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Abstract The goal in this commentary is to share the development of the NASA Applied Science pre-launch
protocol called the Early Adopter Program (EAP) that is designed to build user-readiness of planned satellite Earth
observing missions proactively and before the launch. Here we focus in particular on the Surface Water and Ocean
Topography satellite mission EAP as an illustration of benefits of such a program of proactive and sustained user
community engagement. Such a commentary will be of value to other satellite Earth observation missions that are
currently in service, scheduled for launch or prioritized for development in the near future.

Plain Language Summary The commentary sheds light on the many years of preparation for a
planned satellite mission for surface water (Surface Water and Ocean Topography mission) to make the data
as user-ready as possible. We believe such a commentary may be of interest to other communities involved in
planning, operation or use of other satellite missions.

1. Introduction

Of the many ways Earth observations can be measured, collected, and archived, the vantage from space using
satellite remote sensing offers the most synoptic, regular option at scale with seamless global spatial coverage
and temporal continuity. In the field of Earth science, satellite remote sensing has contributed to numerous
disciplines with the launch and continuation of Earth-observing satellites dedicated to routinely monitoring the
pulse of our planet. For example, improvement in our ability to model and analyze physical processes can now be
clearly attributed to satellite remote sensing applications in hydrologic science (Durand et al., 2021; Lettenmaier
et al., 2015; Peters-Lidard et al., 2018), atmospheric sciences (North et al., 2015), numerical weather prediction
(Bauer et al., 2015) and ocean science (Fu & Cazenave, 2000; Martin, 2014), just to name a few. Such advances
continue to proliferate and enable more multidisciplinary scientific research.

According to the Union of Concerned Scientists, there have been about 1,000 satellites launched for Earth
observation or Earth science out of more than 7,000 launched in total to date (UCS, 2021). The year 2021
witnessed a near-30% increase in the number of satellites launched compared to 2020 (UN Office for Outer
Space Affairs, 2021). Despite the increasingly common use of satellites to understand the Earth, each satellite
mission experiences its own evolution. For example, the Landsat mission today (in 2022) stands as the longest,
continuously recording mission with 50 years of Earth surface data. The Landsat Advisory Group of the National
Geospatial Advisory Committee (NGAC) reported that the top applications of Landsat imagery produced savings
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of approximately half a billion dollars each year for federal and state governments, non-governmental organi-
zations (NGO), and the private sector (Lauer et al., 1997; NGAC, 2014). In a recent review of satellite nadir
altimeter missions, more than a dozen successful societal application use cases were identified spanning a wide
range of topics such as sea-level rise monitoring, iceberg detection, potential fishing zone identification, reservoir
monitoring, marine wildlife conservation and offshore wind farm design (Eldardiry et al., 2022).

While the primary mission of many space agencies is to provide the necessary Earth observations to advance
scientific understanding of the Earth and how it is responding to human and natural drivers of change, an implicit
need is also to understand how best to promote the use of satellite mission data products and information for
application activities that directly benefit society and the world at large. In this commentary, we share our collec-
tive experience in building user-preparedness for a planned mission called the Surface Water and Ocean Topog-
raphy (SWOT) mission that is scheduled for launch in late 2022. Building on a long heritage of engagement
with stakeholders (some of whom are co-authors of this manuscript) via the NASA Applied Science Program
(ASP) and French Space Agency (Centre National d’études Spatiales—CNES), we share a summary of where
the potential user community stands today for maximizing the value of SWOT data. In particular, our goal in this
commentary is to share the development of the pre-launch ASP protocol called the Early Adopter Program (EAP)
that is designed to build user-readiness of planned missions proactively and before the launch of the mission
(Brown & Escobar, 2019). SWOT is a satellite mission that will produce very unique global data on water over
land and ocean that is qualitatively different from what the community has. The development of early engagement
protocols and necessary training materials via the EAP was therefore recognized as essential to get the broader
community ready for such a novel and vital mission for surface water. Our hope is that such a commentary will
be of value to other satellite Earth-observing missions that are currently in service, scheduled for launch or prior-
itized for development in the near future according to the 2018 National Academies on Science, Engineering and
Medicine Decadal Survey for NASA (NASEM, 2018).

2. The Uniqueness of the SWOT Mission

The SWOT mission (Andreadis & Schumann, 2014; Biancamaria et al., 2016; Durand et al., 2010; Fu et al., 2009)
is jointly developed by NASA and CNES with contributions from the Canadian and UK space agencies. It is
designed to provide, for the first time, spatially extensive, high resolution measurements of water elevation for
the hydrology and oceanography communities (Morrow et al., 2019). Even though the sampling frequency of
SWOT is latitude-dependent (lowest at equator, highest over poles), a large fraction of the Earth's ungauged
surface will benefit from multiple SWOT observations in a 21 day repeat cycle (Figure 1). By virtue of its stated
scientific goals, SWOT satellite data is expected to have beneficial societal impact in various sectors that involve
water, including but not limited to, disaster management, reservoir operations, water management, flood manage-
ment, ecosystem services planning, wetlands monitoring, hydropower and navigation, fisheries (freshwater and
marine), coastal protection, and marine shipping. Readers interested in knowing more about the application
potential of the SWOT mission are referred to the SWOT website at http://swot.jpl.nasa.gov or at http://www.
aviso.altimetry.fr/swot.

We anticipate SWOT will play a pioneering role in building the world's space-based observational network for
surface water similar to the Global Precipitation Measurement (GPM) mission with its constellation of precip-
itation sensors (Skofronick-Jackson et al., 2017). Current literature indicates that SWOT data will be able to
increase knowledge of surface water fluxes, detect ocean features significantly better than current technolo-
gies (Fu et al., 2009), improve global water budget calculations in conjunction with other models and satellite
observations (see e.g., Allen & Pavelsky, 2018; Andreadis et al., 2007; Durand et al., 2016, 2021; Garambois &
Monnier, 2015; Lee et al., 2010; Lin et al., 2019) and estimate unobserved hydraulic parameters (see e.g., Bréda
et al., 2019; Emery et al., 2020). SWOT data will also be a pathfinder to discover the human footprint in surface
water storage variability associated with the development of water resources (Biswas et al., 2021; Bonnema &
Hossain, 2019; Wongchuig-Correa et al., 2020) and bring benefits for the oceanographic community and marine
applications (Eldardiry et al., 2022). A brief summary of the scientific measurement requirements of the SWOT
mission can be found in Table 1 of Fernandez et al. (2017).

While the SWOT mission has all the ingredients to become an enduring mission for scientific discovery and
societal applications due to its open-access and unique capability to observe water surface topography, a key
challenge is the structure and format of its data products that are probably unfamiliar to many water scientists,
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Figure 1. The sampling frequency of the Surface Water and Ocean Topography mission (based on Biancamaria
et al. [2016]).

practitioners and decision-makers. Using Synthetic Aperture Radar (SAR) interferometry, SWOT will provide
data on water surface elevations in the form of point clouds, that will then be packaged into other more widely
used geospatial formats such as feature polygons and raster data (Altenau et al., 2021; Grippa et al., 2019; see
also—https://podaac.jpl.nasa.gov/SWOT ?tab=datasets). However, there remains a sizable community of water
scientists and practitioners who are more accustomed to point-based data from in-situ gauges which have a longer
heritage and record of availability compared to remotely sensed data. For them, such spatially distributed formats
may present some initial challenges for uptake. This is particularly relevant for hydrology applications while the
challenge for ocean applications may be more on the use of the image information from SWOT.

This data format challenge is, however, not insurmountable, as a promising precedent already exists for SWOT
and is further mitigated by the adoption of Earth science and Open Geospatial Consortium (OGC) data interop-
erability standards for SWOT mission data. The history of SAR data usage in general has remained confined to
users with high literacy in data science. Recently, this challenge was mitigated for proliferating forest biomass
applications by creating the SAR Handbook by NASA SERVIR program through a range of SAR workshops for
stakeholders (NASA SERVIR, 2019). The handbook, which is open-access, builds on a comprehensive overview
of the SAR remote sensing theory to provide detailed step-by-step tutorials on various application areas, such
as forest stand height estimation, forest biomass monitoring and deforestation mapping, to name a few. This
handbook also walks the reader through ways to access data. Such an example of a SAR handbook can now be
emulated for SWOT.

Another challenge for new Earth science data user communities is that of data informatics and access given the
high volume of data that the SWOT mission will produce. Data services implemented within cloud comput-
ing environments, which no longer require local download and storage of data while offering scalable comput-
ing resources, will be the norm for archiving, accessing, analyzing and using SWOT data. SWOT data will be
archived by NASA and made accessible via the new Earthdata Cloud. Data from missions such as Sentinel-6
Michael Freilich are already being hosted in repositories where users require some competency in cloud comput-
ing (Hausman et al., 2019) or where access to emerging cloud-based data archives is completely transparent
to users. However, many among the scientific and end-user community lack such cloud computing literacy,
which could inadvertently result in building a stratified, non-inclusive user community and thus defeat one of
the objectives of open science movement towards equity and inclusivity. This essential need is a key reason why
user-readiness for planned missions such as SWOT needs to be built in a more proactive manner using programs
such as the NASA ASP EAP in coordination with CNES application initiatives. Efforts are already under way
with the data distribution arm of space agencies (such as the Physical Oceanography Distributed Active Archive
Center [PO.DAAC] of NASA, and Hydroweb-Next by CNES for SWOT) to bridge the skill and understanding
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Figure 2. The map of current Surface Water and Ocean Topography Early Adopters. Refer to http://swot.jpl.nasa.gov/
applications or http://depts.washington.edu/saswe/swot for details.

gap of satellite data users (Hossain, Bonnema, et al., 2020; Hossain, Elmer, et al., 2020; Hossain et al., 2017),
and in the case of NASA PO.DAAC, to also build data user literacy for accessing and interacting with data in the
new cloud-based paradigm. The scientific community also needs to keep up with advances in data informatics
in order to continue its vital role in brokering science-based application data from innovative missions, such as
SWOT, for the practitioner community.

3. The SWOT Early Adopter Program

As mentioned earlier, SWOT has had an EA Program (EAP) since 2018 (Hossain, Elmer, et al., 2020; Hossain
et al., 2017). In the vision of the EAP, each selected EA (i.e., a potential stakeholder) proposes an activity for the
use of planned satellite data using either proxy datasets or simulated data that mimics the anticipated mission
during the post-launch phase. EAs are defined as those groups and individuals who will have a potential or clearly
defined need for data from the planned mission, and who are planning to apply their own resources to demon-
strate the utility of planned satellite mission data for their application, system, or model. Experience from satellite
missions such as Soil Moisture Active and Passive (SMAP) indicates that the sooner this pre-launch engagement
begins and is sustained, the better the outcomes for use of mission data in areas beyond the declared goals of
scientific requirements and data generation (Escobar et al., 2016).

In the case of SWOT, proactive outreach and engagement were carried out in a systematic manner. First, the key
features of the SWOT mission and its potential societal value were promoted extensively across a wide range
of audience forums, and at various practitioner and science meetings that are usually frequented by non-SWOT
science community. Second, potential early adopters were identified and then “encouraged” to explore the SWOT
mission and the EAP. Third, based on existing networking relationship maintained by the core leadership of
SWOT applications, these potential early adopters were asked to join the EAP after tangible examples were
shown on how their involvement could be “win-win” for both the mission and the stakeholder groups. Often
times, this outreach and engagement relied heavily on pre-existing institutional relationships and trust between
stakeholder agencies and SWOT application scientists. This outreach process is often long, with consistent
engagement required through activities such as development of community articles and hands-on workshops to
avoid stalling and to maintain fresh and lively interactions between the mission and the evolving needs of stake-
holder groups. The need for constant engagement is key as the SWOT EAP is an unfunded program and interest
from stakeholder agencies can quickly wane during long periods of inactivity.

In the initial cohort of the SWOT EAP in 2018, 11 Early Adopters (EA) were selected from various hydrol-
ogy and oceanography domains around the world (Figure 2 provides a general idea of the current geographic
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distribution). These were: Asian Disaster Preparedness Center (ADPC)/SERVIR-Mekong; NASA Short-term
Prediction Research and Transition (SPoRT) Center; Pakistan Council of Research in Water Resources (PCRWR);
Indian Institute of Technology (IIT Bombay); University of Bonn (UBonn); Consortium of Universities for
the Advancement of Hydrologic Science, Inc. (CUAHSI); FM Global; Collecte Localisation Satellites (CLS);
Compagnie Nationale du Rhone (CNR); BRL Ingénierie (BRLi) and Mercator Ocean. In preparation for the
first EAP engagement activity that took the form of a workshop (20-21 May 2019), organizers from the SWOT
Application Working Group (SAWG) worked proactively with many EAs to explain the purpose of the program
and its specific expectations. EAs were mentored beginning in 2018 and were encouraged to think carefully about
the core issues of using SWOT data in advance of the 2019 EAP workshop. Each EA was requested to imagine
desired future press releases or newspaper headlines that their EA project might enable with the use of SWOT
data. The resulting press release titles or headlines were aspirational. Their realization is dependent on numerous
conditions beyond the control of the EA or the SWOT mission. Nevertheless, the articulation of an eventual press
release title as an end-goal summarizing the success of each EA project was deemed a useful exercise to define
the ultimate goal of the SWOT EAP. The reader is referred to Hossain, Elmer, et al. (2020) or the webpage at
http://depts.washington.edu/saswe/swot for more information on these press release titles. Of the many recom-
mendations that emerged from the first EAP workshop in 2019, the key one we wish to highlight here is as follows
(Hossain, Elmer, et al., 2020):

“Close and more frequent mentoring support for EAs is needed as EA projects mature and EAs begin
facing new challenges with data structure and processing. EAs will continue to require guidance, pointers
on data access, and with queries on data structure/handling. Effective support of EAs will set a good prec-
edent to maximize the user readiness of SWOT data after launch.”

4. Where Do SWOT Early Adopters Stand Today?

Since the first SWOT EAP workshop in 2018, there have been regular training workshops and hackathons organ-
ized for early adopters with continuous engagement year round. Today the SWOT EA program boasts of 25
organizations from public, private, national, regional and international stakeholder entities (Figure 2). The hacka-
thons and workshops have helped SWOT EAs improve technical literacy on the SWOT mission, learn more about
SWOT's data structure and explore how exactly SWOT data can add value or solve a previously unsolved societal
challenge. This engagement process has led to many EAs making cross-connections with other EAs to facilitate
greater collaboration in newer areas of application (see e.g., Nair et al., 2021, 2022 on water surface mapping
and citizen science). It has also contributed to the development of educational content and open-source tools for
analysis (Soman & Indu, 2022). Finally, EAs are currently preparing to develop the software and hardware infra-
structure necessary within their organization to leverage anticipated SWOT data in their operations or decision
making environment (Hossain, Bonnema, et al., 2020; Hossain, Elmer, et al., 2020; Hossain et al., 2022). Here it
should be noted that the data distribution arm of space agencies, such as NASA PO.DAAC and Hydroweb-Next
by CNES, provides data infrastructure required for processing, archiving and distribution. The EAs are responsi-
ble for any further complementary downstream capabilities needed for the specific user communities they serve.
The societal challenges addressed by the EAs now cover diverse topics such as flood and reservoir management,
fisheries and marine science, transboundary water resources, state-wide water supply, wetlands monitoring,
marine navigation and coastal studies. The EAs span the continents of North America, Africa, South America,
Europe and Asia (Figure 2).

The SWOT EAP has so far convened five workshops that include three virtual training hackathons. These work-
shops have led to the development of open-source EA-specific tools for SWOT data with more than a dozen
peer-reviewed publications showcasing the expected impact of SWOT data on the EA's baseline operations
(Hossain et al., 2022). With support from the SWOT science community, the SWOT EAP has been able to
build a growing archive of freely available multimedia tutorials, education materials and self-help resources for
any user interested in exploring SWOT applications. This archive of resources continues to expand because of
the communal spirit of the EA program where fellow Early Adopters and the scientific community help each
other to overcome their respective project hurdles in a “hack” manner (Hossain, Bonnema, et al., 2020; Hossain
et al., 2022). The SWOT EA program has also been able to grow consistently because of the continuous support
from the partnering space agency of France (CNES), NASA and their respective agency data archives of record
for the SWOT mission. In other words, the SWOT EAP has been able to increase the user-readiness of SWOT

HOSSAIN ET AL.

50f8

85U8017 SUOWIWIOD BAIE81D 3ol (dde ay) Aq pausenob afe sajoie O ‘8sn Jo So|nJ Joj Aeiq18UlUQ /8|1 UO (SUOTPUOD-PUe-SLLBIAL0D A 1M AeJq Ul U0//:SANY) SUORIPUOD pUe SWwie | 8L 89S *[220Z/0T/62] Uo ARid1auljuo A8|IM ‘089000 AVZZ0Z/620T 0T/10p/wod A |1m Arelq puluo'sgndnBe//:sdny wo.y pepeojumod ‘9 ‘220z ‘Xv099.52


http://depts.washington.edu/saswe/swot

~1
AGU

ADVANCING EARTH
AND SPACE SCIENCE

AGU Advances 10.1029/2022AV000680

Acknowledgments

All authors are grateful for the continuous
support and engagement received from all
corners spanning space agencies (NASA
and CNES), programs (NASA Applied
Sciences) and stakeholder agencies (early
adopters) over the last decade to build
user readiness for SWOT data.

data in anticipation of mission launch for the broader application community. This pro-active and sustained
engagement approach is the hallmark of the EAP seeking to maximize the return in public investments of global
satellite missions. Detailed information on the SWOT mission on application-related activities and SWOT Early
Adopter projects can be found at http://swot.jpl.nasa.gov/applications. For a more comprehensive overview of
SWOT application activities and EA projects, the reader is referred to http://depts.washington.edu/saswe/swot.

To help the reader understand how each SWOT EA has evolved during the tenure of the EAP, we have summa-
rized SWOT EA journeys comprising specific societal need, anticipated SWOT-based solution and tangible EA
success stories at http://depts.washington.edu/saswe/swot (click on “Early Adopter Success Stories”). We encour-
age readers to explore each Early Adopter journey and success stories to develop an understanding of the tangible
benefit that proactive and sustained engagement can bring for a planned satellite mission.

5. Conclusion

We are aware that the current stage of building user-readiness via the SWOT EAP and the anticipated scientific
breakthroughs and societal applications during the initial years after launch may not be a sufficient guarantee
for SWOT mission continuity demanded by end users. There are many other factors beyond the control of the
scientific community for each satellite Earth mission.

However, we are maximizing our chances for mission success through the Early Adopter program, inspired by age
old adage—*By failing to prepare you are preparing to fail.” Planned Earth-observing satellite missions today
require proactive and sustained engagement with a broad user community that spans the spectrum of scientific
research and practitioner end-user needs if the mission is to hit the ground running when data becomes publicly
available. Doing so will also allow us to realize the full potential of SWOT observations in the longer-term.
SWOT is a pathfinder mission, not officially an operational one—no other satellite has ever collected similar
data globally on water. The sooner the community exploits and demonstrates the societal impact of such novel
data, the better position the community will be to argue for future mission continuity beyond its nominal life
span. Hence, the EA program can play a major role in describing and quantifying the societal benefits of new
pathfinder missions such as SWOT to various governing bodies that decide the fate of future missions.

The SWOT Early Adopter program represents the start of what is possible through sustained and continuous
engagement with the stakeholder community through training, workshops, hackathons and collaborative learning
in tandem with mission planning and development. As it continues to grow and evolve, we hope this model of
early engagement will serve as a template for other planned satellite Earth missions to maximize the scientific
and societal return on public investments in the Earth-observing enterprise.
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