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The dawn of a new year is always a time for hopefulness. The rollout of multiple vaccines, starting in late 2020, gives optimism that

the restrictions necessitated by COVID-19 may start to ease later in 2021. We will soon mark a year since in-person gatherings ceased.
Nevertheless, as is evident from the feature and meeting summary reports in this issue of 7he Earth Observer, the NASA Earth Science
community has quickly adapted to conducting its business virtually. This Editorial highlights how several specific missions and programs are
continuing to persevere despite the challenges of the past year.

In the last issue we reported on the successful November launch of the Sentinel-6 Michael Freilich mission and of the first data returns
from its altimeter in December.! Since then the spacecraft has been moved into the reference altimetry orbit. This is the same orbit that has
been occupied by all of its ocean altimetry predecessors, beginning with TOPEX/Poseidon in 1992, and subsequently Jason-1, Jason-2, and
Jason-3. The Sentinel-6 Michael Freilich spacecraft is now trailing Jason-3 by about 30 seconds, allowing data from the two satellites to be
compared. Engineering checks on the data are almost complete and the first data will be released to the Sentinel-6 Validation Team (S6VT)?
in the next month. So far, the data look promising and the wider science community can look forward to the first public data release later
this year.

1 See the Editorial of the November—December issue of 7he Earth Observer [Volume 32, Issue 6, p.1].
2 The S6VT brings together experts from around the world in mission validation activities to provide independent validation evidence, experimental data,
and advice for Sentinel-6 Michael Freilich operations. Learn more about the activities of the S6VT at s6uvz.org.

continued on page 2

Landsat 9 observatory in a cleanroom at the Northrop
Grumman facility in Gilbert, AZ, prior to acoustics testing.
The two instruments, OLI-2 and TIRS-2 were previously
integrated onto the spacecraft bus and are located at the top of
the observatory, under a shroud designed to protect them from
contamination. Photo credit: NASA/Northrop Grumman

\ 'This photo, taken in January 2021, shows the integrated
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With regard to other long-term efforts, the NASA—
USGS Landsat Program has achieved nearly five
decades of continuous operations. Both of the missions
currently in orbit (Landsat 7 and 8) continue to operate
successfully, acquiring global land imagery at 30-m
resolution every eight days to support land manage-
ment and monitor environmental changes. Landsat 8
experienced safe hold events in December 2019 and
November 2020, but the Flight Operations Team
recovered quickly with no adverse impacts. Landsat 7
is nearing its end of life (based on fuel availability)

and will cease to provide scientifically usable data in
late 2021. USGS has moved to a collection-based

data processing approach and new surface reflectance
and temperature standard products are now avail-

able via Collection 2. At the same time, the scientific
community continues to find innovative uses for the
archive, including large-scale, ice-velocity mapping

for Antarctica, global deforestation products, and
improved estimates of cropland water consumption via
monitoring evapotranspiration.

Landsat 9, a near copy of Landsat 8, is currently
being readied for a planned September 2021
launch. This will ensure the continuity of eight-
day global coverage after Landsat 7 ceases opera-
tions. The Operational Land Imager 2 (OLI-2) and

3 The differences between Landsat 8 and Landsat 9 are that
the TIRS-2 instrument underwent an optical redesign to limit
stray light and the electronics were made redundant to bring
the instrument to Class B, as defined by NASA Procedural
Requirements viewable at nodis3.gsfc.nasa.gov/npg_img/N_
PR_8705_0004_/N_PR_8705_0004__AppendixB.pdf

Thermal Infrared Sensor (TIRS-2) instruments have
been integrated on the spacecraft, and the entire obser-
vatory is undergoing environmental and performance
testing at the Northrop Grumman Space Systems facil-
ity in Gilbert, AZ [see cover photo].

The NASA-USGS Landsat Science Team (LST) is
responsible for providing guidance for Landsat. The
LST holds periodic meetings that provide a public
forum for discussing the state and future of the Landsat
mission. These typically occur in winter and summer.
While the February 2020 meeting was in person, the
LST moved to online monthly topical meetings starting
in August. Turn to page 10 of this issue to learn more
about the activities of the LST Team during 2020.

As the LST looks further into the future, its members
have begun to envision a new mission that will be quite
different than its predecessors. Initial planning for a
Landsat 9 follow-on mission (dubbed “Landsat Next”)
is underway between NASA and USGS. A Request

for Information (RFI) was recently issued. The RFI
included draft requirements that would substantially
improve the science quality of Landsat data, including
higher spatial resolution, additional spectral bands, and
more-frequent observations. While the final mission
architecture will not be decided until the end of 2021,
the future of the Landsat data stream appears positive.

Related to the LST is NASA’s Land-Cover and Land-
Use Change (LCLUC) Science Team. The LCLUC
Program focuses on the role of land use in global and
climate change research. At the agency and interagency
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level, the LCLUC Program is positioned to partner with
other NASA programs and agencies on climate vulner-
ability, impacts, and adaptation, as opportunities allow.

The LCLUC Science Team also met virtually in
October 2020. The meeting provided an opportunity
for LCLUC researchers from around the world to give
updates on their research, network to strengthen part-
nerships and collaborations, highlight ongoing LCLUC
issues of common interest, and address community
concerns. The three days of online activities included
program updates, three invited presentations from
NASA Headquarters, updates from the international
Multi-Source Land Imaging (MuSLI) program and

the South/Southeast Asia Research Initiative (SARI),
discussion on activities of the international Global
Observations of Forest Cover and Land-use Dynamics
(GOFC-GOLD) program, and reports from new
LCLUC investigators. The 2020 meeting was dedicated
to its founding program manager, Anthony “Tony”
Janetos, who passed away on August 6, 2019—see
Memoriam: Anthony “Tony” Janetos on page 22 of this
issue. This year (2021) will mark the twenty-fifth anni-
versary of the LCLUC STM. Look for more coverage of
this quarter-century milestone in a future issue of 7he
Earth Observer. Turn to page 21 of this issue to learn
more about the 2020 LCLUC Science Team Meeting,.

The twin GRACE Follow-On (FO) satellites, launched
in May 2018, are nearing their third anniversary of
measuring month-to-month gravity and associated
mass changes. The overall science operations and instru-
ment system performance have been stable through-
out 2020. In addition to the baseline Microwave
Interferometer (MWI) measurements, the experimental
Laser Ranging Instrument (LRI) has been continu-
ously and successfully operated in parallel. The LRI can
measure inter-satellite range changes down to nano-
meter scales—more than an order of magnitude better

than the MWI.

As of January 2021, the mission’s science data teams
have provided 28 global monthly maps that track
Earth’s dynamic surface mass movement, e.g., ice melt
in Greenland and Antarctica, and land water storage
changes. A major emphasis in the data processing is
being placed on ensuring consistency in the climate
data record between the original GRACE mission
(2002-2017) and its successor. The efforts have focused
on refining data calibrations to improve the science data
quality. To that end, the original GRACE data record

is also undergoing a final reprocessing campaign using
consistent conventions and calibrations between the
two missions and their respective science data systems.
The release of the final GRACE data campaign is
targeted for fall of 2021. In the meantime, GRACE-FO
extends the mass change data record to nearly two

decades, providing a unique integrated global view of
how Earth’s surface mass distribution and water cycle
are evolving.

The GRACE and GRACE—-FO Science Team also held
a virtual meeting in October 2020 during which these
and other items related to GRACE-FO were discussed
in detail. Please turn to page 14 to learn more about
this meeting.

Last but not least, for many years NASA has partici-
pated in the American Geophysical Union (AGU)

Fall Meeting. Despite the pandemic, this year was no
exception. Like so many other meetings and events over
the past year, out of necessity the AGU had to adopt

an exclusively online format. Undeterred, NASA and
researchers from around the world met virtually from
December 1-17, 2020.

As they do for in-person AGU Meetings, the Science
Support Office coordinated NASA’s exhibit presence.
The virtual exhibit featured a Science Theater consist-
ing of 75 presentations hosted on You Tube, live daily
chats, the 2021 NASA Science calendar (available in
English and Spanish), and a wide variety of resources
from across the Science Mission Directorate (includ-
ing Earth Science, Planetary Science, Heliophysics,
Astrophysics, Biological & Physical Sciences, and
Science Activation). Many thanks to those from across
the agency who contributed to the success of the virtual
Fall AGU exhibit. Please see the article on page 4 of this

issue for further information.

4 Biological & Physical Sciences was added as the SMD’s fifth
Division in July 2020. It had formerly been part of NASA’s
Human Exploration Organization Directorate, where it had
been known as the Space Life and Physical Sciences Research
and Applications (SLPSRA) Division. Learn more about this
move at science. nasa.govl/science-news/bps/a-new-home-for-nasa-
s-biological-and-physical-sciences-research.

List of Undefined Acronyms Used in
Editorial and/or Table of Contents

AGU American Geophysical Union

GRACE Gravity Recovery and
Climate Experiment

TOPEX Ocean Topography Experiment

USGS U.S. Geological Survey
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I NASA Science at the First Virtual AGU Fall Meeting I

Heather Hanson, NASAs Goddard Space Flight Center/Global Science & Technology, Inc., heather.h.hanson@nasa.gov

The first-ever 100%
virtual AGU Fall
Meeting, with the
tagline Online
Everywhere, took place
December 1-17, 2020.

Figure 1. This screenshot shows
a visual representation of the
NASA Science exhibit on the
virtual AGU Fall Meeting plat-
form. The exhibit featured the
NASA logo and short exhibit
description [zop lef], virtual
lobby image [top right], a list of
NASA exhibit staff members
and guests online [bottom lefi-
hand margin), 10 navigational
tabs [right-hand margin], a
Welcome graphic [bottom
imagel, and Group Chat
[bottom). Image credit: NASA

Introduction

It is now a familiar routine for NASA’s Science Support Office to end the year coor-
dinating the NASA Science exhibit at the AGU Fall Meeting, held in December each
year. Over the years, hundreds of NASA exhibit team members, scientists, engineers,
and outreach personnel have shared new research results, demonstrated the latest data
technologies and tools, and told visually compelling science stories in front of NASA’s
Hyperwall' at the exhibit. Thousands from the more than 20,000 AGU Fall Meeting
attendees find their way to the NASA Science exhibit each year. But 2020 had differ-
ent plans in store for everyone, bringing a screeching halt to in-person scientific
conferences and events, and hurling the NASA Science exhibit team into new terri-
tory: virtual events.

The first-ever 100% virtual AGU Fall Meeting, with the tagline Online Everywhere,
took place December 1-17, 2020. NASA Science was among 68 exhibitors in the
virtual Exhibit Hall. In an effort to extend the reach of this event, this article provides
screenshots and associated links that visually represent the NASA Science exhibit at
the first vircual AGU Fall Meeting.

Virtual NASA Science Exhibit

The virtual NASA Science exhibit featured a Science Theater, which included 77 prere-
corded presentations, live daily chat times, the 2021 NASA Science calendar, and 10
navigational tabs—see Figure 1. Attendees clicked through the navigational tabs to
explore different “areas” of the exhibit, including a Welcome graphic (shown in Figure 1),

"NASA’s Hyperwall is a video wall capable of displaying multiple high-definition data visualiza-
tions and/or images simultancously across an arrangement of screens. To view the full library of
Hyperwall visualizations and stories, visit hztps://svs.gsfe. nasa.gov/hw.
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a Science Theater presentation list, Chat Schedule, six different exhibit pages (Earth
Science, Planetary Science, Heliophysics, Astrophysics, Biological & Physical Sciences,
and Science Activation), and a collection of downloadable Resources. There were 36
documents and links in the Resources tab, readily available for attendees to down-
load to their virtual briefcase (a tool often built into online conference platforms that
allows attendees to collect digital media in one spot).

The NASA exhibit had 26 staff members who helped monitor the NASA Group Chat
during the conference, including heavily staffed, live chat times during the week of
December 7-11, 2020—see Figure 2. Outside of live chat times, attendees could
submit questions 24/7 using the NASA Group Chat function and receive a response
within 24 hours.

u@%@mma@w

Submit your questions 24/7 using the NASA Chatroom.
Please allow 24 hours to receive a reply from a NASA Exhibitor.

WANT TO CHAT WITH |
A LIVE REPRESENTATIVE?

Join NASA experts the week of December 7-11, during our LIVE! chat times.

LIVE CHAT TIMES
Monday through Friday, December 7-11, 2020
11:00 AM - 12:00 PM ET [8:00 - 9:00 AM PT]
1:00 — 1:30 PM ET [10:00 - 10:30 AM PT]
6:00 - 7:00 PM ET [3:00 - 4:00 PM PT]

Each year, the NASA Science Calendar is a popular item at the NASA exhibit. This
year was no exception—see Figure 3. Attendees visiting the booth could send chat
messages asking how to obtain a copy of the 2021 calendar. A hardcopy calendar
giveaway took place on December 7, from 6:00 — 7:00 PM ET and December 11,
6:00 — 8:00 PM ET. During these times, attendees could fill out a calendar request
form to receive a hardcopy (available to U.S. residents only due to high shipping costs).
‘The booth also promoted unlimited downloads of the calendar, available in English at
hitps:1//go.nasa.gov/3ss1upa and Spanish at https://go. nasa.gov/3qgpF8D2.* While this year’s
Fall AGU meeting did not feature the usual mad dash to the NASA exhibit nor the
long lines of eager attendees waiting to receive their coveted copy of the NASA calen-
dar, attendees still shared their excitement and praise via the NASA Group Chat for the
collection of images, captions, and inspiring messages throughout the calendar.

(€10 (€=Ml 2021 NASA Science Calendar
Unlimiited Downloads! '

Click the Resources Tab to Download
the English and Spanish version.

NASA Science Theater

In a typical year, AGU attendees crowd around the NASA Hyperwall to view visu-
ally compelling images and visualizations, listen to live presentations, and participate
in question-and-answer discussions. In the spirit of traditional Hyperwall talks,
presenters submitted pre-recorded talks that were then hosted on a YouTube playlist

?The calendar is also available through the U.S. Government Publishing Office at
hitps://bookstore.gpo.gov/products/2021-explore-science.

The NASA exhibit
had 26 staff members
who helped monitor
the NASA Group Chat
during the conference,
including heavily
staffed, live chat times
during the week of
December 7-11, 2020.

Figure 2. Chat Schedule
graphic. Image credit: NASA

Figure 3. The 2021 NASA
Science calendar promotion.

Image credit: NASA
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While the in-person
conference experience
cannot be duplicated,
one positive aspect is
that all 77 talks are now
available to the public
and can be viewed at
any time.

for attendees to watch at their leisure. While the in-person conference experience
cannot be duplicated, one positive aspect is that all 77 talks are now available to the
public and can be viewed at any time at hzps://go. nasa.gov/38MQf2X. The same list of
presentations organized by topic, including presenter names and presentation titles,

is also available at hrzps://go.nasa.gov/3nMRnb1. Some videos have reached upward of
500 views.

The Science Theater included six presentations submitted by winners of the 2020
AGU Michael H. Freilich Student Visualization Competition—a contest open to under-
graduate and graduate students that focuses on innovation and creativity in presenting
data to a wider audience in new, more easily accessible ways—see Table. Having just
completed its fifth year in 2020, the competition® has grown in popularity among
AGU student attendees and the submission quality has improved greatly each year.
Outside the NASA Science exhibit, these six presentations were prominently featured
in the AGU Student and Early Career Scientist Lounge.

3 For more information about the competition, visit hzps://go.nasa.gov/3qgHAvw.

Table. Presentations by winners of the 2020 AGU Michael H. Freilich Student Visualization Competition.

Name Organization W{;;:r Presentation Title Link
The Ohio Mapping the Annual
Brandi Downs State Grand Prize | Variation of Inland https:/fyoutn. belgho63]my8aQ
University Water with GPS
University of
Jamie Callejon Hierro | Maryland, Grand Prize | Flux Rope Visualization | https:/fyoutu. be/ CS4MdzPk7Gg
College Park
. , University of . Explorations in Volcanic )
Daniel O’'Hara Oregon Grand Prize Edifice Visualization https:/fyoutu.be/BaYORuSqA0
. Exploring the Deep Sea
Michael Sautter J[(J)::,S rHiop kins Grand Prize | with Free and Open- hitps:/fyoutn.belkLrbheb8 DwA
ersity Source Data
Dendrochronology in
. University of - Motion: Visualizing
Richard Thaxton Arizon Grand Prize | Cottonwood Tree https:/fyoutn.be/r2WnzR500KE
ona Growth Across Space
and Time
Visualizing Biodiversity
.| Dartmouth Dynamics with
Adam Chmurzynski College Runner-Up Forecasts of Plant https:/fyoutu.belcVItZN1E-8Y
Species Range Shifts

NASA Science Exhibit Pages

The NASA Science exhibit featured six individual exhibit pages, shown here with asso-
ciated links—see Figures 4-9. Each exhibit page, hosted via Google Slides, featured
clickable graphics that led to secondary webpages, curated by their respective NASA
Science Mission Directorate outreach communities: Earth Science, Planetary Science,
Heliophysics, Astrophysics, Biological & Physical Sciences, and Science Activation.
Similar to the Science Theater, the exhibit pages are open to the public and can be
explored at any time.
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Figure 4. Depiction of the Earth Science exhibit page. To explore the interactive page, visit hztps://go. nasa.gov/39DEHpp.
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1. Science Theater 2. Observing COVID-19 Impacts 3. Rising Seas
https://go.nasa.gov/3nOnlDQ https://go.nasa.gov/2M8repN https://go.nasa.gov/3isBiKp

4. Using Earth Science Data 5. Seeing the Big Picture 6. Follow Us on Social Media
https:/lgo.nasa.gov/3irgReU https://go.nasa.gov/2M56Ypj https://go.nasa.gov/2LY Rwed

7. Climate and Earth Resources 8. Find Your Place 9. Earth Science Technology
https:/lgo.nasa.gov/3nZw]7u https://go.nasa.gov/2KrG] 7k https:/lgo.nasa.gov/2XWC1Gi

Figure 5. Depiction of the Planetary Science exhibit page. To explore the interactive page, visit hztps://go. nasa.gov/3gAVEAg.

1. Science Theater 2. Other Missions and Programs 3. Countdown to Mars
https:/lgo.nasa.gov/3bUyYad https://go.nasa.gov/3ipO0LAA https:/lgo.nasa.gov/30YIs7 T
4. Data Visualization Tools 5. Career Paths 6. Social Media
https:/lgo.nasa.gov/3bUnNed hitps://go.nasa.gov/30Z]INo hitps://go.nasa.gov/3igDru9
7. Virtual Swag 8. Year of the Asteroids

https:/lgo.nasa.gov/3sERZTF https://go.nasa.gov/2XVidz
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