
© 2018 All rights reserved. 

Applications of Hyperspectral Remote Sensing Observations of Geological Hazards

1

LIBER DE PASSIONIBUS AERIS, SIVE DE VAPORUM IMPRESSIONIBUS

Applications of Hyperspectral Remote Sensing 
Observations of Geological Hazards

Florian M. Schwandner
Jet Propulsion Laboratory, California Institute of Technology

National Aeronautics and  
Space Administration



© 2018 All rights reserved. 

Applications of Hyperspectral Remote Sensing Observations of Geological Hazards

2



© 2018 All rights reserved. 

Applications of Hyperspectral Remote Sensing Observations of Geological Hazards

3

Definitions

Hazard potential (%)   x    Vulnerability ($)    =    Risk

Natural Hazard: A potential occurrence of a natural system impulsive disturbance 
with potentially adverse effects. 

Natural Disaster: An actual occurrence of a natural system impulsive disturbance 
that causes great damage or loss of life.

Applications (NASA): Project activities that enable innovative uses of NASA Earth science data in 
organizations' policy, business, and management decisions. 
The project results and enhanced decision making improve the quality of life 
and strengthen the economy.
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SBG Geological Hazards / Disasters in ESAS 2017

Understanding and 
predicting geological 
hazards.

Active surface geology 
(deformation, eruptions, 
landslides, and evolving 
landscapes).
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SBG Geological Hazards / Disasters Objectives

Volcanic Eruptions Landslides

Other related hazards / disasters: 

• Oil Spills (ESAS 2017: 10-57 – multispectral)
• Mining Disasters, contaminant eventsOther program geological hazards / disasters: 

• Earthquakes, Floods

Big Sur (California) 75-acre landslide May 2017. (image: CNN)

EAS17 SBG TO-18: S-1a, 1c, 2b, 4b, 4c, 7a
QUESTION S-1 How can large-scale geological hazards be accurately forecast in a socially relevant timeframe?
QUESTION S-2 How do geological disasters directly impact the Earth system and society following an event?
QUESTION S-4 What processes and interactions determine the rates of landscape change?
QUESTION S-7 How do we improve discovery and management of energy, mineral, and soil resources?

Other SBG geological hazards / disasters: 

• Surface Deformation, Evolving Landscapes

Calbuco eruption, Chile 2015
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SBG Geological Hazards / Disasters Objectives

Volcanic Eruptions
SBG TO-18: S-1a, S-2b. Also: S-2a

S-1a. Measure the pre-, syn- and post-eruption surface 
deformation and products of Earth’s entire active land volcano 
inventory with a time scale of days to weeks.
S-2b. Assess surface deformation (<10 mm), extent of surface 
change (<100 m spatial resolution) and atmospheric 
contamination, and the composition and temperature of volcanic 
products following a volcanic eruption (hourly to daily temporal 
sampling).

S-2a. Rapidly capture the transient processes following disasters 
for improved predictive modeling, as well as response and 
mitigation through optimal retasking and analysis of space data.

Landslides
SBG TO-18: S-1c, H-4b, H-4c. Also: H-4a

S-1c. Forecast and monitor landslides, especially those near 
population centers.

Changing Landscapes
SBG TO-18: S-4b, S-4c

S-4b. Quantify weather events, surface hydrology, and changes in 
ice/water content of near-surface materials that produce 
landscape change.
S-4c. Quantify ecosystem response to and causes of landscape 
change.

EAS17 SBG TO-18: S-1a, 1c, 2b, 4b, 4c, 7a
QUESTION S-1 How can large-scale geological hazards be accurately forecast in a socially relevant timeframe?
QUESTION S-2 How do geological disasters directly impact the Earth system and society following an event?
QUESTION S-4 What processes and interactions determine the rates of landscape change?
QUESTION S-7 How do we improve discovery and management of energy, mineral, and soil resources?

Geological Resources
SBG TO-18: S-7a

S-7a. Map topography, surface mineralogic composition/ 
distribution, thermal properties, soil properties/water content, 
and solar irradiance for improved development and management 
of energy, mineral, agricultural, and natural resources.
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Landslides
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Geological Hazards / Disasters: Landslides
Landslide Risk
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Geological Hazards / Disasters: Landslides
Vulnerability and Disasters

2004-2007 data. Panko, B., Blogging the danger—and sometimes the art—of deadly landslides, Science, 2016. 

Urgency: 
Population Shifts
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Geological Hazards / Disasters: Landslides
Remote Sensing

Landslide susceptibility by substrate

Correlated with slopes from topography. Would be great to 
have hydrological and ecosystem structure & function 
information too, to get inundation probabilities.  We can do it 
with combining VSWIR with TIR (and Lidar) data. 
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Volcanoes
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Henning, B. 2014: Gridded cartograms as a method for visualising earthquake risk at the global scale. Journal of Maps 10(2):186-194. 

Geological Hazards / Disasters : > 450 active Volcanoes

Urgency: 
Population Shifts
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potential 
building it’s a go ?

trigger 2
(yield)

repose

trigger 1
(wind)

past
eruption

next
eruption

probabilistic assessment

S-1a. Volcano applications: observations before, during, and after eruptions

(time scale not linear)

Beyond direct hazards, additional volcano urgencies: 
natural ecosystems and crops resiliency reduced in less diverse ecosystems -
> increasing food security vulnerability to volcanic disasters 

Syn- Post- =   Pre- Syn-
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Lessons learned from HyspIRI
TIR imagery – Rob Wright

Simulated 4 µm radiance 
at 1 km

Simulated 4 µm radiance 
at 60 m

Spatial Resolution constrains structure & 
flow character – gain lava flow extent, 

cooling rates, and prediction intel.  
Also permits low enhancement thermal 

features monitoring (Greg Vaughan, USGS)

Low Cadence enables tracking of 
precursory ramping up of thermal signals

Gas tracking with combined VSWIR 
(CO2) & TIR (SO2) enables early 
precursor detection 
à actionable information for 
operational agencies, which may 
lead to evacuation and loss 
reduction.                                      à
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Lessons learned from HyspIRI
TIR imagery – Mike Ramsey

Higher spatial resolution permits detection of 
intense but small radius thermal 
enhancements, earlier detection, and tracking. 

Hyperspectral TIR permits accurate gas & 
landslide precursor tracking during pre- and 
post- eruption times (S-1a, Most Important). 
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Lessons learned from HyspIRI
Gases via hyperspectral VSWIR & TIR – Vince Realmuto

Optimal Estimation for Iterative Fitting of 
Surface and Atmospheric Spectra. Allows 
Combined estimate of H2O vapor, AOD, 
surface reflectance and temperature

Hyperspectral TIR permits 

accurate retrievals of SO2 and 

sulfate aerosol, highly relevant to 

science and to respiratory health 

applications. 

Simultaneous, fast-repeat, high-spatial resolution  hyperspectral TIR & 

VSWIR necessary to constrain the dynamic, fast-evolving chemistry of 

volcanic emission plumes in the atmosphere. 
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Lessons learned from HyspIRI
CO2 gas via hyperspectral VSWIR – Florian Schwandner
Weeelll.. Not from HyspIRI but from OCO-2 (pre-SBG POR). 

CO2: most important EARLY precursor to eruptions. 
Often simultaneous with weak thermal anomalies –
months before eruptions. 
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Lessons learned from HyspIRI
CO2 gas via hyperspectral sensing

Volcanic CO2 [S-1a “Most Important”]

Challenge: Detectability
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Lessons learned from HyspIRI (JPL team, Chad Deering/MTU)
CO2 via hyperspectral VSWIR & TIR sensing of plants as sensors of CO2 enhancements 

“trees as sensors”
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Design considerations for geological hazards observing strategies 
with applications relevance

• Targeting: POR taught us that targeting is key to observe volcanoes
• Cadence: fast repeat cycle for frequent revisits (days to a week max.)
• VSWIR & TIR simultaneous ideal, contemporaneous if within <5 minutes.
• TIR multispectral acceptable, but hyperspectral desired, especially for less bright 

thermal anomalies
• Spatial at least 100 m 

• More details already in ESAS2017, to be refined

Engagement sensitivities and student opportunities
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Applications:
Engagement
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Some people’s Science is other people’s Applications

Geological Hazards Applications – where do we take guidance from?

NASA Applied Sciences Program https://appliedsciences.nasa.gov
• 2018 NASA ESD Directive on Project Applications Program (Directed & EV Missions) 

https://science.gsfc.nasa.gov/610/applied-sciences/mission_applications_materials/FAS%20Directive_signed.pdf
• 2017 NASA ASP Annual Summary 

https://appliedsciences.nasa.gov/system/files/docs/2017_Disasters_Annual_Summary.pdf
• NASA ESD Disasters Program https://disasters.nasa.gov

NASA Earth Surface & Interior (ES&I) Focus Area
• 2015 CORE Report (Challenges and Opportunities for Research in ESI) 

https://smd-prod.s3.amazonaws.com/science-red/s3fs-public/atoms/files/CORE2016%20Updated%3DTAGGED.pdf
• 2002 SESWG Report “Living on a restless planet” https://solidearth.jpl.nasa.gov/PAGES/report.html

National Academies of Sciences, Engineering, Medicine http://www.nationalacademies.org
• 2017 ESAS Report (Decadal Survey) https://www.nap.edu/catalog/24938
• 2017 ERUPT Report https://www.nap.edu/catalog/24650
• 2004 Partnerships for Reducing Landslide Risk Report https://www.nap.edu/catalog/10946/

National Science and Technology Council (NSTC): Subcommittee on Disaster Reduction (SDR)
• 2008 NSTC-SDR Volcano Disaster Reduction Challenge http://www.sdr.gov/docs/185820_Volcano_FINAL.pdf
• 2008 NSTC-SDR Landslide Disaster Reduction Challenge http://www.sdr.gov/docs/185820_Landslide_FINAL.pdf

https://appliedsciences.nasa.gov/
https://science.gsfc.nasa.gov/610/applied-sciences/mission_applications_materials/FAS%20Directive_signed.pdf
https://appliedsciences.nasa.gov/system/files/docs/2017_Disasters_Annual_Summary.pdf
https://disasters.nasa.gov/
https://smd-prod.s3.amazonaws.com/science-red/s3fs-public/atoms/files/CORE2016%20Updated=TAGGED.pdf
https://solidearth.jpl.nasa.gov/PAGES/report.html
http://www.nationalacademies.org/
https://www.nap.edu/catalog/24938
https://www.nap.edu/catalog/24650
https://www.nap.edu/catalog/10946/
http://www.sdr.gov/docs/185820_Volcano_FINAL.pdf
http://www.sdr.gov/docs/185820_Landslide_FINAL.pdf
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Applications and SBG - How do we do this?

Application leads: 
Jeff Luvall, Christine Lee
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Application Communities of Practice ::  Communities of Potential
US application relevant agencies (some) geological hazards relevant
• State agencies US AID, > VDAP, SERVIR
• DOA incl. FS DOI > USGS with VDAP & NVEWS, NPS, BLM
• DHHS, incl. CDC DOC > NOAA
• EPA DHS > FEMA
• DOD OSTP>NSTC > SDR (Subcommittee on Disaster Reduction)

Non-USG agencies (international, NGO, commercial)
• Committee on Earth Observation Satellites (CEOS) 
• International Charter https://disasterscharter.org (125 countries, 17 members, 34 satellites, 583x)
• Intergovernmental Group on Earth Observations (GEO)
• World Meteorological Organization (WMO)
• World Organisation of Volcano Observatories (WOVO) http://www.wovo.org (>70 national agencies)
• Volcanic Ash Advisory Centers (VAAC) 
• International Consortium on Landslides (ICL) http://icl.iplhq.org/
• UNESCO Geohazard Risk Reduction Program http://www.unesco.org/new/en/natural-sciences
• Commercial: Re-insurance sector, Technology sector (e.g., GIS, monitoring technology)
• NGOs:

• National Emergency Management Association (NEMA, USA)
• OXFAM International (formerly Oxford Committee for Famine Relief) 
• Red Cross, MSF/DWB, UNICEF
• Disaster Preparedness and Emergency Response Association (DERA) 

https://disasterscharter.org/
http://www.wovo.org/
http://icl.iplhq.org/
http://www.unesco.org/new/en/natural-sciences
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ESAS-17 SBG ES&I (S) Objectives Relevant quantities Likely Application 
Community Partners

S-1c Forecast and monitor landslides, especially those near 
population centers.

Imaging of vegetation and 
rock/soil composition

USGS, BLM, NPS, FEMA, USAID, SDR, 
WOVO, FS, commercial partners 
(technology, re-insurance), NGOs
Integrating Themes (objectives):
H-3b; E-2c, E-5b; C-5a, C-5d, C-7b; W-5a, 
W-6a

S-1a Measure the pre-, syn- and post-eruption surface 
deformation and products of Earth’s entire active land 
volcano inventory with a time scale of days to weeks.

Temperature, composition and 
extent of erupted volcanic 
materials, including gases.

Gases (CO2, SO2, H2S, H2O), 
ash, surface composition, 
lava flows & lakes, thermal 
emissions

S-2b Assess surface deformation (<10 mm), extent of surface 
change (<100 m spatial resolution) and atmospheric 
contamination, and the composition and temperature 
of volcanic products following a volcanic eruption 
(hourly to daily temporal sampling). 

USGS, BLM, NPS, FEMA, USAID, SDR, 
WOVO, NOAA, commercial partners 
(technology, re-insurance), NGOs
Integrating Themes (objectives):
H-4; E-1b, E-1d; W-2a, W-4a, W-5a, W-6a

S-2a Rapidly capture the transient processes following 
disasters for improved predictive modeling, as well as 
response and mitigation through optimal retasking and 
analysis of space data. (not listed)

S-4b Quantify weather events, surface hydrology, and 
changes in ice/water content of near-surface materials 
that produce landscape change.

Spatial and temporal distribution 
of rainfall and snowfall. 
Snowcover duration & extent. 

USGS, FEMA, NOAA, EPA, WMO, USDA
Integrating Themes (objectives):
H-1a, H-1c, H-2a, H-3b, H-4a-d; E-1b, E-
1d-e, E-3a, E-4a, E-5a-c; C-2e; W-1a, W-
3a, W-4aS-4c Quantify ecosystem response to and causes of 

landscape change.
Biomass extent, composition, 
health; species composition, 
carbon stocks, nutrient 
composition, wildfire history

S-7a Map topography, surface mineralogic composition/ 
distribution, thermal properties, soil properties/water 
content, and solar irradiance for improved development 
and management of energy, mineral, agricultural, and 
natural resources

30-m or better hyperspectral 
VSWIR imaging, and TIR data

USGS, BLM, USDA, NPS, EPA, USDA, 
commercial partners (resources). 
Integrating Themes (objectives):
H-1ª, H-4a; E-1b, E-3a, E-5b

*initial scoping
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NASA Applications Program
Activities supporting: 
Disaster Research
Disaster Response
Disasters Resiliency (incl. Capacity Building Program)
Disasters Mission Applications

Applications Project: Real-Time Volcanic Cloud Products and Predictions for Aviation Alerts

Used by >100 volcano 
observatories around the world. 
USAID/USGS uses it in training of 
scientists in affected countries. 
Multiple sensors & missions. 

One of many success stories in the NASA Applications Program: NASA SO2 portal
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Applications:
Partner engagement examples
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Applications: Volcanoes
Partner engagement example #1

Workshops
Workshops

Workshops
Workshops

Workshops
Workshops

Workshops

• 2010 Singapore: Local observatory remote sensing training workshop
Organized by USAID/VDAP/USGS/Earth Observatory
Client group: Observatory Scientists from the Philippines, Papua New Guinea, Indonesia

• 2009 – ongoing: Partnership with PH, PNG, ID observatories – scientists exchange and 
field partnerships. Capacity building and training through their entire decision & support 
chain (from local population through gov and NGOs to provincial/state governor)

• 2012 operational monitoring & Cal/Val is live at Mayon volcano (PH)
• 2017/12 International Charter activated, satellites tasked
• 2018/01 evacuation >70,000, eruption follows. 

Field & data training
Capacity building

Volcano erupts

Partner uses sat. data
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Applications: Flood & Landslide Cal/Val 
Partner engagement example #2 – citizen science Cal/Val

• 2015 Manila – conduct market surveys and establish partnerships in Manila 
(PH) at Project NOAH (remote sensing disasters center), affected communities, 
community NGOs, Universities, and National Police. 

• 2015 Los Angeles - initiate Citizen Science project for flood gauges, to provide 
Cal/Val for Project NOAH, via an international NGO host (isshr.org)

• 2016 finalize app conceptual design and engineering studies, with USGS input
• 2017 implementation & programming (ongoing). 

Market surveys and 
establish partnerships

Train univ. students 
to build, solicit, mentor 
local community gauges

CC user app final 
design. Enables 
Cal/Val data

Planned: Project 
NOAH infusion
(Cal/Val for flood & 
landslide data)
à Feeds live map & 
inundation forecasts 
back to users
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ESAS-17 SBG ES&I (S) Objectives Relevant quantities Likely Application 
Community Partners

S-1c Forecast and monitor landslides, especially those near 
population centers.

Imaging of vegetation and 
rock/soil composition

USGS, BLM, NPS, FEMA, USAID, SDR, 
WOVO, FS, commercial partners 
(technology, re-insurance), NGOs
Integrating Themes (objectives):
H-3b; E-2c, E-5b; C-5a, C-5d, C-7b; W-5a, 
W-6a

S-1a Measure the pre-, syn- and post-eruption surface 
deformation and products of Earth’s entire active land 
volcano inventory with a time scale of days to weeks.

Temperature, composition and 
extent of erupted volcanic 
materials, including gases.

Gases (CO2, SO2, H2S, H2O), 
ash, surface composition, 
lava flows & lakes, thermal 
emissions

S-2b Assess surface deformation (<10 mm), extent of surface 
change (<100 m spatial resolution) and atmospheric 
contamination, and the composition and temperature 
of volcanic products following a volcanic eruption 
(hourly to daily temporal sampling). 

USGS, BLM, NPS, FEMA, USAID, SDR, 
WOVO, NOAA, commercial partners 
(technology, re-insurance), NGOs
Integrating Themes (objectives):
H-4; E-1b, E-1d; W-2a, W-4a, W-5a, W-6a

S-2a Rapidly capture the transient processes following 
disasters for improved predictive modeling, as well as 
response and mitigation through optimal retasking and 
analysis of space data. (not listed)

S-4b Quantify weather events, surface hydrology, and 
changes in ice/water content of near-surface materials 
that produce landscape change.

Spatial and temporal distribution 
of rainfall and snowfall. 
Snowcover duration & extent. 

USGS, FEMA, NOAA, EPA, WMO, USDA
Integrating Themes (objectives):
H-1a, H-1c, H-2a, H-3b, H-4a-d; E-1b, E-
1d-e, E-3a, E-4a, E-5a-c; C-2e; W-1a, W-
3a, W-4aS-4c Quantify ecosystem response to and causes of 

landscape change.
Biomass extent, composition, 
health; species composition, 
carbon stocks, nutrient 
composition, wildfire history

S-7a Map topography, surface mineralogic composition/ 
distribution, thermal properties, soil properties/water 
content, and solar irradiance for improved development 
and management of energy, mineral, agricultural, and 
natural resources

30-m or better hyperspectral 
VSWIR imaging, and TIR data

USGS, BLM, USDA, NPS, EPA, USDA, 
commercial partners (resources). 
Integrating Themes (objectives):
H-1ª, H-4a; E-1b, E-3a, E-5b

*initial scoping
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Trouble in Paradise

The next big U.S. eruption – Mauna Loa ?


