J T
<J —

THE TEAM

THE STUDY

THE OUTCOMES

A INSTITUTE FOR SPACE STUDIES

Waleed Abdalati - University of Colorado Boulder

Nancy Baker - Naval Research Laboratory

Stacey Boland — Jet Propulsion Laboratory/Caltech/NASA
Michael Bonadonna - NESDIS, NOAA

Carol Anne Clayson - Woods Hole Oceanographic Institution
Belay Demoz - University of Maryland, Baltimore County
Kelsey Foster — Stanford University

Christian Frankenberg - Caltech

United States Billion-Dollar Disaster Events 1980-2022 (CPI-Adjusted)

Towards a U.S. Framework for Continuity of Satellite Observations
of Earth’s Climate and for Supporting Societal Resilience

KISS Study Website
https.//kiss.caltech.edu/programs.html#satellite _observations

Maria Hakuba — Jet Propulsion Laboratory/Caltech/NASA Steven Platnick

Therese Jorgensen - NASA Ames Research Center

Ryan Kramer - NOAA

Daniel Limonadi — Jet Propulsion Laboratory/Caltech/NASA

Anna Michalak - Carnegie Institution for Science/Stanford University
Asal Naseri - Space Dynamics Laboratory

- NASA Goddard Space Flight Center

Charlie Powell — University of Michigan / NOAA

Jeff Privette - NOAA's National Centers for Environmental Information

Pat Patterson - Space Dynamics Laboratory Paul Selmants -

Peter Pilewskie - University of Colorado Boulder

B  Drought Count B  Flooding Count B Freeze Count B Severe Storm Count Tropical Cyclone Count o [
I227Wildfire Count B Winter Storm Count — Combined Disaster Cost Costs 95% ClI — 5-Year Avg Costs»ssoo M ot Ivat I o n
= 3 Stratospheric Ozone
2 B R
z g ~15
s > > ]
3 103
3 g -
@ 5
o
g 07
0 T 1 T T T T TTT T TT1
1980 1985 1990 1995 2000 2005 2010 2015 2020
Updated: January 10, 2023
s Global Sea Level
1 Introduction o — e
= — ]BSON-
Finding 1.1 - There is growing urgency for improved public and commercial services E 80
to support a resilient, secure, and thriving U.S. population and economy, 3 60
particularly in the face of mounting decision-support needs for environmental % a0
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Finding 1.4 - The U.S. does not have a systematic, overarching plan or framework
for identifying, prioritizing, funding, and implementing additional sustained Earth TP Y TRIT I T T YT TT T T T TP TERETTETY
observations to support our nation’s science, policy, and societal resilience goals. & “; RS C’ i ”_* ot s

ldentifying Science

and

Application Priorities

Sustained Space-based Earth
Observations: An Essential
Information Infrastructure

S. rity,
Resilience and 7osperity

e ¢

SCIENTIFIC ASSESSMENT OF
Ozone Depeerion : 2022

Observation Needs

2. ldentifying and Prioritizing Sustained

Chris Ruf - University of Michigan
*Tapio Schneider - Caltech
Jorg Schulz - EUMETSAT

U.S. Geological Survey

Rashmi Shah — Jet Propulsion Laboratory/Caltech/NASA

Questions for the U.S. Concerning Sustained Observations KISS Study Proposal

Th | of this stud is hel KISS Proposal 2026-27 .. - <+
Apart from weather, what are our € goal ot 1NIS study program IS Relp  Figure 2 Lo E2larm ]
national priorities for sustained E Model ESA EUC i accelerate discussions and plans for a greater 2024 gecadal E | 2 : P A
opernicus . . . urve —_—
P uropean viode P EUMETSAT and more impactful U.S. contribution to the Y — +
Earth observations? : : . 2023 |alExems Pl
. Selance Meteorology global climate observing system. in this context, Mid-term Outcome S 3 S :
Niciions Satellites “climate” includes observations that support climate KISS Study Outcome =9 ]
What paradigm will the U.S. use as w/Continuity ;cience and prolcess understandilng, as well as monitoring Aspiration: Aid/support the anticipated e Tl 2) How to include? 3) How to sustain & impact?
. ) ) or situational awareness, climate services, impact upcoming NASEM discussions regarding T A hes/Configurations: | | Stewardship and implementation: Consid
the basis for setting these national response, adaptation, and mitigation assessments. satellite-based climate observing system aPproachissto Merdiy andprioriae Consider approaches to architecture design | | cata flow Infrastructure and operations,
: L ? satellite observables that should be and development, including “new space” calibration & validation, uncertainty
p gle rlt l1eS: sustained to support Science and Decision and technology advances, commercial data, quantification and traceability, data
Support and international considerations. stewardship best practices, dissemination.
. . . Plan/Framework?
What Organlzatlon or bOdy WIII be N T T R e | CCS: JPL Center for Climate Sciences
i :
chartered to develop these Science | Zen Mi‘ssk.ms : Meteorology JPL CCS/KISS Virtual 3-hour Mini-Symposia JPL CCS/KISS Virtual 3-hour Mini-Symposia JPL CCS/KISS Virtual 2.5 Mini-Symposia
C. T 1w/ Continuity | Satellites June 29, 2022, 9 AM - NOON PDT July 15,2022, 11 AM -2 PM PDT November 10, 2022, 9 AM- 11:30 AM PDT
p o r|t Ies fO r t h e U . S . ? MISSIODS | eg. | W /Continuity The U.S. and International Earth Observation Commercial Capabilities, Plans and Opportunities Earth Observations in Support of Climate
: * Land Imaging ) Study from Space Program of Record that Impact POR and Plans on Continuity and Environmental Security
* Sealevel ’ Proposal ; recording a recording a
What is our national aporoach to S. Model NASA : : Selepcted Lff:f:'!"%ﬂ:u.be:CGnNWLPGDmO i ot OWESDHAEdb http:://;otutu.be/m NBhh 50¢Q Writing Paper/Report
PP U.S. Mode I Many others | NOAA Jan 2022 Oct, 2022 - Mar, 2023
. . . ' “
implementing sustained Earth | outstanding ! T JUNE & NOVEMBERq) DECEMBER January
: ' ithnoplan
observations that meet these i ,
|

priorities, including the information
production and delivery services?

Developing Architecture
Options & Opportunities

N7 Traditional acquisition - large systems

International partner data /instrument /
contributions - e.g. EU/ESAJE sat,

Traditional acquisition or fixed
price, smallsats -
0.9. CYGNSS, TROPICS

e.g. GOES, JPSS observing systems, NASA Class Bor C

KISS Study Timeline

Accounting for

Qiangian Song — University of Maryland, Baltimore County
Graeme Stephens — Jet Propulsion Laboratory/Caltech/NASA
Timothy Stryker - USGS National Land Imaging Program
Wenying Su - NASA Langley Research Center

Mathew Van Den Heever — University of Colorado

Anna Veldman — UCLA
*Duane Waliser — Jet Propulsion Laboratory, Caltech, Pasadena, CA
*Elizabeth Weatherhead - University of Colorado Boulder

* Study Co-Chairs

Energy Cycle
& Resources

KISS Study Approach

1Hour Pre- Workshop Kickoff Mtg
August 4, 2022 Aug 15-19, 2022

KISS Study Team KISS Study Week #1
In-Person @ Caltech

Long-term

Programmatic and
Technical Support

KISS Study Week #2 Submit KISS

In-Person @ Caltech

Paper/Report
April, 2023

Nov 17-21, 2022

4 Data Stewardship and Information Production, Usability and Dissemination

Finding 4.1 - A framework for successful stewardship of sustained Earth observations requires end-
to-end planning with a long-term horizon in mind (i.e., well beyond individual satellite mission
lifetimes), a suite of technical attributes that support open and easy access, interoperability of
related observations, as well as carefully coordinated and sustained programmatic structures
that provide the needed shepherding and support.

Finding 4.2 - For climate datasets, the value to science and society accrues with longevity, so
stewardship and the necessary technical and programmatic structures needed to support it,
require an enduring commitment that should be independent of individual missions. Investing in
data usability, traceability, provenance, and interoperability capabilities can greatly enhance the
return on the given civil or commercial investments made to deploy the observing system
(Figure 6).

Finding 4.3 — While strides have been made by individual U.S. agencies to provide more ready
access to Earth observation datasets, full exploitation of the data and associated investments
for U.S. civil and commercial interests and services suggests a more holistic stewardship
approach providing the means for platforms where observations and models reside together in
an easily accessible and manipulatable form and the latest analysis techniques, such as machine
learning and artificial intelligence, can be applied to entire observational records.

Realizing the Full Value and Impacts of Sustained Observations:

Requires Sustained Investments in Data Stewardship, Dissemination & Usability

3 Satellite Observing Architectures: Technology,

“NewSpace”, Commercial and NGO Considerations .
Benefits to

Sustained Investment

Finding 2.1 - Prioritization of variables requiring
continuity of satellite observations is complex and may
benefit from consideration across multiple societal
sectors and services. The technical requirements on
these observations (e.g., temporal and spatial
sampling, accuracy, latency) are highly dependent on
the specific application sector and/or the underlying
supporting science objectives.

Finding 2.2 - Any prioritization framework will: a) have
subjective elements, b) be time and context
dependent due to changing science and societal
benefit needs, technological advances and
programmatic opportunities, and c) will likely benefit
from periodic reexamination.
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Finding.3.1 One impact of the lower cost of access to

space is that many new domestic (e.g., NGOs such as
Carbon Mapper and MethaneSat) and international
entities (e.g., countries that want to help address
climate change that previously could not afford to) are
able to contribute elements to the Earth observing
system. Future U.S. and international coordination
mechanisms for Earth observations could be designed
to fully take advantage of these types of contributions.

Finding.3.2 Sources of new missions and observing

capabilities to address unmet U.S. needs for continuity
of Earth observations could be obtained from
traditional government acquisition, international
partners, commercial entities, NGOs, data purchases,
and hybrid solutions (i.e. Table 1).
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5. Summary and Path Forward

Finding 5.1 The U.S. could benefit from a systematic and overarching plan or framework for identifying, prioritizing, funding, and implementing sustained Earth observations that are critical for supporting our nation’s science, policy, and societal resilience goals.

Finding 5.2 A clear and unified approach to sustained Earth observations and determination of our national priorities for these observations may improve the effectiveness of the varied U.S. investments in Earth observations and associated information systems. Such an approach
may also enable the United States to play a larger global leadership role in environmental stewardship, Earth system and climate science, and related public services
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