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HyspIRI

HysplIRI is a Tier 2 NASA Decadal Survey
global mission concept featuring:

e a VSWIR imaging spectrometer at 380 to
2500 nm with 10 nm sampling, capturing the
Earth’ s complete terrestrial surface and
coastal regions at 60m spatial resolution
every 19 days and

e an 8-channel multispectral TIR instrument
operating between 3 and 12 microns
capturing the same area at 60m spatial
resolution every 5 days.

As a global mission, HyspIRI meets the needs of
the Earth System Science community.
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Workshop Objectives

e Update Community on HyspIRI Status

e Review recent projects addressing HysplRI precursor science

e Focus on applications for HysplRI Data

e Present Technologies, Tools, and Products supporting a
HysplIRI Mission

e Explore Domestic and International Partnership Opportunities

e Examine options for a HysplIRI mission



Workshop Overview

Tuesday:

Programmatic Context, Measurement Concepts, Mission Requirements,

Advances in HyspIRI Science

Wednesday:

Global and Regional Applications of HysplRI data, including: volcanology,
mineralogy, fires, agriculture, urban development, energy; along with a few

talks on ecosystem science and an overview of Japan’ s HISUI mission

Thursday:

Mission Design and Precursor Activities, Partnership Opportunities, Cool
Coastal Science, Lessons Learned from Previous Missions, Requirements

Review, Wrap Up






Since the Last Workshop

o ROSES 2010 HyspIRI Preparatory Activities Using Existing Imagery
e Regular Steering Committee and Science Study Group Teleconferences

e Reports from two Subgroups addressing issues raised in earlier workshop
- Sun Glint
- High-Temperature Saturation

o 2 Workshops on Global HysplIRI Products for Climate Science Research

e 2nd HysplRI Science Symposium on Ecosystem and Climate Data
Products
- May 2011, NASA GSFC

e Summative Briefing to NASA Management
- November 2010, NASA HQ
- Continue focused and limited technology maturation
- Proceed with excellent community interactions and workshops planned
- Work with ESD across missions on delivery of low-latency data
- Support Program Office on TRL assessments of critical HyspIRI technologies

e Finalizing Formation of HysplIRI International Science Group



HyspIRI Next Steps

Remember what we are:

A global mission providing VSWIR imaging spectrometry (380 to 2500nm)
and multispectral day/night thermal imaging in 8 bands at 60m spatial
resolution for global lands and waters <50m depth, with a 19-day repeat
for the VSWIR and 5-day repeat for the TIR, and ice sheets and open
oceans averaged to 1km

A broad-based Earth System Science mission
A mission with mature technologies

Work on:

Cost reduction
Retiring risk
Developing precursor scientific opportunities

Seek partnerships with domestic and international partners for:

- joint scientific campaigns; calibration/validation; data product development and
use; spacecraft; launch

Work with other NASA missions
Be Ready!



THANK YOU

10



HysplRI VSWIR Science Measurement and
Instrument Concept Baseline

Robert O. Green*, Carl Bruce*, Elizabeth Middleton** and The HysplRI
Team

23 August 2011

*Jet Propulsion Laboratory, California Institute of Technology
**Goddard Space Flight Center



NRD Decadal Survey
HysplIRI Mission Concept
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HyspIRI Measures the Optical Spectrum
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HyspIRI VSWIR Decadal Survey Science
and Decadal Survey Climate Science

e Key HysplRI climate objectives from the Decadal Survey and IPCC
- Ecosystem Measurement for Climate Feedback
- Black Carbon/Dust Effects on Snow and Ice
- Carbon Release from Biomass Burning
- Evapotranspiration and Water Use and Availability
- Critical Volcanic Eruption Parameters

¢ Imaging Spectrometer (VSWIR)
- Pattern and Spatial Distribution of Ecosystems and their Components
- Ecosystem Function, Physiology and Seasonal Activity
- Biogeochemical Cycles
- Changes in Disturbance Activity
- Ecosystem and Human Health
- Earth Surface and Shallow Water Substrate Composition

g“ e Combined Imaging Spectrometer and Multi-Spectral Thermal Science
‘ - - Coastal habitats, and inland aquatic environments

- Wildfires

- Volcanoes

- Ecosystem Function and Diversity

- Land surface composition and change

- Human Health and Urbanization




Example: Imaging Spectroscopy
Mapping Wetland Dominants 2010 LA
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Spectroscopy for Species/Functional-type,
Biogeochemistry and Physiological Condition
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Surface Compositional Derived with Imaging
Spectrometer Measurements
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Spectral Albedo
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HyspIRI: Coral, Benthic Composition,
and Aquatic Vegetation
T n;(j? r .

Variation in shallow
water HyspIRI-type
spectral signatures in
coral environments.
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HysplRI VSWIR Science Measurements

HysplIRI is a global mission,
measuring land and shallow aquatic
habitats at 60 meters and deep
oceans and ice sheets at 1km every
19 days (VSWIR)

HyspIRI’ s VSWIR imaging
spectrometer directly measures the
full solar reflected spectrum of the
Earth from 380 — 2500nm at 10 nm.
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Characteristics

Benchmark Radiances

HyspIRI VSWIR SNR and Uniformity

Signal-to-Noise Ratio
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Seasonal and Annual Cloud Probability Maps Validate the
HyspIRI Coverage Requirements
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HyspIRI VSWIR Coverage

@® Location of EO-1 collects

O Sites with 10 and more EO-1 collects A MSO study sites ]

« EO-1 Hyperion acquisitions in 10
years. Technology demonstration
sampling mission with deep ESTO
contribution.

* HysplIRI VSWIR provides complete
terrestrial coverage every 19 days.

* |t would take Hyperion 100 years to
acquire what HyspIRI measures in 1
year.



VSWIR - Instrument Concept

HyspIRI - VSWIR

OUTLINE

. Introduction

. Key Requirements &
Performance

. VSWIR Concept

. Technology Readiness &
Heritage

Mass (CBE) 55Kg
Power (Ave.) 41Watts




Key VSWIR Requirements

Range 380 to 2500 nm (solar reflected spectrum) Demonstrated — AVRIS, MaRS, M3
Sampling <= 10 nm {uniform over range} Demonstrated — MaRS, M3
Response <= 13 nm (FWHM) {uniform over range} Demonstrated — MaRS, M3
Accuracy <0.5 nm Demonstrated — MaRS, M3, CAO-VSWIR
Sadomaie | Requromen s
Range & Sampling 0 to 1.5 x benchmark radiance, 14 bits Demonstrated via analysis and 14 bit ADC bread
board electronics
Accuracy >95% absolute radiometric, 98% on-orbit Demonstrated — AVIRIS, MaRS
reflectance, 99.5% stability
Precision (SNR) See spectral plots at benchmark radiances Demonstrated via analysis
Linearity >99% characterized to 0.1 % Demonstrated via test, MaRS and CAO-VSWIR
Polarization <2% sensitivity, characterized to 0.5 % Demonstrated via analysis of design and test data

on the grating
Scattered Light <1:200 characterized to 0.1% Demonstrated in MaRS and CAO-VSWIR



Key VSWIR Requirements
Regurement ——______Jsaws

Range >145 km Demonstrated by design and analysis (150 km)
X-track Sampling >2400 Demonstrated by design and analysis (2500)
Sampling <= 60m (Nadir) Demonstrated by design and analysis

Response <= 1.2X sampling (FWHM) Demonstrated by MaRS and M3

Spectral Cross-Track  >95% cross-track uniformity {<0.5 nm min-max over = Demonstrated by MaRS and M3

swath}

Spectral-IFOV- >95% spectral IFOV uniformity {<5% variation over Demonstrated by MaRS and M3

Variation spectral range}

Other Key Requirement __|Status

Data rate ~ 300 Mbits per second Met by preliminary architecture and parts selection — all
required parts are at or above TRL 6

Compression 3:1 lossless Met by algorithm test on MaRS data. Algorithms
implemented in breadboard electronics and flight FPGA

Pointing Knowledge 60m radius (30) Met by analysis and the use of ground tie points

Mass <55 kg Met by current design with 30% margin — working to

increase margin



Instrument Approach

Selected: Offner spectrometer (Hyperion, CRISM, M3, ARTEMIS, COMPASSai". NGair)

Full range from 380 to 2500 nm demonstrated. Efficiency for high SNR optimized with multiple
blaze grating demonstrated. Uniformity from design through alignment demonstrated. Snapshot
acquisition detector. Dispersion efficiency tunable to optimize use of detector.

e Prism dispersion spectrometer
Dispersion is non-uniform. Cross-track and spectral-IFOV uniformity not inherent in optical design.

Dispersion efficiency not tunable in detail to optimize use of detector full well.

e \Wedge/Linear-variable filter spectrometer
Full spectral range coverage from 380 to 2500 nm has not been demonstrated maintaining 10 nm

spectral sampling and response function. Filter uniformity is a concern over wide spectral and
spatial domain. Fast, high throughput, beams interplay with filter spectral bandpass undermines

uniformity.

e Fourier Transform Spectrometer

Dispersion is non constant with wavelength. Not typically built to operate below 1 micron. Detector
dynamic range and photon shot noise concern. Architecture for > 2000 cross track elements and
>200 spectral channels not identified. Not well suited for wide or moderate field of view. Requires

IMC.

e Liquid Crystal Tunable & Acousto-Optical Tunable
Time sequential acquisition undermines uniformity. Low TRL, polarization sensitive. Limited

spectral range. Requires IMC.



Optics

* Front End Telescope
consists of a primary
spherical mirror and a
secondary aspherical mirror

» Back End Spectrometers
consist of 2 optimized Offner
spectrometers

Spectrometers (2x)

¢ 2 identical Offner
spectrometers

¢ Each contains:
- E-Beam grating
- Si air slits
- FPA assembly

Radiator

* Area 0.6m?

» M3 technology heritage

FP A (2x)

in 6 DOF

* Mount is adjustable

» Thermal strap connects
mount to radiator

eIncludes integral OSF

]

Baffle/Cover/Cal Panel

» Launch cover

target

*Used as a solar reflectance calibration

*Hyperion Heritage

Electronics
* M3 Derivative 4x

* Electronic concept is
based upon available
flight approved parts

* Ins. control, Data
Compression, mode
control

Detectors

® Teledyne 6604b detectors, scaled
from 6604a detectors flown on M3

¢ Analog output

® Each spectrum readout as
snapshot, so that there is no time
delay, yaw, or jitter impact to the
spectral-IFOV-uniformity.




Concept Technologies are Proven
Work Continues to Lower Risk

1) Uniform Offner spectrometer (Mouroulis Design)

2) Finely adjustable optics and detector mounts that can
be locked within fraction of a micron (0.1 microns)

3) Electron beam fabricated gratings (large
ruling period)

4) Electron beam fabricated air slits
(non-uniformity < .05 microns)

5) Alignment and calibration sources and
methodologies to achieve and verify requirements.



The HyspIRI VSWIR Concept Enables the Full Set
of Decadal Survey Science and Science
Applications and Climate Science

e Key HysplRI climate objectives from the Decadal Survey and IPCC
- Ecosystem Measurement for Climate Feedback

- Black Carbon/Dust Effects on Snow and Ice

- Carbon Release from Biomass Burning

- Evapotranspiration and Water Use and Availability

- Critical Volcanic Eruption Parameters

Imaging Spectrometer (VSWIR)

- Pattern and Spatial Distribution of Ecosystems and their Components
- Ecosystem Function, Physiology and Seasonal Activity

- Biogeochemical Cycles

- Changes in Disturbance Activity

- Ecosystem and Human Health

- Earth Surface and Shallow Water Substrate Composition

Combined Imaging Spectrometer and Multi-Spectral Thermal Science
- Coastal habitats, and inland aquatic environments

- Wildfires

- Volcanoes

- Ecosystem Function and Diversity

- Land surface composition and change

- Human Health and Urbanization

EARTH SCIENGE
_ APPLIGATINS rn SPAGE




Questions?



Backup



Concept Technologies are Proven
Work Continues to Lower Risk

1) Uniform Offner spectrometer (Mouroulis Design)

2) Finely adjustable optics and detector mounts that can
be locked within fraction of a micron (0.1 microns)

3) Electron beam fabricated gratings (large
ruling period)

4) Electron beam fabricated air slits
(non-uniformity < .05 microns)

5) Alignment and calibration sources and
methodologies to achieve and verify requirements.



HysplRI

TIR Science Measurement
Baseline and Instrument Concept

NASA Earth Science and Applications
Decadal Survey

Simon J. Hook and HyspIRI Team

© 2011 California Institute of Technology. Jet Propulsion Laboratory, California
Institute of Technology. Government sponsorship acknowledged.



Visible ShortWave InfraRed (VSWIR) Imaging Spectrometer
Multispectral Thermal InfraRed (TIR) Scanner

VSWIR: Plant Physiology and

Function Types (PPFT) Mult ral
ultispectra
TIR Scanner

RANSPIRATION
Map of dominant tree species, Bartlett Forest, NH B - 24
Bl SoruceFir ;; T E'i
B \whitz Fine wE 25
B Horlock = gz
W Besch S 5E
Sugar Maple = 3
B Fed Maple =
w = =
1w ﬁ'g
= “a
o

peL=EEm

DisALEXI

Landsat

-5 & “k -

= E = o

52 &I = 38

a8 & =% 7%
s E = .‘ﬁ

Red tide algal bloom in Monterey Bay, CA



HyspIRI Thermal Infrared Multispectral (TIR)
Science Measurements

Science Questions:
TQ1. Volcanoes/Earthquakes (MA,FF)

— How can we help predict and mitigate earthquake and volcanic hazards through
detection of transient thermal phenomena?

« TQ2. Wildfires (LG,DR)

— What is the impact of global biomass burning on the terrestrial biosphere and
atmosphere, and how is this impact changing over time?

* TQ3. Water Use and Availability, (MA,RA)

— How is consumptive use of global freshwater supplies responding to changes in climate
and demand, and what are the implications for sustainable management of water

. resources?
Multlspectral Scanner — * TQA4. Urbanization/Human Health, (DQ,GG)
— . — How does urbanization affect the local, regional and global environment? Can we
L!t = Schedule: 4 year phase A'D; characterize this effect to help mitigate its impact on human health and welfare?

« TQ5. Earth surface composition and change, (AP,JC)

— What is the composition and temperature of the exposed surface of the Earth? How do
these factors change over time and affect land use and habitability?

'Vears operations

Andean volcano heats up Urbanization

Measurement:

. 7 bands between 7.5-12 um and 1 band
at 4 um. (4 um band for hot targets)

. 60 m resolution, 5 days revisit
. Global land and shallow water
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TIR Overarching Science
Questions

TQ1. Volcanoes/Earthquakes (MA,FF)

— How can we help predict and mitigate earthquake and volcanic hazards through detection
of transient thermal phenomena?

TQ2. Wildfires (LG,DR)

— What is the impact of global biomass burning on the terrestrial biosphere and atmosphere,
and how is this impact changing over time?

TQ3. Water Use and Availability, (MA,RA)

— How is consumptive use of global freshwater supplies responding to changes in climate
and demand, and what are the implications for sustainable management of water
resources?

TQ4. Urbanization/Human Health, (DQ,GG)

— How does urbanization affect the local, regional and global environment? Can we
characterize this effect to help mitigate its impact on human health and welfare?

TQS5. Earth surface composition and change, (AP,JC)

— What is the composition and temperature of the exposed surface of the Earth? How do
these factors change over time and affect land use and habitability?



Gas and thermal anomalies, plume composition
iIncluding SO2 and ash content on weekly basis

Characterizing and Understanding
Volcanic Eruptions

“Likewise, the Tier 2 Hyperspectral Infrared Imager (HyspIRI) mission

would include measurements over a range of optical and infrared wavelengths

useful for detecting volcanic eruptions, determining the ash content of

volcanic plumes, and identifying the occurrence and effects of associated landslides.”

Source: Dr Jack Kaye, Presented to
Subcommittee on Space and Aeronautics
Committee on Science and Technology
United States House of Representatives,

May 5, 2010



Eyjafjallajokull
Iceland Volcano
Eruption

April 19 2010 MODIS
Image of ash plume.
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ASTER Observations of the Eyjafjallajokull Eruption
19 April 2010 - 12:51 UTC

- Opaque Ash Plume
e L ,—:-..:i.;':ll_j!. 0,
oot
";'_.-_
Visible - Near Infrared kilometers Thermal Infrared
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Wildfires

 How are global fire regimes changing in response
to, and driven by, changing climate, vegetation,
and land use practices? [DS 198]

* |s regional and local scale fire frequency
changing? [DS 196]

 What is the role of fire in global biogeochemical
cycling, particularly trace gas emissions? [DS 195]

* Are there regional feedbacks between fire and
climate change?



Large error in carbon budget exists due to poor
knowledge of Carbon release from fires

Fossil fuel &
cement

6.4+04
7.7+05

10/25/

Global carbon dioxide budget
(gigatonnes of carbon per year)
1990-2000
2000-2008

MTISS

Atmospheric
growth

3.1+0.1
4101

Geological §
reservoirs

Land sink

2.6+09
2.7+1.0

Dcean sink
22x04
% 23=x05
R

Global CO2 budget for
1990-2000 (blue) and 2000-
2008 (red) (GtC per year).
Emissions from fossil-fuel
and land-use change are
based on economic and
deforestation statistics.
Atmospheric CO2 growth is
measured directly. The land
and ocean CO2 sinks are
estimated using
observations for 1990-2000
(Denman et al. IPCC 2007).
For 2000-2008, the ocean
CO2 sink is estimated using
an average of several
models, while the land CO2
sink is estimated from the
balance of the other terms.



Measuring global fire emission is necessary for reducing 5=
the uncertainty in carbon emissions from biomass burningig. s«

Global average biomass burning estimates range from 20 — 40 % of all global
C emissions.

0 50 100 150 200 250 >300
1897 - 2001 mean annual fire emissions (g C / m* / yr)

Van der Werf et al., 2010

Fires occur worldwide need a GLOBAL Mapping Mission, emissions vary regionally

10



HyspIRI-TIR will measure Radiative Energy
that has been shown to yield precise
estimates of Biomass Combusted

= Historically calculated using Seiler & Crutzen (1980) approach:
Biomass combusted = Area Burnt x Fuel Load x Combustion Efficiency

= More recently Fire Radiative Energy approach
Biomass combusted = Radiative energy or heat yield

(Since the heat yield (kJ/kg) of vegetation fuel is

~ constant, measuring the energy released on burning
and knowing the heat yield allows the amount of biomass
burned to be calculated.)

= For both methods:
Biomass combusted x Emission factor = Carbon released

Emission factors are obtained for given cover type
e.g. forest vs peat

10/25/2011 11




HyspIRI-TIR Provides Orders of
Magnitude Improvement In Measurement

Blomass Consumptlon by Month 1300
120
Contine:
i RED =1 km 1200 .
100, —+nath BLACK =4 km
— o 1100 .
o] b
= ®
g 80 S 1000 |
2 2
s ¢ 900 )
é 60 E
<
S = 800 -
2 1)}
E 40+ —
£ L 700 -
m -
201 600 -
500 L\ it N il it DN
f%8  APR  JUN _ AUG _ OCT __ DEC 10° 10’ 10° 10° 10 10°
Month of 2004 Fire Area (m°)

* HyspIRI-TIR measures very small fires as well as large fires. Small fires have a
disproportionately large carbon contribution

 Global carbon contribution from peat, agricultural and deforestation fires
unknown because cannot be measured with current sensors but see a large
discrepancy between 1km MODIS and 4km GOES

12



Measuring carbon fire emissions
requires measurements in the

Mid and Thermal Infrared

= Greater sensitivity due to shift in emission peak with temperature
= Measure radiance rather than temperature and avoid mixed pixel problem

4500
000 1000 K HySpIRI'TIR bands
- %00 capture the Planck
; 3000 curve
%‘ 2500
E% 2000
% 1500
? 00 7 TIR Bands
500 \YQK
600 K \
0 - ; ; ‘ ‘ ‘ 1300 K : : =
0.5 1 2 3 4 5 6 7 8 9 10 11 2 13

Wavelength (pm)

MODIS only _detgcts Whit? boxes (lkalkm) Thermal emission peaks in the MIR (3-5 um) region

does not pro_wde mformgtlon on the fire front for fire temperatures ranging from ~ 650 K (weak

or smouldering part of fire smouldering) to ~ 1400 K (strong flaming). MIR is
10/25/2011 far more sensitive to hot targets than TIR.

13



Water Use and
Availability

How is climate variability (and ENSO) impacting the evaporative component of
the global water cycle over natural and managed landscapes? [DS 166, 196,
203, 257, 368]

What are relationships between spatial and temporal variation in
evapotranspiration and land-use/land-cover and freshwater resource
management? [DS 196, 203, 368]

Can we improve early detection, mitigation, and impact assessment of droughts
at local to regional scales anywhere on the globe? [DS 166, 196, 203, 368];
How does the partitioning of Precipitation into ET, surface runoff and ground-
water recharge change during drought?

What areas of Earth have water consumption by irrigated agriculture that is out
of balance with sustainable water availability? [DS 196, 368]

Can we increase food production in water-scarce agricultural regions while
Improving or sustaining quality and quantity of water for ecosystem function
and other human uses? [DS 196, 368]



High spatial
resolution: access
to the local scale
(field, urban
district...)

-

1 km bOX 0 21‘0 220 22‘%0 2;10 250 260
1 km data does not capture field scale variation ET is very dynamic compared with LAI
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High revisit: rapid 525
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RMSE on reconstructed ET (mm d')
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5-day revisit minimizes error on ET Estimation Courtesy Jean-Pierre Lagouarde, 1

INRA, France



Evapotranspiration and Water Use and
Availability

Measuring Weekly-Monthly
Evapotranspiration (ET)

8 9 10 11 12 13

HyspIRI-TIR provides ET data every 5 days, allows weekly-monthly measurement
And expectation for a cloud-free scene (typically 1 in every 3 data takes)



Mission Concept and Instrument
Operational Scenario

Following arrival at science orbit, the baseline data acquisition plan is established.
Collect data for entire land surface excluding sea ice (Arctic and Antarctic) every 5
days at 60 m spatial resolution in 8 spectral bands

Data are downlinked and transferred to the science data processing center where
calibration and baseline processing algorithms are applied.

Level 1, 2 products are delivered to the scientific community and general users to
pursue the science questions

—  With appropriate cloud screening, compositing, spatial, and temporal subsetting

Land and coastal
acquisition

17



Annual TIR imaging opportunities in a 5-day
near-repeating orbit, 1 yr. simulation

Oceans average
to 1 km

Nominal orbit: average alt. 626.8 km, inclination 97.8°. TIR imager FOV: +/- 25.46° (60 m pixel GSD at nadir, 9272 cross-track pixels).



Science Measurements
Summary Measurement Characteristics

Cross-Track Samples
Swath Length
Down-Track Samples

Band-to-Band Co-registraion
Pointing Knowledge

Spectral
Bands (8) um 3.98 um, 7.35 pm, 8.28 um, 8.63 um, 9.07 um, 10.53 pm, 11.33 pm, 12.05
Bandwidth 0.084 pm, 0.32 pm, 0.34 um, 0.35 pym, 0.36 pm, 0.54 pm, 0.54 ym, 0.52 um
Accuracy <0.01 pm
Radiometric
Range Bands 2-8= 200K — 500K; Band 1= 1200K
Resolution < 0.05 K, Linear Quantization to 14 bits
Accuracy < 0.5 K 3-sigma at 250K
Precision (NEdT) <0.2K
Linearity >99% characterized to 0.1 %
Spatial
IFOV 60 m
MTF >0.65 at FNy
Scan Type Push-Whisk
Swath Width 600 km (£25.5° at 623 km altitude)

10,000
15.4 km (+/- 0.7-degrees at 623km altitude)
256

0.2 pixels (12 m)
1.5 arcsec (0.1 pixels)

19



Temporal

Orbit Crossing
Global Land Repeat

OnOrhit Calibration

Lunar View

Blackbody Views

Deep Space Views

Surface Cal Experiments
Spectral Surface Cal Experiments

Data Collection

Time Coverage
Land Coverage
Water Coverage
Open Ocean
Compression

Science Measurements
Characteristics Continued

10:30 am sun synchronous descending

5 days at equator

1 per month {radiometric}

1 per scan {radiometric}

1 per scan {radiometric}

2 (d/n) every 5 days {radiometric}
1 per year

Day and Night

Land surface above sea level
Coastal zone -50 m and shallower
Averaged to 1km spatial sampling
2:1 lossless

20



TIR Instrument Concept

Scanning and Data Rate

Scan Mirror
Focal Plane w Direction of
8 Spectral Bands || |m< Spacecraft
X 256 Pixels Motion
<—T1ll _+_
256 Pixels
15 km
noa
- > . y Ground
9937 Pixels, 596 km, +25.5° L P el Temperature
| e
» 60 m Pixel Footprint "
*Time-Averaged Science Data Rate 0.024 Gbps g
» Assuming 14 bits, 2:1 Compression @
« Scan Mirror Rotation Rate 13 RPM x
« Pixel Dwell Time 32 microseconds =
2
. JUJHREY . ) k1
Mass and Power (JPL Team X) 2 B 8§ 40 W 2 4%

*Mass CBE 60 kg Wavelength (um)
*Power CBE 109 W

2/10/09 21



Mission Concept
TIR Overview

Duration: 4 years development, 3
years science

Coverage: Global land every 5 Blackbody Target
dayS Rotating e — 1

Scan Mirror

Electronics

Space View
Opening

Day and Night imaging (1 day and Encoder
night image at a given location
obtained every 5 days) Encoder

Scale

Radiator

Telescope

Data download using dual-
polarization X-band at high-
latitude stations

Cryocooler

— Passive
~1 Cooler

Spacecraft: LEO RSDO bus (SA-
200HP)

Launch: Taurus-class launch
vehicle

22



Technology Readiness

Hyperspectral Thermal Emission
Spectrometer (HYyTES) Prototype HyspIRI Thermal
. . Infrared Radiometer (PHYTIR)




Elevator Speech

 Quantify carbon and other emissions from fires
to balance carbon budget

 Determine if heat, gas and lava emissions from
volcanoes can be used to understand their future
behavior

 Quantify evaporative loss from vegetated regions
to balance water budget

10/25/ 24



Summary

We have developed a sets of science questions that are well
aligned with the HyspIRI Mission called for in the NASA
Earth Science and Applications Decadal Survey. The mission
has strong relevance to both climate and society.

We have reviewed and refined these questions that relate to
both science and applications objectives and developed
traceability to a set of science measurements.

We have established a high heritage and low risk approach
for acquiring the HyspIRI VSWIR and TIR science
measurements



Backup



Measuring global fire emission is necessary
for reducing the uncertainty in carbon
emissions from biomass burning

Global average biomass burning estimates range
from 20 — 40 % of all global C emissions.

0 20 100 150 200 250 >300
1997 - 2001 mean annual fire emissions (g C/ m? yr)

Van der Werf et al., 2010

Fires occur worldwide need a GLOBAL Mapping Mission, emissions vary regionally

27
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California Institute of Technology

Pasadena, California

Orbit
626 km Altitude
10:30 AM LMT

Descending Node

SSR

1 Tb for Simple
Store and Forward

Calibration
Daily Solar
View (VSWIR)
Monthly Lunar
View (VSWIR
+ TIR)
Black Body
and Deep
Space Views
(TIR)
Vicarious US
and
International

Downlink

VSWIR

19 Day
Revisit

800 Mbps X Band To Northern
Stations (Svalbard and Alaska)

IPM
m 20 Mbps . .
5 Day Direct Fiber Link
Reuvisit Broadcast E Data Transmitted to
Processing Center within
2 weeks of downlink

Global Coverage i
60 m Resolution: Land + Shallow Water (Benthic & AV)
—




National Aeronautics and
Space Administration

L HyspIRI Global Covera ge

Pasadena, California

TIR Coverage
after 5 days

VSWIR
Coverage after
19 days

Due to the min 20 deg
Sun elevation angle
constraint on the
VSWIR acquisition,
the latitudes covered
change with the
seasons

Aug 23-25, 2011 HyspIRI Science Workshop 2011 -Washington, D.C.
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Space Administration ° ° °
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California Institute of Technology

Pasadena, California

Imaging Mode

* Instrument modes change
multiple times each orbit, but are mmm
clearly defined by geography and VSR 1k 1k 1k
spacecraft location i - @m e 1km lkm

Target Map

VSWIR

Coverage Percentage

Land 80.00% -

70.00% |
%
Coastal gggg;
40.00%
30.00% |
20.00% - 11% T 9%
10.00% -
TIR Night -
Land | Coast | Ocean | Land | Coast | Ocean | Poker |Svalbard
TIR Day o
VSWIR Ground Stations

Cut away of earth with slice taken along plane of orbit

Aug 23-25, 2011 HyspIRI Science Workshop 2011 -Washington, D.C. 4



National Aeronautics and
Space Administration

| ]
===, HYSPIRI Downlink Data Volum
California Institute of Technology
Pasadena, California
On-board
——Poker Flats, Svalbard Compression

2.9 -
——Svalbard, Tazmania VSWIR land 804.1 Mb/s 3:1
27— —m—Svalbard, Trollsat - . '
— valbard, Irollsa
et E— VSWIR_shallow ~ 865.9Mb/s  3:1
. *’;'"“-“'—\\x&% —o— Svalbard, Casey
% VSWIR_ocean 3.9 Mb/s 3:1
—
‘e TIR_land 130.2 Mb/s 2:1
vy
& TIR_shallow 130.2 Mb/s  2:1
E
g TIR_ocean 0.6 Mb/s 2:1
=
=
= - Avg (Tb) | Min(Tb) | Max (Tb)
Per Day 4.64 3.59 5.29
o Per Orbit 0.31 0.00 0.81
600 650 700 750 800 850 900 950 1000

Total downlinked data volume for
the 3 year mission: 5024 Tbits
*  Baseline selected to minimize system level cost and risk
*  On-board storage capacity
e 1Tb
e 0.31Tb/orbit
WorldView-1 and -2 have 2.2 Tb SSR
*  WorldView1: 0.33 Tb/orbit

* Different downlink strategy requires larger SSR
than HysplRI
*  WorldView2: 0.52 Tb/orbit
*  30% margin added to calculated required SSR size
Aug 23-25, 2011 HyspIRI Science Workshop 2011 -Washington, D.C. 5

Downlink Rate (Mbits/s)

Jul-15
Aug-15
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Oct-15
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Dec-15
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un wn un un n n

— - - - — -
s

E 2 & a @& 5

- w = < = =
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Space Administration ° °
Jet Propulsion Laboratory

California Institute of Technology

Pasadena, California

* Industry procured spacecraft bus

X-Band
— SA-200HP used as an example for the study to PATCH ~ ANTENNA |py
identify and cost needed modifications ANTENNAE ANTENNA

* HysplRI specific TIR
— Payload integrated on the top plate (TIR, VSWIR) RADIATOR
and inside the S/C

— Configuration chosen to minimize/eliminate
thermal impacts on the payload radiators

— Spacecraft Dry Mass (CBE): 520 kg

— Launch Mass: 681 kg

— JPL DP Margin: 31%

— Required Power (CBE): 620W

— Available Power: 965W, 7.2 m?arrav

VSWIR
RADIATOR

VSWIR
SUPPORT

BUS STAR TRACKER

Aug 23-25, 2011 HyspIRI Science Workshop 2011 -Washington, D.C.



National Aeronautics and
Space Administration

L T Baseline Fl Ig ht Syst em Conce pt

Pasadena, California

| eeauremens | RsDOsA200W HyspIRI SA-200HP
v v -

626 km 10:30 LTDN

o . 3 years, 4 years, 3 years, Remove redundancy to
Mission duration : . . .
selective redundancy selective redundancy single string reduce cost
Thermal Passive architecture v v -
800 Mbps 80Mbps 800 Mbps Dual-pol X-band
: lant 75 m/s 131 m/s 131 m/s
ropellan -
P 37 kg 67 kg tank 67 kg tank
Onboard recorder 1 Thit 134 Gbits 1Tbit SEAKR SSP-R

Support structure for

Payload mass 126kg 666 kg 666 kg Instuments

Single wing configuration,

Payload Power 885 W 650 W 965 W
add one panel

Pointing Knowledge 0.5 arcsec (30) <=0.5 arcsec (30) Replaced one of two coarse

Ball CT-602 star tracker with
one fine Lockheed Martin

Pointing Stability 0.1 arcsec/sec (30) <=0.1 arcsec/sec (30) AST-301 star tracker.

VSWIR TIR .
. . Rationale
Requirement Requirement

Pointing Accuracy See table below 16 arcsec (30) <=16 arcsec (30)

Pointing
Knowledge <48 l;;?g) e | <A l;:(«'s:g) (30/ <30m (30) post-reconstruction orthorectification knowledge at 626km altitude TIR
Accuracy <4.5mrad LB el (e VSWIR: Limits cross-track error to < 3 km on the surface VSWIR

(30/axis) axis)

40.1 mrad/sec  +24.7 mrad/sec VSWIR: Limit smear to < 0.6 meters as one pixel crosses a spot on the surface in 8.8 msec

VSWIR
(30) (30) TIR: Time for 6 pixels in TDI string to cross a point on the surface at nadir is 0.39 msec.

Stability

Aug 23-25, 2011 HyspIRI Science Workshop 2011 -Washington, D.C. 7



@ ., Alternative Flight System Concept

Pasadena, California

* Based on RFI response from ATK
— Uses Responsive Space Modular Bus (RSMB) architecture

. HyspIRI specific
Spacecraft Dry Mass (CBE): 511 kg
— Launch Mass: 671 kg
— JPL DP Margin: 35% (assumes Taurus 3210)
— Required Power (CBE): 640W
— Available Power: 1028W

Aug 23-25, 2011 HyspIRI Science Workshop 2011 -Washington, D.C.



Jet Propulsion Laboratory
California Institute of Technology

and System Margins

@ e Science Payload Accommodation

Accommodations VSWIR TIR
Mass (CBE) 55 kg 60 kg
Volume 1.1x0.5x0.8m 1.2x1.1x0.6m
Power 41 W 103 W
FOV (crosstrack) 13.62 deg 50.7 deg
FOV (alongtrack) 95.9 microrad 95.9 microrad
Orientation 4 deg to starboard nadir
T T YT
Swath width VSWIR 141km 151 km 6%
Swath width TIR 536km 600 km 11%
Recorder capacity 0.8Th 1.0Tb 20%
Power 620 W (CBE) 965 W 36%
LV mass capability 520 (CBE, dry) 790 kg 34%

Aug 23-25, 2011 HyspIRI Science Workshop 2011 -Washington, D.C.

113.5¢em

40cm  534cm

(Includes
Radiator)

107cm




National Aeronautics and

Space Administration

Jet Propulsion Laboratory
California Institute of Technology
Pasadena, California

Launch Vehicle Concept

PAYLOAD
FAIRING

VSWIR

STOWED
SOLAR PANELS

Aug 23-25, 2011

e Taurus 3210 can meet the mission needs

Closest fit among currently NASA approved launchers

31% margin (per JPL Design Principles) with a Taurus-
class launch vehicle

Fits dynamic volume envelope
790 Kg launch capacity for HyspIRI Orbit

e Launch window

ARTICULATED

ANTENNA

TIR

Mapping orbit reachable once per day

' o

2.94m

=i
—>

\
<—1.40m—>‘

«—1.80m —»

HyspIRI Science Workshop 2011 -Washington, D.C. 10
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California Institute of Techn

ology

Alternate Orbits Compatible with HysplRI

There is flexibility in the HyspIRI orbit design to accommodate a shared launch,

should one be available, without sacrifices to science return

Current Baseline
20.0 -

Repeat Cycle Length (days)

19.0 ° [}

18.0

1704 o °

160 1@ °

15.0 1 ° °

14.0 °
13.0 A ° °
12.0 °
1104 @ °
10.0 4 °
9.0 4 °

8.0 4 °

7.0 4 .

601 e

5.0

40

500.00

650.00
Altitude (km)

750.00

800.00

3 other orbits would yield
required repeat for
instruments

The VSWIR and
TIR telescopes
can be scaled to
maintain 60 m
spatial sampling
at each of these
orbits.



National Aeronautics and

@ ===, U.S. Launch Vehicle Compatibility

Pasadena, California

JPL Fairing | Successful S Estimated
LV Margin . Launches Availability Cost Comments
(T;;{(‘)‘; 790  31% = 92 (iﬁ) Yes ~g54M  Beselineiony
Minotaur
I\ 1100 49% 92 2/2 DoD Only ~S50M
both flights were
Falcon 9 7500 >90% 204 2/2 Yes ~S55M with Dlragon
capsule
AtlasV 4xx ~10000 >90% 157 17/18  TBD TBD 401 had 5/10
Delta IV o o
Medium 8600 >90% 157 3/3 Yes S140
Athenallc 1700  69% 92 0/0 2012 TBD 2/3 launches of

* For HyspIRI Orbit: 626km, sun-sync

Aug 23-25, 2011 HyspIRI Science Workshop 2011 -Washington, D.C. 12
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California Institute of Technology

Pasadena, California

NASA mandates compliance with NASA-STD 8719.14 Orbit Debris & Reentry

“A spacecraft or orbital stage “The potential for human
with a perigee altitude below casualty is assumed for any
2000 km shall be disposed of by object with an impacting kinetic
i energy in excess of 15 Joules: “
e \ e
“Atmospheric reentry option:
Leave the space structure in an orbit in which “For uncontrolled reentry, the risk of human
natural forces will lead to atmospheric reentry casualty from surviving debris shall not exceed
within 25 years after the completion of mission 0.0001 (1:10,000).
but no more than 30 years after launch”
\ J \
e \ e
. . : HysplRl is currently compliant as simulation
HysplRI is compliant as analysis of the spacecraft performed with NASA’s Debris Assessment

orbit and the geometry of the observatory

indicates reentry within 18 years from EOL Software (DAS 2.0.1) shows a probability of

1:42,300

\ J \

Aug 23-25, 2011 HysplIRI Science Workshop 2011 -Washington, D.C.
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* HyspIRI “ 1PH - Inteligent Payload Mocule

* Data Downlink i <
— KSAT Ground network f 'i Praerscne
 Svalbard @ 800 Mbps Dual-pole 2 o % (Svaoar . Poker o)

sites) Alldata
X-Band (existing) _
Selected MOS Telemetry SDS |- vswRr wo~12 processing
users (SP“Z"T)“ iR (WPL) |+ TIR LO~L2 processing
VVVVV s
* Poker Flats @ 800 Mbps Dual- e - Information Managamert
(Remote sites) (TBD: * Life-of-Mission Data Storage
. emote sites, & 5 .
pole X-Band (in development) SPUSFS) [ty SIS S

Data Access
* Science Data Analysis

e QOther stations available

Validated Science
Aux.|data Data Products

— Almost 100% data return with 1 onact)

provider(s) (T8D) ) L producer(s)

Tbit SSR on spacecraft

* Data Processing

— SDS sized to process LO through
L2 data for both instruments

— Deliver L2 data products to
DAAC

— L3 data products produced by

users
HyspIRI will utilize existing infrastructure with proven

capability to downlink and process all science data

Svalbard Tromsg

Downlink: 800Mbps Downlink: 800Mbps | Other Station—ls

Troll
Manager: KSAT
Downlink: 800Mbps

= 70Mbps Geo Transponder
- | ITAR Compliant
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HysplIRI Mission Concept

Orbit Selection

* Key Orbit Design Considerations
— Local time of observations
e Sun-synchronous
* 10:30 AM LTDN
— Altitude
* Low Earth Orbit
* Repeating Ground track

— Global coverage in a minimum
number of days given the swath-
width of each instrument.

* VSWIR: 19 days revisit at the
equator

* TIR: 5 day revisit at the equator (1
day + 1 night)
* 626 km altitude at equator suits
the needs of both instruments

Orbit selection and operations concept meet science
requirements with infrequent ground commanding or
maintenance.

Operations Concept

* Systematic mapping vs. pointing capability
* Target map driven - No need for uploading

acquisition sequences

*  High resolution mode and Low resolution mode

* Direct Broadcast capability
— Uses Intelligent Payload Module
— Applications-driven

10:30 am sun-sync orbit

626 km altitude at equator

19 days revisit at the equator

5 day revisit at the equator

Day Observation

Night Observation

Pointing strategy to reduce sun glint

Surface reflectance in the solar reflected spectrum for elevation angles
>20

Avoid terrestrial hot spot
Monthly Lunar View calibration
Weekly Solar View Calibration
Blackbody View Calibration

Deep Space View Calibration

v

v

v

Operational Requirement VSWIR TIR

v

v
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Data Downlink Volumes:
Data Product Types:

Key Driving SDS Design Requirements

Data Product Availability:

5.3 Tb/day Max. (4.6 Tb/day Mean)
2 Level O’s, 2 Level 1's, 2 Level 2’s, tbd L3

Product Application

Nominal Latency From Receipt of
Required LOa Data at Processing Node

Comments

Routine Science

1 week — 2 weeks

Products meet science/calibration specifications

Priority Target Events

1 day

Data acquisitions are not routinely planned but event-driven
Products are L1 and L2/3 in limited quantity
Products may not meet science/calibration specifications

Intelligent Payload
Module Direct
Broadcast

No latency requirement for SDS

Data broadcast via the IPM will not end up at the SDS

B Total Mission Data Volume*:

B Processing Loading:

47.2 Tbits (6.2 Tb LOB’s, 18.6 Tb L1B’s, 22.5 Tb L2’s) per day

58.2 Pb over mission life

Sized to meet respective product latency requirements (no

backlog and with margin to include one reprocessing

campaign

B SDS sized for 5.2 Tb/day
B 98.1% of the time, less than 5.2 Tb is downlinked per day

Notes: * Mission data volume based on maximum LOA downlink volume; exclusive of data from Direct Broadcast;
Assumes all LO processed to L1 & L2; all in 16-bit per sample;

Assumes data compression ratios of 3:1 for all VSWIR and 2:1 for all TIR image bands; assumes no compression for ancillary bands;

Tb — Terabits (10212 bits); Pb — Petabits (10”15 bits)
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Overview

Beginning in January 2007 a Mission Concept effort for HyspIRI Mission
has been under way with involvement of NASA HQ, JPL, GSFC, and a
broad Science Study Group and the 2008 workshop, 2009 workshop,
2010 symposium.

With the call of the NASA Earth Science and Applications Decadal
Survey this team has worked to develop a end-to-end concept for
implementation of the HyspIRI Mission.

Based on this effort and with input from SSG and the relevant
communities a set of Level 1 Requirements and Success Criteria have
been develop in accordance with the required NASA process.

The Level 1 Requirements are a NASA Headquarters Document and
provide an important basis for tracking the progress and judging the
success of HyspIRI



HysplIRI Science Study Group
(Selected by NASA Program Science Leadership)

e Request list from authors

ERTH SEENCE
11 e




1.0 Scope

2.0 Science Definition
2.1 Baseline Science Obijectives
2.2 Science Instrument Summary
Description

3.0 Project Definition
3.1 Project Organization and
Management
3.2 Proiect-Acqguisition Strategy

4.0 Performance Requirements
4.1 Science Requirements
4.2 Mission and Spacecraft
Performance
4.3 Launch Requirements
4.4 Ground System Requirements
4.5 Mission Data Requirements

Level 1 Requirements Outline

5.0 NASA Mission Cost Requirement
Program Requirement
5.1 Cost
5.2 Cost Management and Scope
Reduction
6.0 Multi-Mission NASA Facilities

7.0 External Agreements

8.0 Public Outreach and Education
9.0 Special Independent Evaluation
10.0 Waivers

11.0 Approvals and Concurrences



Level 1 Requirements

HyspIRI

Visible to Short WavelengthInfrared Imaging Spectrometer
and Thermal Infrared Imager (HyspIRI) Decadal Swvey
Earth Science and Applications Mission

Level 1 Requirlements and Mission Success
Criteria

Version X-8.0
Date: August 27,2010

Owner: NASA Decadal Survey HyspIRI Program Executive and Program Scientist




Level 1 Requirements

e 2.2. Science Objectives

e The HysplRI Project will implement an earth observation space mission
designed to collect and deliver global surface spectral reflectance, remote
sensing reflectance over shallow water, thermal emissivity and surface
temperature imaging measurements that will enable science and
applications users to advance the current understanding of the Earth’ s
ecology, biogeochemistry, biodiversity, coastal and inland water research,
geology, natural hazards, hydrology, climate, climate change impact and
adaptation, and studies of the carbon cycle[NRC DS].



Level 1 Requirements

4. Performance Requirements
4.1 Science Requirements

The science objectives in Section 2.2 can be achieved by either the baseline or minimum science
mission requirements listed here, but the baseline mission provides substantially more value
to NASA and the Earth Science Community.

e 4.1.1 Requirement: Baseline Science Mission
e The scientific requirements that must be achieved in order to fully satisfy the baseline science

objectives.
e a)VSWIR
e Db)TIR

e ) Combined



Level 1 Requirements

VSWIR

a) To address the Decadal Survey and community identified science and
application questions related to terrestrial and coastal ocean ecosystem
composition, function, and change as well as surface composition (DS113-115),
the baseline science mission shall provide global mapping measurements of the
surface reflectance or remote sensing reflectance for shallow water regions across
the solar reflected spectrum from 380 to 2500 nm at <10 nm sampling at the
specified signal-to-noise ratio and accuracy with >95% spectral/spatial uniformity
at <60 m nadir spatial sampling with <20 day revisit to provide >60% seasonal and
>80% annual coverage of the terrestrial and shallow water regions of the Earth for
at least three years with a subset of measurements available near-real-time for
designated science and applications.



Level 1 Requirements
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Level 1 Requirements

TIR

b) To address the Decadal Survey and community-identified science and application
questions related to volcanoes, wild fires, water usage, urbanization and surface
composition (DS113-115), the baseline science mission shall provide global
mapping measurements of the surface radiance, temperature and emissivity with 8
spectral bands from the 3-5 micron and 8-12 micron regions of the spectrum at the
specified noise-equivalent-delta-temperature and accuracy at <60 m nadir spatial
sampling with <5 day revisit to provide >60% Monthly, >70% seasonal and >85%
annual coverage of the terrestrial and shallow water regions of the Earth for at
least three years with a subset of measurements available near-real-time for
designated science and applications.



Specified NEdT

NV Nomimnar | [NEdT at VI [NEdT at MaxX
Wavelength |Spectral Radiance and Radiance and nominal Nominal
Bandwidth Temperature Temperature Temperature Temperature [NEdT at 300 K
(microns) (microns) (W/m”2/micron/sr) [(W/m”2/micron/sr) |Kelvin Kelvin Kelvin
Band 1 3.98 0.08 14 (400 K) 9600 (1400 K) 1 0.12 11.2
Band 2 7.35 0.32 0.34 (200 K) 110 (500 K) 2.8 0.22 0.28
Band 3 8.28 0.34 0.45 (200 K) 100 (500 K) 2 0.22 0.24
Band 4 8.63 0.35 0.57 (200 K) 94 (560 K) 1.6 0.24 0.24
Band 5 9.07 0.36 0.68 (200 K) 86 (500 K) 1.2 0.24 0.22
Band 6 10.53 0.54 0.89 (200 K) 71 (500 K) 0.64 0.22 0.16
Band 7 11.33 0.54 1.1 (200 K) 58 (500 K) 0.56 0.26 0.16
Band 8 12.05 0.52 1.2 (200 K) 48 (500 K) 0.52 0.3 0.18
Digitization @ min |Digitization @ max
radiance radiance Digitization @ 300 K
(W/m#2/micron/sr) [(W/m”2/micron/sr) (W/m*2/micron/sr)
4.0e-2 (0.12 K) 4.0e-2 (0.01 K) 5.0e-2 (1.4 K)
5.6e-3 (0.30 K) 5.6e-3 (0.009 K) 5.6e-3 (0.03 K) Notes
4.8e-3 (0.23 K) 4.8e-3 (0.009 K) 4.8e-3 (0.03 K) Center wavelength is the average of the max and min wavelengths at the FWHM
4.5e-3 (0.19 K) 4.5e-3 (0.009 K) 4.5e-3 (0.03 K) Spectral bandwidth is the FWHM
4.1e-3 (0.15 K) 4.1e-3 (0.010 K) 4.1e-3 (0.03 K) Minimum nominal radiance is 200K except for 4 um band where it is 400K
2.5e-3 (0.08 K) 2.5e-3 (0.008 K) 2.5e-3 (0.02 K) Maximum nominal radiance is 500K except for 4 um band where it is 1400K
2.2e-3 (0.07 K) 2.2e-3 (0.010 K) 2.2e-3 (0.02 K)
2.1e-3 (0.06 K) 2.1e-3 (0.012 K) 2.1e-3 (0.02 K)




Level 1 Requirements

COMBINED

c) To address Decadal Survey and community-identified science and application
questions (DS113-115), requiring combined reflectance, emissivity and
temperature measurements, the baseline mission shall provide combined global
mapping data sets.



Level 1 Requirements

Threshold Science Requirements

e Threshold (or minimum) scientific requirements (the “science
floor”) that are required to scientifically justify performing the
mission.



Level 1 Requirements

Threshold Science Requirements

4.1.2 Threshold Science Requirements

a) [VSWIR] To address the Decadal Survey and community identified science and
application questions related to terrestrial and coastal ocean ecosystem
composition, function, and change as well as surface composition (DS113-115),
the baseline science mission shall provide global global mapping measurements of
the surface reflectance or remote sensing reflectance for shallow water regions
across the solar reflected spectrum from 380 to 2500 nm at <10 nm sampling at
>80% of the specified signal-to-noise ratio and accuracy with > 90% spectral/
spatial uniformity at <60 m nadir spatial sampling with <20 day revisit to provide >
950% seasonal and >70% annual coverage of the terrestrial and shallow water
regions of the Earth for at least two years.



Level 1 Requirements

Threshold Science Requirements

b) [TIR]To address the Decadal Survey and community identified science and
application questions related to volcanoes, wild fires, water usage, urbanization
and surface composition (DS113-115), the baseline science mission shall provide
global mapping measurements of the surface temperature as well as emissivity
and surface radiance in 8 spectral bands from the 3-5 micron and 8-12 micron
regions of the spectrum at >80% the specified noise-equivalent-delta-temperature
and accuracy at <60 m nadir spatial sampling with <5 day revisit to provide > 40%
Monthly, > 60% seasonal and >70% annual coverage of the terrestrial and
shallow water regions of the Earth for at least two years.

c) [COMBINED] To address Decadal Survey and community identified science and
application questions requiring combined reflectance, emissivity and temperature
measurements, the threshold mission shall provide combined global mapping data
sets.



Summary

Program Level Requirements (or Level 1 Requirements) are a required gate
product

KDP-A: Draft

KDP-B: Updated Draft Baseline

KDP-C: Baseline Update

In the pre Phase A period of the HysplIRI Mission concept input to the Level 1
Requirements will be requested from the SSG and Community.

The Level 1 Requirements are a NASA Headquarters Document and provide an
important basis for tracking the progress and judging the success of HyspIRI

Questions?
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A unique role for HysplIRI
in Earth System Science
Dynamical Global
Vegetation Models

7% . Jose F. Moreno : ‘
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Presentation outline:

- Background and motivation

- Status of Dynamical Global Vegetation Models

- Uniqueness of HysplRI data

- First approach: Land cover mapping, classification
and tables of assigned biophysical variables

- Second approach: Retrievals of biophysical
variables as direct inputs to models

- Third approach: direct assimilation of
radiances/reflectances into models

- Perspectives: current trends and way forward

2011 HysplIRI Science Workshop - Washington, DC, August 23-25, 2011 2



BACKGROUND:

* Developments in the framework of SPECTRA mission

within ESA Earth Explorer Programme
Now discarded

« Current activities in preparation of the FLuorescence
EXplorer (FLEX) ESA Earth Explorer mission
in Phase A/ B1
* Preparatory activities for data exploitation of global time
series of high resolution data within the Global Monitoring
for Environment and Security (GMES) programme,
including data assimilation of Sentinels data for land

applications.
« TERRABITES - Terrestrial biosphere in the Earth

System, Carbon Model Reference Dataset, Climate
Change Initiative, Essential Climate Variables, Glob-data
series, etc.

2011 HysplIRI Science Workshop - Washington, DC, August 23-25, 2011



The meaning of EARTH SYSTEM MODEL

(a) Technology side

Big powerfull computers running monster programs and producing
huge amounts of output data that are better visualised in nice

3D animations (vector/parallel machines, code optimisation,
distributed computer nodes grid, Fortran 2000+)

(b) Science side

Trying to make a “Theory of Everything” about the Earth (including
solid Earth: volcanoes, earthquakes, etc. Oceans: temperature,
salinity, circulation, etc., Atmosphere: all physics and dynamical
chemistry, but also Live: a dynamical model of the Biosphere )

In practice, the real problem is to define an adequate
parameterization for the actual available inputs !

2011 HysplIRI Science Workshop - Washington, DC, August 23-25, 2011
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NBP

NEP

Atmospheric CO,

—NPP

GPP: Gross Primary Production
NPP: Net Primary Production
NEP: Net Ecosystem Production
NBP: Net Biome Production

plant respiration
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(litter and coarse woody debris)>
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2011 HysplIRI Science Workshop - Washington, DC, August 23-25, 2011 6



Getting the whole picture:

(a) Photosynthesis / CO, assimilation
Light absorption by plants
Different use by the plants of the absorbed light
Changes in land-use & physiology (growth/senescence)

==) |Imaging spectrometers VIS/NIR/SWIR + TIR

(b) Biomass allocation / long-term carbon accumulation
Respiration terms for each biomass type (total biomass)

Net carbon accumulation (seasonal + multi-annual)
=) SAR (L-inf, P-pol), Canopy lidars, BRDF sensors

(c) Atmospheric CO, concentration
Net CO, balance (bottom of atmospheric column)

+ CO, atmospheric transport
=) Dedicated atmospheric spectrometers + lidars ?

2011 HysplIRI Science Workshop - Washington, DC, August 23-25, 2011 7




Photosynthesis modelling approaches in LSM/GCM-DGVM

POSITIVE

NEGATIVE

- Physical model
(useful for climate change

{ Biochemical [§ simulations at all scales)

- Makes possible the explicit
coupling of energy, water
and carbon fluxes

- Computationally expensive
for long-term
climate simulations

- Conceptual model
(few parameters)

- Empirical approach (useful
for long timescales but

- To be used with coupled
conceptual models

Ligh_t-use - Interersting approach when | @ccounting for LUE changes)
efficiency | APAR is measured (mostly |- Not possible the explicit
over time scales of constant | coupling of energy, water
LUE) and carbon fluxes
T - Empirical approach
- (S'm%'ls;'gr %zfroliﬁh (calliabration I:;fc)aeded for
Carbon til:rslgscales) y long each environment)
assimilation - Explicit coupling of processes

not possible due to necessary
large time steps

2011 HysplIRI Science Workshop - Washington, DC, August 23-25, 2011




OPEN ISSUES IN LAND SCIENCE — Modelling aspects

* Model structure improvements:
- parameterisation of surface heterogeneity -
- horizontal transport at the boundaries
- vertical transport in 3D structures

« Coupling to ecological processes
- phenology cycles / multiannual growth -
- vegetation dynamics (sucession, regeneration)-
- soil processes (decomposition, mineralisation)

« Coupling to hydrological processes
- surface/sub-surface transport
- river flow
- lake/wetland dynamics -
* Coupling to chemical cycles (CO,, CH,, N,O, ...)

* Link to atmospheric dynamics (wind at surface)

2011 HysplIRI Science Workshop - Washington, DC, August 23-25, 2011 9



OPEN ISSUES IN LAND SCIENCE - Data availability

* Global data available mostly are of low spatial resolution,
with limited capabilities to observe variables directly
related to some key processes, though indirect
observation is possible via the coupling of different
processes through modelling.

 There is a definite need for global data at high spatial
resolution (< 300 m) to be able to describe surface
heterogeneity at relevant scales with adequate temporal
resolution to describe dynamics

* Full spectral resolution (VIS, NIR, SWIR + TIR) highly
desirable to constraint models with a full set of
observations for each given model parameterization.

2011 HysplIRI Science Workshop - Washington, DC, August 23-25, 2011



Unique information provided by HysplRI:

Explicit mapping of how plants absorb light,
as a function of the temperature of leaves

- spectrally resolved PAR (400-700 nm)

- canopy chemistry and structural effects,
decoupling non-photosynthetic elements

- high data quality is expected

- Monitoring vegetation changes (time series)

But we not only need to get data to be ingested in existing
models but also to develop models that can ingest the new
available data !

2011 HysplRI Science Workshop - Washington, DC, August 23-25, 2011
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Different spatial sampling observational approaches:

(a) Discrete sampling of identified reference sites
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Temporal scales in DGVM

From 15-30 minutes time-step (to capture diurnal cycle) to long-time scale
processes (centuries, millennia) both for past and future dynamics

Temporal scales resolved by HyspIRI

Minutes / Months r Photosynthesis and leaf respiration

Growth respiration
Stem and root maintenance respiration

Minutes / Months

£ R
( R
p o R

Daily / Monthly

Phenology

Allocation

Daily / Annual

Nitrogen cycle

Monthly / Annual

Decades / Centuries

2011 HyspIRI Science Workshop - Washington, DC, August 23-25, 2011 13



First approach:
LAND COVER MAPPING, CLASSIFICATION AND TABLES OF
BIOPHYSICAL VARIABLES ASSIGNED TO EACH CLASS

Global land cover maps
Feature-Based Parametric Object Oriented Land Cover databases

e B - T e
@D (v!tivated and Managed areas / Rainfed cropland R Rt X . ¥ s N ! -

@D os!-flooding or irrigated croplands

@D /osaic cropland (50-70%) / vegetation (grassland/shrubland/forest) (20-50%)

@D /osaic vegetation (grassland/shrubland/forest) (50-70%) / cropland (20-50%)

() (losed to open (>15%) broadleaved evergreen and/or semi-deciduous forest (>5m)

@) (losed (>40%) broadleaved deciduous forest (>5m)

@D 0pcn (15-40%) broadleaved deciduous forest/woodland (>5m)

() (losed (>40%) needle-leaved evergreen forest (>5m)

() (losed (>40%) needle-leaved deciduous forest (>5m)

() Open (15-40%) needle-leaved deciduous or evergreen forest (>5m)

@D C(losed to open (>15%) mixed broadleaved and needleaved forest

@D Mosaic forest or shrubland (50-70%) and grassland (20-50%)

@D Mosaic grassland (50-70%) and forest or shrubland (20-50%)

@) (losed to open (>15%) shrubland (<5m) .

@D (losed to open (>15%) grassland Pla nt fu N Ctl (@) nal

— Sparse (<15%) vegetation

() (losed (>40%) broadleaved forest regularly flooded, fresh water typeS an d
temporal profiles

D) (losed (>40%) broadleaved semi-deciduous and/or evergreen forest regularly
flooded, saline water

@) (losed to open (>15%) grassland or shrubland or woody vgt on regularly
flooded or waterlogged soil, fresh, brakish or saline water

() Artificial surfaces and associated areas (Urban areas >50%)

———— Disturbances described by
) Water bodies

—PermanenISnowandlce mUIti-annuaI CIaSSificationS
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Second approach:
RETRIEVALS OF BIOPHYSICAL VARIABLES AS DIRECT

INPUTS TO MODELS

« Global spatially distributed inputs assumed necessary by most
modeling approaches (APAR, LAI, fCover, Chl, temperature, etc.)
« Specific variables retrieved from remote sensing data used either for
initialisation, forcing, updating or validation
Use of constrained minimization procedures that guarantee the minimal variation of
model variables to produce the same output, and a robust initialization procedure of
such variables (consistency even if model has global bias).

f(X)= %—TWXm%(z—ﬁi)T W, (Z - HX)

Open issues:
* Specific Leaf Area (currently normally PFT fixed) is a key parameter that

need spatialization (current parameterizations assume carbon derived from
SLA).
* Non photosynthetic elements in canopy structure not yet described (i.e.
celullose, lignin)
mmmmp Potential for new variables to be provided by HyspIRI

2011 HysplIRI Science Workshop - Washington, DC, August 23-25, 2011 15



Reflectance and Transmittance

Reflectance and Transmittance
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Third approach:
DIRECT ASSIMILATION OF
RADIANCES/REFLECTANCESINTO MODELS

* The function that relates the set of observables to the state
variables -forward operator or mathematical model- is not always
well defined; variables tend to have different meaning.

* Forinstance, LAl is an important variable in the DGVMs, but
remote sensing products not yet used properly used to
inconsistency (green/total, true/effective, clumping)

« Light absorption: chlorophyll content used instead of APAR (APAR
computed instead of input) new remote sensing products are
necessary.

» Consistent description canopy structure (used in photosynthesis
modules to separate sunlit and shadowed leaves) and absorption
by photosynthetic pigments and by other non-photosynthetic
elements.

The physical laws that relate the state variables and the observables are rather
empirical in most cases (weak conservation laws).
Direct data assimilation is a tendency to avoid problems and inconsistencies.

2011 HysplIRI Science Workshop - Washington, DC, August 23-25, 2011 17



Is it possible to assimilate TOA radiances in
Dynamical Global Vegetation Models?

* In principle yes, if one can deal with atmospheric effects (aerosols,
water vapour, ozone), but dynamical effects are too challenging (i.e.,
statistical cloudiness versus actual clouds). Assimilation of TOA
radiances in dynamical models is a challenge.

« A more realistic approach is to assimilate normalized time series of
surface reflectance (enhancement in the radiative transfer component
of the models is needed).

* An even more realistic approach is to assimilate maps of surface
variables consistently retrieved.

* An even more realistic approach is to assimilate ‘constant’ (or with
low time variation) surface parameters instead of relying on fixed

parameterisations (i.e., V ,4,)

2011 HysplIRI Science Workshop - Washington, DC, August 23-25, 2011 18



CURRENT TRENDS IN GDVMs - 1 : Resolutions

GCMs typically use 15-30 min as time-step, DGVMs use time-steps
from 30 min to one day (up to a month).

GCMs operate with resolutions in the order of 100-500 km resolution,
DGVMs use resolutions in the order of 50 km.

Processes on a scale < 1 km (including vegetation patterns and
wetlands, permafrost, urbanization, etc.) are parameterized as
sub-grid scale processes (not explicitly resolved).

Spatial resolution is an issue. Tiling (fractional horizontal cover) and
spatial sampling techniques are common approaches. The alternative
to go for fine resolution without tiling is being seriously considered,

at least for test relevant scenarios of using GDVM outside GCMs.

The assumed sub-grid scale parameterizations are not thoroughly
calibrated. Explicit modelling of traits (explicit spatially distributed
data) is an emerging approach that definitely needs the link with
global datasets derived from remote sensing data.

2011 HysplIRI Science Workshop - Washington, DC, August 23-25, 2011
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CURRENT TRENDS IN GDVMs - 2 : Parameterizations

* The key problem right now is the large number of parameters and
the large uncertainty in such parameters, which limits the capability
to run predictive analyses based on perturbations of free model
parameters to test future climate scenarios including plant
adaptation / acclimation to climate change.

« The only way to have better confidence is to run models over
“current” datasets to get good model parameterization to run future
predictions.

* Model intercomparison (C4MIP, etc.) is a common approach to
estimate structural uncertainty in the models (driven by model
parameterization) and benchmarking are designed to indicate “best”
parameterizations strategies.

But a reference dataset is needed which is: global, high spatial resolution,
spectrally complete, good temporal resolution, covering several years to
describe several seasonal cycles

NOTE: Reference datasets are needed to fix parameterizations, not
necessarily as “inputs” to run the models.

2011 HysplIRI Science Workshop - Washington, DC, August 23-25, 2011 20



THE WAY FORWARD:
What activities are needed to achieve
these goals?

« The DGVM modellers are already too busy with model
Improvements in other aspects and will not adapt their
models to ingest these new type of data.

 Direct radiance/reflectance data assimilation is an adequate
efficient way, but model adaptations are needed.

* Remote sensing specialists with some background on
modelling are in a better position to establish the link
between data and models.

* The HysplRI community must be active developing the
necessary modelling and data assimilation tools.

2011 HysplIRI Science Workshop - Washington, DC, August 23-25, 2011 21



Thank you !
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Discriminating dominant plant
specilies and functional types
ACIOSS ecosystems

Keely L. Roth!, Dar A. Roberts!, Philip E. Dennison?, & Greg K. Fryer?
HyspIRI Science Workshop, 2011
'Dept. of Geography, University of California, Santa Barbara
2Dept. of Geography, University of Utah



Mapping Plant Species &
Functional Types

Rationale/Relevance to HysplIRI
Research Objectives
Study Ecosystems

MESMA at native and 60 m resolutions
- Individual sites

- Combined-sites

Findings & Conclusions



HysplIRI Mission Goals

*VQ1) What is the global spatial pattern of ecosystem and diversity
distributions, and how do ecosystems differ in their composition or

biodiversity?...What is the current spatial distribution of ecosystems,

functional groups, or key species within major biomes?

'-ﬂ

b. Dominant Satellite-Derived PFT

2002 ‘'Te 1® ueuog

Broadleaf Evergreen Temp. Shrubs

- |Bare Ground r
Needleleaf Evergreen Temp. Trees Broadleaf Decgduous Temp. Shrubs
Needleleaf Evergreen Boreal Trees Broadleaf Deciduous Boreal Shrubs

|:| Jubata invaded chaparral . Tceplant invaded scrub

. Intact chaparral . Iceplant invaded chaparral o~ Road

[ Trtact serub [[] Blue gum

A~ Coast

Underwood et al., 2007, Environ Manage

Needleleaf Deciduous Trees
Broadleaf Evergreen Trop. Trees
Broadleaf Evergreen Temp. Trees
Broadleaf Deciduous Trop. Trees
Broadleaf Deciduous Temp. Trees
Broadleaf Deciduous Boreal Trees

C3 Arctic Grasses
C3 NonArctic Grasses
C4 Grasses

Crops




Research Objectives

What are the spatial, spectral and temporal data
requirements for discriminating plant species &
functional types across diverse ecosystems?

Impact of
60 m?




Study oites




Ssmithsonian Environmental Santa Barbara Front Range (SBFR)
Research Center (SERC
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Temperate Broadleaf Deciduous Forest (SERC)
acquired 29 May 2006 at 3.5 m

# EMs = 68
Species-level

60 m species

# classes 11

kappa 0.778

overall
accuracy

82.6%

PFT-level

native
# classes 5

kappa 0.909

overall
accuracy

93.3%

60 m PFT
[
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Temperate Broadleaf Deciduous Forest (SERC)

# EMs = 68
Species-level

native

# classes 11

kappa 0.778

overall
accuracy

82.6%

PFT-level

60 m

native
# classes 5

kappa 0.909

overall
accuracy

93.3%

60 m

acquired 29 May 2006 at 3.5 m

Kev Results

* canopy dominants separable at 60
m, but smaller classes become too
mixed

* discrimination among deciduous
broadleaf tree species is moderate

e good discrimination among
functional types at 60 m



‘Chaparral Shrubland/Oak Woodland/Urban (SBFR)

# EMs = 310

Species-level

native
# classes 22

kappa 0.793

overall
accuracy

82.3%

PFT-level

native
# classes

kappa

overall
accuracy

acquired 06 Aug 2004 at 16 m

60 m species
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Chaparral Shrubland/Oak Woodland/Urban (SBFR)

# EMs = 310

~Species-level

native

# classes 22

kappa 0.793

overall
accuracy

82.3%

PFT-level

60 m

native
# classes 12

kappa 0.842

overall
accuracy

871.6%

60 m

acquired 06 Aug 2004 at 16 m

Kev Results

* overall accuracy diminishes slightly
at 60 m, but spatial patterns in
distribution are preserved

* most classes improve or stay stable
from native to 60 m

* classes which become less accurate
at 60 m tend to occur in thin patches
with higher perimeter to area ratios



# classes

kappa

overall
accuracy

# classes

kappa

overall
accuracy

14

0.327

41.6%

6

0.471

63.9%

14
0.395

47.5%

0.526

68.4%




BMunmodeled

Abiles concolor
M Abies magnifica
B Arctostaphylos glauca
B Calocedrus decurrens
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BMPinus ponderosa

M Salix spp.
Sequoladendron giganteun
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B Quercus chrysolepsis

M Quercus kelloggii
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Mixed Conifer Forest (SNev)

acquired 11 July 2003 at 4 m

# EMs = 99
~Species-level Keyv Results

#classes 14 * poor accuracy at species level may
kappa  0.327 be due to high spectral variability

verall 41 6% (likely reflectance retrieval)

PFT-level » much confusion among conifer tree

speciles

# classes 6

kappa  0.471 * highly mixed stands make

overall g 904 classification more challenging

accuracy




ixed Conifer/Broadleaf Temperate Rainforest (WR)

# EMs = 66

Species-level

# classes 11

kappa 0.533

overall
accuracy

66.4%

PFT-level

# classes 6

kappa 0.815

overall
accuracy

91.4%

acquired 18 July 2003 at 3.3 m

60 m species 60 m PFT
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Mixed Conifer/Broadleaf Temperate Rainforest (WR)
acquired 18 July 2003 at 3.3 m

# EMs = 66
Species-level Kev Results

#classes 11 * sunlit canopy frequently mistaken for
kappa  0.533 fern, leading to over-mapping of this

overall 0
accuracy S C].a.SS

PFT-level

* some confusion between two most
dominant classes (TSHE & PSME)

# classes 6

kappa 0.815

* excellent discrimination of functional
overall 91.4%
accuracy 0 types
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Combined-Sites Results

# EMs = 475 (pooled)

Species-level

8 classes

# classes = 33 native 60 m

Kappa 15 classes t

overall accuracy

10 classes

PFT-level

3 classes

# classes =9 native 60m

Kappa 4 classes .

overall accuracy

2 classes



100

Cross-Ecosystem Results

. overall accuracy

native_species 60m_species native PFT

kappa

native_species 60m_species native PFT

60m_PFT

60m_PFT




Limitations & Assumptions

 reference data

* assumes a minimize patch size
* maps may be more accurate than is reflected in
results

* reflectance retrieval: need a robust algorithm

* greater global diversity in ecosystems than
examined here



Conclusions

* accuracy stable/improved from native to 60 m spatial
resolution

* EMs selected from fine resolution regional data can
be applied to 60 m data from multiple ecosystems

* future work:
* intermediate spatial scales (20 m & 40 m)
* species/PFT spectral separability analysis



Thanks!
Questions?

Keely L. Roth
klroth@geog.ucsb.edu

Visualization & Image Processing for Environmental Research (VIPER) Lab
Department of Geography
University of California, Santa Barbara



Sub-selection from pooled EMs

kappa

overall
accuracy

native species | 60 m species native PFT 60 m PFT
all subset all subset all subset 11EM subset
EMs | EMs | EMs | EMs | EMs | EMs |2 ™"°| EMs

0.580 0.471

60.2%

49.6%

72.9%

0.702 0.580

61.4%

0.686 0.554

73.2%  61.9%

0.776 0.634

81.2% 68.7%




native combined-sites PFT
error matrix
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60 m combined-sites PFT
error matrix

A& it DB, E8S | EBT| ENS ENT rock/sol urban nmodeled User's Accracy
w8 3 us|ml0le 0 0| o | mo
w0303 0 0|0 0 0 3 0| o | w2
 oer 4 o[ o|alo9 0 0| o | e1
s 0 1 311 7 0 0| o | 7m0
e s 1 w0 m[mel 1 ® 7 0| o | n1i

| ens |01 j0|32/208 2] 0 |0 | o0 | 60
| ewr o) t]oj2jo 1174 o |0 | o | 78
| rockfsil | 0| 4 0|0 |2]1]0] 28 | 1] 0 | 970
| wban O] O JOJOJOJOjO] 0 [s1] o0 | 1000
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Multiple Endmember Spectral
Mixture Analysis (MESIVA)
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Santa Barbara Front Range EMs
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Wind River EMs
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Outline

* HysplRI Background

* Prototype Hyperspectral Thermal
Infrared Radiometer (PHyTIR)

* Hyperspectral Thermal Emission
Spectrometer (HyTES)

* Summary
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HysplRIl Background

Visible ShortWave InfraRed (VSWIR) Imaging Spectrometer

Multispectral Thermal InfraRed (TIR) Scanner

VSWIR: Plant Physiology and

Function Types (PPFT)

Multispectral TIR
Scanner

Map of dominant tree species, Bartlett Forest, NH 2o
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HysplRI Background

Science Questions:

TQ1. Volcanoes/Earthquakes (MA,FF)

— How can we help predict and mitigate earthquake and volcanic hazards
through detection of transient thermal phenomena?

* TQ2. Wildfires (LG,DR)

— What is the impact of global biomass burning on the terrestrial biosphere
and atmosphere, and how is this impact changing over time?

® TQ3. Water Use and Availability, (MA,RA)

— How is consumptive use of global freshwater supplies responding to changes
in climate and demand, and what are the implications for sustainable
management of water resources?

® TQ4. Urbanization/Human Health, (DQ,GG)

— How does urbanization affect the local, regional and global environment?
Can we characterize this effect to help mitigate its impact on human
health and welfare?

e TQ5. Earth surface composition and change, (AP,JC)

— What is the composition and temperature of the exposed surface of the
Earth? How do these factors change over time and affect land use and
habitability?

Measurement: Andean volcano heats up Urbanization
. 7 bands between 7.5-12 ym and 1 band
at4 pm
J 60 m resolution, 5 days revisit
. Global land and shallow water
;
\ N
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HysplIRI-TIR Instrument Concept

Science Requirements Instrument Requirements
ocience Requirements :
~10,000 pixels cross track

60 m Resolution > ~600 km swath

5-Day repeat 51° Cross-track swath

. \

" Whiskbroom (Push-Whisk) ) Pushbroom

* Single telescope with - ~10 detector arrays, each

Scanning mirror _ with ~1,000 pixels per band

« Single detector array with - 23 telescopes

\_ 256 pixels per band )
Science Requirements Instrument Requirements
0.5% Radiometric accuracy for ——> Frequent 2-point calibrations
300 K scenes (space and blackbody)

(" Pushbroom
Whiskbroom (Push-Whisk)

- - + Calibration mechanism required —
* Scanning mirror allows easy and must enable multiple telescopes
frequent 2-point calibrations

“ to view space and blackbody
* No mapping gaps \+ Gap in mapping during calibration )
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HysplIRI-TIR Instrument Concept

Science / Instrument 4 QWIPs
Requirement « Quantum efficiency ~3%
0.2 K resolution for |+ > 0.3 K resolution at 40 K
300 K scene L (225 W cooler power)
‘L \
4 )
Uncooled Microbolometers g N
. Quant%m 70%  Too slow for push-whisk method }4
. 0.06 K resolution at 60 K * Even with pushbroom, resolution g\
(69 W cooler power) 08K y,

Science / Instrument Requirement QWIPs -
8 spectral bands 4-12 ym » Multiple arrays required to cover .
all bands

h

l

MCT Detectors
* Single band-gap material can
cover full spectral range

4 N

Uncooled Microbolometers
* Not sensitive to 4 ym band

4

h

LA
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HyspIRI-TIR Optical Assumptions

Rays from scan

N\

Vacuum
Enclosure

mirror

Optical Design Assumptions S
> Altitude: 623km (5-day repeat) SOOI
» Ground Sample Distance: 60m (@ NADIR) \ RNV
> Pixel pitch: 40um NN
> Aperture: F/2 OO
> IFOV: 96.308 urad SR
> FOV: 1.413° (along track) A
> FOV: 51° (cross track scanning) AN
» Focal Length: 415.3mm

» Aperture Size: 207.7m

» Cross track pixels: 9242 pixels
» Swath: 600km (R, = 9378km) Structural Bulkhead
» Swath overlap: 10% along track pixels w/ Kinematic Supports Cold Filter &
> Dwell time: 32microseconds FPA Assembly
» Scan Mirror Rotation Rate: 14.15rpm (double sided scan mirror)
» Spectral coverage (Passband) =4 to12mm

> MTFNyquist_= 60% for all fields and wavelengths Summary
» Obscuration <15% (by area)

» 3 aspheric mirrors (telescope and relay)

Optical

Telescope

Field Stop
& Vacuum
Window

Cold Aperture
Stop

> 2 flat mirrors (f0|d and scan) Aperture Size 208 mm (<10% obstruction)
» 2 transmissive elements (window and interference filter) aE 2
» chromatic aberration negligible Focal Length 416mm

Optical Throughput w/ Filters 66%
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HyspIRI-TIR Instrument Concept

Blackbody Target

Rotating Electronics
Scan Mirror Space View
Opening
Encoder
__ Radiator
Encoder ;
Scale : — Telescope
Cryocooler
Passive
Cooler
Focal Plane Scan Mirror
8 Spectral Bands || . 0 j
X 256 Pixels I
Direction of
Spacecraft
Motion
<— i}
256 Pixels
15 km
0.7°
- ES

9937 Pixels, 596 km, +25.5°
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HysplIRI-TIR Instrument Concept

Spectral Spatial
Bands (8) 3.98 pm, 7.35 pm, 8.28 um, 8.63 pm, IFOV 100 prad; 60 m at nadir
9.07 um, 10.53 pm, 11.33 pm, 12.05 pm
Bandwidths 0.084 pm, 0.32 pm, 0.34 pm, 0.35 um, MTF >0.60 at FNy
0.36 um, 0.54 um, 0.54 um, 0.52 um
Accuracy <0.01 pm Scan Type Push-Whisk, 14.2 RPM murror
rotation
Radiometric Cross-Whisk Samples 256
Temperature Range Channel 1: 400-1200 K Samples in Whisk Direction (Cross | 9,300
Channel 2-8: 200 K —480 K Track)
Resolution < 0.05 K, linear quantization to 14 bits Cross-Whisk Swath Width 15.4 km (£0.7° at 623 km altitude)
Accuracy <05Kat250K Swath Length in Whisk Direction 596 km (£25.5° at 623 km altitude)
Precision (NETD) <02K Band to Band Co-Registration 0.2 pixels (12 m)
Linearity >99% characterized to 0.1 % Poimting Knowledge 10 arcsec (0.5 pixels, 30 m)

* MCT Detector Array — 256 elements cross-sweep

» 1 Bandgap to Cover Full Spectral Range

» 2 4 Detector Columns per Spectral Channel to
Allow Time Delay and Integration (TDI)

» Butcher-Block Filter Assembly
« Baffles to Prevent Crosstalk
Between Spectral Channels

* CMOS Read-Out
Integrated Circuit (ROIC)

» Multiple Output Signals to
Enable Necessary Pixel
Read Rate

» On-Chip Digitization
Under Study e

» 60 K Cold Tip of Cryocooler

HyspIRI-TIR will use a Butcher-block filter layout on top of focal plane. PHyTIR will not use focal
plane filers but will spin a filter wheel in the optical path.
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HysplIRI-TIR Instrument Concept

0 Noise-Equivalent Temperature Difference with TDI 15 Noise-Equivalent Temperature Difference with TDI
05 _ \ 14
| =D \ 12 ool
0.8 :g?rl::r:rl:)sns \ 12 —7.5microns
07 —Aomicrons - 8 5microns
11 microns \ L —‘:;)t;ni(frons
_. 0.6 =12 microns 9 microns
5 z e — 3 micrans
EOS \ E 7 \
Z 04 “ e
\ \ g \
0.3 4 \
0.2 \\\\ 3 \\
0.1 k f
0.0 | l l l 0 —
200 250 300 350 400 450 500 300 400 500 600 700 800 900 1000 1100 1200 1300 1400
Scene Temperature (K) Scene Temperature (K)
Expected HyspIRI-TIR Sensitivity Metric Expected HyspIRI-TIR Sensitivity Metric
expressed as Noise Equivalent Delta expressed as Noise Equivalent Delta
Temperature (NEDT) Temperature (NEDT)

* Predicted sensitivity better than 0.2 K @ 300 K requirement.

» Good sensitivity in overlap region between channel 1 and channels 2-8.
» Expected saturation temperature of 1200K based on HysplRI: Hot Target
Saturation Subgroup (HTSS)



The Prototype HyspIRI Thermal
Infrared Radiometer (PHyTIR)
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PHyTIR Rational

* HyspIRI-TIR requires a high throughput FPA and
scanning approach to meet the revisit time (5 days),
the high spatial resolution (60m), and the number of
spectral channels (8).

 PHyTIR will demonstrate that:

* The detectors and readouts meet all signal-to-noise and
speed specifications

« The scan mirror, together with the structural stability, meets
the pointing knowledge requirements

« The long-wavelength channels do not saturate below 480 K

* The cold shielding allows the use of ambient temperature
optics on the HyspIRI-TIR instrument without impacting
instrument performance.
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@ PHyTIR Implementation

Viewport

Telescope, mounting
bulkhead and structural

Scan Mirror
Assembly

FPA
Electronics

Structural
Table

Grating turret for
interferometeric
encoder

Scan mirror
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@ PHyTIR Implementation

Cold baffle around
aperture stop formed
by relay

FPA location

Flexible Copper
Cold Strap to LN,
Sink

Structural
bulkhead

Telescope

Dewar removed to show
internal components



16 x 256 pixels in each spectral band.
Only 4 x 256 pixels are read out.
——
<€ Analog MUX Analog MUX >»
<€ Analog MUX Analog MUX —3»
€| Analog MUX Analog MUX —3»
<€ Analog MUX Analog MUX —3»
<€—| Analog MUX Analog MUX —3»
<€ Analog MUX Analog MUX —3»
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PHyTIR Implementation

PHyTIR will not have focal plane filters but will implement the identical ROIC design
to HyspIRI-TIR.
32 parallel output at 2 10 MHz allow 32 us frame times.
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@ PHyYTIR Current Design

Common spacecraft interface
: ; Bi-pod struts
] @ Q &

Kinematic yoke mounting

Onboard blackbody

Electronics

Fine and coarse
encoding scan mirror

Space view port

Telescope

Relay optics enclosure

Passive radiator/cooler

Baffling
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PHYTIR Testing

* PHyTIR Prototype Consists of
— Full HyspIRI TIR MCT detector array
— Spectral range 4-12 um (TIR spectral range)
— Scan mirror prototype with precise encoder
» Testing of PHyTIR Prototype
— Measuring response to two blackbody
targets, combined with detector noise, will
provide S/N (tested at full frame rate)
— Imaging of target-projector slit while inducing
T gradients will test pointing stability
— Increasing blackbody T will determine
saturation T and high-T S/N

ne
300K

Reference
Blackbody

. _ o 300K-500K
— Measuring background, noise, and drift will Blackbody - Target Projector -
show effects of uncooled optics Simulation of Simulation of
nadir scene

nadir point source
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PHyYTIR Summary

The following steps are currently being undertaken to build PHyTIR:

1) Design and Build the Scan Mechanism

2) Design and Build a Scan Mirror

3) Integrate the Spectral Filters with Focal Plane Array and ROIC

4) Assemble the Dewar with external telescope, internal relay and focal plane
assembly

5) Build the prototype Electronics

6) Assemble PHyTIR

Once PHyTIR is assembled it will be used to retire the four key risks as noted
earlier. A key part of this effort is the final testing to prove these four key risks.

a) Detectors and readout meet all signal-to-noise and speed specifications.

b) Scan mirror and structure meet pointing knowledge requirements.

c) Long-wavelength channels will not saturate below 480 K.

d) Background from ambient temperature optics does not affect instrument
performance.
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The Hyperspectral Thermal
Emission Spectrometer
(HyTES)
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HyTES Rational

Determine of the optimum position for the band filters
for HysplIRI

Provide antecedent data for testing HysplIRI algorithms

Provide a new measurement capability, with high
spectral and spatial imaging data useful for a range of
applications such as volcanic gas detection

Capitalize on the Quantum Well Earth Science
Testbed (QWEST) an internally funded laboratory
demonstration system for component testing, e.g.
Detectors (QWIP), diffraction gratings, and slits at the
system level.
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@ HYTES Instrument Design

Cryocoolers ”\*‘hm* -

Cryovacuum

enclosure ~ = =

Bi-pod
assembly

Spectrometer

Tm

Thermal
Shielding

Relay
Assembly

Telescope

NADIR
Window
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HyTES & QWEST Characteristics

Instrument Characteristic QWEST HyTES
Number of pixels x track 320 512
Number of bands 256 256
Spectral Range 8-12 um 7.5-12 um
Integration time (1 scanline) 30 ms 30 ms
Total Field of View 40 degrees 50 degrees
Calibration (preflight) Full aperture Full aperture blackbody
blackbody
QWIP Array Size 640x512 1024x512
QWIP Pitch * 25um 19.5um
QWIP Temperature 40K 40K
Spectrometer Temperature 40K 100K
Slit Width 50 um 39 um
Pixel size at 2000 m flight 45m 3.64
altitude
Pixel size at 20,000 m flight 45 m 36.4
altitude
Operational Late 2011
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HYTES Optics

3cm

Vacuum

Window Aperture/Cold
2-Mirror Stop

Dyson Block
Telescope

Intermediate

) Grating
Field Stop .

Fore-optics Spectrometer

HyTES Optical Layout
(i.e. The entire system is cold, so there’s no real “cold
stop” in the traditional fashion)
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HyTES Precursor: Technology Demo

Monolithic Spectrometer

Diffraction
Grating

Slit QWIP

Compact Thermal Spectrometer Designs and
Hardware
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HYTES Precursor: Data Train

Reflected Downwelling Radiance from HyTES Quartz Measured in Lab
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@ HyTES Diffraction Grating

» Grating successfully fabricated (ZnSe
substrate, grooves etched in PMMA resist,
gold reflective coating)

HyTES Grating Efficiency - Fabricated Grating Simulation
(period = 23.45 um, blaze = 13.1 deg, gold coating)

1.0
—— Unpolarized
= T R S S—
[0}
B2
O ,,,,,,,,,,,,,,,,,,,,,,
> 053 , e
o ]
o) ]
g 047 o T — o
5 ]
B
) HYTES3: Mean angle = 13.13 deg 0.2 _; """"" i .
D S SRS SENURONS USRS SRR SO 0.1 —: """"""" s ‘ B P
0.0 4+

75 8.0 8.5 9.0 9.5 100 105 11.0 115 120
Wavelength (um)

Height (microns)

» Measured blaze angle is 9% deeper than
D 12° design — will decrease efficiency at
= 7.5 pm and increase efficiency at 12 pm
as simulated above
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HyTES Focal Plane Array

HyTES will use a 1024x1024 pixel
array covering the 7.5-12um
spectral band (typical array
package shown at top right)

JPL has fabricated and delivered
similar large area and multi-band
(dual color, three color and four
color) arrays in the past

This is not a commercially
available technology, and only
JPL delivers large format, high
performance multi-band QWIP
arrays

The detector array has the
following requirements:

« 1kx1k format, SBF 184 ROIC
* Operating temperature 40K

* Performance such that in
each of the 2x2 superpixels
in the 7.5-12um band the
NEDT is less than 200 mK

Four-band FPA

Four-band FPA in Dewar



National Aeronautics and Space Administration

HyTES Focal Plane Array

A cross section of the two-band quantum well infrared photodetector (QWIP) used
as the detector material is shown below

This is similar to the previous three-band design but much simpler to process

Roughly half of the illuminated area of the array will respond in the 7.5-10um range,
and the other half will cover the 10-12 um range

Different fabrication approaches on each half of the array are required to achieve
the 7.5-12um operation

i Qwip Qwip
1 2

|eneds

HyTES pixel design — cross-sectional zoom at the
transition point, showing two bands with ¥4 lamda
gratings on each

—  e-————ee— ]

Top-down view of FPA
llluminated area shown in green and yellow
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HyTES Focal Plane Array

Measured noise equivalent delta temperature (NEAT) for existing
focal plane array. Single pixel data.
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HyTES Sensor Modeling

HyTES Noise Equivalent Delta Temperature
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e The final design exhibits a smoother transition between bands than the original
three-color version and meets spec (2x2 pixel summation NEAT < 200mK) in
nearly all of the 7.5-12um band
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HYTES System

Focal Plane Electronics

Airborne Cryovacuum Enclosure

Various delivered hardware. The current effort is focused on integration and testing.
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HYTES Summary

HyTES will allow the determination of the optimum
position for the band filters for HyspIRI

« HyTES will provide antecedent data for testing
HysplRI algorithms

« HyTES will provide a new measurement capability,
with high spectral and spatial imaging data useful for a
range of applications such as volcanic gas detection

« HyTES instrument laboratory testing will begin in the
next few weeks

 HyTES airborne flights are planned for mid 2011
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Overall Summary

« Exciting technology development and risk reduction
underway for the HyspIRI-TIR program

 PHyTIR provides instrument risk reduction for key
components of HyspIRI-TIR in particular the scan
mirror and detectors

 HyTES provides science risk reduction for HysplIRI-
TIR by allowing the optimum band positions to be
determined as well as providing antecedent data at
higher spectral and spatial resolution for algorithm
development
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Backup
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PHyYTIR Summary

This activity will benefit the development of any airborne or spaceborne system that
will utilize a high speed scanning mirror coupled with a MCT detector array to
obtain a wide swath width, high spatial resolution, thermal infrared measurement
with an NEAT of approximately 0.2K.

Similar systems have been used in the Moderate Resolution Imaging
Spectroradiometer (MODIS), Visible Infrared Imaging Radiometer Suite (VIIRS),
Advanced Spaceborne Thermal Emission Radiometer (ASTER) and Landsat (TM5/
ETM+) instruments (Barnes et. al. 1998; Mitchel 2008; Ohmae and Kitamure, 1994;
Barsi et al. 2003).

However, none of these existing systems has sufficient performance to meet the
measurement requirements of the HysplRI-TIR instrument. PHyTIR will
demonstrate that HyspIRI-TIR required high accuracy measurements can be made
and help enable both the HysplIRI-TIR instrument as well as other future
instruments built by Governments or Commercial Companies that utilize similar
technology.



Efficiency (-1 order)
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HyTES Diffraction Grating

HyTES Grating Efficiency - Design Simulation

(period = 23.462 um, blaze = 12 deg, gold coating)
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Status of AVIRIS Next Generation and
Technologies Validated for the HysplIRI
VSWIR Instrument Concept

Robert O. Green, The AVIRIS-NG Team
23 August 2011

Jet Propulsion Laboratory, California Institute
of Technology




Overview

« Science Objectives

 AVIRIS-classic and AVIRIS-NG Measurement
Characteristics

* AVIRIS-NG Concept

* AVIRIS-NG Current Development Status

« Summary and Conclusion



@ Science Objectives @

« Support imaging spectroscopy based NASA Earth
science and science applications

« Test imaging spectrometer elements that may be used In
space instruments

* Provide a calibration/validation under flight resource for
HysplIRI



@AVIRIS Next Generation Compared to AVIRIS

B |
AVIRIS-Next Generation AVIRIS-Classic
SPECTRAL
Range 380 to 2510 nm 380 to 2500 nm
Position 5 nm 10 nm
Response 1to 1.5 X sampling 1to 1.5 X sampling
Calibration +-0.1 nm +-0.1 nm
RADIOMETRIC
Range 0 to max Lambertian 0 to max Lambertian

Precision (SNR)

>2000 @ 600 nm

>1000 @ 600 nm

>1000 @ 2200 nm

>400 @ 2200 nm

Accuracy 95% (<5% uncertainty) 90% (<10% uncertainty)

Linearity >=99% characterization >=99% characterization
SPATIAL

Range 34° field-of-view 34° field-of-view

Sampling 1 milliradian 1 milliradian

Response 1to 1.5 X sampling 1to 1.5 X sampling

Sample Distance 0.3mto20m 4mto20m

Geom Model Full 3 Axes cosines Full 3 Axes cosines
UNIFORMITY

Spectral Cross-Track

>95% across FOV

>98% across FOV

Spectral-IFOV-Variation

>95% Spectral Direction

>98% Spectral Direction




NGIS Reference Radiances

Reference Radiances for SNR Benchmark
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Signal-to-Noise Ratio

NGIS SNR Modeled Performance

SNR at 10 nm and AVIRIS scan line rate
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Depiction
-Grids are the detectors
-Spots are the IFOV centers

-Colors are the wavelengths

>95% spectral cross-track

M3

>95% spectral IFOV
| | ||

.

l;/

Wavelength (nm)

AVIRIS-NG Uniformity

Cross-Track

\/ Required Uniformity

X Failure by “frown”

X Failure by twist

X Failure by Spectral-IFOV-shift



@ AVIRIS Next Generation Optical Concept @
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High SNR and high uniformity >
| imaging spectrometer designs —
(Mouroulis et al., 2000)*
Electron-beam lithography low-scatter
tuned-high-efficiency gratings on cu‘
surfaces for space | nindndt

| Ultra uniform 27 pmx20mm [
. electron-beam lithography — e—

| slit for space flight B e

Component mounts with 0.25
micron feedback adjustment that
~ are lockable for space flight

Unique set of alignment and
calibration sources and tools for =
imaging spectrometer development

*Mouroulis P., Green R. O., Chrien T. G., “Design of pushbroom imaging spectrometers for optimum recovery of spectroscopic and spatial information,” APPL

OPTICS 39: (13) 2210-2220 MAY 1 2000



AVIRIS Next Generation Spectrometer
Installation of F|rst error




AVIRIS Next Generation Telescope
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Alignment Understanding @
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Laboratory Test Spectrum

Reflectance
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Measurements from the
Precursor Imaging Spectrometer
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Full solar reflected spectral range 380 to 2500
nm at 5 nm

95% spectral cross-track and IFOV uniformity
High signal-to-noise ratio
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Summary and Conclusion @

* AVIRIS-NG development is nearly complete.
* AVIRIS-NG is on track to begin cold alignment and then calibration.
« At present all of the requirements are on track to be met.

» Test flights of AVIRIS Next Generation should occur in the Autumn of
2011.

* AVIRIS-NG is expected to be available in 2012 for science validation
activities
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Snow Pit Speech

Tom Painter, JPL Show

Scientist : ;
Lori Garver, NASA Deputy Admin




Guiding Science Questions

How does variation in snow albedo
modulate river runoff and glacier
mass balance?

How has radiative forcing by increases
in dust and black carbon loading in
the Anthropocene changed river
runoff and glacier mass balance?




Outline

Perspective on snow and ice melt
Impacts of changes in albedo
Global changes in dust and BC loading

Global need for HyspIRI (USGCRP goals 1&2,
Advance Science and Inform Decisions)

Imaging spectroscopy of radiative forcing
Upper Colorado River Basin, Spring 2011
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In the Western US, ~75% of freshwater comes =
from mountain snowmelt.

Mountain snow and ice of the globe provides
freshwater to nearly 2 billion people



Global Glacier Retreat




Global Water Stress

Water stress indicator (WSI) in major basins:
Slightly  Moderately  Heavily over-

exploited | exploited , exploited , exploited
| | U —

Sources: Smakhtin, Revenga and Déll, 2004. 0.3 05 0.7 1 and more

Source: http://www.unep.org/
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Upper Colorado River Basin

Increasing eolian dust deposition in the
western United States linked to

human activity Clean

% J. C.NEFF'.2% A, P. BALLANTYNE', G. L. FARMER'-3, N. M. MAHOWALD*3, J. L. CONROY®,

—— Dust-laden

First snow spectra
from AVIRISng

Post-disturbance
Pre-disturbance

1 1 1

1500 2000
relength (nm
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Years Before Present




Response of Colorado River runoff
to dust radiative forcing in snow

Thomas H. Painter*®!, Jeffrey S. Deems®?, Jayne Belnap®, Alan F. Hamlet', Christopher C. Landry®, and Bradley Udall

2Jet Propulsion Laboratory, California Institute of Technology, Pasadena, CA 91109; ®Joint Institute for Regional Earth System Science and Engineering,
University of California, Los Angeles, CA 90095; “National Snow and Ice Data Center, Boulder, CO 80309; “National Oceanic and Atmospheric
Administration Western Water Assessment, Boulder, CO 80309; *United States Geological Survey, Southwest Biological Center, Moab, UT 84532;
fUniversity of Washington, Department of Civil and Environmental Engineering, Seattle, WA 98195; and 9Center for Snow and Avalanche Studies,
Silverton, CO 81433

edit Government and Manager Briefings: -eived for
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- Anne Castle, Asst Secretary of Interior for Water and Science, Nov 2010 .
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Snowmelt Runoff and Dust Forcing

Uncompahgre River, Colorado
per Colorado River Basin

Ordinatg
e : Il
Runoff rate vs Temperature ] [ Runoff rate vs Dust Absorption
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Upper Colorado River Basin

Abscissa Painter et al (in preparation)
Funding: NASA Interdisciplinary Science
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Caucasus Mountains

ATMOSPHERIC DUST CONTENT AS A FACTOR
AFFECTING GLACIATION AND CLIMATIC CHANGE'

F. F. DAVITAYA
Academician F. F. Davitaya, Director, Vakhushti Institute of Geography,
Academy of Sciences of the GSSR, Thilisi, Georgia, USSR
Visiting Professor, Department of Geography,

University of Wisconsin-Milwaukee

2004 %///% Running decades Separate years

1 ——— Secular trend of the amount of ctmespheric dust

1870 1890 1910 1930 1950
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Black soot and the survnval of Tibetan glaciers

Baiqing Xu*®, Junji Cao®, James Hansen®', Tandong Yao?, Daniel R. Joswia®, Ninglian Wang®, Guangjian Wu?,
Mo Wang?®. Huabiao Zhao®, Wei Yana®, Xianain Liu®, and Jianaiao He?
Key Laborat( " JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 114, D03108, doi:10.1029/2008JD011039, 2009
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Black Carbon (BC) in the snow of glaciers in west China and its potential
effects on albedos

Jing Ming *><¢*, Cunde Xiao "<, Helene Cachier ", Dahe Qin *, Xiang Qin®,
Zhongqi Li€ Jlanchen Pu®
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LETTERS

Warming trends in Asia amplified by brown cloud
solar absorption

Veerabhadran Ramanathan', Muvva V. Ramana', Gregory Roberts', Dohyeong Kim', Craig Corrigan', Chul Chung'
& David Winker®

We propose that the combined warming trend 0of 0.25 K per decade
may be sufficient to account for the observed retreat of the
Himalayan glaciers**.



What about MODIS and VIIRS?

I\/IOD DRFS model ¢
Painter and Bryant 2011




Spectrometer vs MODIS
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Radiative Forcing in Show
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NASA IDS Integrated hydrologic response to extreme dust
deposition to mountain snowcover of the Colorado River Basin
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AVIRISclassic
6/23/2011

2% e,

Canyonlands National Park
and

The Nature Conservancy
Canyonlands Research
Center
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Upper Colorado River Basin

San Juan Mountains, CO
15 June 2011




Atmospheric Correction in Rough Terrain

AVIRISclassic acquisitions over spring 2011
(only 15 June presented here)

ReSe Applications ATCOR4.0
Rugged terrain model
Variable visibility calculation

Full spatial/spectral irradiance (direct &
diffuse) reportage
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Irradiances
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Ibedo and radiative forcing
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What about the thermal bands?

(Zj—Ltj'l'Qm =(1—a)5+L*+Q5+QV+Qg+Qr

!

Snow Temp <0 °C
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Snow Temp =0 °C




Summary

Changes in global snow and ice drive powerful positive
feedbacks in the Earth system and

HyspIRI will provide global direct access to snow

albedo, radiative forcing by dust and BC, and the snow
thermal response

HyspIRI will also provide a baseline against which
reductions in dust loading and BC may be assessed

Aerosol model remains the powerful challenge for
reflectance retrievals, particularly in rough mountain
terrain

Thanks to Diane Wickland, Jared Entin, Rob Green, lan
McCubbin, Michael Eastwood, Sarah Lundeen
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Background

Sources of light
contributing to
the remotely
sensed signal

After Kirk (1994)

Reflection of
skylight at
surface

Radiance collected
by remote sensor

Scattering of sunlight

li\//’l within atmosphere

—— —
Reflection of direct solar
beam at water surface

Reflection of sunlight
at reef surface

Scattering of sunlight

within water




Background

Geometry of sunglint

Skyglint not shown, but it follows the
same principle.

Ly + Lg,direct




Background: Quickbird Examples

Tampa Bay, Florida. Very calm water. No apparent sunglint, only skyglint.

Vo=imE )




Background

HyspIRI observation geometry.
The satellite is moving south
(outward from the page).

These view angles, coupled with
sun angles, may lead to glint in
HyspIRI aquatic scenes.
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eastern edge
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western edge

boresjght
subpoint

&
o
=
3{



Literature Review

e Glint has been recognized as a potentially confounding factor from the outset
of ocean remote sensing.

e There is a fair amount of research on the subject.
e Review of glint and some mitigation strategies:
Kay S, Hedley JD, Lavender S (2009) Sun glint correction of high and low spatial

resolution images of aquatic scenes: a review of methods for visible and near-
infrared wavelengths. Remote Sensing 1:697-730



Literature Review

Approaches to glint mitigation

(A) Avoidance

e Physically pointing the remote sensor toward the ocean at an angle that
minimizes specular reflection at the sea surface

e Pointing angle is determined by the position of the sensor relative to the
position of the sun, generally assuming the ocean is smooth

(B) Correction

e Even in cases where the bulk of direct specular reflection can be avoided,
skyglint contamination remains, as does sunglint that arises due to
deviations from the level-surface ocean, i.e., waves



Literature Review

Two basic approaches to glint correction

(1) Statistical modeling of sea surface state to infer glint contribution
* Traced to Cox and Munk (1954), who analyzed aerial photographs of sun
glint to infer statistics of the sea surface wave slope distribution as a
function of wind speed
e Basis for modern ocean color glint correction
(2) Direct estimation of glint from remote sensing image data
e Based on common assumption that there is no water-leaving radiance in the

NIR, especially at A > 900 nm: after atmosphere corrections, remaining NIR
signals must originate from the sea surface, i.e., glint



Literature Review
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Water absorbs light very strongly at NIR wavelengths, especially >900 nm. Water-leaving radiance at these
wavelengths is negligible. VIS data from Pope and Fry (1997); NIR data from Kou et al. (1993).

1.4 1 1 1 1 1
——T=0,5=35
c 138F T:25,S:35 -
2 T =00
9] ———T=25,5=20
© ’
S 136F -
v
Y
O 134} -
X
(]
©
£ 132} .
1.3 1 1 1 1 1
400 500 600 700 800 900 1000

wavelength (nm)

Index of refraction of water. Values are calculated following empirical model of Quan and Fry (1995). Values
are modeled for four combinations of temperature (T, °C) and salinity (S, %o).



Literature Review
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Quantitative Glint Characterization:
Modeling Based on Latitude, Date, and Wind

Global longitudinal variability of sea-surface sun glint reflectance for the HyspIRI orbit for (a)
three levels of wind speed, which were used to compute sea-surface glint at (b) the west edge,

J N Sy
o N OB

wind speed (m s™)
00]

0.12

o1r

0.08 7

sunglint reflectance
]
o
(o))

(c) the middle point, and (d) the east edge of the HysplIRlI field of view.

sunglint reflectance
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Source: Youngje Park



Quantitative Glint Characterization:
Modeling Based on Sun/View Angles, Atmosphere and Wind

Example Hydrolight/HydroMod discretized output. Radiance travels outward from center of hemispheres.

sun zenith = 20°, wind speed =0 m s sun zenith = 20°, wind speed = 10 m s

Max glint radiance
in 15°-25° quad,
opposite sun.

Max glint radiance “

in 25°-35° quad, ' ‘

opposite sun. I/III”.'~ “g“”
|/

et

L o

0.5 1 1.5 0.01 0.02 0.03 0.04 0.05
L,..Wm?2nm'sr’) Lyjpe (W M2 nm sr7)

Note difference in radiance scales.



Quantitative Glint Characterization:
Modeling Based on Sun/View Angles, Atmosphere and Wind

HydroMod simulation of shallow water, mixed bottom spectrum, case 1 inherent optical properties,
and comparing east vs. west side of HysplRI field of view

21 Mar, lat O, East vs. West, U = 5
Chl = 0.3, 50% sand & 50% coral, 5 m depth
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Source: Curtis Mobley



Quantitative Glint Characterization:
Deriving Glint Statistics from AVIRIS Imagery

AVIRIS scenes used to estimate glint reflectance for comparison with modeled values. Yellow regions are
deep-water areas used to extract glint statistics.
f000412t01p03_r08 f000416t01p03_r02 f000416t01p03_r03

X

f000411t01p03_r01




Quantitative Glint Characterization:
Deriving Glint Statistics from AVIRIS Imagery

Estimated TOA maximum glint reflectances for seven AVIRIS scenes.
These values are comparable to modeled values.
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Quantitative Glint Characterization:
Deriving Glint Statistics from AVIRIS Imagery

AVIRIS scene f000418t01p03_r01 for demonstration of glint-aerosol discimination
Yellow line shows location of cross-track sample in analysis

Source: Youngje Park



Quantitative Glint Characterization:
Deriving Glint Statistics from AVIRIS Imagery
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Quantitative Glint Characterization:
Summary

Several summary observations can be made from model and image analysis:

e The effect of latitude is very clear. Sun glint is stronger where the sun is high, because HysplRI
looks almost straight down. Sun glint effects are apparent across a latitude band of 50° to 100°
(i.e., 25°S—25°N to 50°S—-50°N), depending on wind speed and the across-track pixel location.

e Sun glint is sensitive to wind speed for low to moderate glint strength and less sensitive for
high glint.

e Sun glint at the east edge of the HysplRI field of view is consistently stronger (a factor of two)
than at the west edge.

e Sun glint is high in summer due to high sun and low in winter due to low sun. At the equator in
the middle point of the swath, sun glint reflectance takes values of 0.025, 0.01, 0.04 to 0.01 for
March, June, September and December respectively.

e Regional temporal variability appears similar to global longitudinal variability in magnitude.

e Large differences in glint reflectance than can occur from the east to the west edges of the
HysplRI field of view for moderate wind speeds in equatorial regions.

e Glint intensity can surpass that of water-leaving radiance.
e Glint radiance is function of incident irradiance.
e Glint reflectance is a function of the index of refraction of the water body.

e Glint reflectance at the sea surface, to first order, is spectrally flat. This is particularly
important, because it is the basis for virtually all glint correction strategies.



Glint Impact on HyspIRI Science:
Coral Reefs: Hydrolight Modeling & Classification

Scenario 1: Clear reef water, sun zenith 20°, wind 5 m s!

classification rate (%)
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1
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Values indicate classification rates for specific bottom-type/depth combinations classified as bottom-type at any
depth. Solid lines show results of R, modeled without glint; dashed lines show results of R, modeled with full
glint. Under the given water column and view conditions, glint actually increases the correct classification rate of
coral at all depths, but it also increases the misclassification of algae as coral at all depths.



Glint Impact on HyspIRI Science:
Coral Reefs: Hydrolight Modeling & Classification

Scenario 2: Turbid reef water, sun zenith 40°, wind 10 m s!

classification rate (%)
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Under these conditions, glint increases the correct classification rate of coral at 0.5 and 2 m, but but greatly
reduces correct coral classifications at 10 m.



Glint Impact on HyspIRI Science:
Ocean Color: HydroMod Modeling, Inversion & Analysis

HydroMod parameterization

Location:

Date:

Sun Azimuth wrt Along Track:
Sun Zeinth:

Suspended Chlorophyll:
Wind Speed:

Atmosphere Conditions:
Bottom Boundary:

Station ALOHA, 22°45’ N, 158°W
21 June

107.78°

17.99°

0.05 ug I

two values modeled, 0 and 10 m s
Clear sky with marine aerosols
Infinitely deep ocean

ALOHA, East vs West, U = 0 vs 10 m/s

030 ]
TOA p, = mL,/E, 1

025} -
5 j' SFC p, = mL,/E4 1
._g 0.20 _1‘; SFC p, = 7L, /E, _:
5 ! U = 10, East, is solid 5
= U = 10, West, is dotted ]
{' U 0, East, is dashed -
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I .
Q -

wavelength [nm]

1500
Source: Curtis D. Mobley



Glint Impact on HyspIRI Science:
Ocean Color: HydroMod Modeling, Inversion & Analysis

Radiometrically inverted water-leaving reflectance spectra for Station
ALOHA 21 June simulation. (A) West edge of HysplIRl field of view, U=0
m s}, (B) east edge, U =0 m s?, (C) west edge, U =10 m s, (D) east
edge, U=10 m s,

Chlorophyll values (mg m-3)
retrieved using OC4 and OC3M
algorithms applied to R data

derived from Figure 4.3.3-2.

“Edge” refers to position in

O S — —— HysplRI field of view. “U” refers
0.05f A 5] to wind speed. Actual chlorophyll
0.04} { | ] concentration used in HydroMod
0.031 biooptical model is 0.05 mg m3.
<]
9 0.02}
3
o 0.01t
© - Algorithm
v Ed U(ms' £
» O g Ums) —Ge—60m
s 006 West 0 0.12 0.12
2 0,05} P East 0 0.14 0.13
&(é 0.04l West 10 0.08 0.07
2 East 10 0.08 0.08

0.03}

0.02¢

0.01t

0™200 500 600 700 800 900 1000 1100 400 500 600 700 800 900 1000 1100
wavelength (nm)
HydroMod Output

Inversion Result

Source: Youngje Park



Glint Impact on HyspIRI Science:
Emergent Vegetation: Examples & Challenges

Multi-angle CHRIS/Proba images of Fishing Bay Wildlife Management Area, Maryland. (a) At 0° nominal view zenith
angle glint is visually apparent on water bodies interspersed amongst subaerial vegetation. (b) At 55° nominal view
zenith angle glint is much less apparent. Boxes cover same ground area in (a) and (b).

Spectra extracted from regions highlighted by boxes above. (a) At 0° nominal view zenith angle, glint produces very
high values across the spectrum, evidenced by the maximum spectral curve. (b) At 55° nominal view zenith angle, the
glint effect is greatly reduced.
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Glint Impact on HyspIRI Science:
Summary

e For two basic HyspIRI science objectives, coral reefs and seagrass, expected levels of glint do
not appear to dramatically impact classification retrievals.

e Glint has the greatest impact when retrieval conditions are already marginal, for example when
water column optical properties limit penetration depth.

e Potential for improvement via mitigation for glint was not investigated.

e For the open ocean, with very low suspended chlorophyll levels, it is clear that glint correction
must be tied to correction for atmospheric aerosols.

e Thus, both are fundamental requirements for accurate retrieval of spectral remote sensing
reflectance.

e The situation is less clear for glint effects in emergent vegetation.

e Measurement and modeling capabilities for these systems lag those for shallow and deep
oceans.

e At the same time, emergent vegetation has the benefit of usefully observable NIR and SWIR
spectral features.



Mitigation Options
Avoidance

e Avoidance is the simplest method for mitigation of glint impacts, and it is the
method of choice in operational ocean color.

e Any portions of imagery that exhibit significant glint can merely be ignored, then
re-imaged on subsequent satellite overpasses.

e Nearshore and benthic applications typically require higher spatial resolution, i.e.,
1-100 m vs. 1 km.

e The higher spatial resolution required closer to shore is offset by narrower fields
of view and longer revisit times.

e The data rate for a given area of Earth surface is much lower, and it is generally
not possible to ignore image data that exhibit glint effects.

e Thus, glint avoidance is a luxury not often afforded to nearshore and benthic
applications.



Mitigation Options
NIR-VIS Empirical Linear Relationships

AVIRIS scene f000418t01p03_r01 covering the southeast portion of French Frigate Shoals, Hawaii and
surrounding deep ocean. Image is rotated so that north is to the left of the scene. (Left) Original scene
shows very strong glint effects. Yellow box highlights region from which empirical linear relationships are
derived. (Right) The scene after application of glint correction. Glint effects are very effectively removed.



Mitigation Options
Subtraction of NIR Reflectance

Example of glint correction using subtraction of NIR reflectance. (Left) Original AVIRIS scene of Kaneohe Bay,
Hawaii (f000412t01p03_r08). (Right) The scene after atmosphere and glint correction. Clouds and some sea
surface features remain; this is due to automated masking. Overall, glint correction performs quite well.

Source: Bo-Cai Gao



Conclusions and Recommendations

Conclusions
e The literature and present examples demonstrate that glint correction is feasible.

e Present examples further demonstrate that key HyspIRI science objectives are
achievable even in the presence of glint.

e Therefore, it is very reasonable that active glint correction can be a part of a
successful HysplRI processing flow.

Near-Term Recommendations

e The glint correction procedures described here each demonstrate strong potential.
Each also requires further refinement.

e The presented analyses have touched on some key points about glint and its impact
on remote sensing retrievals of certain biophysical parameters. These issues could
certainly benefit from deeper investigation.

e |t would be very desirable to perform field validation for model results of selected,
important HyspIRI science objectives.

Long-Term Recommendations

e Environmental (aquatic) optics would be greatly advanced by the collection of a few
comprehensive data sets that provide all inputs and outputs to the RTE.

e As glint correction procedures become codified, it would be useful to have a glint
toolbox utility from which a user could select among a suite of glint correction
techniques.



Autonomous forecasting of
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Forecasting lava flow hazards

» Along which paths, and to what distance from the
vent, will lava flow, and how long will it take to get
there?

b\"\ .; X



Predicting potential flow paths using a drainage model

"

Favalli et al., 2005

Lava flows downhill, but which way is downhill? A stochastic drainage model can be used
with a DEM (SRTM, ASTER GDEM) to simulate the most likely paths a lava flow will take
given a vent location



Predicting potential flow paths using a drainage model
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But, this approach does not predict the likely length a lava flow will attain



Predicting potential flow lengths using a thermo-rheological model

Lava flows at a velocity
determined by rheology, effusion rate,
slope and channel dimensions

Lava temperature deceases down-flow
due to heat loss from the flow surface

(radiation, convection)

Temperature and rheology&
the lava vary down-flow

Harris and Rowland, 2001

v

Lava temperature decreases down-flow
due to heat loss via conduction into
the underlying substrate

By modeling the stiffening of a control volume of lava flowing in a channel, the time (and hence
distance) from the vent that the lava becomes too stiff to flow any further can be predicted using
a numerical model



A thermo-rheological/stochastic approach for modeling lava flow hazards

Eruption intensity can change
rapidly, and reliable lava flow
hazard predictions rely on
timely and accurate information
regarding the nature and
intensity of the eruption and

how this varies
Lava flows at a velocity
determined by rheology, effusion rate,
slope and channel dimensions
\ Lava temperature deceases down-flow
due to heat loss from the flow surface
(radiation, convection) MUCh Of the relevant

information can be obtained
from remote sensing data, in a
manner not possible in the field

Temperature and rheology of
the lava vary down-flow

v

Lava temperature decreases down-flow
due to heat loss via conduction into
the underlying substrate



Effusion rate (m? s

Effusion rate (m*s)

The importance of effusion rates

Effusion rates:
* Determine (largely) final flow length
» Vary during an eruption and between
eruptions by1-2 0.0.m.
* Are difficult to estimate in the field
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Calculating lava effusion rates from infrared satellite data

The higher the volumetric flux of lava from the vent, the
greater the length (area) it can spread over before it
solidifies

Heat loss from flow surface

Lava effusion rate =
Enthalpy of the mass of lava
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Walker, 1973; Pieri and Baloga, 1986; Harris et al., 1997; Wright et al., 2001



Calculating lava flow cooling from HyspIRI” s 4 um channel

4000
Wooster et al., 2003
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Surface heat loss along the length of an active lava channel

Mount Etna, Sicily




HysplIRI bridges the gap between high/low, spatial/temporal resolution sensors
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HyspIRI will give us MODIS-class temporal
resolution with Landsat-class spatial
resolution, allowing us to determine the
important effusion rate parameter by day
and night every five days




Driving numerical lava flow hazard models using satellite-derived effusion rates
n=1 n=100

\ SRR
e - e

: 1
Inundation (%) Inundation (%)

7km

Wright et al., 2008



Driving numerical lava flow hazard models using satellite-derived effusion rates

December 15, 1991; Effusnon rate = 3m331 December 23, 1991; Effusron rate = 9m3s1
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Wright et al., 2008



Percent of total radiating area

Parameterizing lava flow forecasting models using HyspIRI

Mount Etna, Sicily
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Wright, unpublished data

Lava flow surface temperature, and hence cooling rate, are important controls on how
quickly lava solidifies. At present, these are poorly constrained inputs to numerical flow
simulations. HyspIRI will allow us to fill this knowledge gap



Lava surface temperatures can be retrieved from an imaging spectrometer
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An imaging spectrometer always provides several tens of unsaturated spectral radiance
measurements, at all points on the lava flow surface, from which lava surface temperatures can

be determined



Autonomous forecasting of lava flow hazards using HyspIRI

3. which we can use to drive a forecast

1. HyspIRI autonomously detects the onset 2. which allows us to compute the prevailing
of where the lava is likely to inundate.

of the eruption, pinpoints the vent location lava effusion rate........
and acquires an image........
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4. The next time HysplRI passes over the target
another image is acquired........
5. which can be used to compute the 6. as well as calibrate and validate

new prevailing effusion rate........ the model predictions
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Simulated HysplRI
Volcanology Data Sets
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Goals of Project

The primary objective of this proposal is to create precursor
HysplIRI-like data sets to examine several important
volcanological questions:

1 What do changes in SO, emissions tell us about a
volcano’s activity?

How do we use measurements of lava flow

temperatures and volume to predict advances of the flow
front?

3 What do changes 1n lava lake temperatures and energy
emissions tell us about possible eruptive behavior?

A second objective is to determine the saturation temperature
for the Mid-IR band






Why Mt. Etna?

¢ Europe’s most active volcano

s Explosive and effusive eruptions

% Massive SO, emitter

¢ Extraordinarily frequent remote sensing data acquisitions
“* Very well monitored by INGV

¢ Co-I at INGV will provide all ancillary data needed



Characteristics of Input Data Sets

EO-1 Hyperion ASTER TIR
Bands 196 unique in 0.4-2.5 | 5in 8-12 micron
micron region region
Spatal 30 m 90 m
resolution
Swath 7.5 km 60 km
Quantization 16 bit 12 bit




Ancillary Data Sets

COSPEC Flow field Eruption
SO, Topography chronology

Lava flow
modeling




ASTER Daytime Scenes (1

2000 2001 2002 2003 2004 2005 2006 2007
7May 29July 5June 15Jan 7Apr 26Apr 3Aug 19 Jun

7 July 13 Mar 10 June 12 Aug 21 Jun
23 July 19 July 26 June 7 Nov 14 Jul
3Nov 11Aug 6Aug 21 Jul
30 Dec 13 Aug 30 Jul

22 Aug 2 Oct

3)

2008
21 Jun
8 Aug
21 Nov

2009
7 Oct

2010
26 May
7 Aug



Multispectral TIR from Daytime ASTER (1 = 3)

VNIR image: plume is gray; TIR 1mage: plume composition
flows are not 1ncandescent 18 mostly ash ﬂows are obvious




Multispectral Daytime ASTER (~ 3)

. G=1.5um B=0.84um
Lava ﬁ ’
lakes . Lava flows vary in
\ temperature; multispectral data
" allow better estimation of
’F’? temperatures than TIR alone.



ASTER Nighttime TIR Scenes (1

2000 2001 2002
6-Jun  9-Jan 19-Jan
22-Jun  25-dJun 22-Jan
8-Jul  11-Jul 28-Jan
24-Jul 15-Oct 4-Feb
10-Sep 24-Oct 12-Jan
28-Oct 11-May
20-May
28-Jun
23-Jul
16-Sep
18-Oct
27-Oct
19-Nov
28-Nov

2003
7-Feb
20-Mar
14-May
17-Jul
26-Jul
18-Aug

2004
13-Mar
15-Jun
26-Jun

3-Jul
14-Sep

2005
5-Feb
4-Nov

11-Nov
27-Nov

2006
29-Apr
31-May
2-Jul
25-Jul
3-Aug
10-Aug
4-Sep
13-Oct
7-Nov

2007
15-Mar
18-May
19-Jun
26-Jun

12-Jul
12-Dec

2008
21-Jun
11-Oct
5-Dec

3)

2009
6-Jan
15-Jun
24-Jun
10-Jul
2-Aug
15-Nov

2010
2-Jan
3-Feb
1-May

10-May



Selected 2002 ASTER Night TIR (1 = 3)

January 19 January 28 May 11 May 20

June 28 July 23 October 27




EO-1 Hyperion Daytime Scenes (-~ 3)

EO1H1880342009281110pf sgs 01
EO1H1880342008206110kf sgs 01
EO1H1880342008152110kf sgs 01
EO1H18803420071901110kf sgs 01
EO1H1880342007134110kf sgs 01
EO1H1880342006303110pf sgs 01
EO1H1880342006298110pf sgs 01
EO1H1880342005316110kf sgs
EO1H1880342005302110k{ sgs
EO1H1880342005205110pf hgs
EO1H1880342004283110pw_sgs
EO1H1880342004260110kw_pfl
EO1H1880342003223110k{ sgs
EO1H1880342003207110kx_hgs
EO1H1880342003177110ky_sgs
EO1H1880342001267110kp sgs
EOIH1880342001242110po_sgs
EO1H1880342001203110kp_sgs
EO1H1880342001194110po_sgs



July 22, 2001 Hyperion Etna Data (~ 3)

0.65-0.55-0.44 0.87-0.65-0.55 1.65-0.87-0.65

vy




SO, Determination with ASTER TIR(1)**

Will be discussed
in following talk
by Vince Realmuto



Lava Flows, Energy Radiated, Extent ()

Lava flow models
require DEM data,
effusion rates, and
Temperature
distributions

Damiani et al., 2006 Wright et al., 2008



Lava Flows, Energy Fluxes (")

14 September 2004
[

ii\

EO-1 Hyperion data

Sept 14, 2004 nighttime combined
ASTER + EO-1 Hyperion data for
lava flows; most TIR pixels are
saturated.

-=r
=/
-l
i
$'>
% 14 September 2004 10
- ¥
g dé i. ¢, =499 MW
< = £, =262 MW
e ga ii. ¢ =107 MW 1
> . 6, =54 MW
- -

-
-
e

Radiant heat flux from Hyperofon

Wright et al., 2010, JGR



Lava Flows, Energy Fluxes ()

14 September 2004

% of flow surface

o
S
o

Temperature (°C

Radiant heat flux as a function of
distance from the vent. September 14
1S CUrve.

Wright et al., 2010, JGR

Temperature histogram for flow unit I
from Hyperion data

N —g— O

200 300 400
Distance from vent (m)




Lava Flow Dynamics ()

Courtesy of Vince Realmuto



Lava Flow Dynamics ()

To Do: Use Temperature and energy
measurements in lava flow model (FLOWZ) to
predict flow extent.



: Crater



Craters, Energy Fluxes (3)**

July 22, 2001 EO-1 daytime image of craters and flows.
Radiance of incandescent craters fills one pixel; 60m size
allows only pixel integrated temperature to be estimated.

Spectral Profile
1.5x10*

|

1.0x10*

5.0x%10° L /
ok, : i ) ;
500 1000 1500 2000
Wavelength
Spectral Profile
1.5x10* I
1.0x10% 1 1
5.0x10° F / H
0 N A i
500 1000 1500 3000
Wavelength




Craters, Energy Fluxes (3)**

s Between 2000 and 2010, 61 ASTER cloud-free
nighttime TIR scenes were acquired (~6/yr, or one scene
every 2 months)

s Summit area was extracted, and maximum radiance of
craters was determined.

¢ Still to do: compute total flux from craters




Craters, Energy Fluxes (3)**
2000-2002

T*

1 HH

QO Q Q Q N N N S 4% J

S & & P o & © & &S
P & & & S SR U S S L M
v v V Vv V V v Vv V Vv "l« v V
%\b\ Q\«3\ . q/\<<>\ Ay\b\ 5‘\0\ b\fo\ \b\ Q\:o\ q\Q>\ \<o\ \‘o\ b\(o \b\ \b\

Large eruption

No data



Craters, Energy Fluxes (3)**
2003-2005

3000

Large eruption
2500

- No data

1500

o All dates
reported gas and
ash emissions

& Qo“’

55
x
&



Craters, Energy Fluxes (3)**
2006-2010

Large eruption

No data/actvity



Sitmulated HyspIRI Data Sets

% 5 daytime dates and 1 nighttime date were selected that
were cloud-free, and had simultaneous Hyperion and

ASTER acquisitions; only 1 coincided with eruption activity

“* Hyperion data were re-sampled to 60m, duplicate
channels removed, data scaled to radiance-at-sensor

s+ ASTER TIR bands were re-sampled to 60m, registered to
Hyperion, data scaled to radiance-at-sensor

% 226-band images created with ENVI header files



Simulated HyspIRI Daytime Data Sets
Cloud-free Hyperion and ASTER Data

Hyperion ASTER Hyperion ASTER
2001-7-13 2001-7-29 2005-3-16 2005-4-26
2001-7-22 2005-3-18
2001-8-5 2005-7-24 2006-8-3
2001-8-14 2002-6-5 2005-10-29 2006-8-12
2001-8-30 2002-7-7 2005-11-5 2006-11-17
2001-9-24 2002-7-23 2005-11-12 2006-11-30

2002-11-3 2005-11-30
2002-11-12 2002-12-30 2007-6-19
2006-10-25 2007-6-21
2003-1-15 2003-1-15 2006-11-24 2007-7-14
2003-3-20 2003-3-13 2006-11-29 2007-7-21
2003-6-26 2003-7-19 2007-7-30
2003-7-19 2003-8-11 2007-5-14 2007-10-2
2003-7-26 2003-1-15 2007-7-9
2003-8-11 2008-6-21
2008-5-31 2008-8-8
2004-9-16 2004-6-26
2004-10-9 2004-8-6 2009-10-8 2009-5-23
2004-8-22 2009-10-8
2010-5-10
2011-6-30 2011-2-6
2011-4-4

2011-6-30



Simulated HyspIRI Daytime Data Sets
January 15, 2003

¢ On 15 January 2003, ash emission increased at the 2,750-
m-elevation pyroclastic cone on the volcano's upper S flank.
There was also an associated increase in lava emission

towards the south
*¢* The volcano was snow covered down to the 1500m level

- Smithsonian/USGS Weekly Volcanic Activity Report



Sitmulated HyspIRI Data Sets
January 15, 2003




Simulated HyspIRI Data Sets™*
January 15,2003

Spectral Profile
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Simulated HyspIRI Data Sets
January 15, 2003: ASTER TIR

Yellow color of plume
in this d-stretch image
indicates that the
dominant components
are SO, and ash

Most of lave flow 1s saturated
in ASTER TIR channels




4 micron Channel Saturation
Retrieving lava surface temperatures using Hyperion

Conventional Landsat/ASTER fit
Multi-component Hyperion fit

Fimmvorduhals, Iceland

Spectral radiance
Spectral radiance

- : 1.0 1.5 2.0 25 : 1.0 1.5

» Wavelength (um) Wavelength (um)

i+, Saturation

=

1.0 1.5 2.0 2.5 . 1.0 1.5
Wavelength (um) Wavelength (um)

=Used Hyperion images (nighttime data) to calculate the sub-pixel temperature
distributions of active lavas as a first step to retrieving surface leaving radiance at 4 um at
30 m scale.

= Unsaturated data are always available from an imaging spectrometer, so Hyperion
resolves the temperatures of even the hottest lava flows

Spectral radiance
(W mZ2sr! um™)

©
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How hot are Earth’s lava flows, domes and lakes?

10 images of ‘a‘a lava flows

10 images of pahoehoe lava flows
20 images of domes

20 images of lakes

1 image of fountains

Lava domes

| Photo: P. Mouginis-Mark

*Analyzed Hyperion images acquired at 16 different volcanoes, exhibiting the full range of
common eruption styles to ensure the results were representative



4 um brightness temperature (K)

Nyamuragira (Democratic Republic of Congo) 300 400 500 600 700 800 900 1000 1100

500 m

30 m 60 m



4 um brightness temperature (K)

300 400 500 600 700 800

Nyiragongo (Democratic Republic of Congo)

500 m

Erta Ale (Ethiopia)

30 m 60 m



Calculated incidence of HyspIRI 4 um channel saturation as a function of L/T

sat

Number of saturated pixels (% total)

0 400 500 600 700 800 900 1000 1100 1200 1300
Temperature (K)

Number of saturated pixels (% total)

4 um brightness temperature (K)

m a1 - 0 o
400 500 600 700 800 900 1000 1100 1200 1300

300 400 500 600 700 800 9S00 1000 1100

Temperature (K




Conclusion: set 4 um T.., no less than 1100 K

sat

Hyperion HyspIRI

*Aggregation of four most radiant pixels at
s HysplRI resolution yields a T, . of 1041 K

4um

4 um brightness temperature (K)

HE 4 3

300 400 500 600 700 800 900 1000 1100




HyspIRI Volcanology Project Outreach

JPLHOME EARTH SOLARSYSTEM STARS & GALAXIES SCIENCE & TECHNOLOGY
BRING THE UNIVERSE TO YOU: JPLEmail News | RSS | Podcast | Video

Jet Propulsion Laboratory
California Institute of Technology

HyspIRI Volcanology Project

Home Events Group Documents Related Links
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HyspIRI Volcanology Precursor Data for Mt. Etna

The Hyperspectral Infrared Imager or HyspIRI mission will study the world's ecosystems and provide critical information on natural disasters such

Navigation

74 Home
as volcanoes, w s and drought. HyspIRI will be able to identify the e of vegetation that is present and whether the vegetation is healthy. The
(3 Events mission will provide a benchmark on the state of the worlds eco s against which future changes can be assessed. The mission will also

assess the pre-eruptive behavior of volcanoes and the likelihood of future eruptions as well as the carbon

The HyspIRI mission includes two instruments mounted on a satellite in
Low Earth Orbit. There is an imaging spectrometer measuring from
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N contiguous bands and a multispectral imager measuring from 3 to 12
um in the mid and thermal infrared (TIR). The VSWIR and TIR
\fb instruments both have a spatial resolt of 60 m at nadir. The VSWI
arevisit of of 19 and the TIR will have a revisit of 5 days

0 includes an Intelligent Payload Module (IPM) which will

(2 Related Links

«August 2011 »
enable direct broadcast of a subset of the data
The data from HyspIR! will be used fo ide variety dies prima
in the Carbon Cycle and Ecosystem and Earth Surface and Interior
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Research Council Decadal Survey requested by NA DAA, and
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SELECTED CONCLUSIONS

¥*T_ . 4um channel >1100K

sat
¥ Short repeat time mandatory for volcano monitoring:
Hyperion and ASTER do not provide sufficient frequency at
10-16 days, given cloud cover. HyspIRI repeat of 5 days
(daytime) PLUS nighttime acquisitions will be stunning for
volcanology.

#* Lava flow energy fluxes with topo and flow models can be
used to estimate flow duration and extent. Requires very
frequent flow observations (~several days) to measure
dynamics.

¥ Crater activity (T, energy flux) monitoring requires very
frequent observations to investigate correlation with eruption

) )
4&/\4-/\4/\4-41'\1. e~ /L /\Mr\L“/\ P N



Potential Contributions of HyspIRI to
the Remote Sensing of Volcanic
Plumes

Vincent J. Realmuto
Jet Propulsion Laboratory
23 August 2011




H,O Vapor vs. SO, Absorption

H,O Vapor Absorption Affects the Entire
8-12 um Atmospheric Window:

Add Channel Sensitive to H,O to
Facilitate Atm. “Corrections”

Considerable Variation in H,0 Within a
Scene:

Can We Characterize These
Variations?

Very Strong H,0 Vapor and SO,
Absorption in HyspIRI 7.3 um Channel:

Can We Separate Effects of H,O
and SO,?

7.3 um Not Suitable for Mapping Plumes
Below 5 km? [Prata et al., 2003]

Thermal IR Response vs. H,0 Vapor Transmission
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Heritage for HyspIRI Spectral Response

(a) ASTER Response vs. SO, Transmission

(b) MODIS Response vs. SO2 Transmission
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ASTER D-Stretch Depicting the ASTER D-Stretch Depicting Ash, water/ice,
Passive Emission of SO, and SO, Released by Explosive Eruption




Real World Exampl :
EtnaiEruption Plumen &
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Thermal IR Response vs. SO, Transmission

o
-
o

S
)
1

08

3
17
c
2
~
@ S
k]
o H
_ w
T os Fo6 3
3
8 3
)
%’ 0.4 o4 3
x
s 2
= o
g 02+ L o2
£
2 L
0.0 - J.L . : - 0.0
7 8 9 10 1 12 13
Thermal IR Response vs. Silicate Ash Transmission
1.0 1.0
[
1]
c
S 08+ L o8
w
Q
r =
T 06 Hos 3
- 3
g g
4
‘_g 0.4 - - o4 &
s 3
£ 02+ L o2
£
S
z
0.0 0.0
7 13
Thermal IR Response vs. Sulfate Aerosol Transmission
1.0 1.0
[
v
c
S 08+ - 0.9
w
Q
r =
- o
T os Fos 3
g g
4
‘_g 0.4 - ro7 &
s 3
£ 02+ L o6
£
S
z
0.0 ; T 1 T — 05

7 8 9 10 1 12 13
Wavelength (um)




Retrieval of Surface
Temperature and SO,
Concentration

Ground Temperature has Stronger
Influence on Perceived Radiance
Than the SO, Concentration

Simultaneous Retrieval of
Temperature and SO, is Difficult;
Temperature is Well-Constrained
but SO, is Poorly-Constrained

Cascading (Serial) Retrieval is a
Better Option:

Estimate Surface Temperature
(Estimate H,O Vapor Factor)
Estimate SO, Concentration

Repeat Temperature
Estimation w/ Prior H,O and/
or SO, Estimates

Repeat H,0 and/or SO,
Estimation with New

Temperature
Exit When AT < Threshold

MISFIT SURFACE
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Retrieval Procedure
Requires Profiles of Atm.
Temp, H,0, and O; as
Input

Radiance Spectra from Clear
Path (Plume-Free) Regions are
used to “Tune” the H,0 and O,

Profiles

Tuning is a Time-Consuming
Process: Retrieval of H,0 is
More Efficient and a Better
Characterization of Variations
in H,0

Two Candidates for H,0
Channel:

MODIS 28 (7.3 um) and MODIS
33 (13.3 um)

Strong H,0 Absorption in
MODIS 28 Obscures the
Surface

Moderate H,O Absorption in
MODIS 33 Does Not Obscure
the Surface

(a) Band 28 (7.34 um)

/ Sarychev EruStion B

 2009-06-16
4 Opp50,U T

!,(&
kilometers
500

33/(13.34 um)




Simulated Retrievals of H,O and SO,

Evaluate Five Configurations of Channels
ASTER, HysplIRI, MODIS 29-32, MODIS 28-32, and
MODIS 29-33

Synthetic Radiance Spectra as “Observations”
Surface Temp = 275 K, SO, Conc = 2.5 mg/m3, H,0
Factor =0.75
Plume Altitude = 15 km, Sea Surface Background,
Sarychev Atm. Profiles

Three Retrieval Modes/Configuration
Temperature: Assume SO, =0, H,0 = 0.75 (Tuning Mode)
H,O Factor: Assume SO, = 0 (Potential New Tuning
Mode)
H,O + SO,: Potential New Retrieval Mode




Normalized Spectral Response

ASTER Response vs. SO, Transmission
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HysplIRI Response vs. SO, Transmission

Normalized Spectral Response
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Temperature Over-Estimated,
Misfit Spectrum ~75% at 7.3 pm

H,O0: Misfit ~20% at 7.3 pm

H,O + SO,: Misfit Spectrum < 2%
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Normalized Spectral Response
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MODIS 29-32 Response vs. SO, Transmission
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MODIS Response vs. SO2 Transmission

MODIS 29-33 Simulation Results
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S0, Conc. Estimate (mglm3)
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MODIS-Based Retrievals of H,O and SO,

Evaluate Three Configurations of Channels
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Fixed H,O Factor

MODIS 29 - 32 Results

Free H,O Factor

Misfit: Mean Prediction vs. Observation
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MODIS 28 - 32 Results
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Fixed H,O Factor

29 — 33 Results

Free H,O Factor
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Spectra of Plume Materials
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Thermal IR Response vs. H,0 Vapor Transmission
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Single Channel @ 7.3 um Does Not Provide Sufficient
Resolution to Separate the Effects of H,O and SO,

Characterizing Spatial Variations in H,O Has Broader
Science Impact than SO, Detection:

Shift Channel to Longer Wavelength (~ 8.0 um)

Definitive Solution to Channel Position Requires
HyTES Data

Adopting 13.3 um Channel (MOD 33) for MODIS-Based
Plume Mapping

Not Necessary for HyspIRI Due to High Spectral
Resolution Between 8 and 9 um

Food For Thought: HyspIRI Channel Between 9.5 and 10
um Would Help Discriminate Sulfate Aerosols from SO,
or Ash
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Thomas Kampe and the AOP Team

National Ecological Observatory Network, Inc.,
1685 38 St, Suite 100, Boulder, CO 80301




neen
Introduction

The overarching goal of NEON is to enable
understanding and forecasting of climate change,
land use change, and invasive species on continental-
scale ecology by providing infrastructure to support
research in these areas.

= NEON design is in response to NRC Grand Challenges in
Environmental Sciences: Biodiversity, Biogeochemical cycles, Climate
change, Ecohydrology, Infectious disease, Invasive species, Land use

= The NEON Project is the observatory funded by the U.S. National
Science Foundation (NSF)

= NEON Inc. is a not-for-profit corporation that is funded by the NSF to
plan, design, build and operate NEON
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Addressing Grand Challenges in Ecology

Grand Challenges Implemented via NEON

GRAND CHALLEN GES =3 KEY QUESTIONS = NEON DATA PRODUCTS = DATA USERS

CAUSES OF CHANGE Whatare theimpacts of climate B =nd Useand Land Cover
. change on continentakscale
Climate Cl‘lﬂl‘lge changes in biodiversity, B Habitat, Landscape Structure _}W
Land Use biogeochemistry, infectious o .
Invasive Spec ies diseases,and ecohydrology? B Atmospheric, AirQuality
,l ) Whatare the impacts of land use B Hydrology, Ecohydrology mwad EDUCATORS
) change on continentakscake W Bioclimate, Enegy Balance
Interac tions and enkbgy? ‘
Feedbacks B Soil Structure, Physics
Proguctty, functonal _)m
diversity, oi moistire, Whatare the impacts of imasie [ Biomass, Productivity, Metabolism
habitat struc ture, etr. specieson continental s:ale ) )
ecobogy? B Bicoecchemistry
J Infectious Diseases, Parasitas —> PLBLIC
Whatare the interctive effects of
RESP ONSES TO CHANGE c",:a:eh,; Ls:::dl;’:usw:n B Wicrobial Diversity, Function
Biogeochemistry continantal-scalaacology? B Fopulation Dynamics, Demography g BEORE e TS o5
Biocliversity 5 How does transport and mobility B Phenclogy
Eﬂh\fdfﬂlﬂgv of energy, matterand organisms o . .
Infe ctious Dise cise s afiect continental-scale ecology? Biodivarsity, Invasiias, Biogeography

o )
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NEON Infrastructure
« Headquarters (incl. Cl, labs, etc.) — Boulder, CO

e 20 Domains

e« 20 Core sites
40 Relocatable sites

(wildland)

« 36 Aquatic sites
3 Airborne Observation Platforms

* 10 Mobile Deployment Platforms (AK, HI, CONUS+PR)

* Cyberinfrastructure/Data Center/LUAP
« STREON Experiment

542 Primary (i.e., raw) observations
118 Continental scale data products
~500 Terabytes data/year

5 year construction

30 year operations

(land-use sites)
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NEON Science Facilities

; piv Field

sampling

g = Towers

Fundamental Instrument Unit — automated sensor for .
climate & climate-related physical variables in the
atmosphere and soil

Fundamental Sentinel Unit — measurement of key
response variables in selected taxa (e.g. plants, birds,
insects, ...)

Aquatics— field sampling and automated sensors for SU;face
Algal cell count, macroinvertebrate biovolume, stream Z:ound
discharge, water height water
Airborne Observation Platform — remote sensing

observations of land-use change, and vegetation Aircraft

biochemistry and structure

. Satellite Data
Land Use Analysis Package — land-use, land

management and other national datasets plus satellite
observations
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National Observatory: 20 Eco-climatic Domains

[T 1 1 Northeast B 5 Great Lakes  9Nothem Plains || 13 Southern Rockies/Coloraco Plateau || 17 Pactic Southwest
N EON D a [ 2 M0 Atlantic [ &Praine Peninsula . | 10CentralPlains | | 14 Desert Soutnwest . |18 Tundra
omains [ 3 southeast ' | 7 Appalachians/Cumberiand Plateau ||| 11 Scuthem Flains | 15 Great Basn 19 Taiga

| 4 Atlantic Neotropical ' 8 Ozarks Complex | 12 Northern Rockies 16 Padific Northwest | 20 Pacfic Tropical
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Terrestrial Instrument Measurements

FOOTPRINT OF TERRESTRIAL INSTRUMENTED MEASUREMENTS

INCIDENT/SYNOPTIC SCALE

PROFILE VIEW ) AERIAL VIEW

ANEM OVIETER —— ||

MEASURES FLUX SCALE
[from &0 m ¥ 200 m - 1500 m)
AN 200m
wiicroclimate
1500m
INSTRUMMENTS ON TOWER COLLECT
MICROCLIMIATE DATA —|

[{'a-n fowe[fo&()m] SOILSEWIVARIOGR &vi PLOT
The soil array scale is
de®ermined by sail
variability analysis

SOILARRAY COLLECTS SOIL MEASUREMENTS

| (from 40 m ¥ 100 m - 200 m)

[DIAGRAMS ARE NOT TO SCALE]
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Role of the Airborne Observation Platform

= AOP will observe land use drivers and ecosystem
responses surrounding NEON flux tower sites
— Land cover
— Vegetation structure
— Invasive plant species
— Biochemical and biophysical properties
— Ecosystem functioning

» Bridge scales from organism and stand scales (e.g.,
meter-scale) to the scale of satellite-based remote
sensing

= Connection to satellite observations (coverage of 300
km? about each site)



AIRBORNE - OBSERVATION

neeon
NEON Airborne Observation Platform (AOP)

= Three airborne remote
sensing payloads:
— Waveform-LiDAR
altimeter
— Imaging spectrometer
— High-resolution digital
camera
— GPS-Inertial
measurement unit
= | eased Twin Otter aircraft
= |[nstrumentation maintenance
and calibration facility
» Science and flight operations
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Integrated Airborne Observations

and Ranging

Waveform Light Detection

=== Ground Elevation
;

60 80 100
Intensity

EACH SPATIAL ELEMENT HAS A
CONTINUQUS SPECTRUM THAT

IS USED TO ANALYZE THE
SURFACE AND ATMOEPHEH
i =

224 SPECTRAL IMAGES
TAKEN SIMULT ANEQUSLY

CIUELENSTH )

P

g4
= o -

LIAUELENSTH tm)

CIAELENGTH oy

" LiDAR Altimetry to measure 3-D vegetation
structure
—sub-canopy topography
—mapping of vegetation height
— Mapping of cover and canopy structure
—Biomass

" Spectroscopy
—Determine biochemical & biophysical
properties of vegetation
—Cover type/fraction
" Information contained in subtle variations in
surface reflectance
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) Spatial Scaling Strategy

Land Use Analysis Package |3
=
QL
=}
E NEON Airborne Observatory Platform =
= S . Q
= cience O
g) e Fundamental
= Facilities Instrument Unit
-l )
. . o
1012 Fundamental Sentinel Unit @
£
2
t v
Up-Down 3 2
. B s o
Scaling g [ g
: g g
= = p= <
R = Land surface interactions
S =0
~ 5 S x|
v .2 e
25 x c : o
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10° — il g ik
o= = o Succession
cw 3 5
S L = Vegetation dynamics ©
=G % B Scales
g 3; €O, flux
Yoo
100 L ) e
= o Partitioning Processes
Phenology productivity
Metabolic regulation & ‘ ‘ )
H,O0 exchan BeBative: thatl SOUGE
100 L CO,, 0,, H,0 exchange b >
Leaf RT Model: ~ CanopyRT Model: Atmospheric RT Model:
Link leaf (p, T) Link BRF to LA, cover, 3D Link spectral rdiance to
toabsorption structure, biochemistry, scattering and absorption
of pigments, background, non-vegetative  due to varying atm. H,0 &
water, etc. surfaces, etc. aerosols
= = = S a = Time [s]




neen . :
AOP Flight Operations

TS T
o

/s
= 7-months, 1,000 flight
hrs flight season
= 2.3 aircraft with
identical payloads
required for annual
survey of NEON sites

= 31 payload for reserve
& new science
opportunities
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Imaging Spectrometer Development Status

= |n Sept 2009, NEON Inc. received ‘ A NY//|

Stimulus funding for the development L_=l‘
of the NEON Imaging Spectrometer 3
Design Verification Unit (NISDVU)

= The NISDVU is currently being
developed at NASA JPL

" Goals:
— Verification of imaging spectrometer design, performance, and operations

— Provide a clear demonstration that a significant portion of AOP development risk has
been retired

— Ensure that imaging spectrometer performance requirements are met prior to
committing to the build of NIS units 2 and 3

" Prototype science algorithm development

= Test flights to validate laboratory radiometric calibration of the
DVU and instrument boresight and cross-calibration with existing
heritage instruments (i.e., AVIRIS)

= 24-month program - complete in December 2011

L /
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NEON Imaging

Spectrometer

Spectral range

380to 2510 nm

Spectral resolution 10 nm
Spectral sampling 5nm
Spatial Registration < 0.05 pixel

Radiometric Accuracy

> 95% absolute

Radiometric precision

SNR > 1000 @ 550 nm
SNR > 1000 @ 2100 nm

Dynamic Range

0 to saturation radiance

Sensor IFOV 1 milliradian i o
: = N 2 Thermal Radiation
Sensor FOV 34 degrees | -
. Fiber-Fed On-Board -
Spectral & Spatial > 95% Calibrator
response uniformity
Cross-track pixels > 600 pixels

Cross-track swath

1.0 km @ 1000 altitude

Shutter/ Window (Not
Shown)

Diameter=20"

Cryocooler{2X)

Height =30"

= e e = ==
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Current Status and Measured Performance

3000
2500 + Laser Centroid
—Wavelength Position
Linear (Laser Centroid)

~ 2000
=
=
=

2 1500
)
[«}]
>
]

= 1000

y =-5.0052x + 2675.2
Rz =1
500
0
0 100 200 300 400 500

Spectral Channel (#)
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Current Status and Measured Performance

Centers
409321
: _i 1
i _\_,_.:-_'-::'--'.;_-.-
409261 EREERE
i — .-:-'-'-'_'T' _______,_.--"'""
© i ..-t_-_-_-.-.'.:._l.'-'-'"'-'_'./—’"
£ 40820} =
S B — '.-_'-‘-'-'-'-'-' il _.___”___,..--'-""'"_ﬂ_
o e g
& o ‘_'___.,——"'.“-\-.-.- -d—__-___'______'____
40914} i i// R
: o _* - JAT-
40908| s
o im @0 &0 40 &0 &0
spatial

NISDVU in cold alignment and nearly complete
= Results from cold cycle 5

— Spectral smile <1%

— Small amount of FPA clocking required (15-20% pixel)
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Predicted System-Level Performance

NISDVU Predicted SNR Performance - Aggregated 2 Pixel; 0.100 Sec SNR

2200 — =
2000 /_\ /—\/\/\,\ @] ::32 ::g:::ZZEZZEirement I~
1800 R n Low Rad?ance ase. N
_ oo / \‘\/\/\/\/ V/ \ /\ \/\ / \ —O— Low Radiance Requirement
2 ol | O © Y A R Y A
e Mo o L
S L
5 ool TR . - N T S
& o/ oo . -
4007 ¥ o O\/ﬂ V \ /\j : , \ O\q
200 S\V/ ? é ﬂD C\\ / 44 O\ l /\VKJ’\ \
% ) ©
9100 600 800 1000 1200 1400 1600 1800 2000 2200 2400
Wavwelength (nm)
» Predicted SNR exceeds requirement
over full VIS to SWIR band
% u‘”\ﬁ
= Predictions account for measured R
component data B e

Wavelength (um)
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NEEN  Representative Data

Acquisitions

« NEON 2010 Pathfinder Campaign =
High-Level Goals =

———

Collect a combined waveform LiDAR and spectrometer dataset « Twin Otter Aircraf—t. |

Prototype ground truth measurement & field sampling « NASA AVIRIS Spectrometer
techniques that will be required for validation of higher level « NCALM LiDAR
data products

AOP Goals R
Reduce sensor data product development risk
Develop prototype field and airborne measurement techniques
Develop ground validation techniques
Develop data processing algorithms
Inform validation of atmospheric correction methodologies in a

humid environment

Terrestrial Biology Goals
Develop field training and data collection protocols
Collect ground-based data to calibrate airborne data
Determine time-frame in which ground data must be collected
Prototype plot design for measuring plant biodiversity
Assess ability of airborne platform to monitor invasive species

FNAI Vegetation
Communities

* Florida study areas:
— Ordway-Swisher
Biological Station
— Donaldson Plantation
— Calibration Sites



neon  Pathfinder 2010 Airborne and
Satellite Observations

= JPLAVIRIS
— 9/4/10 OSBS morning flight
— 9/6/10 Donaldson Plantation
— 9/10/10 OSBS mid-day flight

= NCALM flying an Optech Gemini

— 8/31/10 Aquatic Sites

- 9/110 OSBS

— 9/2/10 Donaldson Plantation §
— 9/3/10 Ashley Prairie

= Satellite Observations
— Hyperion and ALI tasked
— Landsat 5 and 7 overpasses
— MODIS overpasses




neen Pathfinder 2010 Ground
Measurements

=  Airborne Observation Team
— Atmospheric - CIMEL
— Weather — Kestrel pocket weather station
— Reflectance — ASD measurements

« Above canopY long-leaf pine, turkey oak, and mix
from an aerial boom lift

+ Ground measurements of short wire grass,
fennel, and pindo palm

 Radiometric calibration sites
— Leaf Area Index (along several 500m long transects)
— Differential GPS base stations

=  Terrestrial Biology Team
— Leaf Area Index (along several 500m long transects)
— Vegetation Structure (along small plot 20m x 120m)
» Canopy diameter
« Diameter at breast height, DBH

* Height
» Height to first branch
» Species ID

— Biodiversity (several locations across site)
» Plant species richness
» Locations of invasive Pindo Palm

i

20



neen Comparison of JPL AVIRIS Spectral
Reflectance With ASD Ground Measurements

Long Leaf Pine
| ——AVIRIS
0.5
——ASD

0.4
g
£03 "‘\
s
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o
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Pathfinder 2010 Prototype
Results To Date

» Use the Pathfinder 2010 data collected over Ordway-Swisher Biological Station and Donaldson
Plantation to inform spectrometer and LiDAR algorithm flow and identify required algorithm/
processing steps

— Full end-to-end view of Level 0 raw data through Level 4 science data products

» Spectrometer and LIiDAR Prototype Data Sets

— Nine spectral inversion algorithms are applied to the imagery to prototype six AOP Level 4
products including:

Bioclimate 004 Leaf Area Index

Biogeochemistry 009 Canopy Nitrogen
Biogeochemistry 010 Canopy Water Content
Biogeochemistry 011 Canopy Xanthophyll Cycle (PRI)
Biogeochemistry 012 Canopy Chlorophyll
Biogeochemistry 013 Canopy Lignin

Cellulose

— Abasic ground finding algorithm is applied along with COTS software processing in Quick
Terrain Modeler and ENVI to prototype three AOP Level 4 products including:

Land_Use_ 002 Elevation (digital elevation model DEM)
Land_Use 004 Slope and Aspect
Biodiversity 018 Ecosystem Structure (canopy height model CHM)

Dig(ijtall surface models (DSM) are also required in order to create the canopy height
models
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Spectrometer Prototype Data Sets:

Spectrometer Prototype Data Sets: R,G,B: Water, Chlorophyll,
Nitrocsen



neen Discrete LiDAR Point Cloud

Viecnalizatinn-

Lake Suggs Upland Mixed Sandhill
Forest




dows Internet Explorer provided by NEON

ne@n 4 Q neoninc.org < I :_o'

View Favorites Tools Help

s | & NEON Prototype Data Sharing - B | g v

Data from Prototype
Campaign available at:

National Ecological Observatory Network

Prototype Data Sharing

Welcome to NEON's Prototype Data Sharing (PDS) system. The PDS allows you to browse varicus "prototype” data sets that
are available for limited use. Itis important to understand that the data, metadata, and file formats distributed do not
necessarily correspond to those planned for Operations.

The grid below lists the datasets that are currently available, along with descriptions of their spatial and temporal range as well
as format and size. You may sort the list by any of the columns by clicking on its heading. Entering search terms in the box
provided will immediately filter the list to show only those items that match, regardless of the column in which the match
appears.

To request access to any of the datasets, please click the appropriate [Request] link below. You will then be presented with 2
page containing the detailed metadata associated with the data and instructions of how to request the data for your use.

Copy 2 |CSV's| Excel ™| PDF <L | Print

Search:

Description Sz Format Notes

R e D Y R K Single archive file contining .xls files for water
=i e ] P 20.5MB xIs chemestry, reaeration rates, and discharge rating

Curve Data Goodman oompatn

Leaf Area Index & Vegetation C. Meier 500 KB ASCII Single archive file containing individual data files

Structure Data from D3 ' (csv) (LAI & VS for Ordway-Swisher and Donaldsen sites).

CO1 gene reads (images and both traces) and
associated metadata, averaging 1.2 MB per
specimen.

NEON Terrestrial Insect DNA . jpg: ab1;
Barcode Library C.Gibson 1.5 GB xls

Seil Temperature And Soil
Moisture Data From NEON E. Ayres
Candidate Sites

Pathfinder Discrete LIDAR,

1.2 MBE .txt (tab  Single archive file contzining 60 site files each
! delimited) detailing ~130 locations in the expectad airshed.

17 separate flightline archives, averaging 340 MB

Request Donaldson Plantation el e s each.

Pathfinder Discrete LIDAR, 10 separate flightline archives, averaging 150 MB
Reguest Ashley Prairie T.Kampe 1.9GB Jdas cach.

Pathfinder Spectrometer, OSBS 16 separate flightline archives, averaging 1.2 GB
Reguest Morning Flight T.Kampe 18 GB ENVI e

Pathfinder Discrete LIDAR, 33 separate flightline archives, averaging 450 MB
Request  cpo T.Kampe 15GB Jdas cach.

Pathfinder Spectrometer, OSBS 16 separate flightline archives, averaging 1.4 GB
Reguest Mid-day Flight T.Kampe 21 GB ENVI e

Pathfinder Spectrometer, , 14 separate flightline archives, averaging 800 MB
Request Donaldson Plantation T.Kampe 11GB SNV each.

Pathfinder Discrete LIDAR, 18 separate flightline archives, averaging 233 MB
Reguest Aquatic Sites T.Kampe 4.2GB Jdas each.

Pathfinder Ancillary Ground Atmospheric, meteorolegical, and spectral
Reguest b T.Kampe 10.1 MB wvarious reflectance measurements collected on the ground

Data

during the Pathfinder Campaign.

here are currently 12 prototype datasets available,

Tra Natiomal Scslogical Oore~vatory Natwork it 3 Srofect sponaored By the Natiomal Science Foundation and mamaged unde" Coooeathve 3g7eeTart Dy NEON, Inc Thir mate-al it Sazed uon work rusoorted By the Natiomal Sclence Foundation undes
Grart $OELTII0LT. Ay opinions, Andinge, and CONCLEINE O PECOTITANAINCE Ecrered I B materal are tore of the suthoe(r) and 4o ok mecerEacly reflect the views of the Natiomal Science Foundation
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Upcoming 2011 Pathfinder Flight Campaign

= Domain 17 Sites (Southern Sierra,
California)

* Flying the NASA AVIRIS imaging
spectrometer
= San Joaquin Experimental Range

— Open woodland dominated by oaks
(blue and interior live oaks) and gray
pine with scattered shrubs

— 1000 ft. elevation

= Soaproot Saddle, Upper Teakettle
— Southern Sierra pine/ffir forests
— 5000 — 7500 ft. elevation

= Science focus:
— Assessing rangeland dry matter
— Species distributions
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Candidate Opportunity for Interaction with HysplRI

= HysplRI Preparatory Airborne Activities

(Summer of 2012)

— Obtain precursor science data representative of
what could be expected from HysplRI

— Fly regions with large climate gradients and
diversity

— Large areas; 3 seasons; > 2 years

— Acquisition from ER-2 (20 km native resolution;
aggregated to 60 km to match HysplIRlI)

= NEON'’s Role

— Early AVIRIS flight over Domain 17 sites (2011) —
4m resolution

— Underflights of ER-2 AVIRIS (20km) with
NISDVU @ 1-km altitude (1m res)

— Concurrent satellite acquisitions (MODIS, Landsat,
Hyperion)

— Supporting ground measurements (field
spectroscopic measurements, LAI, radiometric
calibration, AOD, etc)

Goals:
* Obtain spectroscopic data at multiple spatial scales useful for assessing sampling strategies for
the extrapolation of biophysical processes
* Spectroscopic and lidar data at 1-m resolution to support HyspIRI science product development .,




neen
Potential NEON Synergy with HysplIRI

= NEON Ground/Airborne Validation of HyspIRI

— Well-validated annual measurements at 60 sites across the
continental US —grasslands, deserts, agricultural areas, deciduous
forest, conifer forest, tundra and Arctic

— Vegetation chemical & structural information measured at all sites;
site-specific spectral databases developed

— FSU can provide ground validation of AOP and HyspIRI
measurements

— FIU towers provide point or airshed measurements of CO,,
aerosol optical depth and other atmospheric constituents

= Bridging to Continental Scale

— HysplIRI continental-wide 60 m spectroscopic data will support
NEON'’s mission to bridge from AOP plot scale to continental scale
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Potential NEON Synergy with HysplRI

= Operational Science Algorithm Development
— NEON science algorithms developed over a broad range of ecoregions
— Algorithms and associated error budgets documented in publically-
available ATBDs
— NEON science algorithms and associated software code to be developed
to an operational level
= Calibration Comparisons with Spaceborne Sensors
— Yearly vicarious calibration flights by NEON over well-characterized
ground validation sites (e.g., Railroad Valley, lvanpah Playa)
— Multi-decadal record of spectral reflectance measurements suitable for
calibration comparisons with satellite and other airborne sensors
— 3 AOP platform potentially available to support dedicated under-flights of
satellite sensors (Landsat, OLI, MODIS, NPOESS VIRRS, HysplIRI)
= Education
— NEON data will be openly available to all potential users
— NEON AOP data will provide the opportunity for developing broad
scientific user community of terrestrial remote sensing information in
anticipation of the HysplIRI launch
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Current Status

= Design Phase completed in June 2011

= On July 20, 2011, the Natl. Science Foundation announced
that it will fund the Construction of the NEON Observatory

beginning in late Summer 2011

— The construction phase, during which the observatory
infrastructure will be built out, is expected to extend over

five years
— NEON anticipates beginning to construct the first of its
sites in Colorado and New England over the next 12

months
= Test flights of the1st AOP remote sensing payload test flights

begin in Spring 2012

— Remote sensing payload “checkout” flight
— Vicarious calibration campaign

— First flight campaigns over NEON sites
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NATIONAL ECOLOGICAL OBSERVATORY NETWORK

The National Ecological Observatory Network (NEON) is a project sponsored by the National
Science Foundation and managed under cooperative agreement by NEON, Inc. This material is
based in part upon work supported by the National Science Foundation. Any opinions,
findings, and conclusions or recommendations expressed in this material are those of the
authors and do not necessarily reflect the views of the National Science Foundation.
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Outline

1. The problem:

How can we conveniently, accurately,
responsively, and relatively cheaply, sample
volcanic ash and gas emissions in situ?

2. One solution: Use small unmanned aerial
vehicles (UAVS).



Volcano Hazards
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Eruption column processes

— — — — Momeanium overshoot in excess of NBH
Neutral Buoyanoy Height (NBH)
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Importance of In Situ Sampling of Volcanic
Plumes?

- Basic science
Better knowledge of instrument response
How well are detection, mass-loading, and
trajectory prediction models doing in characterizing

volcanic airborne emissions, both gases and
aerosols?

* Applied Science (Emphasis of this talk)

2 Understand the physical properties of
airborne volcanogenic emissions in the
context of airborne hazards to aviation.



Ash is a serious regional to global threat to aircraft

“...the 2010 eruptions of Eyjafjallajokull in Iceland have
highlighted the frailties of global aviation...”

“...today it is recognized that one of the more serious direct
threats of airborne ash clouds is to aircraft in flight...”

“...the threat of volcanic ash clouds to aviation is significant
In thinking about the multidimensional hazards of large
eruptions in the future...”

excerpts from new book by Clive Oppenheimer, 2011, Eruptions that
Shook the World, Cambridge University Press



The collision between volcanic eruptions and aviation:
stimulus and response

The Stimulus: Airborne Hazards

— Eruption effects—injection of large amounts of volcanic gas,
particulate ash, water vapor, and ice into the troposphere and
stratosphere.

— Volcanic plumes and clouds—drifting over major sections of the
globe, disruptive, dangerous.

— Effects on Aircraft—obvious prompt and more subtle delayed engine
and airframe problems.

The Operational Response—Airlines, VAACs, First responders
— Where is the stuff? Where's it going?

— Aviation—go around! OK for North America, parts of Asia, and
maybe Australia/New Zealand but can’t easily do it in Europe or
Central/South America, for instance.

— What concentration levels are safe to fly through and for how long?



The collision between volcanic eruptions and aviation:
stimulus and response

 The Observational Response—National weather and science
agencies

— Remote sensing—qget data!
— Mainly satellite observations—from LEO and GEO.

— How do we interpret our data?
— How much is there?
— Could we have seen it coming--precursors?

 The Critique
— How good are our remote sensing data?

— What do our data mean in terms of “tangible” physical
properties of volcanic clouds?

— How well can we validate our results and how can we improve
them?



Emergent Airborne Ash Issues
2009 and now



Historical context: Pre-Eyjafyallajokull
Jet Propulsion Laboratory In situ validation of ash-cloud models—R&D

iad eyl California Institute of Technology

Th hall . First Support to Aviation for Volcanic Ash Avoidance
€ chalienges. (SAVAA) Workshop - Rome — Italy, 6-7 April, 2009

* Rapidly dispersing ash clouds present an aviation threat that
widens minute by minute during and after an eruption.

* First, at local scale—then rapidly becomes regional, and large
eruptions can become continental to global in effect.

e **physical characteristics of the eruption clouds are inferred from
remote sensing data with few validation measurements.

 **Ash concentration, trajectory, altitude, and lateral extent
estimates are highly dependent on
* Dispersion models
* Radiative transfer models
* Remote sensing data reduction models



Historical context: Pre-Eyjafyallajokull
LYY jot Propulsion Laboratory In situ validation of ash-cloud models—R&D
' First SAVAA Workshop - Rome — Italy, 6-7 April, 2009

An Inventory of handicaps-1

“...there are no standard data products specifically designed for volcanic
ash and volcanic gases...” (Prata et al., IEEE, 2009)

“...There are also no internationally agreed satellite-based volcanic product
standards and no protocols or procedures in place to permit specification
of safe limits for aviation encountering airborne volcanic substances. Part
of this problem lies with the lack of sufficient information regarding what
constitutes safe operating limits when flying near to volcanic clouds. Part
of the solution lies in being able to provide quantitative satellite
information and some means for validation.” (Prata et al., IEEE, 2009)

“...Currently, there is no objective means for determining the injection
height of a volcanic eruption, and usually multiple dispersion simulations
must be run and matched “by eye” to current or prior satellite

imagery.” (Prata et al., IEEE, 2009)



Historical context: Pre-Eyjafyallajokull
LYY jot Propulsion Laboratory In situ validation of ash-cloud models—R&D
' First SAVAA Workshop - Rome — Italy, 6-7 April, 2009

An Inventory of handicaps-2

“...Sensitivity analyses by Wen and Rose [1994] suggest mass loading
errors of 40-50%.” (Prata and Kerkmann, GRL, 2007)

“...\We emphasize here that neither of these SEVIRI retrieval schemes
have been properly validated against independent measurements.
Based on an error budget for the TOVS/HIRS SO, retrieval scheme [Prata
et al., 2003], a conservative error for SEVIRI is £10 D.U. on a single pixel
basis. This gives a mass loading retrieval error of approximately £0.01
Tg(S), for the SO, clouds discussed here. (Prata and Kerkmann, GRL,
2007)



Historical context: Pre-Eyjafyallajokull
LYY jot Propulsion Laboratory In situ validation of ash-cloud models—R&D
' First SAVAA Workshop - Rome — Italy, 6-7 April, 2009

Questions :

 How crucial are the validations of models and data reduction
techniques? Is just knowing the ash is there “enough” to manage
safety concerns?

 What are the consequences of establishing better confidence on
knowledge of ash concentrations? Will this propagate to smaller
safety margins as air carriers make more finely tuned risk-benefit
analyses? “Don’t ask, don’t tell?”

« ***How strongly are we willing to advocate for possibly heroic or
expensive efforts to collect high altitude in situ validation data?

* Ad hoc Airborne In Situ Sampling Working Group was to start in
2011 at Melbourne IAVCEI Congress—now planned for 2012 in
Costa Rica



km(ASL) Eruption column processes
30-

Growth of the 1947 Hekla Plume

(after Thorarinsson, 1954)




Croter Peak/Spurr September 17 08:04 GMT Eruption

AVHRR Image Composnte w/ SO, Contours

20 Bapt 92
17:04 GuT

‘'n
-‘J~ = '—c
=} s

' 17 Sept 92 |
17:00 cxr | )

({7
;}’o‘eﬁ.ﬁ)

20 Sept 92
07:04 CuMY

I8 Sept 92
20:46 QT
i i

19 Sept 92
09:00 GNMT

sy-of Dr-Dave Schneider, USGS

Brightness Temperature Difference =013



Ash effects on aircraft



The effect of volcanic ash on aircraft--
Exterior




PILOT KLM B-747 - “KLM 867 HEAVY IS REACHING {FLIGHT}
LEVEL 250 HEADING 140”

ANCHORAGE CENTER - “OKAY, DO YOU HAVE GOOD SIGHT
ON THE ASH PLUME AT THIS TIME?”

PILOT KLM B-747 - “YEA, IT'S JUST CLOUDY IT COULD BE
ASHES. IT'SJUST A LITTLE BROWNER THAN THE NORMAL
CLOUD.”

PILOT KLM B-747 - “WE HAVE TO GO
LEFT NOW... IT’S SMOKY IN THE
COCKPIT AT THE MOMENT SIR.”

ANCHORAGE CENTER - “KLLM 867 HEAVY, ROGER, LEFT AT
YOUR DISCRETION.”

An Inciting incident
Redoubt Volcano, Dec 1989

PILOT KLM B-747 — “CLIMBING TO {FLIGHT} LEVEL 390, WE’RE
IN A BLACK CLOUD, HEADING 130.”

PILOT KLLM B-747 — “KLM 867 WE HAVE
FLAME OUT ALL ENGINES AND WE
ARE DESCENDING NOW!”

ANCHORAGE CENTER - “KLM 867 HEAVY ANCHORAGE?”

PILOT KLLM B747 — “KLM 867 HEAVY
WE ARE DESCENDING NOW ... WE ARE
IN A FALL!”

PILOT KLM B-747 — “KLM 867 WE NEED ALL THE ASSISTANCE
YOU HAVE SIR. GIVE US RADAR VECTORS PLEASE!”



NASA DC-8 Research Aircraft Engine Parts after
disassembly upon return from the SOLVE =
experiment (Courtesy NASA Dryden FRC)

Plugged Cooling Holes

Blistered thermal coating Erosion of Leading Edge Build-up of Ash

Inside Passages
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90 135

Courtesy of Fred Prata, NILU

~Aviation hazard from volcanic ash
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Chris Newhall, USGS



Properties of Volcanic Clouds



NILU What do we know about ash particles?

Atmospheric and

Environmental Impacts
of Volcanic Particulates

pldd qlt 15

M ay 1980 e pt of
) Mount St. Helerss, USA.
Adam ). Durant!, Costanza Bonadonna?, and Claire ). Horwell? “The d rk volds are
icles fo d as qasus
) p ed. I dlf
1811-5209/10/0006-0235$2.50 DOI: 10.2113/gselements.6.4.235 about 75 um. USGS
BY A. SMH.\ \.\-ml(m

High silicate content
Particle size (radius) ranges from 0.01-500 zm (typically)
Irregular shape

Melting point ~1100 °C e comseasn
(800-1200 °C). osclparces (g8

vol%
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-Split Window technique
only works after plume has
become translucent to
upwelling TIR radiation.
Water vapor is
confounding.

Use of shorter TIR bands
(e.g-, 7-9 um) could improve
things.

- HyspIRI may improve this

Seeing Ash with TIR Split Window

’ Comparison of Mt. Spurr ‘92
(polar dry) plume detection
with La Soufriere (Montserrat)
‘96 (tropical wet) -

J Band 4 (10um) minus 5 (12 um)
“subtraction technique” or
“split window technique.”

Montserrat, West Indies
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(from Simpson et al., 2000)
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Statistics for Monserrat Ash Plume

T, - T5 vs. T, for Soufriere Hills, Montserrat (from Simpson et al., 2000)
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SO, Detection and Tracking
Passive emission precursors:
HysplIRI Targets

Airborne Detection
from

NASA C130 in over
PuuOo Vent, Kilauea
(left)

Orbital Detection of Tropospheric SO,
ASTER over Hawau (below) and Mt. Etna, Italy (above)

. |
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SO, COLUMN ABUNDANCE (g mz) f
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(a) MISFIT TO DATA . (b) SO, COLUMN ABUNDANCE

s 30 October 2001,
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Courtesy Vince Realmuto, JPL




Case Study—NASA DC-8 Ash Encounter

The Hekla February 2000 Eruption

Air conditioning inlets

« An ash encounter with a very dilute ash plume-- fine grained
(<1-10pm diameter solid aerosols), ice-coated ash particles.

A minimum “economic damage” encounter.

- Significant because of “silent damage”
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Jet Propulsion Laboratory the NASA DC-8 Research Aircraft engaged in

California Institute of Technology

the Kiruna SOLVE experiment
(Courtesy NASA Langley RC)

NASA Langley CNC Data
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Caltech Scanning Electron Microscope
Jet Propulsion Laboratory imaging of the Keddeg Air Conditioning
-2/fornia Instiute of Technology Filters from NASA DC-8 Research Aircraft
(from Pieri et al., 2002; GRL)
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Recirculation Filter R Ty

SEM & EDX
results from
easydJet filters,

Eyjafyallajokull
2010

1G762-X5-206

b

easyJet pic Courtesy: lan Davies

NILU
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Small UAV approach to
sampling volcanic plumes:

1. Relatively cheap and less complicated

2. Quick response to dynamic events

3. Risk-appropriate tools for hazardous
missions

4. Humble start (troposphere), aiming to
evolve to larger (tropopause & stratosphere)



UAVs over volcanoes in Costa Rica

Pl’Oj ect Scope + In-Situ + remote sensing integration

of active volcanic plumes data for CAL/VAL
of satellite remote sensing information

Approach: » Simultaneous fixed-wing, blimp, and tethered aerostats UAS
airborne observations, integrated with in-situ
instrumentation with simultaneous orbital and ground-
based remote sensing

P Operate in airspace too dangerous for manned aircraft—over
( and around actively erupting volcanoes.

Measurements: » In situ ash, SO2, H2S, CO2, He, and other gas concentration;

_\P Temperature + pressure + humidity;
, P GPS location and altitude;
» Particle {ount by size

1
N

¥

»-Solid aerospl (ash) sampling for post-flight SEM analysis

Instruments: k= Eljléfro-chem MEMS based SO2, CO2, H2S sensors; radiometers;
par 'tl?_&!rum-impactors, laser diode/optical particle counters, size-

) wm
frequency analyzer, samplers; mini-mass spectrometer

Where: W Turrialba and Arenal Volcanoes



d Active and stable volcanic plume

\conditions visible from space

D Easy access and logistics to sites

Q UAYV friendly environment

Q Local scientific collaborators

Q National Airborne Research Hangar

Turrilaba Volcano

=/ Natural Laboratory for Calibration
and Validation of Satellite Remote

Sensing Observations




In situ Compact Airborne Mass Spectrometer
in Costa Rica--NASA WB-57 and Cessna 206

(CARTA & I)

1000 - mN2 =02 =mCO2 H2S =S02

Relative Response

From Griffin et al., 2008 & Arkin, et al., 2009

Sampling at Turrialba fumarole in main crater
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Turrialba
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3-D Concentration
Mapping with

Portable Mass
s Spectrometer Systems
in Costa Rica—airborne
and ground

Courtesy of Andres Diaz, UCR
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Turrialba Volcano,
Costa Rica

Hard working UCR
graduate student,
January 2011
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SATELLITE AND BALLOON-BASED MEASUREMENTS OF

TURRIALBA VOLCANO, COSTA RicA—2010 & 2011

ST ;o $0, Concentration vs Altitude (Sensor POD)
. s Turrialba Volcano, Costa Rica. 20 Aug 2010 . . . .
OM I--Turrialba Y | e In situ SO2 concentration depicted in

o g w =  3Dandhorizontal track projections
1 . i N

Pro
TOR_TIME:01/17/2011_1839UTC___ORBIT_NUMBER : 34622 £00 00
-8382 8381  -B380 8379 -B378 8377  -83.75 PPBV
: : © Totalmass=51T 500 500
,,,,,,,, e ” ” Y 41 80 i 51 30
0

i i é —
N e S0 | —t
ik R 2560 - 4180
[ = 1290 - 2560
sld ® 2 w—
0 g : g 1000 1500 2000 2500 3000 3500 4000 4500 S000 5500 6000 4 50 - 1 290
$0, Concentration (ppb,
2l ; : . : 2 NSO
“I1 1 ASTER--Turrialba ¥ e 0-450 -
L f f E 04
’ B R VR T T R P N > :, __' K .
-838> 5381  -8380 8379  -8378 _ -8377  -8i78
T M Balloon + Probe
% Totalmass=4.9T g at Iaunch ﬁe
TSOR B b g
125t ) L
B b i . g
160 5 i
i — T T . Horiz. Track
sof] o : ' : : 3 l.‘ ;
5 N TN ) o
+ 4 ASTER--Turrialba I 7 "~.,~
g 5 5 Pas b :
1 | s W™ R
CSS OO N S S—T———— ..b 2

P —



Altitude (m AGL)

SO, Concentration vs Altitude (Sensor POD)
Turrialba Volcano, Costa Rica. 20 Aug 2010
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Turrialba Volcano, Costa Rica
Intrepid International Field Team
January 2011
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Allocation of instruments to CARTA 2012-2013 UAS platforms

TYPE
(FW-FIXED
WING)

LOAD
(KG)

INSTRUMENTS

RADIUS &
ENDURANCE

(KM)&(HRS)

EACH UAS HAS A UNIQUE
MISSION

Gas, FW

ULISSES; Ames Particle Suite;
T,P,%H,0,S0,,Aerosol size-freq.,
sampler; %lrum sampler.

100 & 8

Accurately define plume
physical vs. photometric

edges (e.g., in ASTER)

ScanEagle

Gas/Elec, FW
Wing

Drum sampler, T,P,%H,0,S0,,
Aerosol size-freq., sampler.

100 & 20+

Fast longitudinal, lateral
and vertical profiles

AN/
FOM-117B

Elec, FW

T,P,%H,0,S0,, Aerosol size-freq.,
sampler.

10 & 2

Penetrate the eruption
column—risky.

Data Mules

Elec FW

Digital stereo cameras (1 on ea.)

2&0S5

Plume topograhy

MiniZepp

Gas, Blimp

T,P,%H,0,S0,, Aerosol size-freq.,
sampler; feal-time video

S5&2

Slow Lagrangian
temporal samples

Aerostats

Tethered
Balloon

T,P,%H,0,S0,, Aerosol size-
frequency, sampler.

2km vert &
indef.

Static temporal sampling




Notional diagram of the CARTA deployment strategy at Arenal Volcano:

*Vent Zone: Data Mules circle above eruption column, while F117B flies through it;
*Transitional Zone: ScanEagle profiles through it and Aerostats monitor within
plume;

*Distal Zone: MiniZepp drifts with an air parcel--SIERRA prowls plume edges.
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Wing Span
Length

Height

Wing Area
Empty Weight
Gross Weight
Max Speed
Cruise Speed
Stall Speed
(clean)

Aspect ratio
Rate of Climb
CG Position
Payload weight
Payload power
Duration

%

SIERRA, NASA Ames Research Center

20 ft.

11.8 ft. i
4.6 ft.

42.4 sq. ft.
215 Ibs.

445 1bs.

79 kts.

55 kts.

30 kts.

9.43 >
545 ft./min.
29-32% Chord
~1001bs

28V DC

8-10 hours

R Lk —

CAD model of ULISSES mini-mass spec
gas analyzer integrated into the SIERRA
nosecone
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Maryland Aerospace Wing-100 UAV, University of Costa Rica



Small UAV Instrument and
Platform Development under the
NASA Small Business
Innovative Research
(SBIR)

Program



Innovative Dynamics Inc. ————

ICE-WATER-ASH DISCRIMINATION

Laser probing wavelengths:
1310 nm

1550 nm

1430 nm (Phase 2)

1 Reflectivity relationships

i for discrimination:

~ 1 @ 1310 nm: Ice ~ Water ~ SiO2
11 @ 1430 nm: Water < Ice < SiO2

1 @ 1550 nm: Ice < Water < SiO2

reflection function

Ash reflectivity approximately
{ the same for all wavelengths

IIJJJ L
0.0 0.5 1.0 15 20 25

wavelength, um

Courtesy of Joe Gerardi



Innovative Dynamics Inc.

PROTOTYPE NEPHELOMETER

e Prototype dual wavelength active IR sensor used
for tests at the NASA Glenn Icing Research
Tunnel as well as tests in IDI's cloud chamber

e Plastic embodiment — light weight

Courtesy of Joe Gerardi



Sonaer nozzles for water generation:
- three calibrated water particle sizes
- range of flow rates

Vibrating sifter for ash generation:
-calibrated size and mass

Liquid nitrogen for ice crystal
generation:

-insulated, double walled

-can cool chamber to below -40°C

Long path length:

- 16ft long fall distance

- high signal return

- averaging over many particles

Courtesy of Joe Gerardi



First powered flight

Vanilla Aircraft VA02-experimental, Fort Pickett, VA; 26 Jul 2011; SBIR Phase |



Courtesy of Jeremy Novara

Vanilla Aircraft VA02-experimental—pre-launch.




Vanilla Aircraft VA02-experimental—launch!



Conclusions

- Validation and calibration of models of volcanogenic cloud transport and
composition are important for basic volcanological science and application to
air safety issues in the context of volcanic hazards.

» Low-cost field deployable airborne platforms and miniaturized instrumentation
to sample and analyze volcanic ash and gas emissions, both during eruptions
and as eruption precursors, can provide important correlative data to support
other airborne and orbital observations.

* In situ observations can materially enhance the utility and applicability
of HyspIRI observations for the detection and monitoring of volcanic
phenomena.

* It is important to carry out proof-of-concept activities at relatively benign, low
altitude active volcanoes, such as is the current situation in Costa Rica, in order
to minimize risk to equipment and researchers.

« Such preliminary confidence-building and risk-reduction activities are part of a
strategy to develop economical, quick-reaction high altitude in situ
measurement capabilities in response to large explosive eruptions.
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Hyspiri
From the Hyspiri web page:

The HyspIRI mission will study the world’s ecosystems
and provide critical information on natural disasters
such as volcanoes, wildfires and drought.”




Discussion Points

Introduction

Fire stages and key needs
Current & near term capabilities
Gaps & Opportunities

* Current areas of R&D




Introduction

Wildland fire is an important challenge facing land managers in
the United States.

In recent years, increased fire size and severity together with
an increase in the number of people living in the wildland—urban
interface has resulted in billions of dollars of damage to
property and significant loss of life in the United States.



Fire Phases & Key Needs

e Pre-Fire
— Pre-burn fuels mapping
« Detection / Ignition
— Tipoff Information — Lat/Long/Level of Confidence

e Active Fire
— Fire perimeter and active fire fronts
— Problem areas — hot spots outside line
— Where the fire has been
— Lines of containment
— Effectiveness of backfire operations
— Hot-spots during the mop-up phase
— Carbon flux!
— Fire Modeling

e Post-fire
— Burn severity and mitigation strategies
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Pre-Fire Fuels Mapping

Land managers want cost-effective methods for mapping and
characterizing forest fuels quickly and accurately.

Fuels have traditionally been mapped through extensive field
inventory with sampling and statistical inference.

— Takes a lot of time

— Very expensive

Data derived from remote sensing data can be input into fire
models to assess fire hazard and risk, and to predict fire
behavior.

Potential remote sensing sources include:

— LIiDAR

— Imagery (multi-spectral and hyperspectral / air & space sensors)
— Radar (Synthetic Aperture Radar)

Caveat: The availability of low-cost satellite hyperspectral and
LIDAR datasets is currently limited.



Fire Detection

Fast and effective detection is a key factor in wildfire fighting.
Detection efforts should be focused on early response,
accurate (location) results in both daytime and nighttime, and

the ability to prioritize fire danger.

Early detection methods included:

— Fire lookout towers (early 20t Century)
— Aerial and land photography using instant cameras (1950s)

— Infrared scanning (Developed in the 1960s).




Fire Detection

Current Methodologies
— Small area / high value assets at risk
» The public (public hotlines, cell phones)
« Watchtowers (manned)
* Ground based sensor networks
— Large area / low value assets at risk
« MODIS / satellite detection
 Electronic lightning detection
 Aerial patrols: planes, helicopter, and/or UAVs




Fire Detection

« Caveats
— Satellite detection is prone to positional offsets.

— Cloud cover and spatial resolution often limit the
effectiveness of satellite imagery.

— Ground and near earth observations can be expensive.
— Improved fire detection is generally a low priority for federal
land managers.
* Opportunities
— GOES -R
— Other future satellite systems
— Military and IC capabilities




Active Fire Mapping

« Current capabilities for tactical fire mapping
— National Infrared Operations (NIROPS)
— Vendor aircraft
— Military and IC assets
— Unmanned aircraft (UAS)
— Commercial satellite imagery

» Future Opportunities
— Future satellite systems, GOES-R
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Active Fire Mapping

Citation jet at NIFC

Phoenix Sensor Workstation
on Citation Jet

%_Untitled - ArcMap - ArcInfo

Fle Edit

an 24
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ﬁﬁ.@ = Qutput'Product :



Active Fire Mapping

PHOENIX Output Products

o GeoTiffs
— Color =
— Grayscale| = ”
— “255 Pixel
Layer
 JPEGS
 Mosaics

* Active Heat
Areas shape
file
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USDA FOREST SERVICE

Request Imagery & BARC Maps
Image Acquisition Status & Summary
Download BARC Data
About BARC
Remote Sensing Training Module
Joint Fire Science Program

USGS Center Links

for EROS
4 5

Policy




Burned Area Emergency Response

Fast track emergency assessment

— BAER response plan is required within 7 days of
fire containment
Utilizes change detection methods from
satellite imagery

Assess fire effects on the soil and
watershed hydrologic function (erosion
and flood potential)

Prescribe and implement emergency
stabilization measures to mitigate
potential hazards to:

— Life

— Property

— Long-term soil productivity

— Water quality
— Natural resources




Burned Area Emergency Response

ions of concern for BAER teams
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Burned Area Emergency Response

Potentlal consequences of unm|t|gated post-ﬂre hazard situations...
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Burned Area Emergency Response

Unburned
to Low

« ~860 fires mapped since 2001
(~27.5 million acres)

« Imagery, BARC and other data
products provided within 2 hours of
receiving image from provider

Burned Area Reflectance Classification (BARC)
Normalized Burn Ratio (NBR)
Differenced Normalized Burn Ratio (dNBR)

NBR = (NIR — SWIR) / (NIR + SWIR)
dNBR = Pre NBR — Post NBR

BARC = Continuous dNBR data
thresholded into severity classes
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Leveraged Sensor Assets — Use Best Available

Burned Area Emergency Response

Sensor Platform Spatial Temporal Data Source
Type Resolution Resolution
(Reflectance Bands) (per instrument)
Landsat 5 TM | Polar orbiting 30m 16 days USGS EROS
Landsat 7 Polar orbiting 30m 16 days USGS EROS
ETM+'
AWIFS Polar orbiting 56m 5 days USDA-FAS-SIA
SPOT 4 Polar orbiting 20m 2-3 days SPOT Image/USGS
(pointable) = ON]
SPOT 5 Polar orbiting 10m/20m 2-3 days SPOT Image/USGS
(pointable) = ON]
ASTER? Polar orbiting 15m/30m 4-16 days NASA/USGS EROS
(pointable)
NASA AMS Airborne ~21m -- NASA
i (UAV)
=R\ | DCM® Polar orbiting 30m 16 days USGS EROS

VI

SLC failure in May 2003; 2 — SWIR band issues since April 2008; 3 — launch scheduled for December 2012




Fire Phases & Key Needs

Pre-Fire
— Pre-burn fuels mapping
Detection / Ignition
— Tipoff Information — Lat/Long/Level of Confidence

Active Fire
— Fire perimeter and active fire fronts
— Problem areas — hot spots outside line
— Where the fire has been
— Lines of containment
— Effectiveness of backfire operations
— Hot-spots during the mop-up phase
— Carbon flux!
— Fire Modeling

Post-fire
— Burn severity and mitigation strategies



TGP
(RN

©)

New Technology Evaluation

Sensors
Platforms

Data Distribution & Decision Support Systems

The golden age of mapping & remote sensing
— GPS & GIS

— The Internet

— Powerful desktop computing

— National data sets

— Decision support systems

Working with NASA, other federal agencies,
academia, commercial vendors, and international
partners.



Data Delivery

« Traditional Delivery Methods
— “Land and Hand”
* |RIN at central location
« “Pod” at central location
— Land and upload to ftp.nifc.gov/NIROPS
* IRIN or IR technician

* AirCell Data Downlink System

— Terrestrial based telecomm system =

Af .
— Broadband level connectivity qoq

— Is being installed on both NIROPS aircraft
— Planned for use this summer
— Phoenix data will be down linked to fitp.nifc.gov for retrieval by IRINs




Autonomous Modular Sensor (AMS)

Band Wavelength
um

1 0.42-0.45

2 0.45-0.52 (TM1)

3 0.52-0.60 (TM2)

4 0.60-0.62

5 0.63-0.69 (TM3)

6 0.69-0.75

7 0.76-0.90 (TM4)

8 0.91-1.05

9 1.55-1.75 (TMS5)

10 2.08-2.35 (TM7)

11 3.60-3.79 (VIIRS M12)
12 10.26-11.26 | (VIIRS M13)

Total Field of View: 42.5 or 85.9 degrees (selectable)
IFOV: 1.25 mrad or 2.5 mrad (selectable)

‘;i‘?-‘}\\\ Resolution: 3 — 50 meters (variable)
MO
o,




EnablingTechnologies

New Fire Mapping Sensors
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Two Track Approach
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Small UAS




UAS: Image Products

2006-08-06 20:54#8MMSEanEagle IR ID 1216
UAV/36° 3" 5.183 BIPie 148,071 34941t MSL

.
Siant'R 0.414n.m, Ground R 0.236n. m.J G Size"Ya2it
TGTiS6® 2' 56.31" -121° 11134, 32478 14211t MSis

ID 213
3505ft MSL

Slulw(“wrr m. (urd R
TGT 36° 3" 52.469 1

X

403r' m.Ground R 0.212n.m.TGT Size® 691t
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NASA Ikhana

*Continuation of objectives in-place from
2007-2009 missions.

*Missions using NASA Ikhana UAS in
2007, 2008, and 2009.

slkhana on standby and funded for
emergency fire response in 2010




New Processes

« Multiple sensing systems working together can be used to
merge satellite data, aerial imagery, and personnel GPS
position/imagery into a collective whole for near-realtime use by
Incident Command centers.

— Decision support tools / geospatial mash-ups
— NASA'’s SensorWeb concept!

TRpew X . Science
] l\,v‘ \\ * Decision support
e 1 - * Disaster response
A Al /J 11y o * Government/Policy
¥ * Industry
'/ * Public




SensorWeb

i Aqua/MODIS

ol . “Aura/TES




Enabling Technologies: Google Earth
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Enabling Technologies: GPS Enabled Phones

154-3.jpg

None




Questions?




Practical considerations
regarding the use of HyspIRI
for fire monitoring



Biomass Burning

Global carbon dioxide budget

(gigatonnes of carbon per year)

1990-2000
2000-2008
Fossil fuel & Atmospheric
cement growth Land sink
6.4 0.4 3.10.1 Banee. |26=0.9
7.7 0.5 41 x0.1 1.6 + 0.7 2.7 +1.0
1.4 +£0.7
via X Ocean sink
Ay 22104
*] , . : 23:05

. Geological
N, reservoirs

8/24/2011
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Decadal Survey — Thematic Questions

TQ2. Wildfires

How are global fire regimes changing in response
to, and driven by, changing climate, vegetation, and

land use practices?

Is regional and local scale fire frequency changing?
What is the role of fire in global biogeochemical
cycling, particularly trace gas emissions?

Are there regional feedbacks between fire and
climate change?

8/24/2011 2011 HysplIRI Science Workshop - Washington, DC 3



Decadal Survey — Thematic Questions

CQ2. Wildfires

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

How does vegetation composition and fire temperature
Impact trace gas emissions?

What are the feedbacks between fire temperature and
frequency and vegetation composition and recovery?
How does vegetation composition influence wildfire
severity?

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

8/24/2011 2011 HysplIRI Science Workshop - Washington, DC 4



Active Fires

Planck Function and Fire Temperature

Current detection
scheme for coarse
resolution polar-
orbiting platforms
exploits the strong
emission response oo M —
in the MIR (4um) w > "
channel (ideally e wardeogh Gy

placec to limited ' 0.65 Sun glint and coastal flse alerm rejection
atm OS 3 h e rl C false '11'1;11 r;tction' cloud masking

p e rt U I :) at I O n) 7 2.1 Sun glint and coastal false alarm rejection.

1.E+04 1

8.E+03

6.E+03 A

4.E+03 1

Radiance (W m-2 sr-2 um-1)

(S

0.86 Bright surface, sun glint, and coastal

21 4.0 High-range channel for active fire detection.
22 4.0 Low-range channel for active fire detection.
31 11.0 Active fire detection, cloud masking.

32 12.0 Cloud masking.

8/24/2011 2011 HysplIRI Science Workshop - Washington, DC 5



Benefits

8/24/2011 2011 HysplIRI Science Workshop - Washington, DC 6



HyspIRI Active Fires

Measure the land
surface temperature

and emissivity ]| f\

5 day equatorial revisit mill

to generate monthly, . e

seasonal and annual  §- e

products. :" Ha (m2)

60 m spatial resolution 2..

4um band saturatesat T UL L
1400K AR gy T

7.5-12 um bands
saturate at 400K

8/24/2011 2011 HysplIRI Science Workshop - Washington, DC 7



Hyperspectral Fire Detection

Dennison, P.E., and D.S. Matheson, 2011.

Comparison of fire temperature and fractional area
modeled from SWIR, MIR, and TIR multispectral and
SWIR hyperspectral airborne data. Remote Sensing of
Environment, 115, 876-886.

Dennison, P.E. and D.A. Roberts, 2009.

Daytime fire detection using airborne hyperspectral data.
Remote Sensing of Environment, 113, 1646-1657.

Dennison, P.E., 2006

Fire detection in imaging spectrometer data using
atmospheric carbon dioxide absorption. International

Journal of Remote Sensing, 27, 3049-3055. CO, Absorp. Index = Lo

. (L2.43_um_L2.06_um)
HFDI = — '

‘_ Ly 43m + L2o6um )

0.666 - L + 0334 Lygyy
Vodacek, A., et al., 2002. 1990 2040

Remote optical detection of biomass burning using a
potassium emission signature. International Journal of
Remote Sensing, 13, 2721-2726. potassium emission index =

770

780

8/24/2011 2011 HysplIRI Science Workshop - Washington, DC 8



Detection Envelopes

1300 1300
1200 | . 1200 |
< 1100+ . < 1100+
(0] (0]
5 1000 |- . 5 1000 |- i
© ©
0 900 - 0 900 -
g g
— 800 - — 800} _
o o
i 700 - o 700 - 7
600 |- . 600 |
500 T BT T BT W R 500 T BT BT BT VTN B
10° 10’ 10? 10° 10* 10° 10° 10’ 10? 10° 10* 10°
Fire Area (m?) Fire Area (m?)

90% probability of detection; boreal forest; nadir view
L. Giglio

8/24/2011 2011 HysplIRI Science Workshop - Washington, DC 9



Detection Envelopes

HyspIRI

1300 T &
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R 6o m |
X
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©
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500 L i N e,

10° 10’ 10° 10° 10* 10°

Fire Area (m°)

90% probability of detection; boreal forest; nadir view
L. Giglio
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Cal/Val
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Csiszaret al., 2006
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Cal/Val

False Color
Composites:
30m ASTER
MODzu4:
False (c) and
True (d)
Detections

: MOD14
4 A\ ——WF-ABBA

3 om E T M + Kilometers i ----- WF-ABBA WIO Temp Filter

WFABBA
False (e) and
True (f)
Detections

Probability of Omission (%)

375 450 525 600
30m Active Fire Counts

Schroeder et
al., 2008

(8] 4
B —T 1Kilometers

8/24/2011 Fig. 11 (continued ).



CO, emissions from forest loss

G. R. van der Werf, D. C. Morton, R. S. DeFries, J. G. J. Olivier, P. S. Kasibhatla, R. B. Jackson, G. J. Collatz
and J. T. Randerson

Deforestation is the second largest anthropogenic source of carbon dioxide to the atmosphere, after
fossil fuel combustion. Following a budget reanalysis, the contribution from deforestation is revised
downwards, but tropical peatlands emerge as a notable carbon dioxide source.

“The combined contribution of deforestation, forest
degradation and peatland emissions to total
anthropogenic CO2 emissions is about 15% (range
8—20%)"

8/24/2011 2011 HysplIRI Science Workshop - Washington, DC 13



Atmos. Chem. Phys., 10, 11707-11735, 2010

www.atmos-chem-phys.net/10/11707/2010 \ Atmospherlc
doi:10.5194/acp-10-11707-2010 Chemls_try
© Author(s) 2010. CC Attribution 3.0 License. and Physics

Global fire emissions and the contribution of deforestation. savanna.
forest, agricultural, and peat fires (1997-2009)

G. R. van der Werf!, JT. Randerson’, L. Giglio®*, G. J. Collatz*, M. Mu?, P. §. Kasibhatla®, D. C. Morten?,
R. S. DeFries%, Y. Jin®, and T. T. van Leeuwen’

"While the sum of deforestation, © e
degradation, and peat fire emissions =
accounted for about a quarter of total C
emissions, for CHg4 these sources were key
contributing to 44% of total CH4

emissions of 20 Tg CH4 year-1. This was

mostly due to the large EF for CHy in peat
areas, which was 3x as high as the EF for
tropical deforestation fires, and almost 10x

that of the EF for grassland and savanna  pssss
ﬁ res” savanna woodland deforestation forest agriculture peat

8/24/2011 2011 HysplIRI Science Workshop - Washington, DC 14
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SEVIRI-derived FRP (MW)
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100 4
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FRP

Reconcile discrepancies between sensors

Errors due to spatial distribution of fires, sensor
characteristics (PSF), spatial/temporal resolution
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SEVIRI vs.
MODIS per-
fire FRP
comparison

(289 “fires”).

Roberts &
Wooster,
2008
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GOES vs.
MODIS
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Schroeder et
al., 2010
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OCBC x 10%(g)

FRP > FRE > Emissions

Fire Radiative Energy

Estimated Total FRE: 2003

MJ/m2
Max : 3.17

Tropical Forest
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Burned Area

Agriculture fires -~

Till vs. No-Till o

Till vs. Harvested AR S,

Harvested vs. Burnt / Vi

Burnt vs. Till ~
Example of the mosaic of recently /e & : :
burned fields, newly harvested, plowed [ L 7 vy :, , PP %
fields where the spectral resolution of ~ Hi Th NS g ~oF
Landsat ETM+ is insufficient for Subset of scene 176/26, acquired on 07/25/2001
producing an accurate thematic map 7} Y S &£ .. 75

Courtesy of Luigi Boschetti
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Limitations

8/24/2011 2011 HysplIRI Science Workshop - Washington, DC 19



VSWIR -TIR swath mismatch

150 km 600 km

8/24/20212 2011 HyspIRI Science Workshop - Washington, DC



Cloud Cover

5 —19 day repeat at the equator, the region most
responsible for biomass burning and LCLUC

J"-Q::;g&“\
}‘-1; s
“Eoirected Fire Pixel Density (km™ i r)
\( a)o-<;”“fﬁfof - 0:05— 0.10 0.15 0.20 &
8/24/2011 2011 HysplIRI Science Workshop - Washington, DC
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reneclance

PPFTII O nm Spectral Channels
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7l | MOMlS Solar Reflected Bands | |
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400 700 1000 1300 1600
Wavelength (nm)
0.65 - Sun glint and coastal false alarm rejection, cloud masking
0.86 - Bright surface, sun glint, coastal alarm rejection, cloud masking
2.1 - Sunglint and coastal alarm rejection
8/24/2011 2011 HyspIRI Science Workshop - Washington, DC 2

2



Sun Glint

Need reflective bands to
identify glint, otherwise
detection algorithm can be
fooled into thinking that glint-
contaminated pixels contain
fires.

Most, if not all, of the fire pixels
in this scene are true fires. Note
how MODIS algorithm
continues to function (albeit in a
degraded mode) in areas
affected by sun glint.

8/24/2011 2011 HysplIRI Science Workshop - Washington, DC 23



Cloud Mask

8/24/2011

2011 HysplIRI Science Workshop - Washington, DC

Detection algorithm
must function in the
presence of small,

convective clouds,

which in some ways
resemble small fires
during the daytime.




Coastal Alarm Rejection

This rejection test helps to
eliminate false alarms caused by
cooler water pixels
contaminating the contextual
background. Note: We will need
a 60 m land/sea mask for
HysplIRI active fire detection and
burned area mapping.

Terra MODIS
Shanghai - 18 July
2004, 02:45UTC

8/24/2011 2011 HysplIRI Science Workshop - Washington, DC



Conclusions

HyspIRI will provide unique capabilities for
fine spectral and spatial characterization of
wildfires (fuels, energy, emissions)

While offering cal/val opportunities for
coarser resolution sensors

Improve our understanding of fire behavior as
a function vegetative condition, microclimate
conditions, land cover [/ land use, etc.

8/24/2011 2011 HysplIRI Science Workshop - Washington, DC 26



Conclusions

Science, not operational
Regular monitoring of wildfires not possible with
such a large gap in repeat visits

Rather, the opportunities will exist to generate a
robust snapshot of data understanding fires in a given
time and place.

3 year mission (hopefully to see add-on
missions) is too short for long term records
needed.

Persistent cloud cover and 19-day repeat time
means the tropics will have limited “looks”.

8/24/2011 2011 HysplIRI Science Workshop - Washington, DC 27



Potential of HyspIRI for post-fire assessments

Sander Veraverbeke, S. Harris, G. Hulley and S. Hook (JPL)

© 2011 California Institute of Technology. Jet Propulsion Laboratory, California Institute of
Technology. Government sponsorship acknowledged.



Some terminology

Veraverbeke, S., Lhermitte, S., Verstraeten, W.W., & Goossens, R., (2010). The temporal dimension of differenced Normalized Burn Ratio (dNBR) fire/burn
severity studies: the case of the large 2007 Peloponnese wildfires in Greece. Remote Sensing of Environment 114, 2548-2563

SEVERITY: degree of

| environmental change caused by a fire

3

AT TG : 23 “_m\
g - e »

FIRE SEVERITY
direct impact

BURN SEVERITY
direct impact &
regeneration

ECOSYSTEM RESPONSES
regeneration




Importance

Trace gas emission estimates and carbon sequestration == Earth’s carbon budget

Post-fire management (erosion prevention, rehabilitation)

Are they changing?



As a surrogate to study HysplIRI’s potential...

MASTER

11 VNIR bands
14 SWIR bands
15 MIR bands
10 TIR bands

5-50 m pixel size

=)

HyspIRI

Hyperspectral
VSWIR

8 MTIR bands

60 m pixel size




Application 1:
Burned area mapping

Whole bunch of indices currently in use, most of them relying on the VSWIR region
e.g. NDVI, NBR, BAI, SAVI, etc.
Which indices are the best to map burned areas?

And what could the MIR-TIR regions add?

Spectral separability measured by:

M= Hp~Hy
Op~%u

Slide Fire
RGB
Bl Re¢: Band 24 N
- Green: Band_8
Bl &e Band 5

km

The higher M, the better

——— — T O — —
0012625 05 075 1 0051 2 3 4

Veraverbeke, S., Harris, S. & Hook, S. (2011). Evaluating spectral indices for burned area discrimination using MODIS/ASTER (MASTER) airborne simulator data. Remote Sensing of Environment 115, 2702-2709



Table 3
Spectral indices tested in this study (B: Blue, R: Red, NIR: Near Infrared, SSWIR: shorter
short wave infrared, LSWIR: longer short wave infrared, MIR: mid infrared, TIR:

o [
thermal infrared, E: emissivity and T.: surface temperature, see Section 2.3 for [ J
specifications on wavelength intervals).
[

Index Abbreviation Formula Reference
Normalized ~ NDVI NDVI = #if=k Tucker,
Difference 1979
Vegetation e
Index
Global GEMI GEMI = y(1—0.25y) — 258122 Pinty and
Environment with y = 2(NIR*-F) + 15N + 058 Verstraete,
Monitoring LR AL 1992
Index
Enhanced EVI EVI = 2.5 g it Huete et Table 4
Kf::;am’" Lo MODIS/ASTER (MASTER) airborne simulator bands revealing the best spectral
Vegetation VI3 Vi3 = JB-Mp Kaufman separability M for each spectral region. These bands were used to generate the indices
Index 3 and listed in Table 3 ( B: Blue, R: Red, NIR: Near Infrared, SSWIR: shorter short wave infrared,
f;g‘:r‘ ISWIR: longer short wave infrared, MIR: mid infrared, TIR: thermal infrared, E:
Soil Adjusted  SAVI SAVI = (1 + L) B2 Huete, emissivity and T.: surface temperature, see Section 2.3 for spedifications on wavelength
Vegetation withL=05 1988 inlcrv“[s)‘
e 228 + 1/ BN T SRR
" . _ 2NIR + 1—/(2NIR + 17 —8NIR—R) .
Mzﬁf&j"" S Lse 7 ?;;;“'" Spectral region MASTER band (um) M statistic (average over three fires)
i B 04510048 0.15
Burned Area  BAI BAl= — 1 Chuvieco R 065t0 068 0.13
cxlr:;:elx GEMI3 GEMI3 . l—o és g ;: :tlf et i aeeman fos
ol =v(1-0.25y)—S5m— arbosa et -
Environment with y = 2(NR*-MF) + 15N + 0 5\B al. 1999b SSWIR 159to 1.62 0.09
Monitoring WF+ MR+ 05 ISWIR 23110236 058
Index 3 — MIR 35410364 071 <{umm
Normalized NBR NBR = gr=twww Key and -
Burn Ratio Benson, TR 85110876 0.58 Table 5
Char Soil Index. €51 S — 5t 5095'1 M values of the spectral indices over the Canyon, Grass Valley and Slide fires. Values
R o arlztooe; higher than one are given in bold. For explanation on the indices, reference is made to
Mid Infrared ~ MIRBI MIRBI= 10LSWIR — 9.85SWIR + 2 Trigg and Table 3 and Section 2.3.
Burn Index Flasse,
2001 Spectral Canyon Grass Valley Slide Average over three
Normalized ~ NDVIT NDVIT = =i T8 Smith et indices fire fire fire fires
Difference AL, 2007 indices re e re res
hiy o NDVI L2 042 0.78 0.80
Thermal GEMI 007 004 0.06 0.06
Seil Adjusted - SAVIT SAVIT = (1 + L e e 7t Smith et EVI 028 0.10 0.04 0.14
‘egetation wi =0. al,
. Vi 130 1.29 0.83 114
Thermal SAVI L42 055 083 094
Normalized ~ NBRT NBRT = g =T Holden et MSAVI 023 025 0.13 021
Sam Ratio al. 2005 BAI 034 047 0.07 029
Char Soil Index CSIT CSIT = % Smith et GEMI3 0.04 003 0.01 0.03
v Thermal vieT Ve ;Lkiom NBR 146 1.00 094 1.13
‘egetation = j= olden et
— = i csl 004 000 0.00 0.01
. MIRBI 067 0.76 0.55 0.66
NIR-SWIR- NSEv1 NSEVl = j% x E This study NDVIT 092 022 042 052
Ernissivi 4
Version1, SAVIT 088 021 041 050
NIR-SWIR-  NSEv2 NSEv2 = jp=lks o This study NBRT 008 003 0.16 009
sm'$'V’;y CSIT 004 0.00 0.00 0.01
ersion -~ -
e NSTV1 = pectws 7 This study VIBT 066 092 0.36 065
Temperature NSEv1 1.47 088 1.06 113
Version 1 3
NIR-SWIR-  NSTv2 NSTv2 = =t 1) This study %ﬁ :Z (IJ.BO: :ﬁ; :'fi 4
Temperature ¥ %
Version 2 NSTV2 071 096 041 069




Application 1:
Burned area mapping

Potential of MIR and TIR data in synergy with the traditionally used NIR and SWIR regions

Slightly better results than NBR

Tough currently unavailable on moderate resolution spaceborne sensors

HyspIRI will meet the requirements



Traditionally assessed with Landsat dNBR

_ NIR—LSWIR
" NIR + LSWIR

NBR

Caveats

- bi-temporal differencing requires image-to-image
normalization

- rapid assessments over active fires impeded as the
NIR band is affected by smoke

MASTER imagery over the active Wallow fire, AZ

33°40N

0 4 8 12 16 20

Km

NOY.€€



Does NBR do so?

An alternative index, unimpeded by smoke, the SWIR-MIR index: smI=

0.8

Application 2: Fire severity

We want maximal discrimination between fire-related and non-fire related terrain features

SSWIR — MIR
SSWIR + MIR

NIR

reflectance (%)

—IChar

— — Green vegetation
-Non-photosynthetic vegetation
—--Sail

MIR

Impeded by smoke - R
0 # | \I _____ - ]
1 2 wavelength (um) 3 4
NIR SSWIR LSWIR MIR NBR Swmi
Char 0.107 0.235 0.316 0.241 -0.494 -0.013
Green vegetation 0.517 0.225 0.124 0.012 0.612 0.899
Non-photosynthetic vegetation 0.577 0.595 0.453 0.122 0.120 0.660
Soil 0.501 0.610 0.494 0.139 0.007 0.629




@ Application 2: Fire severity

SMI SMl-approach BARC-approach

A. 109°20'00.00"W 109°00'00.00"W B. 108°20'00.00"W 100°000000'w  C. 109°20'00.00"W 109°00'00.00"W
E)‘
N [ N O N
1.000 1 [ E;v?lgsn(%%s >= SMI<0.6) J :.J;v?uFrSHEd
E 0.500 — 0 Moderate FS (0.3 >= SMI < 0.45) Jr 1 Moderate FS —
0 10 km Bl High FS (SMI<0.3) — B High Fs 0 10 km
0.000 Active fire 0 10 km
BARC approach
Unburned Low FS Moderate FS High FS
SMI approach Unburned 0.54 0.03 0.01 0.00
Low FS 0.08 0.08 0.03 0.01
Moderate FS 0.04 0.04 0.04 0.02
High FS 0.02 0.02 0.03 0.03

Total agreement  0.68
Kappa coefficient 0.43



Application 2: Fire severity

Benefits of SMI:

- not impeded by smoke :
Y Allows timely assessments
- mono-temporal Y

Further testing required (field data, different ecosystems)

Tough currently unavailable on moderate resolution spaceborne sensors

HysplIRI will fill the gap



92 GeoCBI (Composite Burn Index) plots, sampled August 2-15, 2011

Y a1, - Fcov,

GeoCBI = "— where m refers to each vegetation stratum and n is the number
of strata E FCOV,
m Stratum Burn severity scale
No effect Low Moderate High
0 0.5 1 1.5 2 2.5 3
%stra’tve%_l FCOV
Litter ight Fuel 0% -- 50%1 -- 100 % 1 >80%1f 98 % If
(If) Consumed
Duff 0% -- Light char -- 50 % -- Consumed
Medium/Heavy Fuel 0 % -- 20 % -- 40 % -- >60 %
Soil & Rock 0% -- 10 % -- 40 % -- >80 %
Cover/Colour
'jerbsi low shrubs and trees less than 1 mI FCOV
% Foliage Altered 0% -- 30 % -- 80 % 95 % 100 %
Frequency % Living 100 % -- 90 % -- 50 % <20% 0%
New sprouts Abundant  -- Moderate- -- Moderate  -- Low-none
high
|! all shrubs and trees 1 to 5 m I FCov
% Foliage Altere 0% -- 20 % -- 60-90 % >95% branch loss
Frequency % Living 100 % -- 90 % -- 30 % <15% <1%
LAI Change % 0% -- 15 % -- 70 % 90 % 100 %
Intermediate trees 5 to 20 m I FCOV
% Green (Unaltered) 100 % - 80 % -- 40 % <10 % none
% Black/Brown 0% - 20 % -- 60-90 % >95% branch loss
Frequency % Living 100 % -- 90 % -- 30 % <15% <1%
GeOCBI 3 GeOCBI GeOCBI 114 LAI Change % 0% - 15% - 70 % 90 % 100 %

Char Height none -- 1.5m -- 2.8m -- >5m
% Green (Unaltered) 100 % -- 80 % -- 50 % <10 % none
% Black/Brown 0% - 20 % -- 60-90 % >95% branch loss
Frequency % Living 100 % -- 90 % -- 30 % <15% <1%
LAI Change % 0% -- 15 % -- 70 % 90 % 100 %
Char Height none - 1.8 m -- 4m -- >7m




Summary

Current post-fire effects rely heavily on the VSWIR region, especially NBR

MIR and TIR data can add valuable information

Tough the VSWIR-MIR-TIR combination is current not available in moderate resolution (< 100 m)

The VSWIR-MTIR synergy will be available on HysplRI
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Spatial Scaling of Fire Detection and
Temperature Modeling Using
SWIR Imaging Spectrometer Data

Scott Matheson
Philip Dennison

g—
Utah Remote Sensing Applications Lab
University of Utah
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HysplIRI and Fire

* Fireis central to
multiple HysplRI
science questions
(CQ2, TQ2, Va3,
VQ4)

* Fire properties can
be measured
using emitted
radiance in SWIR,
MIR, and TIR
spectral regions
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o
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o
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Blackbody Emission Spectra
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HysplIRIl and Fire

Hypothetical HysplIRI Fire Emission Spectra

° HySpIRI ShOUld be ab|e {00 (blackbody, 1% fractional area)
to resolve important — 1500K
science questions ) oo
related to fire and 10 1ﬂ ﬂ 900K
carbon emissions ook

— Multiple bands covering
spectral regions with
strong emitted radiance

— 60 m spatial resolution
will map small fires

o
—
1

Radiance (Wm2Zum'sr™)

0.01
1 3 5 7 9 11 13

Wavelength (Ym)



HysplIRI and Fire

Hypothetical HysplIRI Fire Emission Spectra

The 4 um channel will
continue a legacy of fire
radiative power and fire
detection

VSWIR data can offer
complementary
capabilities for fire
characterization
— More than 100 10 nm
bands with low attenuation
from smoke will capture

detailed spectral shape of
fire emission

— Potential for separation of
flaming and smoldering
combustion

(blackbody, 1% fractiona

| area)

100

o
i:}
—

Radiance (Wm2Zum'sr™)

©
—
1
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0.01
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Hyperspectral Fire Detection Index (HFDI)

e Normalized difference ratio using 2060 and 2430 nm bands (Dennison
and Roberts, 2009)

2008 Indians Fire 2009 Station Fire




Effective Fire Temperature

 Multiple endmember mixing models can be
used to simultaneously retrieve effective fire
temperature, fire fractional area, and
background land cover (Dennison et al., 2006;
Dennison and Matheson, 2011)
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Questions

e How do SWIR fire detection and modeled fire
temperature change with coarsening spatial
resolution out to 60 m?

* Can AVIRIS data acquired over actives fires
provide an approximate SWIR fire saturation
threshold at 60 m?



1.5 2
= Fk

AVIRIS Data




Spatial Resampling

* Aggregation and Gaussian resampling were
compared for the Simi Fire

* Fire detection and temperature modeling

results were similar, so aggregation
resampling was used to resample 4 AVIRIS
scenesto ~ 60 m

e Saturated bands were excluded from

resampling
Fire Simi Zaca Indians Station
Original Resolution (m) 4.0 3.8 16.1 10.7
Resampled resolutions (m)| 8.0, 16.0, | 7.6, 15.2, | 32.2,64.4 | 21.4,42.8,
32.0, 64.0 | 30.4, 60.8 64.2




Fire Detection and Temperature
Modeling

 HFDI was used to detect burning pixels

* Burning pixels were modeled using a three
endmember linear mixing model
1. Fire emitted radiance
2. Background reflected radiance
3. Shade endmember

* Non-burning pixels were modeled using a two
endmember model
1. Background reflected radiance
2. Shade endmember



Fire Detection and Temperature
Modeling

* Background reflected radiance endmembers
— Selected using iterative endmember selection

— Selected only at the finest spatial resolution, then used
for all resolutions (Schaaf et al., 2011)

— Partitioned into smoke and non-smoke endmembers for
improved background modeling

* Fire emitted radiance endmembers

— Modeled using MODTRAN, 300-1500 K single
temperature blackbody emission at 10 K interval

 Shade endmember modeled using MODTRAN to
account for scattered radiance



Total HFDI-Flagged

Resolution Area (km?)
Resu |tS Simi
4.0 m 3.379
8.0 m 3.471
. . 16.0 m 3.720
e HFDI fire detection oo 15
area increased with “im 4.976
aca
coarsening spatial 38m 0.169
. 7.6 m 0.168
resolution 152 m 0.169
30.4 m 0.177
60.8 m 0.192
Indians
16.1 m 9.745
32.2 m 10.125
64.4 m 10.837
Station
10.7 m 20.067
21.4m 20.236
42.8 m 20.525
64.2 m 20.612
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AVIRIS Data




Modeled Temperature
Simi 4 m ’

500 750 1000 1250 1500 K



Modeled Temperature
Simi 8 m "

500 750 1000 1250 1500 K



Modeled Temperature
Simi 16 m '

500 750 1000 1250 1500 K



Modeled Temperature
Simi 32 m

500 750 1000 1250 1500 K



Modeled Temperature
Simi 64 m

500 750 1000 1250 1500 K



Fire Fractional Area
Simi4 m

B
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Fire Fractional Area
SIimi 8 m

0 02 04 06 08 1




Fire Fractional Area
Simi 16 m

0 02 04 06 08 1




Fire Fractional Area
Simi 32 m

B
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. 10000
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Resolution and Modeled Fire
Characteristics

* As spatial resolution coarsens, modeled
temperature decreases and modeled
fractional area increases

— Areas of higher emitted radiance are mixed with
areas of lower emitted radiance

— High temperature emission is “spectrally diluted”

— More common low temperature emission
dominates



Modeled Background
Simi4 m

. Saturated Grass |
. ChaparrallShrubland. Soil/Rock t : |
Oak Forest Ash : £ o

Qs M. %




Modeled Background
SImi8 m

. Saturated Grass o -
. ChaparraIIShrubIand. Soil/Rock # i
Oak Forest Ash '




Modeled Background .
Simi 16 m

- Saturated Grass
. Chaparral/ShrubIand. Soil/Rock "ﬂ
Oak Forest Ash




Simi 32 m

I_':y.—. . F
M saturated Grass - "

. Chaparral/ShrubIand. Soil/Rock ;.
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Modeled Background
Simi 64 m

- Saturated Grass -
. Chaparral/ShrubIand. Soil/lRock "B
Oak Forest Ash




Saturation Threshold

In the hottest areas of all four fires, most SWIR bands
were saturated

We calculated blackbody emission for all modeled fire
temperatures and fractions using Simi Fire 60 m
Gaussian resampled data

Maximum radiance from a single pixel was modeled at
920 K and 98.7% fire fractional area

After incorporating atmospheric attenuation,
maximum modeled blackbody emitted radiance was
189 pW cm=? sri nm

Calculated SWIR saturation thresholds for AVIRIS
ranged from 5 pyW cm=2 srt nm (2003 Simi Fire) to 8
LW cm2 srt nm (2009 Station Fire)



Conclusions

e Distributions of modeled temperature and area
are broadly similar as spatial resolution is

coarsened
* Coarsening spatial resolution tends to produce:
— Higher detected fire area
— Cooler modeled fire temperatures
— Higher modeled fire fractional area
— Lower RMSE

* Fire saturation is likely to be an issue for HysplIRI
VSWIR at 60 m resolution
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Need for Ar|d Land Evapotransplra on
Remote Senmng%’es’e‘a@l

ncreasing population in water scarce regions
%" Drowught & climate chap e exacerbe ,' g ater supplies

Irrigated agrlcultu
will be the ﬁr

to support 8 M people with no agrlcuItUre (Wate“n :
Sun Corridor, Morrison Inst. Public Policy 2011)

 Remote sensing is only way to synoptically observe &
estimate land cover and water use changes.

»




Need for High Spatial & Temporal
Resolution

*Arid Lands are highly heterogeneous in space and time

*For water use studies mixed-pixels poorly represent actual conditions
*Better than 100 m needed for VNIR and TIR

*Remote sensing cannot be part of a decision support system if land and
water use changes are not up-to-date

*Daily to weekly estimates for croplands, weekly to monthly for
rangelands.

SaSTTTme

Managed Cropland & Urban

Managed (& Un-managed) Cropland LST
Interface

Rangeland



Need for Multispectral/Hyperspectral
Remote Sensing

More accurate energy balance estimates
Better land cover discrimination

Observe land surface changes and states unobservable with
single or several broadband channels




Energy Balance Modeling for Water
Use Estimation
R,—G=H+LE

Available Turbulent Flux
e Physically based

— Generality

— Estimates closely linked to vegetation/soil/atmospheric processes & detects
water stress vegetation

— Complex & computationally demanding
e Empirical & Parameterized

— Locally calibrated

— Applies to standardized conditions

Penman-Monteith ET (N.B.- no surface temperature)



Available Energy: Net Radiation

= (1-albedo)R;, . + €,ir R | — €curface Lap 1

*Single most important component of surface energy balance
*HysplIRI design can improve estimation of R, beyond broadband
Sensors

*Error/uncertainty needs to be less the 10%

*Shortwave component dominant term & can be improved with
hyperspectral VNIR

*Surface longwave component also important and dependent upon
accurate land surface emissivities



Available Energy: Soil Heat Flux

Remote sensing can’t directly retrieve G
Typically estimated with Rn and vegetation index
Diurnally variable with time lag

Small : <50 W m-2

G =c¢ * Rn_soil

FISEO5




Turbulent Energy Flux: Sensible Heat

Energy flux due to surface temperature gradients
Can be estimated using remotely sensed thermal infrared

Sensible heat related to surface and sub-surface water
content
Linked in a non-trivial way to radiometric temperature

H=pc, AT/(r, + )




Turbulent Energy Flux: Latent Heat
-> Evapotranspiration <-

Component of surface energy balance representing
conversion of liquid water to vapor from soil and plants

Indicator of plant water use and plant water stress
Estimated from energy balance residual
Current ET model examples: SEBAL/METRIC, SEBS, TSEB

A
A+

LEC = fga” |:

] an.C

H = Hsoil(AT) + Hcanopy(PT)

Ts _Ta

LES:RH,S_G_pCp .+ 1

AT
LE =R, — G — pcp {—}
Iy



Energy balance modeling to get daily
ET




Jornada Region
6 October 2002
ASTER VNIR
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