 
Recovery	
  

VSWIR and TIR 
instruments 

(HyspIRI)	
  

VSWIR and TIR 
separated by < 3 

minutes	
  

VSWIR and TIR 
separated by < 1 

week	
  

VSWIR and TIR 
separated by > 1 

year	
  
How does the timing, temperature and 
frequency of fires affect long-term 
ecosystem health?	
  

ü	
   ü	
   ü	
   1	
  
How does vegetation composition and 
fire temperature impact trace gas 
emissions?	
  

ü	
   ü	
   ü	
   2	
  
How do fires in coastal biomes affect 
terrestrial biogeochemical fluxes into 
estuarine and coastal waters and what is 
the subsequent biological response?	
  

ü	
   ü	
   ü	
   3	
  

What are the feedbacks between fire 
temperature and frequency and 
vegetation composition and recovery?	
  

ü	
   ü	
   ü	
   1	
  
How does vegetation composition 
influence wildfire severity?	
   ü	
   ü	
   ü	
   4	
  
On a watershed scale, what is the 
relationship of vegetation cover, soil 
type, and slope to frequency of debris 
flows?	
  

ü	
   ü	
   ü	
   5	
  

How does invasive vegetation cope with 
fire in comparison to native species?	
   ü	
   ü	
   ü	
   ü	
  

1.	
  Need	
  VSWIR	
  and	
  TIR	
  within	
  a	
  few	
  weeks	
  to	
  relate	
  any	
  changes	
  in	
  vegeta=on	
  composi=on	
  to	
  fire	
  temperature 
2.	
  Need	
  VSWIR	
  and	
  TIR	
  data	
  within	
  a	
  few	
  weeks	
  of	
  the	
  fire	
  accurately	
  es=mate	
  emissions 
3.	
  Need	
  	
  VSWIR	
  and	
  TIR	
  data	
  within	
  a	
  few	
  weeks	
  to	
  trace	
  fire	
  to	
  fluxes	
  and	
  response 
4.	
  Need	
  VSWIR	
  and	
  TIR	
  data	
  in	
  same	
  season	
  to	
  =e	
  temperature	
  to	
  severity 
5.	
  Need	
  VSWIR	
  and	
  TIR	
  data	
  	
  within	
  a	
  few	
  weeks	
  to	
  =e	
  cover	
  to	
  moisture	
  (debris	
  flows) 



HyspIRI 

Key Science Accomplishments for 2013 (3) [i.3] 
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Ø  Support R&A HyspIRI Preparatory Science Campaign [i.1], [i.3] 
q  science team with 14 PIs 
q  Delivered Level 1 and Level 2 data products 

Ø  Ecosystems, Seasonal, Climate, Coastal, Urban, Resources  
Ø  6 zones, 3 seasons, 2 years Ø  Objective: Advance HyspIRI Mission Science and 

Algorithm Readiness 
Ø  Ecosystem composition, function, biochemistry, 

seasonality, structure, and modeling 
Ø  Coastal ocean phytoplankton functional types, habitat 
Ø  Urban land cover, temperature, transpiration 
Ø  Surface energy balance 
Ø  Atmospheric characterization and local methane sources 
Ø  Surface geology, resources, soils, hazards 



HyspIRI 

HyspIRI Preparatory Airborne Studies 
✦  Harvard/Paul Moorcroft - Linking Terrestrial Biosphere Models with Imaging Spectrometry Measurements of 

Ecosystem Composition, Structure, and Function 
✦  UC Santa Barbara/Dar Roberts - HyspIRI discrimination of plant species and functional types along a strong 

environmental-temperature gradient 
✦  UWI/Philip Townsend - Measurement of ecosystem metabolism across climatic and vegetation gradients in 

California for the 2013-2014 NASA AVIRIS/MASTER airborne campaign 
✦  UC Davis/Susan Ustin - Identification of Plant Functional Types By Characterization of Canopy Chemistry 

Using an Automated Advanced Canopy Radiative Transfer Model 
✦  Sonoma State/Matthew Clark - Spectral and temporal discrimination of vegetation cover across California 

with simulated HyspIRI imagery 
✦  NRL/Bo-Cai Gao - Characterization and Atmospheric Corrections to the AVIRIS-Classic and AVIRISng Data 

to Support the HyspIRI Preparatory Airborne Activities 
✦  USGS/Bernard Hubbard - Using simulated HyspIRI data for soil mineral mapping, relative dating and flood 

hazard assessment of alluvial fans in the Salton Sea basin, Southern California 
✦  UC Riverside/George Jenerette - Assessing Relationships Between Urban Land Cover, Surface 

Temperature, and Transpiration Along a Coastal to Desert Climate Gradient 
✦  NEON/Thomas Kampe - Synergistic high-resolution airborne measurements of ecosystem structure and 

process at NEON sites in California 
✦  UC Santa Cruz/Raphael Kudela - Using HyspIRI at the Land/Sea Interface to Identify Phytoplankton 

Functional Types 
✦  Bubbleology/Ira Leifer - Hyperspectral imaging spectroscopic investigation of California natural and 

anthropogenic fossil methane emissions in the short-wave and thermal infrared 
✦  UMD/Shunlin Liang - Characterizing surface energy budget of different surface types under varying climatic 

conditions from AVIRIS and MASTER data 
✦  RIT/Jan van Aardt - Investigating the impact of spatially-explicit sub-pixel structural variation on the 

assessment of vegetation structure from HyspIRI data 
✦  UNV/Wendy Calvin - Energy and Mineral Resources: Surface composition mapping that identifies resources 

and the changes and impacts associated with their development 
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Key Science and Application Event 2013 
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Ø  Unexpectedly, HyspIRI preparatory campaign has captured a large portion of the 
RIM fire area before it burned.  This highlights the need for  HyspIRI-like routine 
global coverage. 

Ø  Fire is a  key science and application area for HyspIRI. 
Ø  Fuels: Species-type, dry biomass, and canopy moisture 
Ø  Burning: temperature and emissions 
Ø  Post fire: severity and recovery 

 RIM Fire 2 Sep 2013 
~250,000 acres or 1000 km^2 

VSWIR: Spectroscopy Coverage 
TIR: Land Surface Temperature 

Yosemite Valley 



HyspIRI 

Ø  As part of the HyspIRI Preparatory Airborne Campaign, AVIRIS obtained VSWIR 
spectroscopic coverage of the full RIM fire area on the 13th of September. 

Ø  VSWIR spectroscopy is used to measure fuels (species-type, water, dry biomass, 
etc.), hot fire temperature, smoke properties, severity and recovery processes. 

HyspIRI Preparatory Campaign 
AVIRIS Rim Fire 13 Sept. 2013 Flight Line #5 

Flight line #5 Example 
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Key Applications Accomplishments 2013 

Ø  Recent Activities 
❑  Special session on Science Applications as part of 2012 HyspIRI Workshop, included 

overview talk by L. Friedl 
❑  Science Applications incorporated as a major theme in 2013 Workshop  
❑  For HyspIRI Symposium developed set of posters on HyspIRI applications; posters displayed 

at Symposium, will be made available from website and shown at Workshop 
❑  Developed HyspIRI Applications Traceability Matrix (ATM) 
❑  Worked with community to develop proposals that evaluate impact of applications on 

measurements requirements; first proposal submitted by Dr. Alfieri (USDA) titled: “Determining 
the Thermal Sensor Revisit Interval for Remotely Monitoring Evapotranspiration at Field 
Scales” for $79,000.  

❑  Added Applied section to website (will be oriented around four ASP focus areas: Disasters, 
Ecological Forecasting, Health and Air Quality, and Water Resources) 

Ø  Involvement of other agencies 
❑  Continued to encourage early involvement of agencies with science applications interest; 

workshop included participation from USDA (7), USGS (8), NOAA (6), DoD (7), NIST (1) 
Ø  Future Plans 

❑  Update Applications Traceability Matrix and reconcile with Science Traceability Matrix 
❑  Work with community on additional proposals for Applications-related studies as part of risk 

reduction activities – i.e., where does Applications drive measurement requirements (latency, 
etc.) 

❑  Science Applications session in 2013 workshop 

13 



HyspIRI Status of Significant Programmatic Products/
Events 

Ø  Partnership Discussions/Agreements 
❑  Conducted first HyspIRI International Working Group Meeting in Washington D.C., included 

representatives from CSIRO, CNES, CONAE, ESA, Germany, Italy and Switzerland 
❑  Calibration/Validation conversation with ENMAP 

Ø  Program Level Requirements  
q  Level 1 Requirements presented and upheld at the recent HyspIRI Science Workshop 
q  Requirements have been stable since 2009 

Ø  Technology Readiness Assessment  
q  Worksheet completed in 2012 

Ø  Formulation Authorization Document/Formulation Agreement 
q  Draft submitted to HQ 

Ø  Mission Cost and Schedule Development  
q  ICE found costs within 12% of study estimate, with recommendations for an earlier start to achieve 

a more conservative schedule 

Ø  Acquisition Strategy Planning  
q  Ready to support 

Ø  Mission Concept Review 
q  Will support Full MCR within 9 Months of request  (FY15 is consistent with 2022 launch) 

14 
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Issues and Challenges 
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Ø  Issue: Need for a lower cost and more adaptable mission implementation 

options 

q  Response: Study science impact of instruments on separate platforms 
q  Response: Explore technical options for instruments on different platforms 
q  Response: Initial assessment of placing instruments on ISS 
q  Response: Investigate smallsat versions for VSWIR and TIR in FY14 

Ø  Issue: Options to advance the HyspIRI Mission 
❑  Response: Prepare for next Decadal Survey to ensure information provided for 

HyspIRI is accurate and relevant 
❑  Response: Support Sustainable Land Imaging Study 
 

Ø  Issue: Demonstrate ability to handle large data sets and maturity of Level 1 and 
2 algorithms 
❑  Response: HyspIRI airborne preparatory science campaign support 
❑  Response: Update, refine, algorithm benchmarks in FY14 utilizing data from 

preparatory campaign 
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Integration with Other Program Elements 
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Ø  R&A: HyspIRI Preparatory Airborne Campaign, 14 science investigations 

Ø  R&A: Ecosystem Spectral Information System (ECOSIS), Phil Townsend, U Wisc PI 

Ø  ESTO/R&A: Science-supported AVIRIS-NG is providing risk  
reduction and will support cal/val and precursor science 
 
Ø  ESTO/R&A: HyTES providing risk reduction and supporting cal/val  
and precursor science, makes 1st gas detection in 2013 
 
Ø  Applied Sciences: Support for application science-related studies that 
potentially impact measurement requirements 
 
Ø  ESTO: PHyTIR raised the TRL of the TIR focal plane assembly to 5 

Ø  ESTO: IPEX CubeSat, designed for flight validation of IPM autonomous planning, 
scheduling, and low-latency product generation, delivered to VAFB and integrated onto 
Atlas-V for NROL-39 GEMSat launch on 12/5/13 

Ø  ESTO: Award of Plume Tracer - Mapping 3D composition of atmospheric plumes from 
remotely measured TIR radiance spectra 

Ø  ESTO: Research grant for “A High Performance Onboard Multicore Intelligent Payload 
Module for Orbital and Suborbital Remote Sensing Missions” 
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Ø  Based upon the NRC Decadal Survey and refined by the Science Study  
Group, a comprehensive set of science questions, science traceability  
matrices and related Level 1 requirements have been developed. From these 
requirements (reviewed at the annual workshop), a mature baseline Mission 
Concept has been developed that is high heritage and low risk. 

Ø  HyspIRI has a large, active, dedicated community supporting the science and 
science applications of this mission. 

Ø  In 2013, the HyspIRI team has pushed to understand the science impact and define 
options for alternate implementation approaches with the instruments 
accommodated on different platforms and flight opportunities.  This work should be 
extended in 2014. 

Ø  In 2014, the HyspIRI team is ready to support working with the Sustainable Land 
Imaging study to explore options for efficiently meeting shared objectives where 
they coincide. 

Ø  Excellent options exist for technology maturation and early science for the VSWIR, 
TIR, and IPM on the ISS.  These could be advanced in 2014/15 for HyspIRI, 
Decadal Survey, and Sustainable Land Imaging. 
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