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ATTENTION: Beginning with the January—February 2023 issue, e Earth Observer will be published exclusively online.

To receive noti cation when new issues are published online your email address must be registered on our subscription list. Turn to
page 43 of this issue to subscribe, so you can stay connected to e Earth Observer beginning with Volume 35. Discontinuing e
Earth Observer as a print publication after almost 34 years was a di  cult decision to make. However, we believe it is the best choice at
this time to position the publication and its sta to thrive in a future where communication is increasingly digital.

e Joint Polar Satellite System—2 (JPSS-2) launched in the early morning hours of November 10, 2022, on an Atlas V 401 rocket from
Space Launch Complex 3 (SLC-3E) at Vandenberg Space Force Base (VSFB) in California.  is was the nal launch for the Atlas V from
VSFB.

JPSS-2 (which will become known as NOAA-21 after the successful launch and on orbit checkout) is 0  cially considered the third satellite
of ve planned for the JPSS series, which is a NASA-NOAA partnership. JPSS-2 will join JPSS-1 (now known as NOAA-20), launched in
2017, as well as the Suomi National Polar-orbiting Partnership (Suomi NPP), launched in 2011. Suomi NPP was created to be the bridge
mission between EOS and JPSS. JPSS-3 and JPSS-4 are planned for 2027 and 2032 launches, respectively.

continued on page 2

Figure: e Atmospheric Infrared Sounder (AIRS) instrument on the Aqua spacecraft celebrated twenty years of operations recently. e inset photo is referred to as the “AIRS
baby picture,” which shows the AIRS instrument in the clean room at NASA/Jet Propulsion Laboratory (JPL) circa 2002—prior to being integrated on the Aqua spacecraft.
Twenty years later, AIRS remains a vital resource for weather forecasting, and it has also become a resource for understanding the role of climate change in extreme weather
events. e image shows data that AIRS obtained during a record-breaking heat wave as it intensi ed over the Paci ¢ Northwest on June 30, 2021. e daytime surface air
temperature anomaly shows up clearly; the dark patch is about 8 °C (15 °F) above average. Inset photo credit: JPL; Image credit: Charles  ompson/JPL
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e suite of Earth observing instruments onboard
JPSS-2 (very similar to those on Suomi NPP and JPSS-
1)* are designed to provide full global coverage twice
a day. One in orbit, at about 833 km (512 mi) in alti-
tude, JPSS-2 will capture data that has a wide range of
uses, including weather forecasting, disaster prepared-
ness, environmental monitoring (e.g., coastal ecosys-
tems, drought conditions, re, smoke, dust, snow and
ice, sea surface temperature, ocean color) and climate
data record continuity.

Although the JPSS instruments were not designed as
follow-ons to the instruments on the EOS Flagship
missions, selected science products from Suomi NPP
and NOAA-20 continue many critical EOS data
records—for the afternoon overpass, which is similar to
Aqua’s and Aura’s orbital tracks—using, to the extent
possible, consistent algorithms as well as radiative trans-
fer models and ancillary data sources. is enables the
production of uni ed multidecadal data records that
are key to understanding and quantifying change. e
measurements from JPSS-2 (and eventually -3 and -4)
will continue to extend these data records well into the
next decade.

1 Suomi NPP, NOAA-20, and JPSS-2 (to be renamed NOAA-
21) all include ATMS, CrlS, OMPS, and VIIRS as part of
their payload. ere isa Clouds and the Earth’s Radiant
Energy System (CERES) instrument on Suomi NPP and
NOAA-20—but not on JPSS-2. (Libera, chosen as Earth
Venture Continuity-1, will replace CERES on JPSS-3.)
OMPS is composed of limb-viewing and nadir-viewing
instruments. Both instruments y on Suomi NPP and
JPSS-2—hut only OMPS-Nadir ies on NOAA-20. More
details on the JPSS instruments and the payload on each satel-
lite can be found at nesdis.noaa.gov/current-satellite-missions/
currently- ying/joint-polar-satellite-system/jpss-mission-and.
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Next in the VSFB launch queue after JPSS-2 is the
Surface Water and Ocean Topography (SWOT)
mission. e fully integrated and tested satellite was
shipped back from France, where it had been under-
going testing, to VSFB on October 16. Since then,
it has been undergoing nal preparations for launch,
currently scheduled for December 12 from Space
Launch Complex 4E via a SpaceX Falcon 9 rocket.

SWOT is a partnership between NASA and the Centre
National D’Etudes Spatiales (CNES) [French Space
Agency], with contributions from the Canadian Space
Agency (CSA) and United Kingdom Space Agency
(UKSA) that will conduct the  rst-ever global survey
of Earth's surface water—Iakes, rivers, as well as ne-
scale ocean topography. SWOT’s instruments (the
primary one being the K,-band Radar Interferometer,
or KaRIN) will be able to resolve ocean features like
currents and eddies less than 100 km (60 mi) across,
lakes and reservoirs larger than 6 hectares (15 acres),
and rivers wider than 100 m (330 ft).  ese resolutions
are signi cantly better than current observations of
freshwater bodies.

e SWOT Science Team (ST) includes researchers
from around the globe, with expertise in oceanogra-
phy and hydrology.? is multidisciplinary group is
tackling pressing issues such as freshwater availability,
changing oceans and coasts, and much more. e
SWOT ST was renewed in 2020 and was organized
into working groups that held regular virtual meetings

2To learn more about the SWOT Science Team and the
research projects that team members are pursuing, please see
swot.jpl.nasa.gov/science/science-team-projects/?order=created_
at+desc&per_page=50&page=0&search=&fs=&fc=229&ft=&d
p=&category=229.
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over the past two years. e rst in-person meeting of
the current ST was held June 27-30, 2022, in Chapel
Hill, NC. According to Lee-Lueng Fu [JPL—SWOT
Project Scientist] the meeting went well and, after review
and discussion of their progress, the team is ready for
the mission’s launch. In a recent video, NASA promotes
the SWOT launch as the vanguard of a “new era of
Earth science,” to be followed by the missions of the
Earth System Observatory.® To learn more about the
SWOT mission see swot.jpl.nasa.gov.

e lead article in this issue summarizes the
AIRS/Sounder ST meeting that took place May 10-12,
2022, at JPL. e meeting dates closely corresponded
with the twentieth anniversary of the launch of Aqua
on May 4, 2022.*  erefore, the meeting was organized
to be a celebration of the scienti ¢ insights and societal
bene ts provided by twenty years of observations from
the AIRS/AMSU/HSB. Given the milestone anni-
versary for Aqua and the AIRS suite, the format was
somewhat di erent from the typical AIRS/Sounder ST
meeting. While there were still presentations on activi-
ties involving weather, climate, atmospheric composi-
tion, instrument operations, data processing, and other
relevant subjects, presenters were also encouraged to
provide a historical perspective of their AIRS experi-
ence.

From an overview presentation on twenty years of
Aqua observations to speci ¢ memories of individual
experiences working on developing the AIRS instru-
ment, to detailed accounts of how the data are being
used today (e.g., see Figure on page 1), the breadth of
the presentations at the meeting re ected the length

of the AIRS record, the many insights it has provided,
and the many people who contributed to its creation
and analysis.  is work has resulted not only in over
1000 peer-reviewed publications, but also signi cant
economic bene ts from improved monitoring and fore-
casting. Turn to page 4 of this issue to read more about
this meeting.

Turning now to current missions, the the July—
August 2022 issue of e Earth Observer reported on
the successful launch and installation of the Earth
Surface Mineral Dust Investigation (EMIT) on the
International Space Station (ISS)—and showed its
rst-light image.> EMIT has wasted no time validat-

3 To view the video, see science.nasa.gov/earth-science/earth-
information-center. SWOT is mentioned beginning at 0:18.
More information on the Earth System Observatory can be
found at science.nasa.gov/earth-science/earth-system-observatory.
4 e twentieth anniversary of Aqua was the focus of two
articles in the May—June 2022 issue of e Earth Observer
[Volume 34, Issue 3—eospso.nasa.gov/sites/default/ les/eo_pdfs/
May%20Jun%202022%20color%20508.pdf#page=4]. See
“Aqua’s 20 Years Honored with Celebration at the Goddard
Visitor’s Center” on p. 4, followed immediately by “Aqua
Turns 20” on pp. 5-12].
5See “ e Editor’s Corner” of the July—August 2022 issue of
e Earth Observer [Volume 34, Issue 4, p. 1].

ing performance in orbit and producing mineral
composition results. See, for example, climate.nasa.gov/
news/3223/nasa-dust-detective-delivers- rst-maps-from-
space-for-climate-science.

In addition, in the data collected since July, EMIT’s
high- delity imaging spectrometer has detected over
50 methane super-emitters around the world.  ese are
facilities, equipment, and other infrastructure, typically
in the fossil-fuel, waste, or agriculture sectors, that emit
methane at high rates. To learn more see climate.nasa.
gov/news/3228/methane-super-emitters-mapped-by-nasas-
new-earth-space-mission.

Continuing on ISS, the Stratospheric Aerosol and Gas
Experiment I11/International Space Station (SAGE 111/
ISS) mission marked the fth anniversary of its launch
earlier this year. SAGE 111/1SS is a climate continu-
ity mission that monitors the vertical distribution of
aerosol, ozone, water vapor, and other trace gases in
Earth’s stratosphere and troposphere. Over more than
ve years, SAGE 11/ISS has collected data during
several natural disasters, allowing researchers to study
the resulting impact on atmospheric chemistry and
energy budget. For example, the historically large injec-
tion of smoke into the stratosphere from the Australian
bush res of 2019-2020 signi cantly perturbed the
stratospheric ozone cycle. Researchers found that
important chemistry can occur on smoke particle
surfaces, which in turn contributes to the loss of
0zone—which continues to be a hot topic of research.
More recently, SAGE 111/1SS observed changes in upper
atmosphere chemistry resulting from the spectacular

continued on page 11
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A Celebration of Twenty Years of AIRS History and

Observations

Eric Fetzer, NASA/Jet Propulsion Laboratory, eric.j.fetzer@jpl.nasa.gov
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Photo 1. Some of the in-person participants at the 2022 NASA AIRS/Sounder Science Team Meeting and Aqua/AlIRS twentieth anniversary

celebration. Photo credit: Wing Sze Lui/JPL

Introduction

e NASA atmospheric sounding community held
a science team meeting (STM) May 10-12, 2022, at
NASA/Jet Propulsion Laboratory (JPL) in commemo-
ration of the twentieth anniversary of the launch of
Aqua on May 4, 2022—and in celebration of the scien-
ti ¢ insights and societal bene ts provided by twenty
years of observations from the Atmospheric Infrared
Sounder (AIRS)/Advanced Microwave Sounding Unit
(AMSU)/Humidity Sounder for Brazil (HSB) suite.*
Given the long and rich record from AIRS/AMSU/
HSB—and from the AIRS instrument in particular—
this community had much to share in this meeting—
and much to celebrate. is hybrid meeting marked
the e ective end of remote work initiated in March
2020 as the COVID-19 pandemic impacted all our
lives. In keeping with the ongoing seriousness of the
pandemic, virtual meeting attendance was an option—
and about half of the 100 meeting attendees opted

1 e AIRS instrument was coboresighted with AMSU and
HSB—~both state-of-the-art microwave sounders—to create
a suite of instruments that could provide vertically-resolved
information about the atmosphere, including thermodynam-
ics, water vapor, and clouds, along with surface properties.
ese water-related observations, along with others from the
full complement of Aqua instruments, gave the spacecraft
its name.

to participate remotely. Photo 1 shows some of the
in-person participants.

e summary report that follows begins with informa-
tion on AIRS/AMSU/HSB to place it in the context
of the Aqua mission, continues with some background
on the AIRS instrument, and then provides a summary
of the meeting. While this is not intended to be a
comprehensive report, it does highlight the meet-
ing’s major points of emphasis. For more complete
coverage of these and other topics discussed, visit
the AIRS webpage at airs.jpl.nasa.gov. e meeting
agenda and many of the presentations are available at
go.nasa.gov/3fwimFR.

AIRS/AMSU/HSB in the Broader Context of Aqua

In the early hours of May 4, 2002, NASAs Aqua
spacecraft was launched from Vandenberg Air Force
Base (now Space Force Base) in California. Its payload
included the AIRS/AMSU/HSB suite’>—the focus

of this article—as well as the Advanced Microwave

2 edesign and construction of AIRS was managed by
NASA/Jet Propulsion Laboratory (JPL); AMSU was managed
by NASA's Goddard Space Flight Center (GSFC); HSB was
a contribution from the Brazilian National Institute for Space
Research [Instituto Nacional de Pesquisas Espaciais (INPE)].
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Scanning Radiometer-EOS (AMSR-E),® two copies
of the Clouds and Earth’s Radiant Energy System
(CERES) instrument,* and the Moderate Resolution
Imaging Spectroradiometer (MODIS).5

Claire Parkinson [NASA's Goddard Space Flight
Center (GSFC)—Aqua Project Scientist] gave a presen-
tation on “Aqua at Twenty” near the beginning of

the meeting, which highlighted some of the many
accomplishments of the Aqua mission and helped to
place AIRS in the larger context of Aqua. She began
with a description of the spacecraft and its instru-
ments, and noted some of the key water-related quan-
tities it measures, some involving combining data
from more than one Aqua instrument.  ese include
MODIS and AMSR-E ocean surface temperature,
MODIS ocean chlorophyll, MODIS Antarctic ice
shelf collapse imagery, AMSR-E sea ice, AIRS atmo-
spheric temperature and water vapor, MODIS and
AIRS clouds, and AMSR-E rain rates. Parkinson also
showed decadal-scale variations in several quantities
related to climate change, including CERES re ected
shortwave and outgoing longwave radiation (OLR)
and top-of-atmosphere net radiative ux, AIRS mid-
tropospheric carbon dioxide and methane, AIRS surface
warming, and AMSR-E Arctic sea ice extent. Figure 1
shows a time series of global mean surface temperature
from AIRS and other sources. She also showed some
air-quality-related quantities, including MODIS dust
imagery, AIRS dust and sulfur dioxide (SO,) from
volcanoes, and AIRS carbon monoxide (CO) from res
and human activities. In the eld of scienti ¢ applica-
tions, Parkinson noted the contributions AIRS made
to weather forecasting early in the mission—the single
greatest improvement in forecast skill from any instru-
ment up to that time —and continuing. She also listed
10 non-NASA federal agencies making use of Aqua
data and showed several practical applications of the
data, one example being the use of CERES ux prod-
ucts by the energy and agricultural communities.  ese
were just a few examples of the research and applica-
tions supported by Aqua data.

Parkinson closed her presentation with a discussion

of the drifting Aqua orbit. For its rst nearly 20 years,
Agua was maintained in a tightly controlled orbit with
mean local equatorial crossing times (MLT) of approxi-
mately 1:30 PM and 1:30 AM. However, beginning in

% A follow on to AMSR-E, called AMSR2, ies on the Japan
Aerospace Exploration Agency’s (JAXA) Global Change
Observation Mission—Water (GCOM-W), or “Shizuku,”
satellite. GCOM-W is part of the international Afternoon, or
“A-Train,” constellation, which until recently also included
Aqua, and still includes Aura and several other NASA
missions. To learn more, see atrain.nasa.gov.

4 Two CERES instruments also y on NASA's Terra plat-
form, one on the joint NASA-NOAA Suomi National
Polar-orbiting Partnership (NPP) mission, and one on the
NOAA-20 mission.

> A MODIS instrument also ies on NASA's Terra platform.
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Figure 1. Time series of the global, monthly mean surface tempera-
ture anomaly derived from AIRS retrievals [red], the Goddard
Institute for Space Studies Surface Temperature Analysis (GISTEMP)
in situ observations [green], the Hadley Center/Climatic Research
Unit (HadCRUT4) in situ observations [black], a corrected form

of HADCRUT4 (designated Cowtan&Way in the gure, in refer-
ence to the HADCRUT4 study authors) [blue], and the European
Centre for Medium-range Weather Forecasts (ECMWF) model
reanalysis product [gray]. Consistency between AIRS retrievals, in
situ observations, and the reanalysis products con rm that all datasets
are observing realistic warming. Figure credit: Joel Susskind/GSFC,
and coauthors

January 2022 the orbit was allowed to drift and Aqua

is now moving slowly into a later local time. s drift
will continue and is expected to reach 3:50 AM/PM
MLT in late summer 2026, which is projected to be
the time at which the solar array will no longer receive
su cient sunlight to fully power the spacecraft and its
still-operating instruments. Parkinson noted the oppor-
tunities that this drift o ers for future research. She also
stated that Aqua has enough fuel remaining for space-
craft lowering maneuvers in 2026, followed by a reentry
of the spacecraft into the lower atmosphere within 25
years—meeting the 25-year requirement set by NASA.

is being an AIRS/Sounder STM, the remain-
der of this summary will focus primarily on
AIRS/AMSU/HSB.®

Background on the AIRS Instrument

e AIRS instrument was the rst hyperspectral
infrared (IR) sounder intended for operational use. It
included 2378 spectral channels—two orders of magni-
tude more than the 20 channels on the operational
High Resolution Infrared Radiation Sounders (HIRS)

6 To learn more about the Aqua mission’s achievements and
those of AMSR-E, CERES, and MODIS, see “Aqua Turns
20” in the May—June 2022 issue of e Earth Observer
[Volume 34, Issue 3, pp. 5-12—qgo.nasa.gov/3fzZWxsF], as
well as the Aqua mission website and individual instrument’s
websites.
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that have provided daily observations of the atmosphere
since the mid-1970s.”

e high spectral resolution of AIRS gave an added
bonus by providing information about atmospheric
composition. While AIRS spectral bands were selected
to include measurements of the near-global ozone
(O,) contributions, other spectral regions intended for
sounding temperature and water vapor have provided
useful information about atmospheric composition.
Along with the observations of water-related substances
and O,, AIRS has provided information about CO,
methane (CH,), carbon dioxide (CO,), and other trace
gases.

After twenty years in orbit, the AIRS suite continues
to operate. While HSB failed in February 2003 and
AMSU has lost several channels over two decades of
operation, the performance of the AIRS instrument
itself has varied little since launch. Sampling at a rate
of about 40 spectra per second, AIRS has observed
a total of twenty billion spectra, or about 50 trillion
individual data points pertaining to Earth. e AIRS
radiances provide a richly detailed record of a wide
range of weather, climate, and composition processes.
ese observations are stable enough to discern even
small changes in climate. Some noteworthy contribu-
tions made by AIRS, which will be discussed more in
presentation summaries that follow, are: signi cant
improvements in weather forecast skill immediately
after the start of instrument operations; new insights
into the behavior of atmospheric hydrological processes
from the boundary layer into the upper troposphere;
a detailed record of Arctic atmospheric warming and
moistening; and monitoring changes in the atmo-
sphere’s chemical state. e two decades of AIRS
observations also demonstrate signi cant evidence of
human-caused changes to Earth’s climate and atmo-
spheric composition.?

Meeting Overview

e theme of the May meeting was di erent from
that of earlier Sounder STMs. While presenters were
encouraged to focus on the usual topics of weather,
climate, atmospheric composition, instrument opera-
tions, data processing, and other subjects relevant to
atmospheric observation with satellites, they were also

e rst HIRS instrument ew on Nimbus-6, which was
launched in 1975. e design was upgraded several times
(HIRS/2, /21, and /3) for ights on the National Oceanic and
Atmospheric Administration’s Polar Orbiting Environmental
Satellites (POES), a.k.a., the NOAA series, between the

late 1970s and 2009. Of those, NOAA-15, -18, and -19

are still operational. NOAA also provided HIRS/4 instru-
ments for the European Organisation for the Exploitation
of Meteorological Satellites’ (EUMETSAT) MetOp-A and
MetOp-B missions.

8 To learn more about what AIRS has accomplished, see
“AIRS at 20 Years: A Bounty of Data,” airs.jpl.nasa.gov/
news/185/airs-at-20-years-a-bounty-of-data.

encouraged to provide historical perspective of their
experiences with AIRS (which from this point on when
used alone refers to the AIRS/AMSU/HSB suite)®—
including the earlier days of development of the three
instruments. Gathering at the JPL venue was also a

rst, as other spring meetings had been held for many
years at the nearby campus of the California Institute
of Technology. e 2022 meeting included poster
sessions—another st for Sounder STMes.

e breadth of the presentations at the meeting re ects
the length of the AIRS record, the many insights it has
provided, and the many people who contributed to its
creation and analysis.  is work has resulted not only in
over 1000 peer-reviewed publications, but also signi -
cant economic bene ts from improved monitoring and
forecasting. And now, as the end of the Aqua mission
draws closer, this is also a time of transition for the
AIRS instrument and science community. What follows
is a sampling of what was presented at the meeting.

Presentation Summaries

While Claire Parkinson’s presentation placed AIRS

in the larger picture of Aqua, Jodo Teixeira [JPL—
AIRS Science Team Leader] focused his remarks on

the speci ¢ achievements of AIRS, as he discussed
“Climate of the 21 Century from an IR Perspective:
Twenty Years of AIRS.” He showed a gure illustrat-
ing the impact of AIRS data on weather forecasts—see
Figure 2 on page 7—which was one of the rst major
achievements of the instrument. Teixeira also presented
overviews of some of the scienti ¢ contributions that
AIRS has made. For example, IR radiances—which
are the basic observations made by AIRS—include
large gravity wave signals.  ese have helped make
important advances in our understanding of middle-
atmospheric dynamics.  is important eld of research
was unforeseen at the time of Aqua’s launch. (See the
summary of Joan Alexander’s presentation, below.)
Given the long record, AIRS has also observed several
El Nifio—Southern Oscillation (ENSO) cycles, with
robust temperature and water vapor signals. AIRS
samples extreme convective weather events, as measured
by the coldest cloud-top temperatures and the data

are analyzed for trends, which show that the coldest
cloud tops become more frequent at high surface
temperatures—suggesting increasing storm severity

as the climate warms. At higher latitudes, AIRS has
revealed signi cant changes in Arctic climate. (See

the summary of the presentation by Linette Boisvert,
below.) Teixeira also showed how AIRS is being used to
assess climate model performance, including models in
the Sixth Assessment Report (AR6) published by the
Intergovernmental Panel on Climate Change (IPCC).
He then showed how AIRS observations can be related
to human health-related factors, including relative

° Any references to the “AIRS instrument” alone will be
explicitly labeled as such.
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Figure 2. e bar graph above shows the percentage by which the
error in the European Centre for Medium-range Weather Forecasts’
numerical weather predictions (for 60 °S—90 °S) has been reduced

by merging data/observations from the various sources listed on the
y-axis [acronyms de ned below]. While the greatest overall reduc-
tion in error has come from incorporating AMSU-A data, this is

the cumulative impact from incorporating data from four di erent
AMSU-A instruments. AIRS provides by far the greatest improve-
ment achieved by a single instrument. 1ASI is close behind AIRS, but
again this represents the gain from incorporating data from three
IASI instruments. Figure credit: Boullot, et al. (2014), doi: 10.1002/
qj.2470

humidity as a predictor of in uenza cases and the e ect
of the COVID-19 pandemic on CO levels over densely
populated eastern China. Teixeira nished his survey
of science results by showing trends generated from

the 20-year AIRS record, including Arctic warming
and a clear decrease in atmospheric CO. He closed by
reiterating Aqua’s currently drifting orbit and noting
the signi cant value of observations from later in the
diurnal cycle as a result.

Tom Pagano [JPL—AIRS Program Manager] gave a
report on “AIRS Project Status and Highlights since
Launch.” His experience with AIRS began around
2000, when he took on the responsibility of calibrat-
ing the newly completed AIRS instrument. In his
presentation Pagano provided many details of the activ-
ities in the critical two years prior to launch and noted
his experience on MODIS calibration prior to joining
the AIRS e ort. He showed many photographs of
coworkers taken as early as the 1990s—which was a trip
down “memory lane” for many in the room. Included
among them were numereous pictures of Moustafa
“Mous” Chahine—who led the AIRS team from the
early days of development of the AIRS, AMSU, and
HSB instruments until his passing in March 2011.
Pagano emphasized the critical contributions Chahine
made to the development and success of AIRS. A single
bullet point in his presentation summarized the many
distinguished honors Chahine achieved during his
career, which included: Fellowship in the American
Physical Society, the American Association for the
Advancement of Science, the American Geophysical
Union, the American Meteorological Society, and the

British Meteorological Society.’® Chahine was also a
friend and mentor to many who were involved with

the AIRS project. Pagano showed the excellent perfor-
mance of AIRS over its 20-year life—a tting tribute to
Chahine and his remarkable life. He also shared a list of
societal applications that AIRS data have supported.

Will McCarty [NASA Headquarters—Aqua Program
Scientist] talked about “AIRS, NWP! and Me: Twenty
Years of AIRS, with  oughts on What’s Next.”
Setting the theme for several early-career presenters at
the meeting, McCarty described working at a hard-
ware store when AIRS was launched in May 2002.

He later became very familiar with the AIRS datasets
while working on his PhD in data assimilation at the
University of Alabama in Huntsville, completed in
2008. His graduate work led to a position studying data
assimilation at the Global Modeling and Assimilation
O ce (GMAO) at GSFC using a variety of satel-

lite datasets. McCarty described future prospects for

10 \While not listed on the slide, Chahine was also a member
of the National Academy of Engineering.
' NWP stands for Numerical Weather Prediction.

List of Acronyms Used in Figure 2.
AIRCRAFT  Aircraft

AIRS Atmospheric Infrared Sounder
[Aqua]
AMSU-A Advanced Microwave Sounding

Unit-A [Aqua and NOAA-15-18]

AMSU-B Advanced Microwave Unit-B
[NOAA-15-17]

AMV Atmospheric Motion Vector

DROP Dropsonde

GPSRO Global Positioning System/Radio
Occultation

HIRS High-resolution Infrared Radiation
Sounder [MetOp]

IASI Infrared Atmospheric Sounding

Interferometer [MetOp]

OTHER Other Sources (e.g., ship and
surface measurements)

PILOT Balloons (tracked from the ground)
RAOB Radiosonde observations

SCATT Scatterometer

SSMI Special Sensor Microwave/Imager

[Defense Meteorological Satellite
Program (DMSP)]

SSMIS Special Sensor Microwave Imager/
Sounder [DMSP]

SYNOP Synoptic
TPW Total Precipitable Water
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satellite remote sensing—including the value of data
from a wide assortment of sensors in a variety of orbits.
Following up on Claire Parkinson's earlier remarks,
McCarty noted the value of collecting AIRS data as
Aqua’s orbit drifts. He said that observations from

local times other than 1:30 AM/PM MLT will provide
insights into processes not commonly observed and
can serve as a path nder for the design of planned
hyperspectral IR instruments to be inserted into
geosynchronous orbit.

Fred O’Callaghan [JPL, retired—Former AIRS Project
Manager] appropriately titled his presentation: “AIRS
20" Anniversary Celebration.” He was project manager
for AIRS during instrument development and the

rst several years of operations. Following up on Tom
Pagano’s remarks, O’Callaghan acknowledged Mous
Chahine’s vision and drive. He noted that the rst
planning meetings for AIRS began in 1986, formal
instrument development began in 1987, and hardware
development began in 1991.12 e instrument was
delivered for integration and testing in 1999. He also
reported that over 500 people worked on the develop-
ment of the AIRS instrument during peak activity. s
was a time of signi cant shifts in the aerospace indus-
try, and the companies building hardware underwent
several name changes, so the number of companies
contributing to AIRS success was also noteworthy.
Or’Callaghan listed numerous technology developments
required for the success of the AIRS instrument, includ-
ing long-life coolers, scanning mechanisms, detector
arrays, spectrometer gratings, IR Iters, and readout

12 ¢ late Crofton “Barney” Farmer had been Chahine’s
group supervisor and recalled him advocating for a hyper-
spectral atmospheric sounding instrument in orbit as early as
1968. Chahine later spent a sabbatical year in the 1970s with
Jule Charney at the Massachusetts Institute of Technology
working on the concept.

electronics. e remarkable scienti ¢ achievements
using AIRS data clearly rest upon equally remarkable
engineering achievements. Photo 2 shows part of the
AIRS development team around the time of Aqua’s
launch in 2002.

Hank Revercomb [University of Wisconsin—Madison
(UWM)] gave a presentation titled “Happy Anniversary
for Atmospheric Infrared Sounding: A Historical
Perspective and Big-Picture Vision of the Next Steps.”
He pointed out that the theoretical justi cation for IR
sounding was presented in a paper by Louis Kaplan
published in 1959. Collaboration with Kaplan was a
reason for Mous Chahine’s advocacy of IR sounding

in the 1960s, as noted earlier, and Kaplan was an early
member of the AIRS science team.

Revercomb noted that his own involvement with
remote sounding began in 1974, when he started
working with Verner Suomi at the Space Science
and Engineering Center (SSEC) at the University
of Wisconsin—Madison. Suomi was an early faculty
member in the department of Meteorology at the
UWM, founder of the SSEC, a key gure in the
development of meteorological satellites by the
U.S. and other governments, and the namesake of
the Suomi National Polar-orbiting Partnership, or
Suomi NPP satellite.

Revercomb also described the development of aircraft-
borne IR spectrometers at the University of Wisconsin.
at work involves technology advancements alongside
science analyses, including validating satellite instru-
ments. Developing this hardware ultimately led to
the Cross-track Infrared Sounder (CrlS) carried on
Suomi NPP and on two Joint Polar Satellite System
(JPSS) satellites, one of which is in orbit (now renamed
NOAA-20), the other planned for a November

SSSele

Photo 2. Some of the JPL contributors to the AIRS science and instrument activities in 2002. e location is the same as Photo 1. Fred
O’Callaghan is directly behind the AIRS sign [center]. Mous Chahine stands immediately to the left of Fred in the front row. Photo credit: JPL
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2022 launch.  ree Infrared Atmospheric Sounding
Interferometer (IASI) instruments, own and operated
by EUMETSAT, follow a similar design. Revercomb
noted that all data from operating AIRS, CrlS, and
IASI hyperspectral IR sounders agree to within a frac-
tion of a Kelvin (K) in brightness temperature when
they view identical scenes. s remarkable achievement
was made possible through the work of hundreds of
people around the world, and is the foundation of the
weather, climate, and composition advancements made
by AIRS and other sounders. He also noted some of
the steps needed for further advancements in IR remote
sensing, which include: better time coverage through
SmallSats in a mix of local times,*® a ring of hyper-
spectral sounders in geosynchronous orbit, and a set of
dedicated reference sensors with demonstrable in-orbit
calibration stability.  ose reference sensors would then
be used as a baseline to establish the stability of other
satellite sensors.

Vivienne Payne [JPL] gave a presentation titled
“Atmospheric Composition in the Past, Present, and
Future: A View from Hyperspectral IR Sounders.”

She began the presentation by describing the
Interferometric Monitor for Greenhouse Gases (IMG)
launched on the Japanese Advanced Earth Observing
Satellite (ADEQOS) in 1996.  ough ADEOS operated
for less than a year, IMG included IR spectral coverage
and resolution roughly comparable to AIRS, CrlS, and
IASI, and to the Tropospheric Emission Spectrometer
(TES) carried on the Aura spacecraft.* e IMG

data helped set the stage for composition studies with
those instruments.

Payne also showed the value of combining hyperspec-
tral IR observations (i.e., from AIRS, CrlS, and TES)
with observations from other instruments, including
MOPITT, OMI, and TROPOMI.* She described the
synergistic use of collocated and near-simultaneous
data from multiple instruments, made possible by
their placement in the NASA A-Train constella-

tion. e resulting retrievals have better performance
than those of either contributing instrument. She
also shared results on a remarkable number of trace
gases, including: CO (from AIRS, MOPITT, CrlIS
and TROPOMI); O, (from AIRS, TES, OMI, and
TROPOMI); ammonia (NH;) (from AIRS, TES,
and CrlS); peroxyacetyl nitrate (from TES and CrlS);
ethylene and isoprene (from CrlS and TES); and

1% SmallSats are satellites with total mass less than about 180
kg (~400 Ibs).

1 While no longer operational, TES was used for atmo-
spheric composition studies and had wider spectral coverage
and higher spectral resolution than AIRS, CrlS, or IASI.

15 MOPITT stands for Measurements of Pollution in the
Troposphere; it ies on NASAs Terra platform. OMI stands
for Ozone Monitoring Instrument; it ies on NASA's Aura
platform. e TROPOspheric Monitoring Instrument,
TROPOMI, is a European Space Agency instrument, ying
on the European Copernicus Sentinel-5P mission.

methanol (from TES). e processes observed include
stratospheric intrusions (for O,), re plumes (for several
gases), and anthropogenic and natural trends (for NH.,
O, and CO). Payne noted that the spectral signals of
some of those gases are of the order 0.05 K, and their
detection is only made possible by high spectral stabil-
ity and careful averaging. She described a system to
assimilate all these constituents into a chemical trans-
port model.

Payne also showed a list of the 11 hyperspectral instru-
ments that have been placed in low Earth orbit since
2002, plus 5 more that are planned for such inser-
tion between now and the late 2020s.  is order-of-
magnitude increase in the number of hyperspectral
sounders since the launch of AIRS in 2002 is testimony
to their value to the international community of data
users. She also described several advantages to these
datasets, including simultaneous measurements from
the Afternoon Constellation, or “A-Train”, a variety of
retrieval approaches to extract as much information

as possible, long-term instrument stability, and low
instrument noise. Earlier, Hank Revercomb had simi-
larly noted the last two advantages Payne mentioned as
important aspects of the radiance record.

Bjorn Lambrigtsen [JPL] presented “ e Aqua
Microwave Sounders: Why, What, How.” He stated
that the basic rationale for the microwave instruments
was to provide a rst guess for the cloud-clearing meth-
odology developed by Mous Chahine and Bill Smith.
A former student of Verner Suomi, Smith became a
professor at the UWM and a long-time member of
the AIRS science team—and is still active in the atmo-
spheric sounding community. Lambrigtsen showed that
AMSU and HSB combined were nearly as massive as
the AIRS instrument, drew half the power that AIRS
required, and had a total of 19 channels (compared
to 2378 on the AIRS instrument alone). AMSU was
intended primarily for temperature sounding, while
HSB provided water vapor information. Both were
carefully coaligned and synchronized with AIRS.
Lambrigtsen went on to explain that—in contrast—
CrlS and IASI do not use this approach with their
companion microwave instruments. He showed some
rst-light images from the Aqua microwave instru-
ments (from 2002) and gave a timeline for developing
microwave hardware and retrieval technologies, start-
ing in the 1980s and continuing with instruments
that are follow-ons to those on Aqua. Lambrigtsen
closed by noting the value of microwave observations,
in that they have much smaller sensitivity than the IR
to clouds and precipitation. is advantage has not
been fully exploited in the record from all modern
satellite systems.

Andy Dessler [Texas A&M University, College
Station] started his presentation titled “ e Water
Vapor Feedback: A Historical Perspective” by noting
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that water vapor feedbacks amplify the warming e ects
of other greenhouse gases—i.e., increased CO, and
CH, cause about 1 K warming—while water vapor
feedbacks increase the warming to about 3 K. s
mechanism was rst presented theoretically in the late
1960s by Syukuro Manabe, a 2021 Nobel Prize winner
in physics. Dessler noted that water vapor feedback
warming strength had been a subject debated for the
ensuing 40 years—Ilargely due to limited observations
of upper tropospheric water vapor needed to test its
validity. He described his own work, using AIRS water
vapor and temperature data and supporting the addi-
tional 2 K of feedback-induced warming. s study
largely ended the debate about water-vapor feedback
strength, and con rmed that model projections of
future warming are realistic.

Brian Soden [University of Miami] gave a presen-
tation titled “Monitoring Radiative Forcing and
Radiative Feedbacks Using AIRS,” which built upon
Andy Dessler’s presentation. Soden described work

to relate processes controlling feedbacks to the result-
ing changes in OLR. He began by showing a plot

of increases in OLR observed by CERES/Aqua, and
described the contribution to calculated OLR by indi-
vidual quantities (e.g., temperature, water vapor, and
clouds) retrieved with AIRS data. While an individual
quantity’s contributions to OLR appear noisy relative
to CERES’ total OLR, their sum agrees remarkably
well with the CERES values.  is greatly increases the
con dence in OLR measurements from both AIRS and
CERES and in the AIRS observations used to calculate
OLR; it also con rms that individual AIRS quantities
(e.q., temperature, water vapor, and clouds) realistically
embody climate processes.

Soden also showed where the large changes in OLR
are occurring and added that these regions are similar
to those seen in climate model outputs. s increases
con dence in the model physics and helps constrain
model projections. Returning to the CERES compari-
sons with AIRS, he showed a slight time trend of 0.5
W/m?in their di erence over two decades. Because the
AIRS OLR calculation did not account for changes

in greenhouse gas forcing, he attributed the trend to
increasing greenhouse gases. Soden cited this as further
evidence for the value of stable AIRS radiances.

Joan Alexander [Northwest Research Associates,
Boulder, CO] provided “Global Perspectives on
Small-scale Atmospheric Gravity Waves from AIRS.”
Alexander has been an international leader in studying
gravity waves using AIRS observations. She noted the
importance of gravity waves in atmospheric general
circulation—as they carry momentum—and that
gravity-wave momentum ux is a dominant factor in
the behavior of the mesosphere. She also presented a
more general overview of gravity wave observations.
Alexander showed examples of very strong stratospheric

gravity waves observed by AIRS over the southern
Andes Mountains and gave estimates of the momen-
tum ux carried by these waves. She also showed
gravity waves over vigorous convection and presented

a global climatology of very strong waves observed by
AIRS. Alexander compared AIRS waves with those in
high-resolution models and thereby demonstrated the
value of those observations in constraining the model
physics. She showed examples that indicate that gravity
waves are important in phenomena as diverse as polar
stratospheric clouds, the equatorial Madden—Julian
Oscillation, and global ENSO events. Alexander
described an online data archive of global gravity wave
properties from AIRS and showed how the Hunga
Tonga—Hunga Ha'apai (HT-HH) volcanic eruption in
January 2022 in the South Paci ¢ generated anoma-
lously large gravity waves that were observed around
the globe by AIRS, CrlS, and 1ASI. e results received
widespread media attention and are the cornerstone of
a recent paper in the journal Nature.

Greg Elsaesser [Goddard Institute for Space Studies
(GISS)] discussed “Top-Down and Bottom-Up Uses
of AIRS Temperature (T) and Water Vapor (Q,)

Data in Climate Model Development.” He began

by giving participants a sense of the complexity of
climate models—noting that the GISS computer
model includes over 350 subroutines. He described a
“top-down” approach of testing large-scale, long-term
characteristics of the model simulations against similar
quantities, including T and Q,, from AIRS, and other
data sources. Elsaesser then showed that the skill of
producing the current climate roughly correlates with

e ective climate sensitivity,'® although the spread in
model-speci ¢ climate sensitivity has increased as model
complexity has increased over time. One way to reduce
this model spread is to use machine-learning techniques
to constrain the dozens of numerical parameters within
models to realistic combinations. Another approach to
reducing model sensitivity spread is to use observations
to test basic processes in addition to bulk properties.
Elsaesser suggested convective areal coverage as a quan-
tity to test, since areal coverage is a simple metric for
very complex cloud systems.

Linette Boisvert [GSFC] discussed “What We've
Learned from 20 Years of AIRS Data in the Polar
Regions.” She began by showing the state of Arctic sea
ice in May 2002. (At that time Boisvert was a high
school student with an interest in soccer, working her
rst job in a pizza parlor.) She noted that the early
2000s was a time of transition to the “New Arctic” as
sea ice there began to thin dramatically. Much of the
remainder of her presentation detailed how AIRS has
revealed a changing Arctic. She shared some of her
published results of AIRS observations, showing that

16 Climate sensitivity is the warming induced by increasing
greenhouse gases, often speci cally calculated as the warming
induced by a doubling of atmospheric carbon dioxide.
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the Arctic atmosphere became increasingly warm and
moist between 2003 and 2015. To better quantify the
e ects of ice loss, in another study Boisvert and her
colleagues used AIRS data to estimate evaporation
from a polynya—an ice-free area within an ice-covered
region—in the Arctic Ocean. ey then looked at
evaporation over the entire Arctic Ocean. Evaporation
changed signi cantly over the AIRS period, with the
largest increases associated with regions of greatest

ice loss and ocean surface warming. Another study
showed that heat uxes (where some heat is carried by
evaporating water and some by direct transfer between
ocean and atmosphere) have been growing in increas-
ingly warmer, ice-free regions of the Arctic. Applying
these techniques to the Antarctic, they found broadly
similar results as in the Arctic: uxes are modulated

by the presence of sea ice. In a series of studies they
examined the e ects of Arctic storm systems and found
that storms act as a signi cant heating mechanism by
bringing warmer, more moist air from lower latitudes,
with storm winds also increasing surface uxes of heat
and moisture. Warmer storms also bring rain, which
can melt surface snow and ice. Overall, this work
shows that large Arctic changes are partly due to local
warming and moistening as heat ows from an ice-free
ocean, and partly due to warm, moist air brought from
lower latitudes by storms.

Conclusion

Twenty years of exciting advancements in hyper-
spectral IR remote sensing research and applications
have followed the launch of Aqua in 2002. AIRS is
just one of several operational IR instruments whose
records extend over a decade or more the rst 1ASI
instrument was launched in 2006 and the rst CrlS

in 2011. As shown in many of the presentations at the
meeting summarized here, the observational record
from sounders contains a wealth of information about
weather, climate, and atmospheric composition. Many
presenters at the meeting expressed the view that
opportunities o ered by this record have not been fully
leveraged. Only a small part of information in the 20
billion spectra observed by AIRS has been extracted,

and the other hyperspectral sounders provide an equally
detailed record of even greater size. Converting those
details from data to information to knowledge will
require careful thinking and persistent e ort.

e sounder community is in the fortunate position of
having instruments planned to replace those in opera-
tion and can look forward to having hyperspectral
sounders in geosynchronous orbit within a few years.

eir combination of diurnal coverage and information
content will provide new insights, and the challenges
and opportunities for the sounder community will
continue. e resultant explosion of data has gener-
ated a grand challenge in remote sounding: creating a
reconciled record of retrieved quantities from multiple
instruments. s will complement the remarkably
consistent radiance records from sounders.  ese
retrieved quantities (e.g., temperature, trace gases)
from remote sensing sources (e.g., multiple satellites)
become test cases for numerical models so they more
correctly represent physical reality. Another grand chal-
lenge is model assimilation of cloud-a ected radiances.
So, while understanding of sounder data has increased
dramatically over time, there is still a long way to go to
gain an even more complete understanding based on
those (and new) data, and much of that journey will
require innovative data analysis techniques.
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After twenty years of interesting and important contri-
butions, the Aqua spacecraft has begun its nal years
of operations. e drift into later local times presents
yet another—and serendipitous—opportunity for the
AIRS instrument. No hyperspectral sounder has taken
observations during those critical afternoon hours after
1:30 PM MLT, when weak convection often transi-
tions into severe weather. AIRS in a drifting orbit will
observe that convective transition, and a host of other
phenomena undergoing changes during the warmest
hours of the day.  ese observations can be compared
against the existing 20-year record, and against base-
line measurements by CrlS instruments still operating
in the 1:30 AM/PM MLT orbit. e last few years of
AIRS operations promise to be at least as exciting as the
rst twenty.

e Editor’s Corner continued from page 3

eruption of Hunga Tonga—Hunga Ha'apai (HT-HH) in January 2022, whose atmospheric impacts are still unfold-
ing.

During the rst summer of the pandemic, SAGE I11/1SS successfully completed its baseline mission (2017-2020)
and was granted extended operations via the Earth Science Division’s 2020 Senior Review. With the SAGE I11/1SS
payload continuing to operate nominally, and the ISS operations agreement newly renewed to 2030, the SAGE IlII
mission has the potential to extend observations through this decade. e latest ST meeting took place October
13-14, 2022, at NASA’s Langley Research Center. Approximately 60 scientists and engineers participated in the
meeting and discussed the status of the mission, instrument operations, data processing, and results from studies of
the various SAGE |11 science data products (ozone, aerosol, water vapor, nitrogen dioxide, and nitrogen trioxide).

e face-to-face option for this hybrid meeting was a welcome contrast to two years of completely virtual science
team meetings. For more information on SAGE 111/1SS see sage.nasa.gov/missions/about-sage-iii-on-iss/.


https://sage.nasa.gov/missions/about-sage-iii-on-iss/
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Summary of the Fifth Joint GWIS/GOFC-GOLD

Fire-IT Meeting

Krishna Vadrevu, NASAs Marshall Space Flight Center, krishna.p.vadrevu@nasa.gov
Jesus San-Miguel-Ayanz, European Commission, Joint Research Center, Ispra, Italy, jesus.san-miguel@ec.europa.eu

David Roy, Michigan State University, roydavil@msu.edu

Martin Wooster, King's College, London, UK, martin.wooster@kcl.ac.uk

Louis Giglio, University of Maryland, College Park, lgiglio@umd.edu

Wilfrid Schroeder, National Oceanic and Atmospheric Administration, National Environmental Satellite, Data,
and Information System, Center for Satellite Applications and Research, wilfrid.schroeder@noaa.gov

Ivan Csiszar, National Oceanic and Atmospheric Administration, National Environmental Satellite, Data, and
Information System, O ce of Satellite Products and Operations, ivan.csiszar@noaa.gov

Introduction

e Fifth Joint Global Wild re Information System
(GWI1S)/Global Observation of Forest and Land
Use Dynamics (GOFC-GOLD) Fire Mapping and
Monitoring Implementation Team (Fire-1T) meeting
was held June 21-23, 2022, in Stresa, Italy. irty
researchers from academia, government, and nongov-
ernment organizations participated in the meeting, the
majority in person (see Photo), and several online. e
meeting’s goals were to review recent progress made by
the GWIS and the GOFC-GOLD Fire-IT, to discuss
recent developments in re science and technology, and
to determine the prospects for satellite-based re moni-
toring and science in the context of forest and natural
resource management and other applications. e
joint meeting was organized to build collaboration and
cooperation across the international re remote-sensing
community. After a brief background on GWIS/
GOFC-GOLD Fire-IT, this article summarizes the
latest updates on the various re-related thematic areas
presented by the attendees. e full presentations are
available at go.nasa.gov/3LROXkp.

Background on GWIS, GOFC-GOLD, and the
Fire-1T

e European Commission’s Joint Research Center
(JRC) in Ispra, Italy, is the host of the GWIS initiative
of the Group on Earth Observations (GEO) and the
European Union’s (EU) Earth-Observation Copernicus
programme. e current GEO GWIS work program
for 2020-2022 aims to bring together existing informa-
tion sources at regional and national levels to provide a
comprehensive view and evaluation of re regimes and

re e ects at the global level, and to provide tools to
support operational wild re management at national
to global scales. Several GEO partner organizations
support the GWIS. For example, the Applied Sciences
Program of NASA’s Earth Science Division funded
three U.S. researchers for projects to contribute to
GWIS as part of the GEO’s work plan (appliedsciences.
nasa.gov/taxonomy/term/132).

Photo. GWIS/GOFC-GOLD Fire-IT in-person meeting partici-
pants. Photo credit: GWIS sta

GOFC-GOLD focuses on international coordina-
tion of enhanced Earth observations (EO) to improve
the quality and availability of space-based and in situ
observations at regional and global scales. It also seeks
to encourage generating and distributing appropriate,
timely, and validated products to support sustainable
management of terrestrial resources (gofcgold.org).

e Fire-1T is one of two GOFC-GOLD implemen-
tation teams; the other focuses on Land Cover and
Land Use Change. e Fire-IT activities re ne and
articulate international observation requirements and
make the best possible use of re products from existing
and future satellite observing systems for re manage-
ment, policy decision making, and global-change
research. e Fire-1T comprises experts from national
and international space agencies, governmental and
nongovernmental environmental organizations, and
universities. David Roy [Michigan State University,
U.S.], Martin Wooster [King’s College London, U.K.],
and Jesus San-Miguel-Ayanz [European Commission,
JRC] are the current cochairs of the Fire-IT, NASA
provides support for the U.S. cochairs of GOFC-
GOLD.
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MEETING HIGHLIGHTS
GWIS Updates

GWIS provides harmonized, global-scale wild re infor-
mation, including the current wild re danger forecast
database. e data are available through Web Map
Services (WMS) at the GWIS platform accessible at
gwis.jrc.ec.europa.eu.

Further, a historical re danger reanalysis database has
been generated in collaboration with the European
Centre for Medium-Range Weather Forecasts
(ECMWEF). GWIS holds the active re (AF) data
derived from the Moderate Resolution Imaging
Spectroradiometer (MODIS),! which are retrieved from
the NASA Land, Atmosphere Near real-time Capability
for the Earth Observing System (EOS) [LANCE]
system for the period 2000-2017.

e GWIS also has new tools to generate national and
subnational burned area (BA) assessment information.

e tools provide re reporting and assessment support,
with a country-by-country dashboard to provide easy
access to allow evaluating re information. e possible
outputs include monthly and annual total area burnt
and the number of AF detections; temporal ranking of

re counts based on the number of months or years of

the occurrence; yearly re seasonality metrics such as
the start and end of the re season; the peak month of
burning; annual re-size metric (e.g., mean, median,
and maximum re-size number); and the minimum
size of the res responsible for 25%, 50%, and 75% of
the total annual BA.  ese tools have been online since
February 2021. In addition, new tools to assess re
danger? are available in GWIS.

Work is in progress to incorporate GWIS-derived
emissions into the Emissions Database for Global
Atmospheric Research (EDGAR). EDGAR provides
a global, independent summary of GHG emission
estimates compared to those reported by Member
States or Parties under the United Nations Framework
Convention on Climate Change (UNFCCC).

GWIS has a budget for 2022—-2027 through the EU’s
Copernicus program;® thus, more re nements in the
GWIS system are expected. In addition, GWIS is
involved with the EU Green Deal Program, which

1 A MODIS instrument ies on NASA’s Terra and Aqua plat-
forms.

2 According to the National Park Service, re danger is

de ned as an assessment of the combination of both constant
and variable factors that a ect the initiation, spread, and ease
of controlling a wild re on an area. Learn more at go.nasa.
gov/3dWFNQK.

8 e Copernicus Programme is the European Union’s (EU)
Earth observation program, coordinated and managed for
the European Commission by the EU Agency for the Space
Programme in partnership with the European Space Agency
and the EU Member States.

focuses on detecting and controlling deforestation  res,
administering environmental governance, monitoring
lands of indigenous people, and providing sustainable
forest goods and services in Latin American countries.*

NASA and NOAA Fire Products

ere was a discussion about the most recent NASA
MODIS AF and BA products for a variety of NASA
and international satellite instruments.

e most recent MODIS AF and BA products were
created for Collection 6 (C6). e AF products
commenced production in 2015 and the BA products
in 2016. All will end processing under C6 in December
2022. All MODIS C6 AF and BA products were transi-
tioned to C6.1 in 2019—including polarization correc-
tion and some minor calibration updates—with no
change in the AF product, and only small di erences
in the BA product. e MODIS re product record
(including AF and BA products) will be reprocessed for
Collection 7 (planned for late 2023) to ensure a consis-
tent systematically generated global re record from
2000 to present.

e NASA Visible Infrared Imaging Radiometer Suite
(VIIRS) Collection 1 provides two AF products. e
750-m product will be phased out after the transition
of downstream applications (e.g., smoke modeling) to
the 375-m product—a widely used signi cant improve-
ment over the MODIS product. Both products provide
global, near-real-time (NRT) data through direct
broadcast (DB), utilizing the Community Satellite
Processing Package (CSPP) software. Planned improve-
ments to the 375-m re product algorithm include
reducing false alarms found over re ective sources (e.g.,
solar farms); reducing omission errors found over snow-
covered areas and under translucent clouds; minimizing
the impact of hot plume detections over large wild res,
and implementing atmospheric correction of Fire
Radiative Power (FRP) retrievals.

ere have been signi cant improvements to several
Collection 2 BA products, including the transition of
NOAA-like Sensor Data Records (SDRs) that are time-
tagged, geolocated, and calibrated, to a format similar
to NASA’s L1B data products. e Collection 2 land
reprocessed products will be released by early 2023.
For Collection 3, the plan is to better capture small
burns and cropland BA mapping, including improv-
ing the product delity by combining Suomi National
Polar-orbiting Partnership (NPP) and NOAA-20 VIIRS
observations, analogous to combining MODIS Terra
and Aqua observations.

4 Learn more about the EU’s Green Deal at go.nasa.
gov/3dWWeri.
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e NOAA Geostationary Operational Environmental
Satellite—Series R (GOES-R)® Advanced Baseline
Imager (ABI) AF product is operational for GOES-
East and -West® in all scanning modes and available
via Amazon Web Services (AWS) and from NOAA’s
Comprehensive Large Array-data Stewardship System
(CLASS). Further development e orts are underway
towards improved algorithm sensitivity for nighttime

res, reduction of false alarms, terrain correction,
improved atmospheric correction, and cloud masking.

e possibility of using data from the METimage
sensor on the European Organisation for
the Exploitation of Meteorological Satellites’
(EUMETSAT) Second Generation Operational
Meteorological (MetOp-SG) satellites for AF detec-
tion and FRP retrievals is under evaluation.” e rst

5 e GOES-R series includes GOES-R, GOES-S, GOES-T,
and GOES-U. e rst three of these are now known as
GOES-16, -17, and -18, respectively. GOES-U is scheduled
to launch in 2024 and will become GOES-19 after launch.

& GOES satellites operate from two primary locations: GOES-

East at 75.2 "W and GOES-West at 137.2 °W. GOES-16
currently occupies the GOES-East position; GOES-18 occu-
pies the GOES-West position; and GOES-17 is the opera-
tional spare.

" METimage is a visible and infrared radiometer planned for
MetOp-SG that is intended to provide continuity to VIIRS
and NOAA'’s Advanced Very High Resolution Radiometer
(AVHRR).

MetOp-SG launch is planned for 2024, with launches
projected to continue until 2039.

Also, NOAA is processing data from the NASA-U.S.
Geological Survey’s Landsat-8 and -9 missions and the
Sentinel-2A and -2B AF product over the U.S., based
on re ective-wavelength algorithms. NOAA's National
Environmental Satellite, Data, and Information Service
(NESDIS) is planning to develop a dedicated NESDIS
Fire Information System and web-based user interface,
with single or multisource geostationary or low-Earth-
orbit (LEO) satellite data integration. e system will
include a variety of algorithms specially designed to
support legacy needs and to address data gaps, and re
alerts, and enabling the blending of multiple sensors
and information sources, including re incident data-
bases and a cloud-based system with Open Geospatial
Consortium (OGC)-compliant product les.

For BA mapping, medium-resolution Sentinel-2 and
Landsat-8 and -9 data are valuable assets because they
enable mapping of small [10-30 m (33-98 ft)] and
spatially fragmented burns. e planned NASA-USGS
Landsat Next and next-generation ESA Sentinel-2
missions will continue the global medium-resolution
land-cover record—and will be highly useful for BA
mapping. In parallel, commercial, high-spatial and
high-temporal-resolution data have the potential to

Figure 1. Analysis of di erent sizes of burned areas (black patches) over Cuanza Sul, Angola, from Planetscope data. e top row shows
Planetscope 3-m false color (near infrared/red/green) images on July 24, 2019; the middle row shows relative increase in burn areas by the next
day (July 25, 2019); and the bottom row shows classi cation of burnt areas for July 25, 2019, using the Deep Learning algorithm. Image credit:

David Roy/Michigan State University
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achieve even higher spatial resolution—down to 5 m
(~16 ft) or less—e.g., see the high-resolution data
from PlanetScope in Figure 1 on page 14.8 However,
achieving this level of spatial resolution will require
overcoming issues related to multisensor calibration,
band pass di erences, and geolocation issues. Over the
past three years there has been growth in arti cial intel-
ligence (Al) methods for BA mapping, in contrast to
physics-based approaches. Irrespective of the methods
used, there is demand for robustly validated and qual-
ity-assessed BA products.

European Copernicus Program Fire Products

e Sea and Land Surface Temperature Radiometer
(SLSTR) on Copernicus Sentinel -3A and -3B can
provide global data for morning hours—similar to the
overpass time for MODIS on Terra. Global, daily AF
counts and FRP retrievals from Sentinel-3A and -3B
from January 2019 are available from the Copernicus
Open Data Hub (scihub.copernicus.eu/dhus/#/home).

e SLSTR thermal infrared channels (denoted as
S7-S9, F1, and F2) have a resolution of 1 km at nadir,
and the visible—shortwave infrared (VIS-SWIR) chan-
nels (denoted S1-S6) have a resolution of 0.5 km at
nadir. While the SLSTR S7 channel is most ideal for

re observations, it often saturates. By contrast, the
F1 channel tends to be more noisy than S7, but is less
susceptible to saturation and thus is more useful than
S7 for re observations.

Preliminary assessments suggest that nighttime observa-
tions from SLSTR can be used to detect more AF pixels
than similar observations from MODIS—but fewer
than observations from VIIRS. Meanwhile, FRP values
derived from SLSTR observations are more similar

8 e PlanetScope satellite constellation (created by Planet
Labs) consists of multiple launches of groups of individual
CubeSats called Doves that are then delivered into orbit as
secondary payloads on other rocket launch missions. Each
Dove is equipped with a high-powered telescope and camera
programmed to capture di erent swaths of Earth. To learn
more about PlanetScope, see earth.esa.int/eogateway/missions/
planetscope.

90°N

to those derived from MODIS and VIIRS observa-
tions. Integration of SLSTR AF data into the NASA
Fire Information for Resource Management System
(FIRMS) is being considered, as its morning overpass—
see Figure 2 below—can supplement the planned end
of life for MODIS Terra observations. (For more infor-
mation on FIRMS, see “NASA FIRMS Update” on
page 16.)

e Fire Climate Change Initiative (CCI) project
funded by Copernicus provides multiple global BA
products, including intercomparison of BA algorithms.

e project will improve consistency for both prepro-
cessing and BA detection and will incorporate error
characterization (climate.esa.int/en/projects/ re). e
project is generating the global pixel-level BA products
at a monthly scale with a resolution of 250-300 m.

ese data include date of detection, con dence
level, and land cover classi cation corresponding to
the burned pixel. Each dataset contains one month’s
worth of information.  ere was further discussion on
the availability of speci ¢ data products from several
Earth-observing satellites, including examples from
several continents.

e Copernicus Atmospheric Monitoring System uses
Aerosol Opticel Depth (AOD) measurements from the
Global Fire Assimilation System (GFAS) to estimate
surface-level concentrations of particulate matter with
diameters 2.5 um or smaller (PM, ;) at a global scale.

e products are being validated in multiple regions
using ground-based PM, . sensors. One of the presen-
tations in this section highlighted the value of using
geostationary satellites to estimate emissions. e study
used FRP derived from European Meteosat data and
directly linked it to Total Column Carbon Monoxide
(TCCO). iswork signi cantly extends the previous
Fire Radiative Energy Emissions (FREM) approach that
derived Total Particulate Matter (TPM) emission coe -
cients from FRP measurements and AOD observations.

e use of satellite-based carbon monoxide (CO) obser-
vations to derive CO emission coe cients addresses key

Sentinel-3B Jan 2019: Fire Radiative Power (MW)
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Figure 2. AF [left] and FRP [right] retrievals using data from the Sea and Land Surface Temperature Radiometer (SLSTR) on Sentinel-3B.
SLSTR is being proposed as a possible source of continuity for MODIS Fire (and other) Products once the Terra mission ends. Image credit:

Martin Wooster/King’s College London
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uncertainties in the use of AOD measures to estimate

re-generated CO emissions, including the requirement
for a smoke-mass extinction coe cient in the AOD to
TPM conversion; and the large variation in TPM emis-
sion factors—which are used to convert TPM emissions
to CO emissions from the African continent. s
methodology can be extended to the other regions of
the world to estimate biomass burning emissions using
data from geostationary satellites.

e NASA Wildland FireSense Program

NASA recently initiated a new ve-year e ort, called
NASA Wildland FireSense (hereinafter FireSense), to
build partnerships with the wild re community. In an
e ort to create the next generation of tools and science-
informed capabilities for wild re-adapted communities
and to better enable society to live sustainably with
wildland res, NASA will provide support for wildland
re management, bring together data from di erent
sources, develop new technologies, foster innovation,
provide aeronautical support, and develop applications.®
FireSense will implement outreach and engagement
e orts with the goal of community and coalition build-
ing, conducting re regime studies and research, assess-
ing hazards and risks, analytics, simulation, and the
transition from research to operations, including pilot
programs and demonstrations.°

Of particular note is that FireSense will facilitate
collecting data and developing innovative, miniaturized,
advanced sensors and models—to better detect wild re
risk, propagation, and impacts; predict re spread—to
enhance suppression and emergency response e orts
and real-time resource optimization; and integrate
remote sensing and modeling—to predict and mitigate
wild re impacts e.g., debris ows, degraded vegeta-
tion, as well as air and water quality. FireSense will also
develop a comprehensive, integrated pre-, active-, and
post-wild re observing system with open-source tools
to generate actionable information needed by stake-
holders to make informed decisions. e program will
include rapid aerial response to wild res with diverse
crewed and uncrewed observations, i.e., unmanned
aerial systems.

NASA FIRMS Update

FIRMS has been a part of NASA’s Land, Atmosphere
Near real-time Capability for EOS (LANCE) since
2012.1* At a global level, e orts are underway to

ingest geostationary operational re data from the
Japanese Himawari, [Advanced Himawari Imager—Fire

° To learn more about the background and establishment of
FireSense, see go.nasa.gov/3SGQ6ECh.

10 To initiate FireSense, NASA organized a Wild re
Stakeholder Engagement Workshop that took place May 3-4,
2022. A white paper summarizing the workshop outputs can
be found at nari.arc.nasa.gov/smdwild re.

1 To learn more about FIRMS, see go.nasa.gov/3RmrhdF.

Surveillance Algorithm (AHI-FSA)], European
Meteosat [FRP algorithm], and NOAA GOES-R [Fire
Detection and Characterization (FDC) algorithm]
series.

e U.S. Forest Service (USFS) approached NASA to
develop FIRMS for northern North America (i.e., for
the U.S. and Canada). e prototype was released in
January 2021; planned next steps include ingesting
real-time MODIS and VIIRS data and Landsat AF
detections for robust re characterization, useful for
wild re management.

Canadian WildFireSat Mission

In April 2022 the government of Canada awarded
end-to-end funding to the Canadian Space Agency,
Natural Resources Canada, and Environment and
Climate Change Canada to develop a new wild re
satellite monitoring system known as WildFireSat.*2
e mission has a planned 2028 launch and a ve-year

mission duration, with the possibility of extension.
Essential WildFireSat features include visible—near
infrared (VIS-NIR) (200 m) and midwavelength
infrared (MWIR)/long-wavelength IR (LWIR) [400
m] spectral bands, 30-minute data latency, and the
capability to map actively burning res to a resolution
of 15 x 15 m. In addition to the NRT data delivery
already discussed, the mission’s re monitoring capabil-
ity includes AF perimeter and progression mapping,

re rate of spread (m/min) (when combined with
VIIRS AF data), and NRT measurement of carbon
emissions and smoke plume dynamics. As a part of the
Phase-A mission con guration, two academic institu-
tions were tasked with proposing a daily re monitor-
ing system, resulting in two di erent design concepts
based on three-satellite and single-satellite systems,
respectively. e three-satellite design was chosen based
on advantages due to technical feasibility, data quality,
modularity, and potential for graceful degradation
and redundancy.

Committee on Earth Observation Satellites’
Fire Updates

A comprehensive gap analysis for AF EO is ongoing as
part of the Committee on Earth Observation Satellites’
(CEOS) Disasters program. A CEOS pilot project on
wild res was added to the CEOS disasters program

in March 2021. Its four major tasks are to conduct

a detailed inventory and gap analysis of existing and
proposed EO systems suitable for monitoring global
active res; conduct a detailed analysis of global stake-
holders and end users of NRT AF EO data; de ne
targeted user requirements for AF remote sensing
systems for disaster mitigation applications; and
propose a way forward in coordinating global wild re

12 To learn more about WildFireSat, see asc-csa.gc.ca/eng/satel-
lites/wild resat.
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monitoring activities. As part of this pilot program, user
requirements for AF remote sensing will be identi ed,
including a way to close existing and future re infor-
mation gaps. e project may also identify the needs of
other aspects of wild re EO (e.g., pre re and post re
monitoring). e project’s outputs will be delivered in
the next three years.

GCOS Fire Updates

e World Meteorological Organization’s (WMO)
Global Climate Observing System (GCOS)
Implementation Plan for Fire Essential Climate
Variables (ECV) is being nalized and subjected to
review, including GOFC-GOLD Fire-1T member
input. It includes the revision of the 2016 ECV require-
ments for AF, BA, and FRP products—in response to
input provided from users of these products about their
requirements. Proposed improvements for these prod-
ucts are under review by GCOS and will be nalized by
the end of 2022. In addition, although a “combustion
completeness” variable has been proposed, this is still in
the research and development phase.

GOFC-GOLD Fire-IT members are also involved in
documenting best-practice guidelines for AF, BA, and
FRP measurements as a part of CEOS Land Product
Validation (LPV) Protocols activity. e GOFC-
GOLD Fire-IT members in attendance expressed an
urgent need for these guidelines due to the prolifera-
tion of re products, including those with little quality
assessment and minimal validation.

GOFC-GOLD Regional Network Updates

A principal role for GOFC-GOLD is to provide a
coordinating mechanism for national and regional
activities. GOFC-GOLD has helped develop regional
networks (RN) of data providers, brokers, and users—
see Figure 3. ese networks provide the key to
sustained capability to improve the observing systems
and ensuring that the data are being used e ectively.
GOFC-GOLD RNs remained active during the
COVID pandemic, with nine di erent virtual meetings
held in 2021. As the COVID pandemic eases and travel
once again resumes, the di erent RNs plan a combina-
tion of in-person and virtual meetings and training
events. Key highlights from the regional and national

re presentations are summarized below.

South/Southeast Asia

In 2020, at the height of the shutdowns resulting

from the COVID pandemic, re-related air pollu-

tion decreased over South/Southeast Asia. South Asian
countries had an overall reduction of ~0.26 Tg of TPM
emissions when compared to previous non-COVID
years, and 0.14 Tg less than in 2019. Similarly, in
Southeast Asian countries 2020 showed an overall
reduction of ~1.11 Tg TPM emissions compared to
previous non-COVID years and 1.75 Tg less than

in 2019.

Figure 3. is map shows the currently active GOFC-GOLD Regional Networks (RNSs), several of which are discussed here. e RNs (labeled
as numbers on the Figure) include: 1. Southeast Asia Regional Research and Information Network (SEARRIN); 2. South Asia GOFC-GOLD
Network [SAGN]; 3. South Central European Regional Information Network (SCERIN); 4. Red Latinoamericana deTeledeteccion e Incendios
Forestales (RedLaTIF); 5.West African Regional Network (WARN); 6. Observatoire Satellital des Forets d’Afrique Central (OSFAC); 7. Miombo
Network (MIOMBO); 8. Southern Africa Fire Network (SAFNET); 9. Caucasus Regional Information Network (CaucRIN); 10. Mekong
Regional Information Network (MekRIN); 11. Mediterranean Regional Network (MedRIN); and 12. Central Asia Regional Information

Network (CARIN). Figure credit: Krishna Vadrevu/MSFC
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e Association of Southeast Asian Nations (ASEAN)
agreement on transhboundary haze pollution has been
active in Southeast Asian countries since 2003. As
a part of ASEAN and to address the re pollution
issues, the Meteorological Climatology and Geophysics
Agency of Indonesia [Badan Meteorologi, Klimatologi,
dan Geo sika (BMKG)] developed a decision-support
system called Sistem Peringatan Kebakaran Hutan
dan Lahan, or SPARTAN, which integrates satel-
lite re data from several sources and the Canadian

re-danger rating system and produces a re-danger-
rating map for the entire Southeast Asian region.
Di erent training events are being conducted on the
utilization of SPARTAN.*®

e Center for International Forestry Research
(CIFOR) is the leader on another project focusing
on air pollution in Southeast Asian countries, the
“Measurable Action for Haze-Free Sustainable Land
Management in Southeast Asia Program.” isisa ve-
year project (2019-2024) funded by the International
Fund for Agricultural Development (IFAD) focused on
reducing transboundary haze pollution and its impacts
in Southeast Asia through enhanced regional coordina-
tion, making focused investments, applying knowledge,
and managing results. ASEAN countries contribute
data for this project, with some—but not all—related
to res, e.g., daily weather conditions and seasonal
forecasts, EI Nifio and La Nifia e ect forecasts (global
and regional), re hotspot maps (global, regional, and
national), haze maps, re-danger rating (Fire Weather
Index, or FWI), limited re-management statistics,
and national BA mapping—nbut for Indonesia only, as
described below.

Indonesia’s Directorate of Forest and Land Fire
Control, which is part of the Ministry of Environment
and Forestry, has been leading a country-level BA
mapping e ort using Landsat data.  ere was discus-
sion of the results from the latest report, which high-
lights the results from 2000-2020. CIFOR plans to
establish policy and guidance for BA mapping for the
ASEAN countries.

Latin America

e Red Latinoamericana de Teledeteccion e Incendios
Forestales (RedLaTIF) network focuses on Latin
American countries, with priorities that include detect-
ing, mapping, characterizing, and validating BAs,
assessing post- re severity, developing re early-warning
systems, and exploring links between land-cover
dynamics and re regimes. Multiple virtual webinars
have been conducted during the past two years to
promote technical capacity-building in the region.

13 To learn more about the capabilities of SPARTAN, see
spartan.bmkg.go.id.

Of concern to members of the group was that current
operational systems do not ful 1l user needs, which
means that developing and tuning global algorithms
and products for regional and local needs must be
addressed. RedLaTIF researchers will continue to
promote capacity building in association with academic
institutions, and focus on local community needs, e.g.,
technology transfer and training.

RedLaTIF members gave a presentation that focused on
e orts in Brazil. Two geostationary satellite instruments
monitor res over Brazil—ABI on the NOAA GOES-R
series and the Spinning Enhanced Visible and InfraRed
Imager (SEVIRI) on the European Meteosat Second
Generation (MSG) series. Sun glint is a major factor
that impairs daytime detection of vegetation res with
the 3.7-4.2 um band in all satellites. A comparison
of the number of re pixels detected by the ten di er-
ent satellites used by the Brazilian National Institute
for Space Research’s [Instituto Nacional de Pesquisas
Espaciais (INPE)] wild re monitoring program during
October 2019 suggested that Suomi NPP’s AF product
detected the highest percentage of res (35.4%),
followed by NOAA-20's (33.6%), and GOES-16'
(15.7%). All other satellites detected less than 4% of
res with MSG-03 showing the least detections (0.1%).
Congruence analysis over Brazil for AFs detected by
GOES-16 and by polar orbiting satellites (Terra, Aqua,
Suomi NPP, and NOAA-20) for October 2019 using
the current INPE algorithm for geostationary imagers,
suggests that polar orbiter data re ect more res than
geostationary data, which suggests the need for more
robust geostationary detection algorithms.

Southern Africa

e Miombo Network (MN) and Southern Africa Fire
Network (SAFNet) are both located in southern Africa.

e Miombo Network provides scienti ¢ informa-
tion and policy guidance for Miombo forests across
their range countries, with an emphasis on facilitating
research and policy analysis to improve the bene ts
from the Miombo forest ecosystem and for human live-
lihood. e MN generates a newsletter that highlights
research activities and opportunities, both across and
outside the region. Members of the new MN steering
committee will attend an August 4, 2022, Government
of Mozambique meeting on “Sustainable Management
of the Miombo Forests” to discuss the recent MN book

e Miombo Woodlands in a Changing Environment:

14 is should not be confused with MetOp-Second
Generation (MetOp-SG) discussed earlier. e rst eight
Meteosat launches were considered “ rst generation.” Four
Meteosat Second Generation (MSG) launches took place
from 2002-2015 (becoming known as Meteosat-8. -9, -10,
and -11, respectively, after launch). e rst Meteosat ird
Generation (MTG) launch (to be renamed Meteosat-12) is
planned for late 2022, with three more MTG launches to
follow between 2025-2035 (to be renamed Meteosat-14, -15,
and -17, respectively, after launch).
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Securing the Resilience and Sustainability of People and
Woodlands—published by Springer in 2020—that was
released at the June 2021 MN meeting.

e SAFNEet evolved from the MN in 1999 with
an emphasis on re monitoring, re research, and
applications, including in non-Miombo regions of
southern Africa. e eleventh SAFNet meeting was
held virtually in July 2021 with a focus on identifying
regional re projects that can help sustain the network.
Resulting recommendations included seeking support
for graduate students from the region to work on re
research tropics and to gain rst-hand experience with
managing res and their impacts on people and ecosys-
tems, providing refresher virtual courses on satellite re
information services to regional researchers and practi-
tioners, and developing re apps to reach younger and
less scienti cally literate audiences to raise awareness
concerning res, including their negative impacts and
positive ecological bene ts. Long-term collaboration
between the MN and SAFNet is expected to continue,
with joint research and response to calls on re-related
topics of mutual interest.

Mediterranean Region

e Mediterranean (MedRIN) network includes the
Mediterranean countries of Europe, the Levant, and
North Africa. MedRIN thematic priorities include
land cover and land use change (LCLUC) and related
impacts, hazards (e.g., res, earthquakes, landslides,
and oods), soil and water resource management,
and climate change. Various meetings have been
organized as part of the network’ activities, starting
with the kicko meeting in Chania, Greece, in July
2018 and three subsequent meetings, held in March
2019 (in person), June 2021 (virtual), and February
2021 (virtual). e June 2021 meeting was a joint
meeting with the South Central European Regional
Informational Network (SCERIN) that focused
on droughts, migration—due to recent regional
con icts—and the resulting population exodus into the
Mediterranean and East-Central European regions.

e Greek Observatory of Forest Fires (QOFFi) focuses
on developing products and services to increase wild re
preparedness and assess pre- and post re environmental
impacts.  ese include fuel-type mapping, midterm re
danger index, and BA mapping, all available through a
WebGIS platform.

GOFC-GOLD Activities Down Under

While there is no formal GOFC-GOLD RN covering
Australia and New Zealand, there were presentations
that reported on re-monitoring activities in these
areas, as summarized below.

New Zealand

New Zealand’s main re ghting and emergency services
body, Fire and Emergency New Zealand ( reandemer-
gency.nz), has been using an automated re-growth

and smoke-forecasting decision-support system to
monitor and manage res. e system integrates VIIRS
and MODIS data with the re growth prediction
model and Weather Research and Forecasting System
(WRF) model at 4-km (~2.5-mi) horizontal resolu-
tion. Research is underway on BA detection using
10-m (~33-ft) Sentinel-2 imagery, high-resolution
aerial photography, and synthetic aperture radar (SAR)
data from Copernicus Sentinel-1. e objective is

to investigate the use of open-access satellite data to
identify wild re fuel types and augment a national

land cover database (LCDB). Early results suggest that,
given the correct amount and type of training data,
machine-learning (ML) models can detect a range of
expanded fuel classes. Sentinel-2 10-m data for New
Zealand data provide an adequate spatial resolution

for most purposes.

Australia

In Australia, ML methods are being used to predict
wild re re ignition occurrences from lightning fore-
casts. Researchers studied the probability of wild re
ignition by lightning using ECMWFs lightning density
forecast (average number of ashes over a speci ed time
interval). A ML approach was used to de ne a predic-
tive model for ignition, based on lightning forecasts
and environmental conditions. e study used three
di erent binary classi ers: a decision tree,*> AdaBoost,
and a Random Forest.?* e results showed both the
Random Forest and AdaBoost out-of-sample accuracy
to be 78%. In addition, data provided by a Western
Australia wild re database allowed a comprehensive
veri cation of over 145 lightning-ignited wild res
in regions of Australia during 2016, suggesting that
in a minimum of 71% of the cases, the ML models
correctly predicted the occurrence of ignition when a

re was actually initiated.

15 A decision tree is a decision support tool that uses a tree-
like model to evaluate decisions and their possible conse-
quences. Decision trees incorporate all data and try to show
all possible results.

16 AdaBoost and Random Forest are the two most common
types of ensemble models—a model that makes predic-
tions based on a number of individual models. A helpful
description of these two ensemble model types is found

at towardsdatascience.com/basic-ensemble-learning-random-
forest-adaboost-gradient-boosting-step-by-step-explained-
95d49d1e2725.
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Other Noteworthy Presentations

Earth observations can provide material evidence to
allow formulating and implementing government
policies and help determine their e ectiveness. For
example, in Punjab, India, a case study showed how
policy-driven timing shifts in crop residue burning
(CRB) worsen air quality and human health in North
India. For the 2016 air quality crisis, modeling demon-
strated that CRB was responsible for more than 40%
of near-surface airborne PM,..  us, systems to collect,
store, and process agricultural residues into biofuel are
needed to curb air pollution.

Another presentation highlighted a robust associa-

tion between medium-term exposure to smoke from

landscape res and child mortality in low-income and

middle-income countries (LMICs). e ve countries

with the largest burden were the Democratic Republic

of the Congo, Nigeria, Uganda, India, and Indonesia.
e study assessed the burden of child mortality

based on a representative exposure—response function

speci cally derived for landscape re smoke exposure in

LMICs for the rst time.

Conclusion

e Fifth GWIS/GOFC-GOLD Fire-IT meeting
served as a forum to exchange ideas and informa-
tion from and with a diverse range of re experts, the
GOFC-GOLD Fire-IT members, and RN researchers.
Attendees noted that several civilian space agencies are
increasing their investment in wild re observations and
research: there is a growing need to share information
on what is being done and to identify opportunities
to coordinate across the various international activi-
ties. With increasing frequency and severity of res,
the group noted the importance of maintaining the
GOFC-GOLD forum to strengthen the interna-
tional community’s collaboration and cooperation on
understanding and managing wild re. GWIS/GOFC-
GOLD researchers emphasized the need for quality
assurance and easy access to validated satellite-based re
products useful to address re management and mitiga-
tion at the local level. In addition, meeting participants
recommended increased capacity-building and training
activities to advance re science and the use of EO in
di erent countries.

e next meeting is planned for summer 2023. Details
will be posted when they are available.

Overton
Arm

Low Water Levels in Lake Mead. Continuing a 22-year downward trend, water levels in Lake Mead in the Southwestern U.S. stand at their
lowest since April 1937—when the reservoir was still being lled for the rst time. As of July 18, 2022, Lake Mead was at just 27% of capacity.

ese three natural color images showing clear shrinkage over the past two decades use data from the Enhanced  ematic Mapper Plus (ETM+)
on Landsat 7 from July 6, 2000 [left], the Operational Land Imager (OLI) on Landsat 8 from July 8, 2021 [center], and OLI on Landsat 8 from
July 3, 2022 [right]. To learn more, see earthobservatory.nasa.gov/images/150111/lake-mead-keeps-dropping.

Image and partial text credit: e Earth Observatory
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Summary of NASA's LANCE User Working

Group Meeting

Dawn Lowe, NASA’s Goddard Space Flight Center/

e Aerospace Corporation, dawn.r.lowe@nasa.gov

Karen Michael, NASA's Goddard Space Flight Center, karen.a.michael@nasa.gov
Diane Davies, Trigg-Davies Consulting Ltd, diane.k.davies@nasa.gov

Miguel Romén, Leidos, miguel.o.roman@Ieidos.com

Introduction

For over a decade, NASAs Land, Atmosphere Near-
real-time Capability for EOS (LANCE) has been
providing data within three hours of observation to a
variety of time-sensitive applications users. LANCE

is a virtual system that leverages 12 existing Earth
Observing System (EOS) Data and Information
Systems (EOSDIS) science processing systems and data
archive elements, with an umbrella set of requirements
to ensure consistency and coordination.! Data are
currently available from 11 instruments, 10 of which
are operated by NASA and/or the National Oceanic
and Atmospheric Administration (NOAA), and one
by the Japan Aerospace Exploration Agency (JAXA),
which is part of the international Afternoon “A-Train”

1 To learn more about the history and accomplishments of
LANCE, see “LANCE: A Decade of Achievement Providing
Near Real-Time NASA Earth Observing Data,” in the
January—February 2020 issue of e Earth Observer [Volume
32, Issue 1, pp. 4-11—go.nasa.gov/3BQCsW8]. e LANCE
architecture is summarized in Figures 2 and 3 on page 7

of that article—which were adapted from Figures on the
Earthdata website at go.nasa.gov/3Rswwsa.

constellation. e LANCE instruments are listed in the
Table, below.

NASA’s Goddard Space Flight Center’s (GSFC) Earth
Science Data and Information Systems (ESDIS) Project
manages LANCE, which is in turn steered by a User
Working Group (UWG), representing the broader user
community. e UWG is responsible for providing
guidance and recommendations regarding LANCE
systems, capabilities, and services. e LANCE UWG
meets bi-annually to review the status of LANCE
(including progress made on previous UWG recom-
mendations) and potential new enhancements and
upgrades. e most recent UWG meeting was held
virtually May 3-4, 2022. In addition to the 10 (of

12) UWG members attending the virtual meeting,

55 others attending included LANCE data users,
representatives from each of the LANCE elements,
NASA Headquarters, and the ESDIS Project. s
article summarizes the highlights of that meeting.

To see the complete agenda and presentations visit
go.nasa.gov/3DoTxsX

Table 1. List of instruments providing data for LANCE and the platform(s) on which they .

Instrument

Mission(s)

Advanced Topographic Laser Altimeter System (ATLAS)

Ice, Clouds, and land Elevation Satellite—2
(ICESat-2)

Atmospheric Infrared Sounder (AIRS)

Agqua

Lightning Imaging Sensor (LI1S)

International Space Station

Measurement of Pollution in the Troposphere (MOPITT)

Terra

Microwave Limb Sounder (MLS)

Aura

Microwave Scanning Radiometer 2 (AMSR2)

Japan Aerospace Exploration Agency’s (JAXA)
Global Change Observation Mission—\Water
(GCOM-W) series

Moderate Resolution Imaging Spectroradiometer (MODIS) | Aqua and Terra

Multi-angle Imaging Spectroradiometer (MISR)

Terra

Ozone Monitoring Instrument (OMI)

Aura

Ozone Monitoring Pro ler Suite (OMPS)

NASA-NOAA Suomi National Polar-orbiting
Partnership (Suomi NPP)

Visible Infrared Imaging Radiometer Suite (VIIRS)

Suomi NPP, NOAA-20, and NOAA-21*

*NOAA-21 launched on November 10, 2022, While not yet providing data, it will soon, and is included here for completeness.
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Opening Remarks

Karen Michael [GSFC—ESDIS LANCE Manager]
opened the meeting. Miguel Roméan [Leidos—Senior
Director and Chief Scientist of Climate and Environment,
LANCE UWG Chairperson, and MODIS Science Team
Leader] welcomed the attendees and set the stage for
the meeting’s primary theme by stressing the impor-
tance of data continuity as the community plans for
the new Earth Systems Observatory (ESO) missions
and prepares for decommissioning the EOS Flagship
missions, Terra, Aqua, and Aura. e end of these
missions will result in the loss of near-real-time (NRT)
data from seven instruments currently contributing
data to LANCE: MISR, MODIS, and MOPITT on
Terra; AIRS and MODIS on Aqua; and MLS and OMI
on Aura.?2  us, planning for continuity of these datas-
ets is an immediate priority.

Overview of Open Source Science

Katie Baynes [NASA HQ—Deputy Chief Science

O cer] began with an overview of the Science Mission
Directorate’s (SMD) strategy for data and comput-
ing, with the Transformation to Open Source Science
(TOPS), and SMD’s Science Data Policy 41/41A,
which applies to all future SMD-funded e orts. She
then reviewed the status of the NASA HQ Earth
Science Division’s (ESD) Commercial Smallsat Data
Acquisition (CSDA) program. Baynes also provided
an ESD perspective on the future of LANCE, favor-
ing relaxing guidelines on data sources but with strict
adherence to the “three hours from observation” rule.

NASA Headquarters Applied Sciences
Program Perspective

David Green [NASA HQ, Applied Sciences Program
(ASP)—Program Manager of the Wild re Management
Program] expressed ASP’s concerns regarding continu-
ity of NRT products after Terra, Aqua, and Aura are
decommissioned. e Wild re Management program
is very dependent upon LANCE, particularly the

Fire Information for Resource Management System
(FIRMS). FIRMS relies heavily on NRT data from the
MODIS instruments on Terra and Aqua. Green recom-
mended the UWG support the development of a transi-
tion plan, which may require user training and capacity
development. He also provided examples of other
missions that were not initially intended to provide
low-latency data, but due to considerable interest and
demand are now actively exploring the feasibility. A
prime example of this is the joint NASA-Indian Space
Research Organisation (ISRO) Synthetic Aperture
Radar (NISAR) mission. Green reported that there

is now an Early Adopter initiative to prepare for the

2 All unde ned acronyms used in this paragraph are either
de ned previously or in the Table 1 on page 21.

advent of NISAR and provide feedback to the NISAR
team regarding the needs of their applications.

Continuity of Data Products in the Post EOS
Flagship Era

As noted earlier, the EOS Flagship Missions (Terra,
Aqua, and Aura) are all nearing the ends of their respec-
tive missions. e exact timing of the end of mission
(EOM) is a subject of active discussion in the Earth
Science community at this time. Numerous data
products rely on the data owing from these instru-
ments, and scientists are working to secure the conti-
nuity of these important datasets, several of which are
discussed below.

Robert Wolfe [GSFC—Chief of the Terrestrial
Information Systems Laboratory and Terra Deputy Project
Scientist for Data] provided a comprehensive presenta-
tion on the plans for decommissioning Terra (launched
in 1999) and Aqua (launched in 2002), based primar-
ily on presentations from the April 2022 MODIS
Land Workshop. Terra’s nal inclination maneuver
occurred in March 2020; the spacecraft is now drift-
ing, expected to leave the constellation in October
2022.3 Science data collection is expected to end in
December 2023. Aqua will discontinue science data
collection in August 2023. For land science activities,
continuity with Aqua MODIS-PM observations will be
provided by the Visible Infrared Imaging Radiometer
Suite (VIIRS) on NASA/NOAA Suomi National
Polar-orbiting Partnership (Suomi NPP), NOAA-20,
and NOAA-21.* However, there are no U.S. observa-
tions planned that will provide continuity for Terra
MODIS-AM observations.®

MODIS Land Products after Terra and Aqua

Wolfe also discussed options that would potentially
provide MODIS-AM continuity through interna-
tional cooperation—especially for land products. One
possibility is to use data from the European Space
Agency (ESA) Sentinel-3 missions, which have a 10:00
AM overpass and are planned to operate until 2031.

e Sentinel-3 Sea and Land Surface Temperature
Radiometer (SLSTR) instrument has a Fire Radiative
Power Product that could be compared with the
MODIS Active Fire product for potential use by

SUPDATE: Terra’s departure from the Morning Constellation
has now taken place.

4 e Joint Polar Satellite System—2 (JPSS-2) mission launched
on November 10, 2022. JPSS-2 will be renamed NOAA-21
after launch and initial checkout.

® Terra was originally named EOS-AM, because its overpass
time is 10:30 AM Mean Local Time (MLT) heading north-
ward (10:30 PM MLT heading southward). Similarly. Aqua
was orginally named EOS-PM because its overpass time is
1:30 PM MLT heading northward (1:30 AM MLT heading
southward).
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FIRMS.® e top of the atmosphere products from
the Sentinel-3 SLSTR and Ocean and Land Color
Instrument (OLCI) could be evaluated for use in an
updated MODIS Corrective Re ectance algorithm.

Another option presented was to evaluate the
EUMETSAT MetOp Second Generation (MetOp-SG)
mission, which will include MetIimage, a VIIRS-like
instrument. e MetOp-SG series of six satellites will
have a 9:30 AM overpass, and are planned for launch
between 2024 and 2039.7

MODIS Land Science Team has made recommenda-
tions to NASA HQ to pursue both these avenues.

Global Satellite-based Flood Monitoring

Guy Schuman [ImageCat, Inc.] presented information
on uses and users of MODIS and VIIRS daily Global
Flood Maps. Such usage includes situational awareness;

& To learn more about potential re monitoring capabilities of
SLSTR, see the section of the article Summary of the Fifth
Joint GWIS/GOFC GOLD Fire-IT Meeting on page 12 of
this issue.
"To learn more about Metlmage and MetOp-SG (and
WildFireSat mentioned on the next page) see page 12 of the
Summary of the GWIS/GOFC GOLD Fire-IT Meeting in
this issue.

providing advisories, warnings and alerts; and impact
assessments. Users include researchers as well as applica-
tions, like the United Nations World Food Program,
which relies on the data for analytics and operations.
Schuman noted that  while the VIIRS NRT water
mapping is very useful MODIS is demonstrably
better for ood mapping. Sentinel-3 instruments

are also being considered to provide continuity with
MODIS ood maps.

Fire Monitoring

Brad Quayle [U.S. Forest Service (USFS)] discussed
the importance of FIRMS Global and FIRMS
U.S./Canada as strategic tools used to increase situ-
ational awareness, inform resource allocation decisions,
focus tactical-scale re mapping assets, and inform the
public. He described current and planned re prod-
ucts from FIRMS. New imagery products include the
Harmonized Landsat Sentinel-2 (HLS) False Color
products, useful for detecting burned areas. Later in the
meeting, Brian Freitag [NASAs Marshall Space Flight
Center (MSFC)] provided more insight into the HLS
products and described how the dynamic false-color
composite has been made available in FIRMS. e
HLS products provide global land-surface re ectance

Figure. A screenshot from Land, Atmosphere Near-real-time Capability for EOS (LANCE) Fire Information for Resource Management System
(FIRMS) U.S./Canada displaying the Copernicus Sentinel-2 Adjusted Re ectance Harmonized Landsat Sentinel (HLS) using a combination of
Bands 12, 8a, and 4. It shows the Hermits Peak Fire in New Mexico (U.S.) as captured on May 3, 2022. In this image the burned areas appear in
brick red and are overlaid with active- re pixels from MODIS and VIIRS. (To view in FIRMS see go.nasa.gov/382r4Ml.) Image credit: LANCE

FIRMS U.S./Canada
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