*

‘National Aeronautics and
Space Administration

[\ c)f)

-+

V. BAETNG With




4 -~
Agenda

 Earth Science Division Overview
* DO Principles and Transition to

Pre-Phase A bl S N
~+ Landsat'8view of southwestern Greenland,
* Explorers showing meltwater loaded with glacial sediments
! NASA's Goddard Space Flight Center
 Open Science

* Interactions of Applications and
Research

 Incubation Program
* What's Next
+ Q&A

,,tJ_andsat 8 view of Trichodesmium blooms

-~

along the Great Barrier Reef
NASA's Goddard Space Flight Center

B \



4 ~ B
Questions Process

* During the Q&A, please type your question directly in the
Q&A panel

* Or you can emall questions to Molly Olonoff at
Molly.L.Olonoff@nasa.gov

* Answers to relevant guestions will be posted on our
website: https://science.nasa.qgov/earth-science/decadal-
surveys
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Justice, Equity, Diversity, and Inclusion (JEDI) Group

GOAL: To build a diverse, equitable, inclusive, accessible, and just environment for marginalized
communities within the Earth science community by identifying, proposing, and implementing
anti-racist actions

Guiding principles:
Improve IDEA and environmental Justice for Black, Indigenous, and People of Color
(BIPOC) communities within the Earth science community
Actions can be directly undertaken within and specifically benefit ESD’s community
Enabled and championed by ESD Leadership’s vision, support, and advocacy
Create a learning environment around the issues of Justice, Equity, Inclusion, and
Diversity
Modify the criteria, processes, practices, and structures we have in place for soliciting
and evaluating proposals to make them more inclusive and equitable, and
Work together with a diverse outside community to remove barriers for
underrepresented groups to participate in and benefit from EO data and application uses




ESD’s JEDI Commitment to Inclusion

Prioritize and focus on increasing engagement with minority-serving institutions, HBCUs,
and other under-represented groups

. Piloted Speak Up! internal educational email series to promote more inclusive language in
3 the workplace

Mandatory training and community dialogues, and workshops to provide necessary
trainings on systemic racism and injustices

Continue to collect and analyze current demographic data across programs funding areas

Piloted Dual Anonymous Peer Review across NASA Science through ROSES-2020
« 2021 Cryospheric Science calls

Advancing Diversity of Review Panels and Reviewing NASA Science R&A Code of Conduct

Increasing Participation in Earth Science Surface Based Measurement Networks RFI




Executive Order on Tackling the Climate Crisis at
H ome an d Ab {0 ad “Together, we must listen to science and meet the moment.”

Methane (ppb) )

Global atmospheric
methane on
December 25, 2017.
NASA's Scientific
Visualization Studio.




White House National Climate Task Force

Through its long-term
observations of Earth,
providing insight into how
the planet is changing,
efforts to contribute to
sustainable aviation and
nurturing partnerships with
the private sector, NASA is
poised to help the task
: B s force address the most
SeeEr = 4 . pressing climate change
R iIssues today.
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Ocean flows off the west coast of the United States, created in support of
NASA's 2020 Sea Level Rise campaign. NASA's Scientific Visualization Studio.
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Supporting U.S. Actions Related to Rejoining
the Paris Climate Agreement

Leadership in the required Global Stocktake

 NASA, JAXA, ESA unique satellite-based GHG
observations

« Other satellite assets (operational/research) for
ocean/land biomass

 NOAA and international in situ (ground, aircraft)
observations

« NOAA/OAR CarbonTracker (modeling) for data

assimilation

« NASA-related modeling research AR SRS

* Collaboration with Copernicus services 3-D view of Earth's carbon dioxide. In the Northern

- Active engagement with WMO IG3IS activity Hemisphere (right) carbon dioxide accumulates in the winter
and related international coordination and spring when plants are dormant.

NASA's Scientific Visualization Studio.
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Sentinel-1B
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S ~ USA
COVID-19 Earth Te"a"\'\_"'." > International
Observing Fleet ——— Commercial

NASA's Scientific Visualization Studio
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EVM-3 Announcement of Opportunity (AO)

Released November 18, 2020; Proposals were due March 25, 2021

EVM-3
& NOAA

Operational Enhancement
Opportunity

EVM 1 (CYGNSS) EVM-2 (GeoCarb)

B \ e




- NASAEARTH FLEET

SWOT (CNES) ot
LANDSAT-9 (USGS) SENTINEL-6 B (ESA, EUMETSAT, NOAA) | OPERATING & FUTURE THROUGH 2023
TROPICS (6) GEOCARB o o
NISAR (ISRO) MAIA e .
TSIS-2 TEMPO e | o
PREFIRE (2) PACE (NSO)  ~ INVEST/CUBESATS

SENTINEL-6 Michael Freilich (ESA, EUMETSAT NOAA) CSIM-ED
ICESAT-2 L. HARP

GRACE-FO(2) (GFZ) . - . TEMPEST-D

GLIMR

B . BT - o TR 'CYGNSS(8) . . = CIRiS

ISS INSTRUMEN : .' i ¢ s SR NISTAR, EPIC (DSCOVR/NOAA)
B (i b Ly w0y - e SN SnaRy Y :‘ b “"_:‘\-‘ : - ; HyTI

EMIT CLOUDSAT (CSA) . =Y SNoOPI .
CLARREO-PF TERRA (METI, CSA) _ ; NACHOS .
gggl i AQUA (JAXA, AEB). ‘
TSIS-1 AURA (NSO, FMI, UKSA)
ECOSTRESS CALIPSO (CNES)
LIS 3 : : GPM (JAXA)
SAGE i - LANDSAT 7 (USGS)

x 'LANDSAT 8'(USGS) o
JPSS-2, 3 & 4 INSTRUMENTS v _. (PRE) FORMULATION @
OMPS-Limb o " IMPLEMENTATON @
LIBERA : ks ' i PRIMARY OPS @
03.26.2021 SUOMINPP (NOAA) e s EXTENDED OPS @
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Sentinel-6 Michael Frellich

sea level anomaly (cm)

» Successfully passed Post Launch
Assessment Review (PLAR) on
February 25, 2021.

* Now, the team is going through the
cal/val process and data will be
available to the public in summer
2021

* The data in the graphic on the right
are the first sea surface height
measurements from the Sentinel-6
Michael Freilich satellite, which
launched November 21, 2020. They
show the ocean off the southern tip -
of Africa, with red colors indicating e
higher sea level relative to blue ll
areas, which are lower.
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NISAR Key Achievement

 The S-band SAR, one of
two kinds of radar on the
NISAR mission, arrived at
JPL on March 19.

» The next day, technicians
and engineers moved the
S-SAR into the airlock to
the Spacecraft Assembly
Facility’s High Bay 1 clean
room.

* The equipment was
unpacked over several
days in the clean room.




Next Launch: Landsat 9

Designed and operated to repeatedly observe the global land
surface at a moderate scale that shows both natural and
human-induced change

USGS Partnership

Launches in September 2021 -

~
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Phytoplankton blooms in the Chukehi
Sea, off the coast of Alaska, as seen by
Landsat 8. (Image credit: NASA-USGS)




2020 Holidays Mark End for Two CubeSat Missions

» Thanksgiving 2020 — CubeRRT (CubeSat Radio Frequency Interference Radiometer Technology)
» Christmas 2020 — RainCube (Radar in a CubeSat)

/
%

CubeRRT




OMG: Ocean Warming Drives Greenland Glacier Retreat

Greenland (226 Glaciers)

4000

Warming
(+1.9°C)

N W & O OO N

Thermal Forci n.gJ(OC)

3500
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2500
2000
1500
1000
500

1995 2000 2005 2010 2015

Aa
8

Ice Front Year

1985 1995 2005 2015
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Multi-year measurements from Oceans Melting Greenland (OMG)

Role of ocean warming in ice sheet dynamics below the surface

» Warming indicated by average ocean temperature below
200m

Ice sheet loss linked from “undercutting”

» Warm, salty water at bottom of fjords melts the base of a
glacier, causing ice above to break apart

» Changes loss estimates by at least a factor of 2
» Most significant in deep fjords

“Memory” in the system

= (Ocean warming paused in 2008-2017, but the net ice
discharge from Greenland glaciers kept increasing, ice fronts
kept retreating, and rate of undercutting remained higher
than in the previous decade

Wood, M., et al. (2021). Ocean forcing drives glacier retreat in
Greenland. Science Advances, 7(1), https://doi.org/10.1126/sciadv.aba7282



https://doi.org/10.1126/sciadv.aba7282

Color of U.S. Rivers i1s Changing

Aseasonal \\ . : :
Spring red-shift o

summer red-shift
w/o enough data

Gardner, J. R, Yang, X., Topp*, S. N., Ross, M. R. V., Altenau, E.
H., & Pavelsky, T. M. (2021). The color of rivers. GRL, 48(1),
https://doi.org/10.1029/2020G1L.088946
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First map of U.S. river color from river surface
reflectance between 1984-2018 from Landsat imagery

Colors such as blues, greens, browns, and yellows,
linked to water quality

» Related to the amount of sediment, algae, and
dissolved organic carbon in water

» Three seasonal patterns identified

River color can indicate rivers and drain basin land-
areas are undergoing rapid environmental change

= River flow
= Land use
» Watershed management

One third of U.S. rivers had significant color shifts
over the last 35 years

= Hotspots often located near dams and urban
areas


https://doi.org/10.1029/2020GL088946

Pollution Disproportionately Impacts Low-Income, Non-White,
and Hispanic Neighborhoods in Houston, TX

Predominant Population
African American majority
B Predominant (gap = 50%)
Sizeable (gap 10% - 50%)
Slim (gap < 10%)
Asian majority
B Fredominant (gap = 50%)
Sizeable (gap 10% - 50%)
Slim (gap < 10%)

wWoodlands
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Pollution Disproportionately Impacts Low-Income, Non-White,
and Hlspanlc Neighborhoods in Houston, TX

4
5 x10
a10 5 —~
@ (@) '
4‘?’; Q—* 8 4 O
8 3 © OF o
s \'—"Iouston Ship 3 g
g fh‘ahnel £ 6 =
xl ; O o
o) o
g 4| 2 %
D)
: g
T 2 1=
0. 75 0. 5 0. 25 0
Non-White and/or Hispanic
Fraction of Tract Population
Demetillo**, M. A. G., Navarro, A., Knowles, K. K., Fields, K. P., Geddes, J. A., et al
IR T (2020). Observing nitrogen dioxide air pollution inequality using high-spatial-resolution
-96 -95.5 -95 -94.5 | remote sensing measurements in Houston, Texas. Environmental Science & Technology,
Longitude 54(16), 9882—-9895. https://doi.org/10.1021/acs.est.0c01864 *FINESST proposal
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2017 Decadal Survey W .

CONSENSUS STUDY REPORT

« Emphasizes partnerships and innovation
« ldentifies key questions and observations for: THR“"NG aNOUR

CHANGING PLANET

A Decadal Strategy for Earth Observation from Space

= Climate variability and change

= Weather and air quality

» Hydrological cycles and water resources

= Ecosystems and natural resource management
= Solid Earth dynamics and hazards

» Five Designated Observables:

= Aerosols (A)*

» Clouds, Convection & Precipitation (CCP)*
» Mass Change (MC)*

» Surface Biology & Geology (SBG)

» Surface Deformation & Change (SDC)*

« Competed Earth System Explorers, an Incubation element,
and Earth Venture Continuity

* Indicates observable addresses Most Important 29
Climate Variability & Change Questions




NASA Principles to Initiate Decadal
Observables Programs

« Accomplish Decadal objectives, within
constraints

» Be intentional about NASA strategic
leadership

« Pursue strategic international
partnerships

* Incorporate speed and innovation
across the entire value chain

* Leverage U.S. space industry and
commercial capabilities

« Establish reserves, within cost targets,

consistent with risk posture and prior Ice of various shapes and thicknesses hugs the Labrador
experience Peninsula’s coast. NASA Earth Observatory.
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Initial ESD Strategy

* Close out five 2007 Decadal Survey studies
= ACE, ASCENDS, CLARREO, GEO-CAPE, HyspIRI

* Prioritize SBG, A and/or CCP as the first DO missions
 Missions to be directed to NASA Centers

* |Instruments obtained through partner
contributions or competed AO

« Spacecraft obtained through partner
contributions or RFP to industry

« Rapid solicitation for multi-Center study
proposals

Michael H. Freilich

Decadal Survey Brleflng '. ‘ Division Director

Earth Science Division, NASAHQ
April 26, 2018

April 2018 briefing to NASA Centers
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Earth System Observatory CCP CLOUDS. CONVECTION

AND PRECIPITATION
Water and Energy in
the Atmosphere
SURFACE BIOLOGY
AND GEOLOGY
Earth Surface &
Ecosystems AEROSOLS
Particles in the
Atmosphere
SURFACE DEFORMATION
AND CHANGE MASS CHANGE
Earth Surface Dynamics Large-scale Mass

Redistribution
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Transitioning from Architecture Studies to Pre-Phase A

Pre-Phase A

Architecture Studies
AICCP A/CCP Polar A/C.CP
Inclined
MC
> SBG > MC SBG
Why Now?

 This interconnected observatory represents a unique opportunity to observe the
Earth as a system

« Maximizes science return with the overlap of as many elements as possible
 Builds on the momentum developed during the first two years
* Improves the likelinood of establishing its first elements before 2028
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Why Not SDC Now?

D
s\(\oQ." X \(\. e\eéeé 6\0(\ e\j\e"" o
o) ) ‘\)(0" ec)e\e e(\\_‘;?\ eﬁ\
c\i\‘ec N3 J ¢ 06‘;\%
s e o8 &
(\ce\’ | ((.\(\z\ | S\\f;\e o 56
R\

e :
| e® | |
| o '
“\sé\"“ * Incorporate lessons learned from NISAR
(l) * Monitor ROSE-L formulation
: » Evaluate ALOS-4 data
| * Continue to assess commercial SAR
| | |

Phase IIl: Design I ! !

| | | | |
N G 7V % 7 > 3 ° 4“3\ &
Q & Q& & Q& Q& Q Q < <
ALOS-4 Launch A
ANISAR Launch A NISAR e o o s
Commissioning + 3 years science ops Extension
ROSE-L A ROSE-L A ROSE-LA A ROSE-LB A
Start Phase B2 Start Phase C? Launch Launch
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Pre-Phase A & Beyond

» Project Authorization Letters establish projects at JPL and GSFC, and direct the scope of work
for Pre-Phase A
» Define architecture path forward
» |dentify trade studies around that architecture
» Define international partnerships
= Open-source science
= Applied Sciences

» Projects will “graduate” to Phase A with the successful completion of a Mission Concept
Review and KDP-A, dependent upon:

= Concept maturity

= Continuity considerations

= Available budget

=  Alignment with partnership opportunities

B \ B 2 x
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INNOVATION &

COMPETITION - Sl rearanEe
Earth Explorer Missions y u’ X Gases

J Ozone and
Trace Gases

Snow Depth and

Water Content Atmospheric

Winds

e A s t'&'w”l";w&v‘w 2o
i w*wé.’:‘a‘g@f‘?ﬁ“’ AT

3D Ecosystem
Structure

Ice Elevation

Ocean Surface
Winds and Currents

30




Status & Strategy

« The Decadal Survey recommended a new competed Earth System Explorer (ESE) flight element

» Suggested implementing 3 of 7 Targeted Observables as Explorers

« ESE will use a two-step AO process, similar to Explorer solicitations in other SMD divisions
$350M cost-capped (including launch services) observing systems/missions
9-14-month Phase A prior to down-select

First solicitation will likely allow proposals for any observable from the DS Explorers list

Subsequent ESE solicitations will likely restrict primary observable foci based on previous
selections

ESD will encourage solicitations that address more than one ESE Observable and that
support other aspects of the DS-recommended ESD portfolio

* New ESE Program Office to be established

* Implementation will be paced by availability of funds
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Explorers Technology Investments Position NASA
for Success

Investments Made Since 2013

00000
00000
00000
0000
@000
00000
00000
00000
00

®0
L X
o0

Atmospheric

®0
o0

Ocean Snow Depth

Greenhouse . Surface Ozone & & Snow
Ice Elevation Winds & Trace Gases Water

Currents Equivalent

Terrestrial
- Ecosystem
Winds Structure

Gases

® Information Systems e Solid circle indicates project solicited
® Observation Technology prior to 2017 Decadal Survey
® Technology Validation o Ring shape indicates project solicited after

release of 2017 Decadal Survey
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Chief Science Data Officer

« On March 5, ESD announced that
Kevin Murphy, Program Executive
for Earth Science Data Systems,
was selected as its new and first
Chief Science Data Officer

o Official start date was March 15

* The Chief Science Data Officer is
responsible for leadership of
SMD’s data strategy and policy
and the implementation of ESD’s
Data Program

B \




Open Science by Design

Foundation for an Integrated Earth Observatory

35



A Vision for Open
Sourced Science

Expand participation, improve
reproducibility, and accelerate scientific
discovery for societal benefit.




1
TRANSPARENT

3

ACCESSIBLE

OPEN SOURCED !
SCIENCE |
PRINCIPLES

INCLUSIVE REPRODUCIBLE




___________/
Open Science Goals for ESD .. ",

o \'\"e“"‘“’re Pay; " ho"a';
-3 54,
. . . o (N
Open science Is a collaborative & f@ oy 10 St
culture enabled by technology that £ 5 e, ooy,

empowers the open sharing of
data, information, and Open
knowledge within the scientific Science
community and the wider public to
accelerate scientific research and
understanding.

Clear alignment with the SMD Strategy for Data Management and Computing
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Building an
Open
Sourced
Science
Ecosystem

Initiate new missions, research, and
applied activities as open science
projects

Implement clear policies for software,
publications, and data

Integrate and improve existing
capabilities to support data management,
access, computing, analytics, and
collaboration

Build the community through training,
workshops, competitions, and incentives
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Open Sourced Science Components

Researchers, Applications, Policy, Industry, Citizen

An integrated earth oo )
Scientists, Public Users/Access

observatory is at its heart a
data system with capabilities
to support sharing,

Distribution and Analysis Platform(s)

n

stewardship, equitable > 2
access, and collaboration in Models and =2
support of research and Modeling T 5
. . e e L O
applications activities. ks '%
=

Multi-mission data lake
(NASA+USG+Commercial+International)

Data and software catalog
Collaboration and versioning

_ YT
Community Development Approach
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Pre Phase-A - P Study facilitated and funded by Data Systems
Cross DO Study: ® Program

Data Processing < e

'-o | Approach
Developing concepts M+ .+ Initiate an architecture concepts and prototyping
for an open common R study co-led by JPL and GSFC with support f
science data e from DO teams. z
processing system : |
for product - Expected DO Commitment
generation (L1 - 4). - .5 WYE and 3 workshops over 12 month period

@@ Deliverable
- @ * Architectural options for an open common
e o science data processing system for L1 - 4
@@ products that identifies risks, incentives and
potential partnerships.




Ground Rules for Cross DO Study

« Missions will be responsible for costs of generating science
products.

« Missions will adhere to open data, software, algorithm, and
publication policies (i.e. SMD Information Policy currently in
draft form).

« Missions will develop algorithms, software, and
documentation in open systems from the start (Level 1 - 4).

« Earth Science Data System (ESDS) Program will be
responsible for stewardship (software, documentation, and
data), archival, distribution, user support, and publicly
available analysis capabilities.

 Efforts should focus on identifying and reusing suitable
existing capabilities.




In Summary

We have a strong vision for the future and have been making strides towards
open science.

For DOs entering Pre-Phase A, we have an opportunity to build-in open
science principles at project initiation to tackle common challenges and in
turn, build a community dedicated to transparency, inclusivity, accessibility,
and reproducibility.
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Interactions of Applications and Research

DESIGNATED OBSERVABLES
An Interconnected Observatory

Malr s oy Research and Applied

o have fundamentally
et e Ve worked differently on
ccosystos . R s o SBG than ever before.

e | think it’s true for all DOs.

SURFACE DEFORMATION = y— — WOOdy Turner

AND CHANGE

Earth Surface Dynamics ' Large-scale Mass
Redistribution
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Community Challenge

“Pursue increasingly ambitious objectives and innovative solutions that enhance and accelerate the
science/applications value of space-based Earth observation and analysis to the nation and to the world...”

CONSENSUS STUDY REPORT

THRIVING onour _ . PASTEUR'S
CHANGING PLANET & Pure basic Gl plice e
A Decadal Strategy for Earth Observation from Space . E researﬂh bEISIG I'IE-'EEB.I"Ch
23
8 ¢ Bohr Pasteur
iR, ESD -
= D .
<o N Pure applied
% D Tinkering research
-
m L]
© Edison
“To its credit, NASA has increasingly integrated _ Relevance for immediate applications
applications into flight programs and research,
with results that have been embraced by both Note: This figure did not appear in
the science and applications communities.” p.61 the Earth Decadal Survey
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DOs, Research, Applications  Applications <<= Research

Maximize the return on NASA's investments by enhancing scientific knowledge, applications value,
and overall societal benefits of the Designated Observables to broad audiences

User Communities Earth Science Knowledge Stakeholders

Uses of data and information Research results and some Broaden the range of
products to improve co-production. Broader sector communities and
decisions for societal and awareness and familiarity organizations that are

economic benefits. Feedback with research pursuits of aware of and interested
from non-traditional DOs & researchers. In the NASA mission plans
audiences. Expand ROI Build anticipation of research
beyond research and new results and identify new
knowledge of Earth research pursuits




Interactions of Applications
and Research

What Does This
Look Like

DO Studies
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Approach

* Joint (research/applications) Applications have been central to SBG Architecture Study

t e am S Daing so would allow application needs to be accounted for, alongside other key metrics such as cost, risk, science value, in the final
SATM Integration

architecture set. We evaluated the success af this in the applications scoring framework.
« Clear mapping of applications S ST Integraton,
. . Science Value ) Study, incl. Design
|nteg ratIOnS Sessions)
Applications
) Metrics for

Architectures

 Science and Application oo || tenarsven ||
Driven Analysis '

R . Value Elements needed ) di Recommendations

Traceability Matrices for Apps ragers used i o e

(SATMS)
Value of Evaluation of
« Community engagement st I Aichitactires
with respect to

Community (RTI
Study) VOl

* Integrated architecture
evaluation Example of clear mapping of applications integrations with SBG.
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Interactions of Applications
and Research

What Wil This
Look Like

Pre-Phase A and Beyond
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What will this look like ...

Mission Products, Science Teams, and More

Mission Products Science Teams:
- Deliberate approach to mixture of Composed of people spanning expertise In
low-level and high-level data products to serve range research, applied research, and
of researchers and users; algorithm development applications

— Open science possibilities « Pre-Launch Teams: People who can work

PLRA and Level 1 Requirements data product developments to address
needs across research and user

* Integration of applications communities; Applications Working Group

Pre-launch data as standard element
 Significant, deliberate efforts for proxy data, simulated « Post-Launch Teams: Need to move from a
data, airborne data varied, ad hoc approach to design

Earlv Adopters deliberate efforts enabling a mixture of
4 P perspectives. Applications Working Group

* Implement revamped program, including clear as standard element (opt-out)
expectations on Science Team members to engage

with EAS
B \




What will this look like ...

Community Assessment Reports

 In Pre-Phase A, Earth science projects produce a
Community Assessment Report (CAR) to document
information about relevant applications communities

* The CAR characterizes the communities, including

NASA HEADQUARTERS

technical and organizational aspects. The projects R
use the information as part of mission concept DIRECTIVE ON PROJECT
. . APPLICATIONS PROGRAM
decisions.
= RTI International contractor supporting each project team j; Liln, ——
in creating the CAR in Pre-Phase A e W

 The CAR serves as a reference document for the
project team, PE, PS, PAL, and others throughout the - |
lifecycle. Info may be relevant to any phase of the ATh.e ESD Directive on Project
i i pplications Program stipulates a
lifecycle — not just Pre-Phase A. CAR in Pre-Phase A
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What will this look like ...

Building on Established Capabilities

SBG
SISTER Project

Western bioDiversity Time
Series data acquisition

ECOSTRESS:
Science and Applications
Team

Early Adopters

Joint meetings of Biodiversity

program (R&A) and Ecological
Forecasting program (Applied
Sciences)

A/CCP

Health & Air Quality Applied
Sciences Team:
Researchers meeting with
Managers, Officials, Users

TEMPO Early Adopters
MAIA Early Adopters
GPM Applications
FIREX-AQ Community

MC

High Mountain Asia: Projects
and community of
researchers and applications
specialists; joint leadership
by R&A and AppSci

GEWEX Program
USGS Groundwater Census

GRACE-FO Science Team:
Includes 2 people with
applications experience

Relationship with California
Dept of Water Resources

Space Geodesy
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What will this look like ...

Continuing & New Cross-Benefits <=

A/CCP

Continuing topical workshops
= Continue audience engagement and CAR development

= Further collaborations between Health and AQ Applications, Tropospheric Composition,
Radiation Sciences, and Weather research

» Follow-up with communities already engaged
— Air Quality Workshop March 2021: End users engaged with study team members

— Transportation Logistics Workshop Nov 2020: Insights on transport and logistical activities
for aviation, maritime, roads and highway systems with Study Team

SBG

Further development of methods for joint basic and applied research

= Example: Both increase our understanding of the geophysics of volcanoes while
simultaneously gauging the extent of the hazard they pose to surrounding communities
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Foundations & Philanthropies

“...a successful process for exploiting external trends might include at a Currently exploring
minimum,a survey of ...non-traditional partnerships such as philanthropists and opportunities with
nonprofits”

BILL& MELINDA

2017 Decadal Survey (ATES Faundatin

& ROCKEFELLER
. FOUNDATION

Exploring Opportunities to:

 Accelerate the rate of scientific discovery K;IB(N)RE
 Pursue bigger and more complex science questions FOUNDATION
- ) / \\// SCIENCE
 Drive development of technology, data and science ,_ /§ X/ PHILANTHROPY ALLIANCE
applications EJ PLACEFUND
« Stimulate and open up new lines of scientific application J~ FLATIRON.

* Force-multiply the impact of the Earth Observation sector
by synergizing public and private investments
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Incubation Program
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Study Team Report Update

PBL and STV reports to be available at NASA HQ Decadal Survey Website by week’s end (4/16)!
TOWARD A GLOBAL PLANETARY

BOUNDARY LAYER OBSERVING SYSTEM
THE NASA PBL INCUBATION STUDY TEAM REPORT

Naticeal Aarcnautis anc
Space Admnistraticn.

OBSERVING EARTH'S CHANGING
SURFACE TOPOGRAPHY AND VEGETATION STRUCTURE

& A FRAMEWORK FOR

THE DECADE

e T

Jo#o Teixeira ("), Jeffrey R. Piepmeier ¥, Amin R. Nehrir @), ChiO.Ao "), Shuyi
S. Chen @), Carol A. Clayson ), Ann M. Fridlind ®), Matthew Lebsock (),

Will McCarty ?), Haydee Salmun ), Joseph A. Santanello ®, David D. Turner ©,
Zhien Wang ©, Xubin Zeng (1%

(1) NASA Jet Propulsion Laboratory, California Institute of Technology, Pasadena, CA
(2) NASA Goddard Space Flight Center, Greenbelt, MD

() NASA Langley Research Center, Hampton, VA

) University of Washington, Seattle, WA o S 5
: (5) Woods Hole Oceanographic Institution, Woods Hole, MA
g ®) NASA Goddard Institute for Space Studies, New York, NY
™ Hunter College, CUNY, New York, NY %
) NOAA Global Systems Laboratory, Boulder, CO
() University of Colorado, Boulder, CO

(10) University of Arizona, Tucson, AZ

L b
o tREE

https://science.nasa.gov/earth-science/decadal-pbl https://science.nasa.gov/earth-science/decadal-stv



https://science.nasa.gov/earth-science/decadal-pbl
https://science.nasa.gov/earth-science/decadal-stv
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ROSES-21 DSI Solicitation

« DSI-21 to be released in late Spring 2021 as an amendment to ROSES (element
A.45)

NASA will utilize Study Team Reports to inform DSI-21 development

ESTO and Science groups working jointly to develop DSI-21 contents
- Since drafting has begun, few details can be discussed at this time
- Anticipate allowing for awards in Science and Technology

- Technology awards will be similar in size to an Advanced Component Technology (ACT) task;
science awards similar in size to R&A awards.

Selections anticipated early CY 2022; new awards expected to begin ~Feb-Mar 2022
ESTO will manage technology awards; R&A will oversee science awards. All tasks will

bk tam dkla A F"OOTAN MaAammmvdiimamd O vmbmvma TN
repol

Instrument Incubator Program [IP-21, ROSES (element A.41) release
Is iImminent. It will allow for proposals that can support PBL or STV.
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What's Next
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What's Next? ESD Decadal Survey Web Page:

https://science.nasa.gov/earth-science/decadal-surveys

* ESD Leadership Team continues to address G NASA STIENCE -
additional DS topics
* Check the ESD Decadal Survey web page to: ml
. . . Overview What We Study  Elements  Missions  Science Questions EarthData  Resources  Global Challenges &'
= Find meeting schedules and details
= Ask questions and see answers as they Decadal Survey

become available D%CidalSna;JSi1ot | | - IE:;EIISScience Decadal
= Review information in previous sets of charts ‘

* Next Community Forums
= July 15, 2021; 1-3 p.m. EST
= November 18, 2021; 1-3 p.m. EST

= WebEXx and telecon information, in addition to other updates, will be posted on the NASA
ESD Decadal Survey website

= For information about future Decadal Survey Community Forums, please send an email to
Amy Treat at Amy.A.Treat@nasa.gov
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Questions Process

* Please type your guestion directly in the Q&A panel

* Or you can email questions to Molly Olonoff at
Molly.L.Olonoff@nasa.gov

* Answers to relevant guestions will be posted on our
website: https://science.nasa.gov/earth-science/decadal-
surveys
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A Continuum of Open Sourced Science

- Data access ($9%)

- Accessible publications ($3$)
- Siloed systems

- Limited Communication

- Proprietary Software

- “Closed-tent” culture

- Free unlimited data access

- Fully documented open software and algorithms
- Fully linked data and publications

- Open Access Journal Publications

- Fully Transparent Processes

- Reproducible across platforms

- “Teaching” Culture

Fully Closed I
- Free data access
- No public data access - Open software and algorithms
- No publications - “Green” Journal Publication
- No insight into processes - Documented Processes
- No reproducibility - Reproducible in specific environments
- “Black Box” Culture - “Open-Tent” Culture
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Investments in Open Sourced Science

Cross DO Study:
Data Processing

Developing concepts
for a common science
data processing
system for product
generation.

Cross Agency
Partnering:
NOAA

NASA/NOAA joint
cloud-based data lake
pilot motivated by
needs of both
agencies

Improve Existing
Capabilities

Multi-Mission
Algorithm and Analysis
Platform (MAAP) will
be expanded to
include support for
hybrid compute
environments,
especially for HEC.

&
5

Cross DO Study:
Data Latency

Evaluating flight
hardware and ground
system architectures to
minimize product
latency across DOs.




What does this look like ...

Joint Teams

ACCP Aercsok and Clouds, Corwedtion, and Predpitation Study

Sy |

SBG Organization

NASA H
Woody Turner
Ben Phillips
Marissa Herron
Laura Lorenzoni

¥

Research & Applications Team
Dave Schimel- JPL, Coordinator

Ben Poulter- GSFC
Science Steering Committee
Working Groups:
Algorithms
Calfval
Modeling
Applications

SBG Study Coordinator

Jamie Nastal- JPL

Center Executive Steering Committee
Ryan Spackman- NMASA ARC
James Irons- NASA GSFC
Randy Fried|- JPL Chair
David Young- NASA LaRC
Gary Jedlovec- NASA MSFC

International Collaborations Coordinator
Chip Miller- JPL

Science Community Cohort

~ Independent Assessment of
SATM

r Independent Assessment of
Science & Apphications Boresit by
Commerity of Users

Systems Engineering Team
(SET)

~ Desfirition of Archutechres

+ Assezzment of Architechres
» Tedroogy Readness
» Techrics Risk

Study Management Team (SMT) Larth Scimace Divinkcn
5 St i3 M ( o Prorgom Exctn Tbue Avwrl Program Scentst (Sl Murng?. Progrim Appboation, Laad e Kaysey
Study axd Defivery of Study Report e 1
~ Commurity Engagemnent Suudy Seppert oty Coomdinuty (Monsn 50
3 tewn Sty 2y Conmdeutor ewn LG Partaes Minsgement Board
- Assessment of Acchitechores Procwmenst — Dty Sty Coonouny (gt L) 2= v - - o ), Yourg (L300
= pra son & Vit 70 e Vaapeent vty Seady (otwdeutr (Vane' L) [°F
Com Whede Manaprramt Sondy Lrad (Teosd MSEC
» Progammasic Risk il ok Ohphin/ta0
ey Lont [ipackmansA)
» Ofwx Prograrmmasic Fackrs
o
Science/Applications Leadership | @b Oy
Team (SALT) M:wmmln.umu. ; - R ad e e s o
- Defirifon of Scence & Apgiicasions St : ,..,..'......
Tracesility Matricns Scivecr bmpuct Yoam i d e 50 mm.,,. Expert Unglasaring
= ot of the Uity of e Mace oA UTL Redemarn [ of 00 s foual
Gepirysics Viriaties in Mesing Esch Aophcations 1mpact Tosm
Nbiocive Ko SSH0, One L P
Vabwe Iramewert feam s
Science & Applications impact v (L0
Teams (SIT and AIT)
~ Assessing e Scence & Agglicsions MRS
Vadue of Acchitechres (Science Quaity |
of Each Architectrre wrt Mesing | | T 1
L [a——ry— Sb Ot

science/Applications Leadership
Team [SALT)

Value Framework Team

~ Development of Stancard and
Systenastic Agpraach o Scence,
Agplications, and Programmaic
Evafustons of Architectres ©
Eslitde Down-Select Decsions

science &Applications Impact
Teams (51T and AlT)
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1 Crarwid WWiesa-JPL, Lead

| Research & A

Architecture
Formulation Team
Kelley Case- JPL,
Co- Coordinator
Belgacem Jaroux- ARC,
Co-Coordinator

{A-Team Works| r
Candidate architectures,
———

cations Team

Phase 2: Architecture Assessment *
David Bearden- JPL, Lead
Jon Chrone- LaRC, Deputy Lead

Phase 3: Architecture Design +
Amit Sen- JPL, Lead
urt Thome- G5FC, Deputy Lead

Architecture Teams

+ Phase 1: Identify Candidate Architectures
Tony Freeman- JPL, Lead
Ben Poulter- GSFC, Deputy Lead

Cost Estimation Team
Jim Hoffman-JPL,
Co-Coordinator

Jordan Klovstad- LaRC,
Co-Coordinator

PE: Amanda 'Whitehurst
PS: Lucia Tsaouss!
Anemaie PSC Jared Emin
PAL: Brad Doom

X
Deliverable Preparation
* Phase 4: Final Report, MCR material

Jamie Nastal- JPL, Lead

Pra-decisional - For Discussion Purposes Only

WG Sfudy Coordinator |
Bemiz Bienstose- oL

Canber Exacufive Stasring Commies
MASA ARE, Ryan Spackman
MNASA G5FC, James Ions
JPL Chair, Randy Fried
NASA LaRC, David Young

[Phase 1: Candidae Architecturs

‘Soot Lmke BG5S, Deputy Lead

Phase Z Archieciurs Assessment
Diarvid Baaroen-JPL, Lead
Jonaman Crrone-LaR, Depaty Lead

Phase X Archifecture Design
Micrzel Gross-JPL, Lead
Eryart Loomis-GSFC, Deputy Leod

Cost Esfimaiion Team
Jim Hofman- AL, Co-Coordinador
Jordan KiovsiaH aRc, Co-Coondinatr

[Ressarch and Applicaion Team
Camen Boening-JPL, Co-Coondinaior

Mamew Rodel-E5FC, Co-Coondinaor

Research and Applicaion Team |

Architecturs FormuiaSon Team
Kelley Case-JPL, Co-Coordinaior

Ch an ge ’ETF‘:&‘:. A

Mass Change Working Groups

SATM
= David Wiese, Lead
=Carmen Boening
= Bryant Loomis
=5c0d Luthcke
= Mat Rodell
= Jeanngs Sauber
= Frank Webb
=Victor Zlotnicki

Candidate
Architectures
= Kelley Case, Lead
=5cod Horner
=Bryant Loomis
= 5008 Luthcke
= Frank Webb

~Coordinates with Applicstiens/caR = David Wiese

Applications

* Mat Rodell, Lead

=T Reager

= Margaret Srinavasan

Science & Community

Engagement

= Carmen Boening, Lead
* Rosemary Baize®
= Bernie Biensiock

= Bryant Loomis

= David Wiese

=Viclor Zlonicki

Communications
«Vicior Zhoinicki, Lead
= Bernie Biensiock

* Donna Wu

&
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What does this look like ...

Clear Mapping of Applications Integration

Applications have been central to SBG Architecture Study

Doing so would allow application needs to be accounted for, alongside ather key metrics such as cost, risk, science value, in the final
architecture set. We evaluated the success of this in the applications scoring framework,

SATM Integration
Overlap with (& carried through
Science Value Study, incl. Design
Sessions)
Applications
Metrics for
Architectures
Applications Other Architecture Eﬁ:gsiﬁgr:;:
Value Elements needed (homgets wsed in Recommendations
for Apps Design Sessions) on Architecture to
HQ
Value of Evaluation of
Information to Remaining
Applications ))))) Architectures
Community (RTI with respect to
Study) VOI
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What does this look like ...

Science and Applications Traceablility Matrices

* = With 48 hr Latency 5
Objective 2 High Clouds
Goal 2 Storm Dynamics \— Objective 3 Convective Storms
- - -
B ey s | o Linking SBG SATM with
| Precipitation Precipitation Processes Geophysical Consolidated
L [T Veriable Observable
Objective 5 Aerosol Attribution and Tables R
Air-Quality o o
Goal 4 Aerosol Processes  — e ™ [T [T— = [T ———— EAL, EA2, EA4*, EAS*, LT P i Tt Aeveoams
Objective 6 Aerosol Processing, |:PoR Missions IR e e e e r—
Removal, Redistribution v e mrern ey | suce |t v e vy st e EAL®
PoR O g o b s o D 11t e e s Gt enat s - e 20, 300
Objective7 Eeciond amp_f-":“ml B o 0 v o A [0 0 e s B e bl heime oIl
Goal S Aerosol Impacts on Absorption LSS - 1 -
‘ Sdon Kw' ive 8 Aerosol Indirect Effect o EA L - S8 ot
= !
. Workin Progres 1, EAZ, EAQ®, EAS®, S [ [manan
*
EAE : B |
X w000, [ A a0 o
e e B KD | o s
w Lr—— ot . st S Wty o sopercon | = e [ =
el e e | . iy o 45 T el o,
- o | T EA3 s
gty oty v it G s | oo b vt Sobune v sk ot e A f ot ed e wwesly & o] e Lo
e g’ g w——— tean | Ll » [ aeor
Sl ey s e i, o ot
O Y e | v iz e | acor
B Desired Capability o S B e B oot "
o c:"’f’"f::e_d or Sci Examples of Observables Enabled L el e e e e e EA3, EA8®, EAD, some EL
eophysical Variables T Scales fungirion | ‘o e I o s g b ot = _—
Objectives| g, i Notes Al a. applications.
(14 of 17) nge ‘ | | PPs
XY Z | T | swath
Minimum Enhanced IMPORTANT: Desired Capabilities and Observables are preliminary. Click here for additionalinformation. iz s | 2 = it fotemini o] frd
AN 00 e o s ety & ] e
01- - : L ar | i aanwe | aco
01.03 | Cnem | 010305 - o SRS EAS*, EALA*, EA 30* - sun
a > |o3-2-sommme|  <100% Jkm o 1 Nadr Radar reflecivily; ywave radiances, submm radiances =~ ,/(“, AT
Precipitation rate 04,06 |osoommm| 04:200% e
PR.z 05 0.1- 2mm/ne Lower freq radar nesded in enhanced for infense 157 = (T -
profile ; = Y e v
] ; - * =
02,06 2100 mmhe <100% Tkm TE At | 2250um includes near surface precipitation estimate. | A E.lﬁ-, EAT a E.ﬁ.].:'., EA.B, b AnLaAN
R Saxzmimmemmnal B6 EAZ3 i [N
100% below 1 [ . e e o || i
06 012mmme | mohe, 50% (<25 km | N/A T, 500 km ) 157 Lot (L] Rt e P s
Precipitai 6. 2D sbove R Scanning passive pwave, >83 GHz, Submm PR Mt ] -
recipitation rate, PECT . . o [Am AT AR A,
PR2D | @surface eaesw | 00E Contitvies bforzantsl mapin of 89, A | Eas* EAL2, EAL3, EALS®, e
mr r s . .
03,04 (0400110 <2ms%mg:10 =X8km| NA >500 km | Appiications desires foofprint of 10 km or Jess. 10’ 11 EA3D*
mim/he
O 200%

@’ ACCP Azrosol, Clouds, Convection, and Precipitation Study

Sept 2019 SATM Public Release Candidate E



https://science.nasa.gov/science-pink/s3fs-public/atoms/files/ACCP_SATM_Rel_E_TAGGED.pdf
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What does this look like ...

Community Engagement

ESD Community Forums
Address cross-benefit of research and applications

A/CCP
ACZP Comm

=  Over 110workshop attendees and surveys solicked

ACCP Stakeholder *  Over 60 independent interviews Interviews with
Workshops »  Engagement with National/international agencies and the Communities of
*  Weather and Air Quality private sector Practice and Potential
Modeling (7/2019) ——u e
« Transportation and Logistics ‘) ﬁﬂﬁ s Dt and tntormprn Sarvics / "\,y
(11/2020) - () \ )
o AirQuality(3/2021) ~ Ty T - e
¢ Py
!

Science Conference QFATHOM SCIENCE

Engagements Surveys and Trainings

AGU, AMS, Community * Weather and AQ modeling

Forums, HADQAST f community
Workshops, GPM Science ] « ARSET GPM tralning
Team, International
Assoclation of Wildiand Fire uamc«m'
CALIPSO Sclence Team @ Swiss Re
S UNITED i a0 Sy
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SBG

« Community workshops & webinars
Topical seminars
Individual interviews
» 562 respondents in broad survey;,
40 in-depth interviews
Social media (website, blog)
Remote sensing training
Town Halls, conference participation
Pathfinder activities

All DOs: Audience Engagement Support

Contracted with RTI International to
support all of the DO Study Teams: ERTI

INTERNATIONAL

Characterize user communities,
especially industries and private companies

» Expand beyond traditional audiences

» Support development of Community Assessment
Reports (Pre-Phase Areq)

» Compile information to inform architectures and
mission concept
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What does this look like ...

Integrated Architecture Evaluation

MC SBG
Research Areas and Applications integrated in Science Value, Applications Value, and Community
Science Value assessment of Architectures Assessment integrated in Architecture Evaluation

Alternative 2:

Summary Recommendation: Alternative 1:

Two-Platforms One-Platform Constellation

] noa o
Science ValuerHiglnlights
[ PO RO B e JE WL
Architecture 2 capabilities (in addition to Architecture 1)
ughly corresponds to quality of program of record) Exceeds by factor of 4
ions at 15 mm equiv. water height (195)2 Km? for monthly solutions at 15 mm equiv. water height Applications value TIR coincidel with VNIR Non-optimal crossing time for High value but challenging VSWIR multi-
TIR, loses afternoon observation instrument calibration and validation

Science value 8.56 743 8.06

Baseline science objectives

Global spatial resolution (430)2 km2 for mont

Global temporal resolution Nominally Monthly Nominally Bi-Weekly

Cryosphere «Mass balan +Mass balance of individual ice sheet drainage basins and (key science objective)
Greenland & Baseline SCience ObjectiVeS mountain glacier systems, supporting their modeling and prediction . " - ol d - | thi K Y
ity +20% of glob) +85% of global hydrological basins observed Community Provides mostsaeme Vi N Provi e_s science value within Un. no“.m VSWIR r.nu .Hnstrument
« Closure of w Global spatial resolution + Closure of water budget at smaller scales: (195)2 km? assessment lowest science risk constraints calibration and validation; may
+ Understandir| p * Improved dat_a assimilation into hydrology models S compromise needed uncertaintv
cycle at largqg « Improved estimates of groundwater changes
Oceanography + Separation Global temporal resolution + Separation of mass and steric sea level at regional scales;
+ Improved def improves understanding of ocean-atmosphere heat fluxes —_
flow, e.g. the| CWOS phere + Measurement of the Antarctic Circumpolar Current (ACC) El E‘HL"E‘ uﬂ I u E‘
Solid Earth +Monitoring +*Monitoring of earthquakes of Magnitude > 7.0 (~12 events/year)
+ Menitoring of + Separation of tectonic, GIA, hydrolegical, and cryospheric signals
anthropogeni + Deep interior properties and dynamics . 5 s
Applications -+ Spatial resoj Hydr0|09y «Improved latency and spatial resolution benefits all applications ' ' B~ . 3 § & P - 2
+Water mana + Significant contributions to water management on smaller scales Appl H:'.ﬂt | I'Jrl 5 vﬂ | u E‘ '. ' " '4'7
+ Monitoring al + Operational forecasting/early-warning of flood events and droughts g L [0 s 3
+ Impact of me] *Hazard mitigation: weather services; fire risk; earthquake assessment 5 )
&
Relevant citations: IUGG Report, Observing M ity, 2015 N\
IGSWG Final Report, Towal ind giobal change and to benefit society, 2016 N
ESA/NASA MRD, Next Gen prnational Constellation (MAGIC), 2020
\ Oceanography @ .
10/30/2 15 ] . - For Discussion Purposes Only
Commumity ———
assessment |
g ci-Cas
Solid Earth Best-caze
Applications




