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February 1, 2010: President’s Budget released with a 5-year,
$2.5 Billion total augmentation for NASA Earth Science

March 18, 2010: NASA ESD sends Climate Augmentation Plan to
OMB

Plan calls for launch of all Tier 1 Missions by 2017 (also the launch
of OCO reflight, GRACE follow-on, and SAGE Il missions)

Also, current plans are for Tier 2 missions to launch at the rate of 1
per year starting in 2019

President’s Budget direction requires NASA to obtain USGCRP
Review of the Climate Augmentation Plan

Review is taking place this month
In the near-term, Tier 2 mission funding to continue; levels still TBD



Plans for HyspIRI

Stay the course

Continue to mature our technology and operations
Strengthen the scientific case for the program

Focus on the climate-relevance of our mission science

Explore the potential to build the scientific basis for HyspIRI through
utilization of products from airborne systems and upcoming
spacecraft missions carrying spectrometers and TIR sensors

(doing so will require additional funding)
Look at results of HyspIRI preparatory activities solicitations

Be ready!



WELCOME ATTENDEES

PLEASE Check-In at the Table and:
— Get Name Tag & Agenda

— Pay for Lunch (with sticker as receipt)
See table in the back of Room

8:00 -8:30 am: Registration Check-In

Coffee and donuts

Posters Displayed



HysplRI Science Symposium on
Ecosystem Data Products




GSFC EO-1/HyspIRI Team

Betsy Middleton, NASA
Bob Knox, NASA
Steve Ungar, UMBC

Petya Campbell, UMBC

Qingyuan Zhang, UMBC

Fred Huemmrich, UMBC
Ben Cheng, ERT

A A Larry Corp, Sigma Space —
3 X
é Other Assistants for Symposium: 2>

Hank Margolis, Laval University [TIMEKEEPER]

Sandi Bussard, Jacob Gude, Sheila Humke & Carla Evans
Sigma Space

look for flags on their name tags



LOGISTICS

Restrooms
Posters
Lunch
Break-Out Groups
Dinner



Mapping Fuel Condition: Hyperion provides comparable measures
to AVIRIS over a larger geographic region

Spectral Mixture
Models

AVIRIS: June 14, 2001

HYPERION: June 12, 2001
NPV, GV, Soil: RGB

Roberts et al. (2003)



SWIR - thermal
vent
visible

VIS -plumes coating

EO-1 Hyperion
Imaging of
Eyjafjallajokull
Volcano Eruption
17 April 2010

everything to the South-East

making the ice brown/gray



HysplIRI Science Symposium on

Ecosystem Data Products

Sponsor: NASA/Goddard Space Flight Center
May 4 & 5, 2010

Building 33, Conference Room H114 (and H118, H120)

FOCllJlS: |dentifying Potential Higher Level Products for Climate/Carbon End
sers

Objectives:

|dentify science/application data products to be derived from HysplRI
measurements by users;

Discover/Discuss issues underlying data product
processing/integration/fusion;

Prioritize the development of product prototypes.

Science Discipline Areas to be addressed: Terrestrial Ecosystems, Agriculture



Science Questions for the HyspIRI Mission
(http://hyspIRl.jpl.nasa.gov)

HyspIRI has three top-level science questions [identified in the NRC Decadal
Survey] related to:

1) Ecosystem function and composition,

What is the global distribution and status of terrestrial and coastal-aquatic
ecosystems and how are they changing:

2) Volcanoes and natural hazards,

How do volcanoes, [ires and other natural hazards behave and do they provide
precursor signals that can be used to predict future activity?

3) Surface composition and the sustainable management of natural resources.

What is the composition of the land surface and coastal shallow water regions and
how can they be managed to support natural and human-induced change?

VSWIR Questions: 6 over-arching questions. VQ1-6 (with 35 sub-questions)
TIR Questions: 5 over-arching questions, TQ1-5 (with 23 sub-questions)

Combined VSWIR and TIR Questions: 6 over-arching questions, CQ1-6 (with 32 sub-
questions)



Terrestrial Ecosystems: HyspIRI Science Questions

VQ1: Ecosystem Pattern, Spatial Distribution and Components

What is the global spatial pattern of ecosystem and diversity distributions and how do
ecosystems differ in their composition or biodiversity?

VQ2: Ecosystem Function, Physiology and Seasonal Activity

What are the seasonal expressions and cycles for terrestrial and aguatic ecosystems, functional
groups, and diagnostic species? How are these being altered by changes in climate, land use,
and disturbance?

VQ3: Biogeochemical Cycles

How are the biogeochemical cycles that sustain life on Earth being altered/disrupted by natural
and human-induced environmental change? How do these changes affect the composition
and health of ecosystems and what are the feedbacks with other components of the Earth

system?

VQ4: Disturbance Regimes

How are disturbance regimes changing and how do these changes affect the ecosystem
processes that support life on Earth?

TQ2 and CQ2: Wildfires

TQ2: What is the impact of global biomass burning on the terrestrial biosphere and
atmosphere, and how is this impact changing over time? CQ2 How are fires and vegetation
composition coupled?

CQ4: Ecosystem Function and Diversity

How do species, functional type, and biodiversity composition within ecosystems influence the
energy, water and biogeochemical cycles under varying climatic conditions?



Determine the global distribution, composition,
and condition of ecosystems, including agricultural lands

Tree species mapping,

Bartlett Forest, NH

B Spruce/Fir

7] White Pine

I Hemlock

[ Beech

7] Sugar Maple
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HyspIRI Airborne Simulator Data Set
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Societal Issue:

* Forests, farmlands and a variety of other ecosystems
are critical to life on the Earth. Many ecosystems are
changing in ways that are poorly understood.
Scientific Issue:

e Understanding the distribution, diversity and status of
ecosystems is necessary for understanding how they
function and for predicting future changes.

Approach (Why we need HysplIRI):

*  HysplRI will provide an important new capability to
detect & monitor ecosystem composition and condition
globally, with spectroscopic and thermal measurements.
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VSWIR Spectrometer (212 contiguous channels)

Level 0: Digital Numbers
Level 1: 1A - Level O reconstructed, time-referenced and annotated with ancillary information,
1B : surface radiance spectra & water leaving radiance spectra at TOA. Cloud screened images.

Level 2: Description - Swath data. Products - TOA and Surface Reflectance (%) Spectra.

Level 3: Description - Swath and Gridded data, Terrain corrected products.

Products: Albedo, Land cover classifications, Composites (seasonal, regional and global
composites), Spectral indices for vegetation function/health, Spectral indicators for canopy
contents (pigments, nitrogen, water, Maps of end-member abundance.

Level 4: Description — Time series, Model outputs, Multi-sensor data fusion, Assimilation with
other data types (e.g., ET, Fire fuel & fuel moisture).

Products — Regional Scale (60m-1km): For specific sites, watersheds, geographical units or global
samples of ecosystems, but potentially for global maps: Gross Primary or Ecosystem Production
(GPP, GEP); Net Primary or Ecosystem Production (NPP, NEP); Fractional land cover; Fractional
vegetation cover (FVC), based on: photosynthetic vegetation (PV) and non-photosynthetic
vegetation (NPV), Soil, Water, Snow, Ice; Fractional PAR absorption (fAPAR); Leaf area index (LAIl);
Water Content; Plant functional types (PFT); Fractional vegetation cover by PFT(FVC); Light-use
efficiency (LUE); Canopy stress and Physiology (combining PFT, LAl, canopy water, nutrients,
pigments); Ecological disturbance (>10% change); Susceptibility to fires (fire fuels & fuel moisture,
FVC, canopy water); Susceptibility to hazards (e.g., landslides).

Products -Global Scale (gridded, %-1 deq+): For modeling ecosystems/general cover categories:
GPP, GEP; NPP, NEP; Fractional land cover (Veg., Soil, Water, Snow, Ice); fAPAR; LAIl; Water
Content; Disturbance (>10% change).




TIR Multiband Sensor (8 discrete bands)

Level 0: Digital Numbers
Level 1: 1A - Level O, reconstructed, time-referenced and annotated with ancillary information;
1B — surface band radiances at TOA, Cloud screened images. Products — Brightness temperature.

Level 2: Description - Swath data. Products — Land Surface Temperature, LST (day or night);
Surface Spectral Emissivity (day or night); Detection of fire events.

Level 3: Description — Day or night swath and gridded data, Terrain corrected, Day or Night
Composites (seasonal, regional and global).

Products — Distribution and variation in land surface temperature, surface spectral emissivity
maps, Water stress indicators; Fire severity, directions and associated risks.

Level 4: Description - Time series, Model outputs, Multi-sensor data fusion, Assimilation with
other data types.

Products - Regional (60m-1km): For specific sites, watersheds, geographical units, agricultural
fields, or global samples of ecosystems, but potentially for global maps: LST (from
temperature/emissivity separation) by functional groups and ecosystem types, LST urban/sub-
urban, Evapotranspiration (ET).

Products - Global (gridded, %-1 deg+): For modeling ecosystems/general cover categories: LST
and emissions by Fractional land cover (Vegetation, Soil, Water, Snow, Ice), ET, Increase in
sensible heat due to Urban Heat Islands (anthropogenic heat).




Synergy between TIR Day & Night and VSWIR & TIR

Level 4 Products: Time series, Model outputs, Multi-sensor data fusion, Assimilation
with other data types.

TIR, day and night - Products - Regional (60m-1km) & Global (1-5 deq. grids):

Bi-weekly, monthly and/or seasonal averages for day-night temperature & emissivity
differences per geographic study unit (watershed, etc.).

VSWIR and TIR — Products - Regional (60m-1km) & Global (1-5 deq. grids):
e Day-night temperature & emissivity differences according to vegetation/ecosystem type,

e LST (from day/night pairs) by functional groups and ecosystem types,

e Water/land boundaries defined,

e Ecosystem & Agricultural Crop Classifications, using both VSWIR & TIR,
 ET per ecosystem or agricultural type, using both VSWIR & TIR,

e Assessfire severity and available fuel by vegetation type,

* Develop spectral Reflectance & Emission libraries by land cover types and/or vegetation
functional groups (at regional and global scales),

» Develop high spectral resolution indicators of ecosystem/crop health, by combining
VSWIR indices and TIR indices; Construct spectral indicators of ecosystem function,
disturbance, diversity, maturity to improve modeled predictions.

e Compare high spectral resolution indicators to currently used broadband indicators of
ecosystem/crop function.



Expected Outcomes of Symposium

Goal: To Identify and Evaluate Potential Higher Level
Products for Climate/Carbon End Users, in Terrestrial
Ecosystem & Agriculture Science/Applications.

Objectives/Outcomes:

1] Identify science/application data products that could be derived
from HysplIRI measurements by users;

2] Prioritize the development of product prototypes.

3] Discover issues underlying data product processing and related to
data integration/fusion.

4] Address the case for relevance of HysplRI to climate change
studies.

5] Develop a report on the community consensus for 1-4 above.



DAY 1 (May 4): Morning Agenda

|. Establish Background
8:30 am: Welcome-- HQ on the HyspIRI mission concept and Decadal Survey status

[Woody Turner]
8:45 am: Objectives and Outline of the Symposium & Expected Results [Betsy Middleton]
8:55 am: Overview of the Mission: Description of the VSWIR and TIR instruments
[Rob Green & Simon Hook]
9:15 am: Relevance of HyspIRI to Carbon and Climate [Susan Ustin]
9:30 am: Orbit & Platform Information, update from Team X [Bogdan Oaida]
9:45 am: Description and Examples of Typical VSWIR and TIR Image Collections [Bob Knox]
10:00 am: Questions/Answers (10 minutes)
10:10 -10:30 am: Coffee Break & Posters

Il. Science & Application Products from the User Community: VSWIR & TIR
10:30 am —noon: Proposed VSWIR and TIR High Level Products [7 speakers, 10 min each]
[Phil Townsend, John Gamon, Anatoly Gitelson, Mary Martin, Ben Cheng, Simon Hook,

Martha Anderson, Susan Ustin]

Noon - 1:00 pm:  Lunch and Poster Session (Sandwiches/Drinks in conference serving area)



DAY 1 (May 4): Afternoon Agenda

lll. Factors Affecting Product Integrity and Availability 1:00 — 2:30 pm (10 min each)
* Atmospheric Correction [Rob Green]

* Data volume/compression, SpaceCube [Tom Flatley]

* Intelligent Payload Module (IPM) & algorithms for upload [Vuong Ly/Dan Mandl]
* Low-latency Applications, Science, and Operations for HyspIRI [Steve Chien]

* On-line tools to facilitate HysplIRI products and analysis [Petya Campbell]

* Hyperspectral Input to models [Fred Huemmrich]

* Calibration/Validation & CEOS/GEO [Joanne Nightingale]

* Impact of Spectral-Spatial Misalignment on Measurement Accuracy [Steve Ungar]

IV. Science & Application Products from the User Community: Combined VSWIR & TIR

2:30 -2:50 pm: Combined VSWIR/TIR Products Overview: Issues & Examples
[Betsy Middleton/Bob Knox]

2:50-3:00 pm: Questions/Answers (10 minutes)
3:00-3:20 pm — Coffee Break & Posters
3:20- 4:30 pm: Proposed Combined Products (7 speakers, 10 min each)

[Rasmus Houborg, Louis Giglio, Dar Roberts, Dale Quattrochi, Ben Cheng, Ray Kokaly,
Craig Daughtry]



10/23/07
EO-1 Hyperion
and ALI View
Witch Wildfire



The Break-Out Group Discussions
[Topics for consideration]

How important is HyspIRI to the User Community, for TE and climate?
What are the most important Products for Terrestrial Ecology?
What are the Tools needed to produce these Products?

What are the road-blocks to having Products that users want?



DAY 1 (May 4): Afternoon Agenda Con’t

V. Special & Potential Observation Capabilities
4:30-4:40 pm: Special Opportunities for Highly Sampled Areas
(orbit overlaps, high latitudes etc.) [Bob Knox]
4:40-4:50 pm: Synergy of VSWIR and Lidar for Ecosystem Biodiversity
[Bruce Cook/Greg Asner]

VI. Break-Out Discussions (Guidelines, Betsy)
4:55 -6:15 pm: Three Simultaneous Break-Out Discussions
(H114, H118, H120)
VSWIR Products [Phil Townsend/John Gamon]
TIR Products [Simon Hook/Kurt Thome]
Combined Products [Dar Roberts/Susan Ustin]

6:20 pm — Adjourn, Dinner at Chevy’s Restaurant, Carpools Organized



Hyperion Imagery of Barrow, Alaska (July 2009)
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Images are from NASA's Earth Observatory BarrOW, AIaSka

web site (http://earthobservatory.nasa.gov/)




LOGISTICS

Posters
Luggage
Transportation to Main Gate
Lunch



AGENDA — DAY 2 (May 5)

8:00 - 8:20 am: Coffee and donuts, Posters
8:30 -8:40 am: Review of Day 1 [Betsy]

VII. Related Activities to HysplIRI Mission

8:40 —9:00 am: 2 Presentations on 2009 Funded HysplIRI Preparatory Studies
[Petya Campbell, Phil Townsend]

9:00 — 9:15 am: International collaborations, ISIS & WGCV [Rob Green]

9:15-9:35 am: A Mission Calibration Plan to support Products
[Kurt Thome/Rob Green/Simon Hook]

9:35-10:10 am: Synthesis of the Three Break-out Group Inputs (10 min each)
[Phil/John, Simon/Kurt, Dar/Susan]

10:10 -10:30 am: Coffee Break & Posters



AGENDA — DAY 2 (May 5) Con’t

VIll. Building a Team Consensus
10:30 — 11:00 am: Plenary Discussion, Aligning HyspIRI with Climate Observations
[Susan Ustin/Dar Roberts]

11:00 — 11:30 am: Plenary Discussion on Priority Products, [led by Betsy, Rob & Simon]

11:30 am — Noon: Consensus on Draft Products for HysplIRI, Outline of Symposium Report
[Betsy, Rob, Simon]

Noon — 12:30 pm: Preparation Activities for 34 Science Workshop
[Rob, Simon, Woody Turner]
12:30 pm: Close General Meeting

Adjourn, or Lunch at Cafeteria

1:30-3:00 pm: Optional Opportunity to show Pl presentations in small conference rooms
[H118]

and
Steering Committee Meeting [H120]



Mapping Vegetation Type in a Shrubland

HYPERION AVIRIS

5 I Live Oak

Roberts et al.



HyspIRI
VSWIR Science Measurement

Baseline

NASA Earth Science and Applications
Decadal Survey

Robert O. Green and HyspIRI Team



HyspIRI Science Study Group
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NRC Decadal Survey - HysplIRI

Global vegetation species-type and physiological condition, including agricultural lands,
for biosphere feedback and land-atmosphere interactions; Spectroscopically derived
terrestrial land cover composition/albedo including snow, ice, dust climate interaction;
Fire: fuel, occurrence, intensity and recovery globally, as well as volcano emissions; Fine
spatial & temporal scale measures of surface temperature and energy balance, including

Multispectral Thermal InfraRed

Visible ShortWave InfraRed (VSWIR) /==
; (TIR) Scanner

Imaging Spectrometer
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Mature Instrument
concept: All
components have
flown in space.

Imaging spectrometer: 55kg / 41W

Schedule: 4 year phase A-D, 3 years
operations (5 years consumables)

Full terrestrial coverage downlinked
every 19 days

HyspIRI - Imaging Spectroscopy (VSWIR)
Science Measurements

VQ1. Pattern and Spatial Distribution of Ecosystems and their Components

- What is the pattern of ecosystem distribution and how do ecosystems differ in their
composition or biodiversity?

VQ2. Ecosystem Function, Physiology and Seasonal Activity

- What are the seasonal expressions and cycles for terrestrial and aquatic ecosystems,
functional groups and diagnostic species? How are these being altered by changes in climate,
land use, and disturbances?

VQ3. Biogeochemical Cycles

- How are biogeochemical cycles for carbon, water and nutrients being altered by natural
and human-induced environmental changes?

VQ4. Changes in Disturbance Activity

- How are disturbance regimes changing and how do these changes affect the ecosystem
processes that support life on Earth?

VQ5. Ecosystem and Human Health

- How do changes in ecosystem composition and function affect human health, resource
use, and resource management?

VQ6. Land Surface and Shallow Water Substrate Composition
- What is the land surface soilirock and shallow water substrate composition?

Measurement:

. 380 to 2500 nm at 10 nm

. Accurate 60 m resolution

. 19 days equatorial revisit

. Global land and shallow water
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The Need for Continuous Spectral Measurements

Plant functional types and species have biochemical and biophysical properties that are
expressed as reflectance absorption and scattering features spanning the spectral region
from 380 to 2500 nm.

Individual bands do not capture the diversity of biochemical and biophysical signatures of
plant functional types, species or physiological condition.

Changes in the chemical and physical configuration of ecosystems are expressed as
changes in the contiguous spectral signatures related to plant functional types,
physiological condition, vegetation health, and species distribution.

Important atmospheric correction information as well as calibration feedback is contained
within the spectral measurement.
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Vegetation Functional Type Analysis, Santa Barbara, CA
MESMA Species Type 90% accurate
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Example Measurement of Plant Biochemistry wit ﬁf
Imaging Spectroscopy (Ray Kokaly, USGS) &

AVIIRIS Cover-age Spectral Composition Map
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Ecosystem physiological conditions

Imaging spectroscopy measurements are required to measure the physiological

condition (PC) of ecosystems for the global terrestrial biosphere to provide
understanding and constraint of uncertainties in the climate change.

» Detect and quantify changes in
biogeochemical cycles and processes (PC)

= Map and monitor productivity changes
(PC) at seasonal and spatial scales relevant
for policy decisions.

» Reduce uncertainties in ecosystem
feedbacks from multiple stressors (T, precip.,
CO,, N deposition, etc.) to Improve prediction
of future ecosystem condition (PC).

Nitrogen

—_— ¥ R
Leaf Water & Cellular Scattering

08 4
—Conifer

Healthy Grass

Eroad Leaf
—Sage Brush
—non-Photosynthetic

06 4

Essential Pigments

Chlorophyll &

Reflectance

Cellulose, Lignin, Sugars
04 4 /

024

00 - ‘/ﬂh\"'

400 700 1000 1300 1600 1900 2200 2500
Wavelength (nm)

Reflectance spectrum are used to quantify bio-
physiologica conditions

Biosphere-climate feedbacks

Predicted Foliar Chemistry (PC) from Spectroscopy Is
Used to Estimate Soil Nitrogen Cycling

- 180
o o R=0.73
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8_%120
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45+ - g
o A £ 60
E W  Hardwood Z
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6 25T
9p] u L
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Foliar %N
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Ollinger et al. 2002



Shenandoah
National Park, USA
Pinus virginiana _ ,
W Pinus virginiana / deciduous mix
Pinus rigida
Pinus strobus
Pinus strobus / Quercus mix
Tsuga canadensis

Quercus rubra
Quercus rubra - Quercus spp. - Carya
I Quercus prinus - Quercus coccinea
I Quercus coccinea / mix

Quercus velutina / mix
I Quercus alba
B Quercus prinus - Quercus spp. / mix
B Quercus prinus - Acer rubrum / mix
Il Quercus prinus
] Carya sp. Phil Townsend, U. of Wisc.
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HyspIRI VSWIR — Science

Measurement Characteristics
Spectral
Radiometric
Spatial
Uniformity
Temporal




Measure the molecular
absorption and constituent
scattering signatures in the
spectral range from 380 to
2500 nm at 10 nm, and at
60 m spatial sampling.

Reflectance

HyspIRI VSWIR
Science Measurements

Measure the global land and
coastal/shallow water (> -50m).

19 day equatorial revisit to generate
seasonal and annual products.

Full terrestrial and shallow water data set
returned.

1 _ S AN VWA AN WY VW W VAV WA AN AN e YN VA P M AAAAN Y AV Y W A W VA WA WAV Y

HsypIRI 10 nm Spectral Channels

Spatial 1000 m

MODIS Solar
Reflected Bands

WA Mmoo h\ N

700 1000 1300 1600 1900 2200 / 2500
Wavelength (nm) HyspIRI at 60 m



Spectral

Range

Sampling

Response

Accuracy
Radiometric

Range & Sampling

Accuracy

Precision (SNR)

Linearity

Polarization

Scattered Light
Spatial

Range

Cross-Track Samples

Sampling

Response
Uniformity

Spectral Cross-Track

Spectral-IFOV-Variation

Science Measurement Characteristics

HyspIRI VSWIR

380 to 2500 nm in the solar reflected spectrum
<= 10 nm {uniform over range}

<= 1.2 X sampling (FWHM) {uniform over range}
<0.5nm

0 to 1.5 X max benchmark radiance, 14 bits measured

>95% absolute radiometric, 98% on-orbit reflectance, 99.5% stability
See spectral plots at benchmark radiances
>99% characterized to 0.1 %

<2% sensitivity, characterized to 0.5 %
<1:200 characterized to 0.1%

>150 km

>2500

<=60 m

<=1.2 X sampling (FWHM)

>95% cross-track uniformity {<0.5 nm min-max over swath}
>95% spectral IFOV uniformity {<5% variation over spectral range}



HyspIRI VSWIR Science Measurements
Characteristics

Temporal
Orbit Crossing 10:30 am sun synchronous descending
Global Land Coast Repeat 19 days at equator
Rapid Response Revisit 3 days (cross-track pointing)
Sunglint Reduction
Cross Track Pointing 4 degrees in backscatter direction
OnOrbit Calibration
Lunar View 1 per month {radiometric}
Solar Cover Views 1 per day {radiometric}
Dark signal measurements 1 per orbit and edge detector tracking
Surface Cal Experiments 3 per year {spectral & radiometric}
Data Collection
Land Coverage Land surface above sea level excluding ice sheets
Water Coverage Coastal zone -50 m and shallower
Solar Elevation 20 degrees or greater
Open Ocean/ice Sheets Averaged to 1km spatial sampling

Compression >=3.0 lossless



Radiance (uW/cm*2//nmsr)

HyspIRI VSWIR Science Measurements
Key SNR and Uniformity Requirements

Benchmark Radiances Required SNR
30
1000 - —SNR 0.01 Reflectance (z45) 60m
—0.01 reflectance (z45) . — SNR 0.05 Reflectance (z45) 60m
—0.05 reflectance (z45) E 800 | SNR 0.25 Reflectance (z23.5) 60m
—0.25 reflectance (z23.5) o — SNR 0.50 Reflectance (z23.5) 60m
S 600
—0.50 reflectance (z23.5) <
T 400 -
=
i1 |“ . w
AT 200 -
0 T ‘|I \ T l J_lt\ T A== 0 T T T T j@\?
350 650 950 1250 1550 1850 2150 2450 350 650 950 1250 1550 1850 2150 2450
Wavelength (nm) Wavelength (nm)
Uniformity Requirement
Cross Track Sample
Depiction
-Grids are the detectors
| < -dots are the IFOV centers
L . ... ... 12 -colors are the wavelengths
- - - (D
a -
a Requirement
S Spectral Cross-Track >95% cross-track uniformity {<0.5 nm min-max over swath}

Spectral-IFOV-Variation  >95% spectral IFOV uniformity {<5% variation over spectral range}



Heritage: NASA Moon Mineralogy Mapper

Passed Preship review 3 May 2007
- Mouroulis Offner Design (HyspIRI)
M3 Spectrometer - Convex e-beam grating (HyspIRI)
T B - 6604aMCT full range detector array, multiplexor & signal chain (HyspIRI)
- Uniform dlit (HyspIRI)
- 0.5 micron adjustment mounts lockable for flight
- Aligned to 95% cross-track uniformity (HyspIRI)
- Aligned to 95% spectral IFOV uniformity (HyspIRI)
- Meets high SNR requirements (HyspIRI)
- Passive radiator (HysplIRI)

= 00003+ 7146

Wavelength (nm)
:
e

AN P ' . ¢ &8
'| A (1] T N Cross-Track Sample (#)

Reflectance.

— Moon Mineralogy Mapper (M3) Reflectance (061215)

— Lab High Resolution Reflectance NdOx

Firgt spectrum 18 Months from funding start

T T T T T T T
400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000
Wavelength (nm)



HysplRI: Building on
NASA Hyperion Technology Demonstration

SNR > 10X Uniformity > 10X
1000 —SNR 0.01 Reﬂ;ctance (z45) 60m
° /‘”‘/ lm — SNR 0.05 Reflectance (z45) 60m
T 800 \ SNR 0.25 Reflectance (z23.5) 60m
Q f\/ \“q f —SNR 0.50 Reflectance (z23.5) 60m E
2 0 M| (_ﬂ\ o, DoDoDDnoonooooon B
% 400 | | Q
g U / \ / \ A S, s
200 | [ /J \ JJ ‘x\ﬁ
0 ‘ \
350 650 950 1250 1550 1850 2150 2450
Wavelength (nm)
Swath > 10X Cross Track Sample
Soil C:N Ratio Global Coverage >> 10X
White Mountain

Pl ()

National Forest, NH

.......




HysplIRI: A Decadal Survey Global
Mapping Mission (VSWIR)
Full Spectrum 380 to 2500 at 10 nm )

60 m spatial with 150 km swath
Full terrestrial surface downlinked every 19 days

Oceansand ice sheetsat 1 km V5! coverage map



HysplIRI compared with possible International Imaging
Spectroscopy Missions

Only HysplRI provides the full spectrum of data required to address climate-

e L
e

carbon cycle feedbacks articulated in the NRC Decadal Survey

HyspIRI Provides Seasonal and Annual Global Coverage that Uniquely Addresses
Critical Gaps in Climate Research and Ecosystem Understanding.

>100 years for international mission to equal 1 year of HyspIRI

Country Instrument | Swat Terrestrial
Coverage
in 19 days

USA HyspIRI 150 60 100%

Germany EnMAP 30 30 <1%

Italy PRISMA 30-60 20-30 <1%

Japan? ALOS3 30 30 <1%

India? IMS Resource 25 25 <1%
Sat-3

Repeat | TIR capability
interval,
days
19 8 TIR bands
NO
NO
NO
1 TIR band

US, HyspIRI: a full spectral range (380 to 2500 at 10 nm), high SNR, uniform, 60m spatial with 150 km
swath imaging spectrometer and multiband thermal imager (8 band thermal imager from 3-12 um).

Other countries are occasionally mentioned (China, South Africa, South Korea, etc.). All are proposing first
generation small sample process/application missions with scattered terrestrial coverage and no TIR imager



EO1-Hyperion Coverage for Himalaya Study g,

o 8
Example of study for snow and ice science in the Himalaya with EO1-Hyperion®
— Coverage is a severe limitation of reglonal and global cllmate mvestlgatlons

IRl would measure the full area every 19 days returning all the data




HyspIRI VSWIR Science
Measurement Summary

The National Research Council of the United States National Academies released the
Decadal Survey: Earth Science and Applications from Space that included a global
mapping imaging spectrometer as part of the HysplIRI Mission.

The NASA designated HyspIRI Science Study Group developed a set of science questions
to address the call of the Decadal Survey including critical climate measurements.

From these science question as set of Science Traceability Matrixes were development
with corresponding science measurement requirements.

A VSWIR imaging spectrometer instrument concept was developed to meet these science
measurement requirements and provide a high heritage and low risk concept for acquiring
the HyspIRI VSWIR science measurements.

The science measurement characteristics of the HyspIRI VSWIR instrument have been
described in terms of: Spectral, Radiometric, Spatial, Uniformity, Temporal

The HyspIRI VSWIR science requires full coverage of the terrestrial and coastal areas at a
19 revisit to address key elements of the Decadal Survey science including critical climate
measurements of the terrestrial biosphere.
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Mission Architecture
. Orbit: 626 km Sun-Synchronous, 10:30am LTDN
. Repeat: 19 day VSWIR /5 day TIR

. Downlink: Contacts nearly every orbit to Svalbard
(North) and Troll (Antarctica)

. Science Data: 5.7 Thits/day

. Launch Vehicle: Taurus 3210, 2m fairing, 790 kg
capability

Payload

Science Instruments:
. VSWIR: Imaging Spectrometer
. 380-2500nm in 10 nm bands
. 60m spatial resolution
. Day-side ( 23% duty cycle)
. 55Kg, 41 W
. TIR: Thermal Infrared Scanner
. 8 bands between 3-12 um
. 60m spatial resolution
. Day and night-side (100% duty cycle)
. 60Kg, 103W

IntelllgentPaonad Module (IPM)
24/7 Direct Broadcast capability
. subset of science data
. X-band @ 20 Mbps
. 11Kg, 86 W

Spacecraft

Launch Mass: 687 kg, JPL DP Margin: 30%

Required Power: 680W, 7.1 m? array (965 W capability)

P/L Data Rate: 384 Mbps

Downlink Data Rate: 800 Mbps Dual-pol X-band

Stabilization: 3-axis

Pointing: Control =720 arcsec (per axis 30)
Knowledge = 2 arcsec (Pitch/Yaw axis 30);

8 arcsec (Roll axis 30)

Stability =5 arcsec/sec (per axis 30)

Implementation

Launch Date: >2016

Lifetime: 3 years, with consumables for 5
Cost Category: Low Cost Decadal Survey
Partners: JPL, GSFC

Mission Class: C, with selected redundancy
Hardware Model: Protoflight

22 No new technoloqy required March 23-25, 2010
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Cover of Science 23 October 2009

7 R 2-um absorption
largely pyroxene

G Brightness

B 3-um absorption
OH/H20



|mage of Earth from the Moon acquired by the NASA Discovery M oon
Mineralogy Mapper (M3) that is a guest instrument onboard the ISRO
Chandrayaan-1 Mission to the Moon. Australiaisvisiblein the lower center of
theimage. Theimage is presented as a false color composite with oceans dark
blue, clouds white, and vegetation enhanced green. The datawere acquired on

the 22" of July 2009.
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Visible ShortWave InfraRed (VSWIR) Imaging Spectrometer
Multispectral Thermal InfraRed (TIR) Scanner

VSWIR: Plant Physiology and
Function Types (PPFT)

B Sprucefir
B \whitz Fine
B Hemlock
[ Beech
Sugar Maple
B Fed Maple
O

Red tide algal bloom in Monterey Bay, CA
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‘I:mperlm ; Albedo
Atlanta, GA - May 1997

Multispectral Scanner

Schedule: 4 year phase A-D, 3 years
operations

High Heritage

HysplIRI 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 oqulobal 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?

» 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;
. 7 bands between 7.5-12 ym and 1 band
at4 pum
. 60 m resolution, 5 days revisit
. Global land and shallow water
1
\ I
4 08 —H1 (m21) \
@ —H2 (m28) \
§ 07 H3 (a10)
& os —H4 (al1) \
T —H5 (a12)
g s Hé
& 0a —H7
% os —H8 (m32)
2., ]'
0.1 k

. ]

3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00
Wavelength (um)

o

Andean volcano heats up Urbanization

G2
Volcanoes

urdan  mesicresidentiol  agriculture

Water Use and Availability

Surface
Temperature

Evapotranspiration
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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?

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?



Science Questions
Topic Areas

Q2. Wildfires:

How are global fire regimes (fire location, type, frequency, and intensity)
changing in response to changing climate and land use practices? [DS 198]

Are regions becoming more fire prone? [DS 196]

What s the role of fire in global biogeochemical cycling, particularly
atmospheric composition? [DS 195]

Are there regional feedbacks between fire and climate change?



High resolution
thermal instrument
can distinguish
between the forest
and non-forest parts
of the flaming front
allowingthe fire
type, intensity, etc.,
to be determined
which indicates fire
regime.

White squares show
fire pixels detected by
MODIS. Insufficient
information to detect
fire type

MIR band provides
radiant flux to estimate
rate at which biomass
combusted and
instantaneous emission
estimate

Wildfires:
How are global fire regimes changing?

30 mMASTER
scene with
MODIS pixels
superimposed
(black squares)

Central Siberia
30 May 2001

HyspIRI will provide
high spatial resolution
mid to thermal
infrared data for
determining the fire
regime and allowing
flux estimation on a
weekly basis



Science Questions
Topic Areas

Q3. Water Use and Availability:

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

« How can information about evapotranspiration and its relationship to land-
use/land-cover be used to facilitate better management of freshwater
resources? [DS 196, 203, 368]

« How can we improve early detection, mitigation, and impact assessment of
droughts at local to global scales? [DS 166, 196, 203, 368]

 Whatis the current global irrigated acreage, how is it changing with time,
and are these changes in a sustainable balance with regional water
availability? [DS 196, 368]

 Can we increase food production in water-scarce agricultural regions while
Improving or sustaining environmental access to water? [DS 196, 368]



TQ3a: How is climate variability impacting the evaporative
component of the global water cycle over natural and managed
landscapes?

(DS 166, 196, 203, 257, 368; WGA)

Science Issue:

% ; 9 » Based on principles of surface energy balance, the land-surface
53 '§ § temperature signal conveys valuable information about the evaporative
29 23 component of the hydrologic cycle and its response to varying climatic
e = drivers. If we can accurately monitor this response in relationship to
= land-use and land-cover conditions, we will improve our ability to
< 8 ag forecast water consumption and demand and to develop effective
g g 3 5 climate adaptation strategies for our water systems.
N Tools:
=5 = * HyspIRI TIR observations of surface brightness temperature at
23 g’ <100m resolution to resolve field-scale land use, preferably with 3+
A2 2 bands in the 8-12um region for atmospheric and emissvity
corrections. The weekly revisit of HyspIRI will improve accuracy of
2o o seasonally integrated ET estimates.
wg S * Collocated/contemporaneous maps of vegetation index and landuse.
28 3 « Insolation data to estimate net radiation.
° = * Regional scale ET maps using coarser resolution TIR imagery from
_ geodtationary satellites and MODIS/VIIRS provide spatial context for
= g ¢ - T local assessments.
O s % T ’g o
EE "2 2§ Approach:
2 @ o3 ®

* Periodic maps of ingtantaneous clear-sky ET from aTIR-based
surface energy balance algorithm can be interpolated to produce daily
ET maps usng time-continuous observations of reference ET or
Multi-scale ET maps for 1 July 2002 produced using surface temperature data available energy from met stations or geostationary satellites.

from aircraft (30-m resolution), Landsat-7 ETM+ (60-m), Terra MODIS (1-km), * Record of daily ET at scales resolving major land use patterns can be

gggg&?g Imager (5-km) instruments (Anderson and Kustas (2008), Eos, 89, analyzed in conjunction with gridded dimate data.

1 July 2002 — 10:30AM CST



Science Measurements
Summary Measurement Characteristics

Precision (NEdT)
Linearity

Spatial

IFOV

MTF

Scan Type

Swath Width
Cross-Track Samples
Swath Length
Down-Track Samples

Band-to-Band Co-registraion

Pointing Knowledge

Spectral
Bands (8) um 3.98 ym, 7.35 pm, 8.28 um, 8.63 um, 9.07 pm, 10.53 ym, 11.33 um, 12.05
Bandwidth 0.084 pm, 0.32 pm, 0.34 pm, 0.35 ym, 0.36 pm, 0.54 pm, 0.54 um, 0.52 pum
Accuracy <0.01 um

Radiometric
Range Bands 2-8= 200K — 500K; Band 1= 1400K
Resolution < 0.05 K, Linear Quantization to 14 bits
Accuracy < 0.5 K 3-sigma at 250K

<0.2K
>99% characterized to 0.1 %

60 m

>0.65 at FNy

Push-W hisk

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)
10 arcsec (50 microrad, 05 pixels, 30m on ground)



TIR Estimated Performance

Lo Noise-Equivalent Temperature Difference with TDI
0.9 =/ microns
=7 5microns
0.8 =8 microns
—=8 5microns
==0 microns
0.7 =10 microns
=11 microns
__06 =12 microns
X
o
E 0.5
< 0.4 I\\
0.3 l\\
0.2 & \
0.0
200 250 300 350 400 450 500
Scene Temperature (K)




Temporal

Orbit Crossing
Global Land Repeat

OnOrbit 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
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Mission Concept
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 guestions

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

Land and coastal
acquisition

11



Duration: 4 years development, 3 years
science

Coverage: Global land and shallow
water every 5 days

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

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

Spacecraft: LEO RSDO bus (SA-
200HP)

Launch: Taurus-class launch vehicle

Mission Concept
TIR Overview

Scan
Mirror

Sunshade

Blackbody
(V-Groove)

Active
Cryo-
Cooler

Space View

Passive
Radiator
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Duration: 4 years development, 3 years
science

Coverage: Global land and shallow
water every 5 days

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

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

Spacecraft: LEO RSDO bus (SA-
200HP)

Launch: Taurus-class launch vehicle

Mission Concept
TIR Overview

Blackbody

V-G
Scan (V-Groove)

Mirror

Space View

c mlm:mmmmmmmmn\\\mw\m

Earth View
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Summary

We have developed a set of TIR science questions that are well aligned with the

HyspIRI Mission called for in the NASA Earth Science and Application Decadal
Survey.

We have reviewed and refined these questions that relate to both science and

application objectives and developed traceability to a set of science
measurements.

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

Subsystem TRL Comments

Scanner 9 Flight Proven on Numerous Designs

Telescope 9 Flight Proven on Galileo SSI, MGS-TES, CZCS, Cassini
VIMS, HIRISE

Optical Filters 9 Flight Proven on MODIS, ASTER, Landsat

Focal Plane Assembly 6-7 Similar Detector Materials and ROIC’s Demonstrated on
Ground and in Space

Active Cooler 9 Proven on Numerous Flight Programs

Passive Cryocoolers 9 Proven on M3, AIRS. More advanced forms flown on
many programs.

Blackbody 9 Proven on MODIS

Mechanical / Thermal Systems 9 Proven on numerous flight missions

Scan Line Corrector N/A There is no scan line corrector!

Electronic Subsystems 6,9 Exact form proven in Lab, Similar Designs flown on other
Space Programs
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Relevance of HysplRI
to Carbon and Climate Science
Susan L. Ustin

IPCC Climate Change 2007: Working Group I: The Physical Science

Basis
Chapter 7: Couplings Between Changes in the Climate System and
Biogeochemistry

Executive Summary:

“Nonlinear interactions between the climate and biogeochemical systems could
amplify (positive feedbacks) or attenuate (negative feedbacks) the disturbances
produced by human activities.”

Decadal Survey Box 1.3 Abundant Challenges: Protecting Ecosystems

”And yet there are no adequate spatially resolved estimates of the planet’s biomass and
primary production, and it is not known how they are changing and interacting with
climate variability and change.” (P.25).



Human Elements

. : Ownership
Population Density
Economics,

Land Policy

Cover

Resource
use

™~

Predicting Future Ecosystems Under Global
Changes in Climate and Land Use

Nonlinear interactions between climate and complex systems create uncertainty

Biological Elements

Vegetation types
Rare and
Stress tolerance

endangered species
Species
/ distributions
S

Time since major
disturbance

production

Agricultural practices

Extractive
resource use

Conservation policy;
Restoration

Future Human Elements

Urban l
expansion Changein crop

/

Species
distribution
changes

Species invasions &
extinctions
Polinator, pest
dynamics

Changesin productivity,
water use, phenology

Future Biological Elements



IPCC Climate Change 2007: Working Group |:

| The Physical Science Basis
Chapter 7: Couplings Between Changes in the Climate System

and Biogeochemistry: Executive Summary
The Land Surface and Climate

» Changes in the land surface (vegetation, soils, water) resulting from human
activities can affect regional climate through shifts in radiation, cloudiness and
surface temperature.
»Changes in vegetation cover affect surface energy and water balances at
the regional scale, from boreal to tropical forests.

» The impact of land use change on the energy and water balance may be
very significant for climate at regional scales over time periods of decades or
longer.

Land Carbon. Understanding land carbon storage is a critical factor in predicting the
growth of atmospheric CO, and subsequent global climate change. P. 273, DS.



Global Land Cover Maps based on climate
potential have biased Distributions

» Coarse Spatial Resolution data do
not agree with actual land cover

types

Satellite Based plant functional type maps
have higher spatial resolution and are
derived from actual measurements

» Maps remain too spatially coarse to
monitor ecosystem changes

» Limited number of cover types; no
subgrid elements

Relevance of HysplRI to Carbon and Climate Science

Monitoring Vegetation Type and Functions

a. Dominant Biome-Derived PFT

Bare Ground
Needleleaf Evergreen Trees

Needleleaf Deciduous Trees
Broadleaf Evergreen Trees

Broadleaf Deciduous Trop. Trees |~~~
Broadleal Decid. NonTrop. Trees |~

Broadleaf Evergreen Temp. Shrubs

Broadleaf Deciduous Temp. Shrubs
Broadleaf Deciduous Boreal Shrubs
C3 Arctic Grasses

C3 NonArclic Grasses
C4 Grasses

Crops

b. Dominant Satellita-Derived PFT

Bare Ground

Needleleaf Evergreen Temp. Trees
Needleleal Evergreen Boreal Trees
Needleleaf Deciduous Trees
Broadleaf Evergreen Trop. Trees ) i
Broadleaf Evergreen Temp. Trees [ .~ i

Broadleaf Deciduous Temp. Trees : d 2 %
Broadleaf Deciduous Boreal Trees\ -~ ... . . R iswassns [
Broadleaf Evergreen Temp. Shrubs\ " . . . - '
Broadleaf Deciduous Temp. Shrubs \ k

Broadleaf Deciduous Boreal Shrbs N\~ -
C3 Arctic Grasses
C3 NonArctic Grasses
C4 Grasses

Crops

From: Bonan, GB, Levis S, Sitch S, Vertenstein M, Olson KW (2003).
Global Change Biology 9: 1543-1556, Figure b from: Ramankutty N.
and Foley JA. (1999). Global Biogeochemical Cycles 13: 997-1027.



Decadal Survey: HyspIRlI Recommendation
by Ecosystem, Climate and Land Use Change Panels

“A hyperspectral sensor (e.g., FLORA) combined with a multispectral
thermal sensor (e.g., SAVII) in low Earth orbit (LEO) is part of an
integrated mission concept [described in Parts | and Il] that is
relevant to several panels, especially the climate variability panel.”
p. 368.

HyspIRI Concept

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



IPCC Climate Change 2007: Working Group |:

The Physical Science Basis
Chapter 7: Couplings Between Changes in the Climate System

and Biogeochemistry: Executive Summary
The Carbon Cycle and Climate

sInterannual and inter-decadal variability in the growth rate of atmospheric
CO, is dominated by the response of the land biosphere to climate
variations.

A combination of techniques gives an estimate of the flux of CO, to the
atmosphere from land use change of 1.6 (0.5 to 2.7) GtC yr- for the 1990s[
and continuing uncertainty in the net CO,emissions due to land use
change.



IPCC Climate Change 2007: Working Group |:

The Physical Science Basis
Chapter 7: Couplings Between Changes in the Climate System

and Biogeochemistry: Executive Summary
The Carbon Cycle and Climate

> If fire frequency and extent increase with a changing climate, a net increase
in CO, emissions is expected during this fire regime shift.

T S:._

.

¥ Global Fire Frequency
| Total

Global Burned Area 1981-2000 from NOAA-NASA Pathfinder Data

Riafio et al. 2007. Global Change Biology



IPCC Climate Change 2007: Working Group |:

| The Physical Science Basis
Chapter 7: Couplings Between Changes in the Climate System

and Biogeochemistry: Executive Summary
7.3.3 Terrestrial Carbon Cycle Processes and Feedbacks to Climate

To understand the reasons for CO, uptake and its likely future course, it is necessary to
understand the underlying processes and their dependence on the key drivers of
climate, atmospheric composition and human land management.

Drivers that affect the carbon cycle in terrestrial ecosystems can be
classified as:

(1) direct climate effects (changes in precipitation, temperature and
radiation regime);

(2) atmospheric composition effects (CO, fertilization, nutrient
deposition, damage by pollution); and

(3) land use change effects (deforestation, afforestation, agricultural
practices, and their legacies over time).



IPCC Climate Change 2007: Working Group |:

The Physical Science Basis
Chapter 7: Couplings Between Changes in the Climate System

and Biogeochemistry: Executive Summary

7.1.1 Terrestrial Ecosystems and Climate

The terrestrial biosphere interacts
strongly with the climate, providing
both positive and negative feedbacks
due to biogeophysical and
biogeochemical processes.

Some of these feedbacks, at least on
a regional basis, can be large. Both
radiative and non-radiative terms are
controlled by details of vegetation.

SURFACE TEMPERATURE  EVAPOTRANSPIRATION
E - N - - - ad & N -....I | ...' g e E n
_E 35
= =
o i3
il =4
2 ch
.
_ En 2
“ | Em
4 ﬂ'g'
<5 “a
=
— g
x —E
o
%E Eq
=, Jm
__ I Pty
o= 2

[ gEl

DisALEXI
(US U aircrat)
apEIs plald



IPCC Climate Change 2007: Working Group |:

| The Physical Science Basis
Chapter 7: Couplings Between Changes in the Climate System
and Biogeochemistry: Executive Summary
7.1.1 Terrestrial Ecosystems and Climate: Carbon Cycle Drivers
Changing Plant Functional Types in Calitornia from 1934 to 1996

Historic WHR Types Current WHR Types

Mixed oak-pine
savanna

e

Mixed Montane
Hardwod &
Conifer

Mixed conifer
Lodgepole

. H i AGS
pine, red fir — g
| MHC; MHEW
| PPN
Il oFR: JPN; SMC; WFR
l- LPN; RFR N
] SCN

EPN
]:I Lake Tahoe

[ study Boundary Kilometers

| [ Jcaoutine 4 a0

I soP; oW
| I MHC: MHW
1 PPN

I OFR: JPN; SMC; WFR

4 4 | e rer N

I
] SCN
% EPN
D Lake Tahoe
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IPCC Climate Change 2007: Working Group |:

The Physical Science Basis
2.5.8 Effects of Carbon Dioxide Changes on Climate via

| Plant Physiology: ‘Physiological Forcing’
Radiative Forcmg and Physiological Forcing

As well as exerting an RF on the climate system, increasing concentrations of
atmospheric CO, can perturb the climate system through direct effects on
plant physiology.

A decrease in moisture flux modifies the surface energy balance, increasing
the ratio of sensible heat flux to latent heat flux and therefore warming the air
near the surface (Sellers et al., 1996; Betts et al., 1997; Cox et al., 1999). Betts
et al. (2004) proposed the term ‘physiological forcing’ for this mechanism.

Increased CO, concentrations can ‘fertilize’ plants by stimulating
photosynthesis, Models suggest this has contributed to increased vegetation
cover and leaf area over the 20th century (Cramer et al., 2001,.



Interactions
bertween water
and carbon

Spatial and
temporal patterns
of carbon and
water vapor
fluxes,

Sky Oaks, CA

NDVI

WBly,

IPCC Climate Change 2007: Working Group |:
The Physical Science Basis

2.5.8 Effects of Carbon Dioxide Changes on Climate via

Plant Physiology: ‘Physiological Forcing’

Radiative Forcing and Physiological Forcing

April 13, 2002
(Beginning of drought)

July 18, 2002
(Drought)

—a— AVIRIS (E footprint)
015 -+0- AVIRIS (SW footprint)
—v— AVIRIS (tram area)
—-- Tram

Qctober 3, 2002
(Drought)

-0.10

March 12, 2003
(Drought recovery)

September 10, 2003
(Post-fire recovery)

4112002 8112002 121112002 4/1/2003 &1/2003

Fuentes et al. 2006




' Role of HysplIRI: detect responses of ecosystems to
' human land management and climate change and
variability (Decadal Survey, P. 114)

Drought affects the magnitude and timing of water and carbon fluxes, causing plant
water stress and death and possibly wildfires and changes in species composition

20.000 : : : : 0.65
15.000 4 ' '
| - 06
10.000 { |
5000 | ¢ [ 055
» Detect early signs § o]
of ecosystem 5 | 05
£ 5000 | 5
change through g e
altered physiology, g 0%
including 15000 1 | - 04
agricultural systems 20000 |
r 0.35
-25.000 { |
'30.(xx) E T T E\ T T \E T \E T T T T E T E\ T T T 0.3
Jan Mar May Jul Sep Nov Jan Mar May Jul Oct Dec Feb Apr Jun Aug Oct Dec

2001 2002 2003

3 Years of NEE and canopy water content (NDII) from an old

growth conifer forest

Cheng, Y-B., P.J. Zarco-Tejada, S.L. Ustin, S. Wharton, M. Falk, and K. T. Paw U.
International Journal of Applied Remtoe Sensing 2007



Role of HysplRI: Detect responses of ecosystems to
human land management and climate change and
variability (Decadal Survey, P. 114)

Detect changes in the health and extent of coral reefs,
a bellwether of climate change.

Natural Color Image }_Habitat Composition

J. Goodman and S. Ustin, Int. J. Applied Remote
Sensing, 2007



IPCC Climate Change 2007: Working Group |:

| The Physical Science Basis
Chapter 7: Couplings Between Changes in the Climate System
and Biogeochemistry: Executive Summary

Reactive Gases and Climate

*Observed increases in atmospheric methane concentration, compared with pre-
industrial estimates, are directly linked to human activity, including
agriculture, energy production, waste management and biomass burning.

Almond orchard: Max
irrigation and nutrients

Observed increases in NO, and
nitric oxide emissions, compared
with pre-industrial estimates, are
very likely directly linked to
‘acceleration’ of the nitrogen
cycle driven by human activity,
including increased fertilizer use,
intensification of agriculture and
fossil fuel combustion.

LAl =2.65 ET 1.064 mm/hr
Drip irrigation

LAl =2.28 ET 1.058 mm/hr
Fanjet irrigation

MASTER data July 2009



Decadal Survey: Relevance of HysplIRI
to Carbon and Climate Science:

Ecosystem Function and Services

HysplRI is required to detect and diagnose changes in ecosystem function, such as
water and nutrient cycling and species composition (Decadal Survey p. 29).

180
[ _
5 o R =0.73
a5 §H§ 1207
g A [ ] Hardwood E ;
g s<
1 A Conifer
; 35 A - Z
O Aé -
'g 25+ 20 30 40
[ L Soil C:N Ratio
154 I I
0.5 1.5 25
Foliar %N

Predicted Foliar Chemistry (PC) from
Spectroscopy Is Used to Estimate
Soil Nitrogen Cycling

14 18 22 26 30 34 38



How does changing terrestrial
water balance affect carbon
storage by terrestrial
ecosystems?

How do increasing nitrogen
deposition and precipitation
affect terrestrial and coastal
ecosystem structure and
function and contribute to

% Climate feedbacks?

Upper elevation
Spruce-Fir forest
(800 m)

Sugar Maple-Beech
forest (~80 years),
fine till soils
(540 m)

Decadal Survey: HysplRI
BOX 7.2 SCIE NCE THEMES AND Key Questions (Page 192)
Disruption of the Carbon, Water, and Nitrogen Cycles

How does climate change affect the carbon cycle?

Net Primary Productivity (NPP)
Bartlett Forest, NH

Scale: Kilometers

Key Questions for Identifying Priorities for Satellite Observations for
Understanding and Managing Ecosystems

4

NPK Fertilizer
(1963-1969)

Hemlock-Spruce-Mixed
Deciduous forest
(300 m)

NPP
(gm?yr’)

. > 1300

I <700

Non-Forest

Management
Boundaries

Net primary production (NPP) scales with Nitrogen NOT leaf area
index (LAI) as derived from imaging spectroscopy data over the Bartlett
National Forest, New Hampshire. Figure adapted from S.V. Ollinger and
M.L. Smith, (2005) Ecosystems 8 (2005), pp. 760-778.




Decadal Survey: HysplRI
BOX 7.2 SCIE NCE THEMES AND Key Questions

Changing Land Resource Use (Page 192)

Key Questions for Identifying Priorities for Satellite Observations for Understanding and
Managing Ecosystems

What are the consequences of uses of land and coastal systems, such as
urbanization and resource extraction, for ecosystem structure and
function? — | .

How does land use affect the carbon
cycle, nutrient fluxes, and
biodiversity?

What are the implications of ecosystem [k
changes for sustained food
production, water supplies, and
other ecosystem services?

What are the options for diminishing

potential harmful consequences

on ecosystem services and
enhancing benefits to society?

ASTER June 2002



Decadal Survey: HysplRI
BOX 7.2 SCIE NCE THEMES AND Key Questions (Page 192)
Changes in Disturbance Cycles

How does climate change affect such disturbances as fire and insect

damage? AVIRIS, MNF image TT Munger
Research Site, Gifford Pinchot NF,

What are the effects of disturbance on productivity, water Washington

resources, and other ecosystem functions and
services?
How do climate change, pollution, and disturbance
interact with the vulnerability of ecosystems to
invasive species?
How do changes in human uses of ecosystems affect
their vulnerability to disturbance and extreme events?

g Tt

Ustin and Trabu

~~_Swiss Needle Cast+



Decadal Survey:
Relevance of HysplIRI to Carbon and Climate
Science

Decadal Survey Recommendation:

A hyperspectral sensor combined with a multispectral thermal sensor in low Earth orbit
(LEQ) is part of an integrated mission concept described in DS Parts | and Il that is
relevant to several panels, especially the climate variability panel. p. 368, DS,



HysplIRIl Mission Concept

Bogdan Oaida, with contributions from many
[bogdan.oaida@jpl.nasa.gov]

Jet Propulsion Laboratory
California Institute of Technology

National Aeronautics and

Space Administration

Jet Propulsion Laboratol . . . .
CE.ifo,,fi:,n'stitutemegmogy © 2010 California Institute of Technology. Government sponsorship acknowledged.
Pasadena, California




National Aeronautics and
Space Administration

oy H YSP IRl Mission Conce pt

Pasadena, California

Orbit Selection Operations Concept
e Key Orbit Design Considerations *  Systematic mappingvs. pointing capability
— Local time of observations e Target map driven - No need for uploading

acquisition sequences
e Highresolution mode and Low resolution mode
* Direct Broadcast capability

e Sun-synchronous
e 10:30 AM LTDN

— Altitude — Uses Intelligent Payload Module

* Low Earth Orbit — Applications-driven

* Repeating Ground track
- GlObal Coverage In a mlnlmum 10:30 am sun-sync orbit v v

number of days given the swath-
width of each instrument.

 VSWIR: 19 days revisit at the

626 km altitude at equator v v
19 days revisit at the equator v

5 day revisit at the equator

equator y
. . D bservati
* TIR: 5 day revisit at the equator (1 ey Opsenation
day +1 nlght) Night Observation
H H inting str redu un glin v
e 626 km altitude at equator suits :°ft o
. urface reflectance in the solar reflected spectrum for elevation
the needs of both instruments i v
Avoid terrestrial hot spot
Orbit selection and operationsconcept meet science Monthly Lunar View calibration v v
requirementswith very infrequent ground Weekly Solar View Calibration 7
commanding or maintenance. Blackbody View Calibration

Deep Space View Calibration

May 4 -5, 2010 2010 HysplRI Science Symposium - GSFC 2



National Aeronautics and

—— HysplRI Global Coverage

California Institute of Technology
Pasadena, California

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

VSWIR Coverage after 19 days
TIR Coverage after 5 days

L
May 4 -5, 2010

2010 HysplRI Science Symposium - GSFC



National Aeronautics and

Space Administration [ ] [ ] [ ] [ ]
Data Acquisition Scenario
California Institute of Technology

e Systematic mapping vs. Imaging Mode

pointing capability e
. VSWIR 60 m 60 m 1km 1km 1km
e Target map driven - No need e e = Ry R T
for uploading acquisition Target Map

sequences

e Data acquisition driven by land
and coastal aquatic (<50m
depth) coverage

— Impact by low resolution modes
on data volume is relatively

small Duty Cycle
. 80%
 Both instruments on 24/7, but 70%
VSWIR not acquiring data at oot
100% duty cycle 0% |
* Low-latency products available 0% jj . R
via Direct Broadcast system o% | = &
Land Coast Ocean Land Coast Ocean
— Applications (not science) driven - .

May 4 -5, 2010 2010 HysplRI Science Symposium - GSFC 4
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Number of Occurances Per Year

[Tb]

Volume Downlinked per day
(W8]

]

60 -

50

40

30 -

20 -

10 +

National Aeronautics and
Space Administration

sy H YSP IRI Data Volume

Pasadena, California

Histogram Rate On-board
100.00% (Mbps) Compression
m Number of Occurances '

——Cumulative % L 80.00% VSWIR: land 804.1 3:1
- 60.00% VSWIR: shallow 865.9 3:1
- 4000% \SWIR: ocean 3.9 31
0% T1R: land 130.2 2:1
- 0.00%
3536373839 4 414243444546 474849 5 5152 53 TIR: shallow 130.2 2:1
Volume of Data Downlinked Per Day [Th]
TIR: ocean 0.6 2:1
s [ [
MTI0Tn e
N Mg~ P ot 030 000 073

LB ot cota votume for the 3 year

mission: 5024 Tbits

Apr-15
May-15
Jun-15
Jul-15
Aug-15
Sep-15
Oct-15
Nowv-15
Dec-15
Jan-16

Jan-15
Feb-15
hMar-15

May 4 -5, 2010 2010 HysplRI Science Symposium - GSFC 5



Managing Data Volume

e On-board storage (current baseline)

— 3.1 Tb capacity (¥65% used nominally)
— WorldView-1 and -2 have 2.2 Tb SSR
— WorldView1:0.33 Tb/orbit
— WorldView2:0.52 Tb/orbit

e Downlink method

— X-band (current baseline)

e 800 Mbps, dual-pole, to Svalbard and Trollsat (KSAT); Poker Flats used as
backup

 WorldView-1 and GeoEye-1 use similar downlink architecture

e Ground communications / latency

— Back end infrastructure may need upgrading to ensure timely
delivery of data

Hyspl RI will require more capabilitiesthan currently used by NASA.
Suitablesolutionsare being used by existing commercial missions,

May 4 -5, 2010 2010 HysplRI Science Symposium - GSFC
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Space Administration

Flight System Concept

California Institute of Technology
Pasadena, California

* Industry procured spacecraft bus

— SA-200HP used as an example for the study to PATCH PM
identify and cost needed modifications ANTENNAE ANTENNA
. HyspIRI specific TIR
RADIATOR

Payload integrated on the top plate (TIR, VSWIR)
and inside the S/C

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

— Spacecraft Dry Mass (CBE): 530 kg
— Launch Mass: 693 kg

— JPLDP Margin: 30%

— Required Power (CBE): 620W

— Available Power: 965W, 7.2 m?array

VSWIR
RADIATOR

VSWIR
SUPPORT

BUS STAR TRACKER

May 4 -5, 2010 2010 HysplRI Science Symposium - GSFC



National Aeronautics and

Space Administration | [ ] C

ot propulsion Laboratory a u I l C Ve I C e OI l Ce t
California Institute of Technology

Pasadena, California

e Taurus 3210 can meet the mission needs
— Closest fit among currently NASA approved launchers
— 30% margin (dry-mass CBE) with a Taurus-class

PAYLOAD :
FAIRING o Ie?unch veh!cle
— Fits dynamic volume envelope
N — 790 Kg launch capacity for HyspIRI Orbit
Y N e Launch window
/ — Mapping orbit reachable once per day
vewir ARTICULATED =
ANTENNA
2.94m I
1.50m
TIR ‘
STOWED | v
SOLAR PANELS —1.40m
——1.80m —

May 4 -5, 2010 2010 HysplRI Science Symposium - GSFC 8



National Aeronautics and
Space Administration

Payload Accommodation and System Margins

California Institute of Technology
Pasadena, California

VSWIR

Mass (CBE) 60 kg 64 kg

Volume 1.1x0.5x0.8m 12x1.1x0.6m

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
Accuracy 165 arcsec (30/axis)

2 arcsec (Pitch/Yaw axis 30);

Knowledge 8 arcsec (Roll axis 30)
Stability 5 arcsec/sec (30)
I T N N AT
Swath width VSWIR 141km 151 km 6%
Swath width TIR 536km 600 km 11%
Recorder capacity 2.0Th 3.1Th 37%
Power 620 W (CBE) 965 W 36%
LV mass capability 530 (CBE, dry) 790 kg 32%

May 4 -5, 2010 2010 HysplRI Science Symposium - GSFC 9



BACKUP

National Aeronautics and
Space Administration

Jet Propulsion Laboratory

California Institute of Technology 2010 HySp'R' Science Symposium - GSFC

Pasadena, California




@ . LOW Latency Data — Direct Broadcast

Pasadena, California

e Direct Broadcast Capability HyspIRI
 Low latency data (<6hrs)
e Applications Driven, Targeted oM Direct
Science Broadcast
— Non-stop data acquisition X
— Decision making capability g

 Not tech development

e Design taken from NPP’s high
rate data (HRD) broadcast system

e Baseline design

&
XX
I

Polar
Stations

MOS/GDS

— 20 Mbps X-band

— An Earth-coverage dish estimated
at 0.5 m diameter

» Reflector is shaped tofFrovide peak

gain at ~60 degrees off boresight

e Any user should be able to receive
data when S/C is above 5 degrees

The DB capability will make use of high heritagetechnology
and existing algorithmsto enable the development of low Courtesy of Jerry Hengemihle
latency data products and applications.

May 4 -5, 2010 2010 HysplRI Science Symposium - GSFC
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National Aeronautics and
Space Administration

romtdontsborsn Ground Station Ca Pa bil Ity

Pasadena, California

Poker Flats Svalbard Tromsg
Manager: USN Manager: KSAT Manager: KSAT
Downlink: 150Mbps Downlink: 800Mbps Downlink: 800Mbps

McMurdo
Manager: NASA

Troll
Manager: KSAT
Downlink: 800Mbps
70Mbps Geo Transponder
ITAR Compliant

Tasmania
Manager: UTAS
Downlink: 150Mbps

Wallops
Manager: NASA
Downlink: 300Mbps
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Description and Examples of Typical VSWIR and
TIR Image Collections

Robert G. Knox, for the HyspIRI concept study team
NASA’s Goddard Space Flight Center,
Biospheric Sciences Branch, Code 614.4

Greenbelt, MD

HysplIRI Science Symposium on Ecosystem Data Products

May 4, 2010

www.nasa.gov



Introduction

Context

The HyspIRI mission, as budgeted,
provides level O, 1, and 2 products.

Investigators, multi-investigator
teams, or broad collaborations
need to develop the level 3 or 4
data products that will meet
HyspIRI's wider objectives.

Level 2 data are provided at the
native resolution (spatial and
temporal) of HyspIRI's sensors.

National Aeronautics and Space Administration

Outline

Orbital geometry and repeat cycles
for a suitable reference orbit

Imaging opportunities for each
sensor (TIR & VSWIR)

 Variation in frequency with latitude
» Overpass times/dates for example sites

Issues for developers of level 3/4
data products.

Typical VSWIR and TIR Image Collections



Orbital inclination (97.9°) represents the angle between the Earth’s equatorial
plane, and the orbit plane, measured (by convention) at an ascending node.

-20 March 2009 12:10 UTC

Earth Inertial Axes

20 Mar 2009 12:10:15.000 TENE SR EEE 50 ST

Night-side view, looking towards the Sun in the plane of the equator. Note spacecraft X axis in direction of along-track
motion (blue), also see orbit track (red, 626.8 km altitude), spacecraft ground track & swath of TIR sensor (red).




20 March 2009 12:57 UTC



Hole-at-the-pole



Daylight side of a sun-synchronous reference orbit, with 10:30 AM equatorial crossing

(mean local time) at a descending orbit node. The sub-solar point (yellow) shows the
location on Earth where the Sun is directly overhead, east of the ground track.

HyspIRI's VSWIR swath
(cyan), nested within TIR
swath (red)

20 March 2009 12:58 UTC



HysplIRI ground tracks shortly after completing a 5-day near repeat pattern:
(a) blue — descending (day) passes and orbit track;
(b) red — ascending (night) passes and orbit track.

San
S }Z 1w

\\\ﬁ%{ LL—# L AA”
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25 March 2009 11:21:30 UTC A@_\ac'

E Step: 10,00 sec Y= Step: 10.00 sec

R.G. Knox simulation with STK v8.1.3. Orbit: alt. 626.8 km, inclination: 97.8°. Earth graphics courtesy of Analytical Graphics Inc.




Accesses per year

Annual TIR imaging opportunities in a 19/5-day repeat HyspIRI reference orbit
Swath: 50.92°, symmetric about nadir. Sampled using a 1 by 1 deg. coverage.

(overall
] maximum:
700 - 1845/1846
80 N/S lat.)
600
500 -
400
——Maximum
i e Average
300 ; = Minimum
200 -
100 \ .
] min. = 152, mean > 166
0 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1

-0 -8 -70 -60 -50 -40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90
Latitude (N)

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).
R.G. Knox, NASA GSFC, Biospheric Sciences Branch, Code 614.4. Simulated with STK v8.1.3, March 7, 2010.
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TIR imager accesses to four selected FLUXNET sites
1 simulated mission year: date & local apparent time

BR-Sa1, Primary Forest tower, Santarem, Brazil (2.86 S)

Apr May Jun Jul Aug Sep Oct Nor Dec Jan Feb Mar Apr
US-Skr, Mangrove tower, Shark River Slough, Florida (25.36 N)
Apr May Jun Jul Alg Sep Oct Nov Dec Jan Feb Mar Apr
US-ARM, main tower, ARM-SGP, Croplands, Oklahoma (36.61 N)
Apr May Jun Jul Aug Sep Oct Nor Dec Jan Feb Mar
CA-Obs, SSA Old Black Spruce, Saskatchewan, Canada (53.99 N)
Apr May Jun Jul Alg Sep Oct Nov Dec Jan Feb Mar Apr

R.G. Knox, NASA GSFC, Biospheric Sciences Branch, Code 614.4. Simulated with STK v8.1.3, March 8, 2010.



14 potential image collects for 1 simulated month (equatorial site)
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National Aeronautics and Space Administration

R.G. Knox, NASA GSFC, Biospheric Sciences Branch, Code 614.4. Simulated with STK v8.1.3



HyspIRI ground-track pattern when a 19-day repeat cycle is almost complete,
showing only ground tracks with descending nodes. (VSWIR swaths overlap.)
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9 April 2009 11:21:30 UTC

Earth Inertial Axes

R.G. Knox, NASA GSFC, Biospher s Branch, Code 614.4. Simulated with STK v8.1.3



VSWIR’s Local solar illumination constraint (SZA < 70 deqg.)
Northern Hemisphere Winter Solstice

National Aeronautics and Space Administration

R.G. Knox, NASA GSFC, Biospheric Sciences Branch, Code 614.4. Simulated with STK v8.1.3



Accesses per year
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Annual VSWIR imaging opportunities in a 19-day repeat HyspIRI reference orbit
Swath: 13.62°, pointed 4° west; local solar elevation angles > 20°; 1° by 1° coverage

. (overall

] maximum:

] 174,82 N lat.)

\\J —Maximum

] /ﬂ —Average

- V L,/f ——Minimum
-90 -70 -60 -50 -40 -30 -20 -10 O 10 20 30 40 50 60 70 80 90

Latitude (N)

Nominal orbit: av. alt. 626.8 km, incl. 97.8°. VSWIR spectrometer FOV: 2.8° E, 10.8° W (60 m pixel GSD at nadir, 2480 cross-track pixels).
R.G. Knox, NASA GSFC, Biospheric Sciences Branch, Code 614.4. Simulated with STK v8.1.3, March 7, 2010.



VSWIR spectrometer accesses to three selected FLUXNET sites
1 simulated mission year: date & local apparent time
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BR-Sal: Brazil - Santarem km 67, Primary Forest (2.86 S)

A M J J A S O N D J F M
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R.G. Knox, NASA GSFC, Biospheric Sciences Branch, Code 614.4. Simulated with STK v8.1.3, March 8, 2010.




19 potential image collects for 1 simulated year (equatorial site)

3X3 pixels (GSD) for BR-Sa1 VSWIR Accesses
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Some issues & options: VSWIR or TIR data products

Providers of global level 3/4 data products will see full level 2 data stream(s).

Where cloud cover is common, compositing will produce more complete
seasonal and/or annual global data products.

Level 2 products feeding multi-temporal level 3 and 4 products will have their
pixels geolocated but are not re-sampled to a fixed resolution or grid.

Questions:

= When will it be more appropriate to composite results of intermediate level 3
algorithms, rather than level 2 products?

» What level 3 VSWIR products can be derived directly from level 2 pixels, before
spatial re-sampling?

= How critical is data latency for particular level 3/4 products? (For which time-
critical products is it viable to use on-board processing and direct broadcast?)

National Aeronautics and Space Administration R.G. Knox, Typical VSWIR and TIR Image Collections. May 4, 2010






HyspIRI: Photosynthesis Products V(c)max and Jmax
Phil Townsend, Shawn Serbin, Aditya Singh, Eric Kruger

A temperature-mediated
photo-chemical reaction.
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Define the product: V(c)max -
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Photosynthesis — The Chloroplast
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Define the Product: Jmax — electron transport rate
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