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Overview

Beginning in January 2007 a Mission Concept effort for HyspIRI has been
under way with involvement of NASA HQ, JPL, GSFC, and a dedicated
Science Study Group (SSG).

Input from the broad community has been received through the Data
Product Symposia and Science & Science Applications workshops.

The HysplIRI Mission concept 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 developed
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 a HysplRI type mission



Mike Abrams
Rick Allen
Martha Anderson
Greg Asner

Paul Bissett
Alex Chekalyuk
James Crowley
Ivan Csiszar
Heidi Dierssen
Friedmann Freund
John Gamon
Louis Giglio
Greg Glass
Robert Green
Simon Hook
James lrons

Bob Knox

John Mars

David Meyer
Betsy Middleton
Peter Minnett
Frank Muller Karger
Scott Ollinger
Thomas Painter
Anupma Prakash
Jeff Privette

Dale Quattrochi
Vince Realmuto
Dar Roberts
Dave Siegel

Phil Townsend
Kevin Turpie
Steve Ungar
Susan Ustin

Rob Wright
Michael Ramsey

HysplIRI Science Study Group
SSeIected by NASA Program Science Leadership)

JPL

uiD

USDA
Stanford, CIW
FERI
Lamont-Doh.
USGS
UMD

U Conn.
Ames

UA

UMD

JHU

JPL

JPL

GSFC
GSFC
USGS
USGS EROS
GSFC

U. Miami
U. MA Dart.
UNH

U. of Utah
UAF

NOAA
MSFC

JPL

UCSB
UCSB

U of Wisc.
GSFC
GSFC

UC Davis
UHI

Upitt

EARTH SGIENGE o
APPLICATIONS raom SPAGE




e

Imﬁ

Page@yout

Formylas
1 Y

. v = ) O \T_‘ === X AutoSum ~
Calibri - T A A (= Wrap Text General M &) ZH‘TA ‘ Normal Bad Good Neutral Normal 10 \_J_ ‘ | 0 yA Lﬁ
23 Copy - = - 3 Fill - Fi
Paste I U- - i Merge & Center~ | $ ~ % 9 | % ;% | Conditional Format | Normal 100 Normal 101 Normal 102 Normal 103 Normal 104 Insert Delete Format Sort & Find &
Jf Format Painter - Formatting v as Table ~ - - - 2 Clear ~ Filter ~ Select~
Clipboard 5 Font . Alignment e Number 5 Styles Cells Editing
‘ H427 ML - f< | Measure at least seasonally through several (3) years to observe baseline and new hazards and changes in hazards. A
=
=
5173 3 1 E F G I H T3 K L ] N a (] R B T U v Wa
Z
3 |=
e E|
S
5 Fadiometiic equirements
; Cross-Track Spectral Wi, Min. Min. On- )
. L . SpectrumCoverage  Spectral Resolution P i Mas. Pol:
! . Science Objectives Data Products Requirements - | Min Spectal FOV  goPa Rfsp:n:se Temporsl  Abschte  obt  oooon Mot POl
8 Q Start End  No. of Channels Bandwidth  niformity  Uniformity Resolution _Calibration __Stability
9 Seience e i Scieatific (Measurement] Objective. Mission i Requirement _Boientific Me Requir nm nm = nm “ P3 m m Days “ YA % %
10 Fiter |~ Filter - Fiter - - Filter - Fiter | Fite v Fite v Fiter v Fitev | Fiker |+ _Fite v Fite| » | Fiter v Fiter v __Fiter | v Fiker |~ |__Fier ~ File
Pattern and Spatial ion of ‘and their C
= V@1 - Spatiall ot is the global spatial pattern of and diversity ions and how do differ in their composition or biodiversity? [DS 1951 &0 | &D &b -
<
B Measure diagnostic spectral signature.
Surface reflectance inthe solar reflected . |
. spectrum for elevation angles >20: (400-2500@10nm) with high preoision and |5, ) 8 c 210 0 a0 a0 35 38 07s 4
Frgorous ouleal program: accuracyto derive plant functionaltype (400-25
e Morahly bt ol and species where possible.
i Measure globally vegstation covered Dsily solar cals: 5
13 regions seasonally and on a multi-year Bperyear ucals: Selected wavelengths (F60+-20 - onygen| 00 780 4 0 %0 0 95 98 075 50T
scale. >3X zeroloss compression: for surface pressure and atm aerosols; .
Tl How are ecosystems organized within Lzﬂa""c‘s’"“‘,'?g“ °f”9°59d SPZWQ‘ “11am sun sync LEQ orbit: 340 +/- 50 and T150+/-50 - for water vapor;| 200 1000 0 0 %0 0 %5 98 075 50T
different biomes associated with temperate,  Derive Fractional Cover of Plant Functional | " = o 'o® #ith Lealocation an: Radiometic calibration: 1380 +1-20 for sirus clouds) te allow for 5
5 | var wopical, andboreal zones, andhow are  Types and Species where possible :‘;:;‘::::;‘ :I';ig"‘:l‘;’i‘:‘:agdz"s‘e"” twith 4 mospheric Correction: atmospheric correctionfor tenrestrialand | 1100 1200 0 0 %0 %0 % %8 075 S%07C
o . 3 2 lidation: tic ob: tions.
o|[ 5 these changing? [0S 191, 203] Herresuial) 2.3 uee,shiub, heibacsous, |20 7PL28 ot S0l gg:i.:i:gg I aquatic abservations. & o a o < 5 = 3 075 Son
7 leaves; deciduouslevergreen; nitrogen- Geolocation: Measure patch scales of <100 m. 60 100
fixertnon-fixer; C3IC4 physiology. Pointi gli Measure seasonally (30 day revisit) 3
Avoid terrestrial hot spot: through several (3) years to observe the 30
] Ground processing: seasonal regional ocourrence and trends.
latency: seasonal, multi-year Measure regionally-important Plant 3
< 30m (3s) Pointing knowledge Functional Type with a revisit time of at 20
1 most 20 days.
- |20
3 Measure diagnostic spectral signature
(400-2500@ 10nm with high precision and 5
accuracy to derive temestral functional 400 2500 210 0 0 0 5 38 05 oo
aroups, species and crtical measurable
21 L2 stmospherically canrected spectral abiotic companents.
. Measure globallraction of dominant | <ectance with Geolooatian and Surface reflectance inthe solarreflected 40 780 4 10 0 %0 £ ] 075 SXOT
22 Plons Funtional Tapes and Specios where| 25eréation and llmination geomety it 210 2% € #2200 0 1o 22 3 Selected wavelengths (760+/-20 - oxygen
. moesble bonemuis e.a ma e, appropriate cloud, cloud shadows, Prgoroum oullval promram forsufacepressue andamasrosols. | o i . - . s s P
2 P i ses; | tmospheric serosol maskl e 940 +- 50 and 1150+/-50 - for water vapor:
- Cptogam: : ." : 1380 +-20 for cirus clouds)to llow for
e broadineedie leaves: Dsily solar cals: amophoric coetion o tenesuial and | 100 1200 10 0 0 0 %5 98 075 5%
deciduoustevergreen; nittogen-fixerinon- 6 per year voals T
- fiser; C3/C4 physiclogy. >3X zeroloss compression: N - 1360 1400 4 0 0 0 5 98 075 5%
How do similar ecosystems differ in size, “11am sun sync LEQ orbit: Measure disgnostic spectalsignatire
; ion, fractional e globally domi ometi o .
Va2 Cies © icesl oaver ] P b dominant aquat Radiametic ssiraton: (380-900@ 10nm) to derive aquatic 24 (35
E i 9 Atmospheric Corre ; ) e 380 800 52 0 0 0 5 8 025 i
biomes? [DS 195] phytoplankton (distoms, dinoflagellates, AC validation: unctional groups, species and eritic 5 (70
26 coccolithophores, h-fisers) L2 water leaving radiance spectrum Parameter Ground Validation measurable abiotic components.
phores. between 380 - 300 with Geolocation and
. Geolocation: 1200 1300 1 100 0 30 5 98 025 S%0T
27 Measure dominant submerged aquatis | 25ervaton andilumination geometryith S280RREN L L Selected wavelengths inthe shor
. communities (ie., coral, sea grass, kelp) | “PPIOPIIate cloud, cloud shadows, Avcidterrestisl hot spot: wavelengthinfiared (1250, 1850. 225000 | oy y7qp 1 100 30 30 35 98 025 S4BT
28 atmospheric asrosol maskl. Croundproosssie, enable atmospheric conection for aquatic
A Sample aquatic biogeochemical latency: seasanal, multi-year observations. 2200 2300 1 100 0 0 35 38 025 5407
ituent: (phytoplankton, sediment, 30m (3s) Pointing knowled
N EE';;,‘;“::;ILQ'” lankton, sediment. m (3¢) Poirting knowledge Measure with spatial resolution of <100 m. 60 100
. g Measure seasonally (30 day revisi) an v
W 4 » W[ Sheetl  Chartl sub (] | i ] »
Ready | |[Eam 7% 0 (+)




1.0 Scope

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

3.0 Project Definition
3.1 Project Organization and
Management
3.2 ProiectAcquisition Strategy

4.CPerformance 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



HysplRI Draft Level 1 Requirements

HyspIRI

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

Level 1 Requirements and Mission Success
Criteria

Version X-8.0
Date:

Owner: NASA Decadal Survey HyspIRI Program Executive and Program Scientist



Level 1 Requirements

o 2.2. Science Objectives

o The HysplIRI 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 (post 2015 guidance)

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 2510 nm at <10 nm sampling at the
specified signal-to-noise ratio and accuracy with >95% spectral/spatial uniformity
at <30 m nadir spatial sampling with <16 day revisit to provide >70% seasonal and
>90% 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.

Mouroulis, Pantazis, Robert O. Green, Byron Van Gorp, Lori B. Moore, Daniel W. Wilson, and Holly A.
Bender. "Landsat swath imaging spectrometer design." Optical Engineering 55, no. 1 (2016): 015104.



Level 1 Requirements (VSWIR)
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Mercury, M., R. Green, S. Hook, B. Oaida, W. Wu, A. Gunderson, M. Chodas, “Global cloud cover for assessment of optical
satellite observation opportunities: A HyspIRI case study,” Remote Sensing of Environment, Volume 126, November 2012, Pages
62-71



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 NEAT

VI Nomimhar ~ [NM@X Nomimar  [NEdT atviin [NEdT at vlaxX
Wavelength |Spectral Radiance and Radiance and nominal Nominal
Bandwidth Temperature Temperature Temperature Temperature [NEdT at 300 K
(microns) (microns) (W/mA2/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)




Performance
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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

41.2 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 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 > 80% spectral/spatial
uniformity at <30 m nadir spatial sampling with <16 day revisit to provide > 50%
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.



Baseline vs Minimum (Threshold)

Baseline

Minimum (Threshold)

380 to 2500 nm at <10 nm sampling at the specified
signal-to-noise ratio and accuracy with >90%
spectral/spatial uniformity at <30 m nadir spatial
sampling with <16 day reuvisit to provide

380 to 2500 nm at <10 nm sampling at >80% of the
specified signal-to-noise ratio and accuracy with >80%
spectral/spatial uniformity at <30 m nadir spatial
sampling with <16 day revisit to provide

>60% seasonal and >80% annual coverage of the
terrestrial and shallow water regions of the Earth

> 50% seasonal and >70% annual coverage of the
terrestrial and shallow water regions of the Earth

three years with a subset of measurements available
near-real-time for designated science and applications.

two years.

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

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

>60% Monthly, >70% seasonal and >85% annual
coverage of the terrestrial and shallow water regions of
the Earth

> 40% Monthly, > 60% seasonal and >70% annual
coverage of the terrestrial and shallow water regions of
the Earth




Summary and Conclusions

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 HyspIRI Mission concept input to the Level 1
Requirements are 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

The HysplRI Mission concept developed a viable set of draft preliminary Level 1
Requirements that are available to support the 2017 Decadal Survey
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Key Global Science and Applications Research
Climate: Ecosystem biochemistry, condition & feedback; spectral
albedo; carbon/dust on snow/ice; biomass burning;
evapotranspiration
Ecosystems: Global biodiversity, plant functional types,
physiological condition, and biochemistry including agricultural
lands
Fires: Fuel status; fire frequency, severity, emissions, and
patterns of recovery globally
Coral reef and coastal habitats: G/lobal composition and status
Volcanoes: Eruptions, emissions, regional and global impacts
Geology and resources: Global distributions of surface mineral
resources and improved understanding of geology and related
hazards
Applications: Disasters, EcoForecasting, Health/AQ, Water

Questions

Global Mission Urgency
The HysplRI science and applications objectives are critical
today and uniquely addressed by the combined imaging
spectroscopy, thermal infrared measurements, and IPM direct
broadcast.
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Mission Concept Status
Level 1 Measurement Requirements: Vetted by community at
workshops and in literature (many refereed journal articles)
Payload: VSWIR Imaging Spectrometer, TIR Multi-spectral
Radiometer, and Intelligent Payload Module (IPM)
Original 60 m option: Mature
ISS options: VSWIR & TIR Mature, ECOSTRESS EVI selected
Separate Smallsat Mission option: VSWIR and TIR solutions
developed with TEAM 1/X
2016 Option: HyspIRI VSWIR evolved to 30 m and 16 day global
revisit. Requires F/1.8 Dyson spectrometer architecture and other
current technologies.
Preparatory airborne campaigns: Measurements used to advance
and refine science, applications, algorithms, and processing
Current Decadal Survey: >25 HysplRI-related Dec. Sur. RFIs



