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The Space Science and Engineering Center
conducts basic and applied research using
Earth and planetary observations to increase
understanding of our environment for the
benefit of society.



From the director

Our commitment

It is my pleasure to share the inaugural University
of Wisconsin-Madison Space Science and Engi-
neering Center (SSEC) Biennial Report. Cover to
cover, the 2018-2019 report offers a glimpse into
the range of collaborations at SSEC and the Coop-
erative Institute for Meteorological Satellite Stud-
ies (CIMSS) with our federal and UW-Madison
partners.

If there is one word that describes our
approach to science in society, it is commitment.

Commitment to research. We continue to dis-

cover and develop novel ways to observe the atmo-  R. Bradley Pierce
sphere using ground-based, airborne and satel- SSEC Director

lite measurements in field campaigns around the

world.

Commitment to innovation. We are investing in
research and infrastructure through the SSEC2022
initiative that provides financial support for col-
laborative research and applications, new partner-
ships and capacity-building to encourage new ways
forward.

Commitment to education. Undergraduate and
graduate students pursuing the earth and atmo-
spheric sciences can avail themselves of two new
scholarships, both of which reflect our dedica-
tion to preparing the scientists and leaders of the
future.

Our planet is changing. The scientists and
engineers of SSEC and CIMSS are not only mon-
itoring these changes, but they are committed to
finding solutions to the environmental challenges
of today and into the future.
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Field campaigns enhance data
collection, research, and student
experiences

Smoke from wildfires and agricultural
fires reduce air quality, poses risks to
human health and affects weather and cli-
mate across the continental US.

A large-scale field experiment funded
by NASA and the National Oceanic and
Atmospheric Administration (NOAA),
FIREX-AQ (Fire Influence on Regional
to Global Environments and Air Quality)
brought together researchers from govern-
ment agencies and universities, including
SSEC, to study those impacts.

For several weeks during summer
2019, SSEC scientists deployed one of
their instruments aboard an aircraft to
remotely measure temperature, water

vapor and carbon monoxide over western
wildfires, using specialized smoke fore-
casts and satellite data as aids to flight
planning. Learning more about the chem-
istry and transport of smoke will help
improve weather, air quality and climate
forecasts.

In addition to solving real environ-
mental problems, field campaigns like
FIREX-AQ provide rich opportunities for
students to get firsthand experience devel-
oping research methodologies, preparing
instruments, and collecting and analyz-
ing data, while working side-by-side with
their mentors and scientists from across
the country.



Experts support
GOES-R

satellite program

When it was launched on the latest US
Geostationary Operational Environmental
Satellite, GOES-17, the Advanced Base-
line Imager (ABI) did not always match
the quality of data and imagery from the
previous ABI on GOES-16. In fact, some-
times there were no data at all.

To improve the quality and quantity of
available data, the National Oceanic and
Atmospheric Administration (NOAA)
brought together teams of experts to
investigate and assess options.

Researchers at CIMSS assisted the
instrument vendor in evaluating proposed
changes to the calibration algorithm —
providing feedback on how well the new
calibration performed. In addition, they
studied how data are flagged when detec-
tor temperatures are abnormally high and
suggested modifications to maximize the
amount of high-quality data and to pre-
vent wholesale rejection of bands of data.

From pre-launch testing to post-launch
checkout and beyond, scientists at CIMSS
provide the critical expertise to ensure
the continued success of the GOES-R

program.




Precision and
atmospheric
measurements

To unravel the complexities of Earth’s
atmosphere, scientists rely on precise and
frequent measurements of temperature,
water vapor and aerosols.

The ground-based, Atmospheric Emit-
ted Radiance Interferometer (AERI)
has been a key instrument in capturing
these data for more than 20 years. Orig-
inally designed and built at SSEC for the
Department of Energy Atmospheric Radi-
ation Measurement (ARM) program,
AERIs have been installed in remote loca-
tions around the world.

The AERT’s continuous measure-
ments of atmospheric conditions are used
to augment other data sources like the
twice-daily weather balloons, especially
in locations where these data are difficult
to obtain. These precision measurements
have numerous applications such as track-
ing small-scale changes in the atmosphere
to improve local forecasts, validating the
accuracy of satellite data and improving
climate science applications.

From Antarctica, to the Azores, SSEC
has deployed more than 25 units and
maintains these sites while providing sup-
port and expertise to other international
laboratories that rely on long-term atmo-
spheric data.




Reconstructing
past climate

To accurately predict future climate, the
scientific community needs a method of
reconstructing past climate to make sense
of previous patterns and cycles.

SSEC’s Ice Drilling Design and Oper-
ations (IDDO) was established in 2001 to
design and maintain a suite of advanced
ice coring and drilling systems for the
National Science Foundation (NSF).

Since then, they have met the current and
emerging needs of scientists in fields from
archaeology to glaciology and climate
science.

In 2018, NSF merged the units com-
prising its drilling program to form the
US Ice Drilling Program (IDP) for which
SSEC directs operations.

Through adaptive designs and engi-
neering, IDP engineers have built a suite
of drills capable of operating in harsh con-
ditions around the world, while also pre-
serving crucial data within ice cores and
rock samples.

At a time when our changing climate
is in the forefront, IDP enables climate
studies related to glacier melt and sea level
rise by helping researchers unlock infor-
mation stored in ice cores, such as the
concentration of greenhouse gases and
precipitation rates over the last 68,000
years.

These deep ice cores from polar and
other regions are helping scientists and
policy makers make informed decisions.
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Leveraging Al for improved
forecasting

The fields of satellite meteorology and
atmospheric science are well-suited to the
rapidly developing world of artificial intel-
ligence (AI). Stockpiles of high-resolution
satellite imagery provide Al with vital
training data used to identify elusive pat-
terns and better predict severe weather.
Recent research by SSEC and CIMSS
scientists has shown remarkable results in
the field of tropical cyclone analysis and
prediction. By using more than 50,000
images of hurricanes, researchers were
able to train an AT system to accurately
predict a hurricane’s maximum wind

speeds, matching closely to contemporary
estimates using state-of-the-art methods.

These foundational research studies
represent the tip of a much larger iceberg
and demonstrate the powerful potential of
Al systems.

By investing in next-generation com-
puter hardware, and by leveraging the
strengths among its scientists in the fields
of Numerical Weather Prediction, severe
weather, computer science, and radiative
transfer, SSEC and CIMSS will play a crit-
ical role in harnessing Al
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A commitment
to student
scholars

With a commitment to education that
dates to its founder, Verner Suomi,
CIMSS continues to recruit the next gen-
eration of scientists. To attract and engage
new students in remote sensing and atmo-
spheric science, CIMSS established two
scholarship opportunities.

The Verner E. Suomi Scholarship
Award for Outstanding Achievement in
the Physical Sciences is awarded to high
school seniors who will attend a Univer-
sity of Wisconsin System undergradu-
ate program in the physical sciences. The
scholarship provides $2,000 toward the
first year of studies.

The William L. Smith Sr. Graduate
Scholarship is available to graduate stu-
dents who are accepted into the Ph.D.
program in the Department of Atmo-
spheric and Oceanic Sciences (AOS)
at UW-Madison. The award is offered
in partnership with the National Oce-
anic and Atmospheric Administration
(NOAA). Recipients will receive up to
three years of financial support and work
with a CIMSS investigator on research
relevant to NOAA.

Named after SSEC’s founder and a
former CIMSS director — both advocates
for students and sharing their experience
and knowledge — these scholarships reflect
CIMSS’ dedication to preparing the scien-
tists and leaders of the future.




Diversity
initiatives
through SSEC
Tech Camp

From learning how to code in Python, to
flying around the Earth in a virtual reality
simulation, SSEC’s inaugural Tech Camp
brought together students and teachers
from the Madison Metropolitan School
District. Participants learned about atmo-
spheric science and the tools used by
SSEC scientists to study the Earth, its
atmosphere and the weather.

The five-day course provides under-
represented students an opportunity to
sample a wide range of skills and tech-
nologies in science, technology, engineer-
ing and mathematics fields. Engaging
hands-on activities introduce students
to disciplines like computer program-
ming, engineering and weather modeling
— inspiring them toward one of the many
fruitful career paths in the fields of atmo-
spheric science and satellite meteorology.

In 2020 the camp will be among the
course offerings in UW—-Madison’s Badger
Summer Scholars Program.
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SSEC2022

New pathways to innovation

The goal of SSEC2022 is to stimulate promising, transformative and innovative research
and applications at SSEC that are consistent with the center’s mission and the Wisconsin
Idea to promote knowledge beyond the university.

Over the next three years, this internal initiative will provide financial support for
cross-campus and other collaborative research and applications, new and strategic part-
nerships, mission critical but underfunded capabilities, equipment or infrastructure
improvements and capacity-building.

This seed funding, provided by SSEC, opens new pathways to research and partner-
ships. Projects selected for funding in 2019-2020 are listed below.

Project Pl
Construction of a rubidium based HSRL

Ed Eloranta
prototype
Upgrade of SSEC's high accuracy tempera- Jon Gero

ture calibration facility

Ensemble damage and loss modeling of land-

falling hurricanes in the US Shane Hubbard

SAT-AnEn: A satellite-based analog ensemble
for tropical cyclone structure estimation and Will Lewis
Nowcasting

Improving the low level of operational
NUCAPS soundings with multi-source data Jinlong Li
using machine learning technique

Improving multilayer cloud detection, cloud
heights and cloud cover layer with machine Yue Li
learning techniques

CSPP Geo enhancements and capabilities

. Graeme Martin
demonstration



SSEC Tech Camp

A tape library for research data backup and
archive

Precipitation Imaging Package instrument
development: Expanding SSEC snowfall mea-
surement capabilities to support satellite
ground validation and algorithm research

Schwerdtfeger Library: A collaborative envi-
ronment for teaching, learning, and research

Promote flight of the GEO Hyperspectral
Imaging IR Sounder

Satellite Data Services satellite geostationary
data archive expansion

Deriving 3D winds using retrieved moisture
fields from microwave sounders

Modernizing McIDAS ADDE server
development

A mobile application to improve access of
satellite fire detections

S-HIS upgrade path study

Data Center cooling loop upgrade

Assimilating ABI hydrometeors and its
impacts on moisture initialization for hurri-
cane prediction

Assimilating sea ice products from satellites
into energy exascale Earth system model

Antarctic Meteorological Research Center
Internship Program

Developing a critical mass of Al programming
resources at SSEC

Margaret Mooney

Scott Nolin

Claire Pettersen

Jean Phillips

Hank Revercomb

Jerry Robaidek

Dave Santek

Becky Schaffer

Chris Schmidt

Joe Taylor

Don Thielman

Pei Wang

Xuanji Wang

Lee Welhouse

Tony Wimmers
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Partners and Collaborators

SSEC has built key research and education partnerships with federal agencies as well
as departments and centers across the University of Wisconsin-Madison campus and
beyond. With our partners we are working towards understanding Earth-atmosphere
processes to improve society’s resilience to hazardous weather and climate events.

Federal Partners

National Aeronautics and Space Administration (NASA)
Earth Science
Planetary Science

National Oceanic and Atmospheric Administration (NOAA)
National Environmental Satellite, Data, and Information Service (NESDIS)
Center for Satellite Applications and Research (STAR)
Advanced Satellite Products Branch (ASPB)
NOAA Cooperative Institutes

National Science Foundation (NSF)
Office of Polar Programs

Department of Energy (DOE)
Office of Science
Atmospheric Radiation Measurement (ARM) user facility

University of Wisconsin-Madison Campus Partners
College of Letters and Science (L&S)

Department of Atmospheric and Oceanic Sciences
Department of Astronomy

Department of Geoscience

Center for Limnology

Nelson Institute for Environmental Studies

Center for Climatic Research (CCR)

Center for Sustainability and the Global Environment
(SAGE)

Office of the Vice Chancellor for Research and Graduate Education (OVCRGE)
Physical Sciences Laboratory

College of Engineering (COE)

Department of Civil and Environmental Engineering




Leadership

R. Bradley Pierce
SSEC Director

Brad Pierce began serving as Director of SSEC
at the University of Wisconsin—Madison in
October 2018 following a nationwide search.
His background includes over 25 years as a sci-
entist with the National Oceanic and Atmo-
spheric Administration and NASA. Pierce is
also a professor in the Department of Atmo-
spheric and Oceanic Sciences (AOS).

Tristan L'Ecuyer
CIMSS Director

The CIMSS Board of Directors met in
December 2018 and appointed AOS Profes-
sor Tristan L’Ecuyer as the institute’s next
director. He began his role in January 2019.
L’Ecuyer is well situated to lead CIMSS into
the future, bringing 20 years of experience at
the “intersection of satellite remote sensing
and climate science” to the position.

SSEC’s leadership also includes an executive director as well as associate directors for
engineering, administration and science. Their combined experience is guiding SSEC
and CIMSS into the future.

Mark Mulligan
Executive Director and Associate Director of Engineering

Jenny Hackel
Associate Director of Administration

Wayne Feltz
Associate Director of Science
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Spending

SSEC 2019 SPENDING BY SOURCE
(in millions)

Total spending $29.5M

50D PRIVATE  FOREIGN
DOE 2, $0.28, 1% oy
$1.10 °7 L

4%

OTHER
$2.03, 7%

NSF

$3.72,13%
NOAA

$13.33, 45%

NASA
$8.01, 27%

24 Space Science and Engineering Center



SSEC 2019 RESEARCH & FEE FOR SERVICE SPENDING
(in millions)

Total spending $29.5M

FEE FOR SERVICE
$4.9, 16%

RESEARCH
$24.7, 84%
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Awards

2019

Steven Ackerman
Sigma Xi/American Meteorological Society Distinguished
Lecturer

Ed Eloranta
Lifetime Achievement Award, International Committee for Laser
Atmospheric Studies Distinguished Scientist

Jordan Gerth
National Weather Association’s Larry R. Johnson Special Award

Jeff Key
NOAA Bronze Medal for Scientific/Engineering Achievement

Zhenglong Li
Bronze Award for oral presentation at the I'TSC-22 meeting: “An
alternative method to quantify NLTE radiances”

Scott Lindstrom
National Weather Association’s Larry R. Johnson Special Award

Paul Menzel
Yuri Gagarin Medal for contributions to environmental satellite
applications, research and training

Margaret Mooney
Earth Science Information Partners (ESIP) 2019 Catalyst Award

Timothy Schmit
American Meteorological Society Fellow

David Tobin
Distinguished Scientist, UW-Madison



2018

Kelton Halbert
Best Student Poster, AMS Conference on Severe Local Storms

Bob Holz
Permanent Principal Investigator, UW-Madison

Allen Huang
Chair, Asia-Oceania Meteorological Satellite Users Conference
(AOMSUC)

JunLi
Permanent Principal Investigator, UW-Madison

Margaret Mooney
UW-Madison Robert and Carroll Heideman Award for Excellence
in Public Service and Outreach

Timothyt Schmit
Finalist, Samuel J. Heyman Service to America Award

David Tobin
Permanent Principal Investigator, UW-Madison

Christopher Velden
American Meteorological Society Banner I. Miller Award

Elisabeth Weisz
SPIE Best Paper in Interdisciplinary Applications

Charles White
Best Oral Presentation, NOAA/NESDIS Cooperative Research
Program Annual Science Symposium

Tom Whittaker
STAC Distinguished Scientific/Technological Accomplishment
and Outstanding Service Award
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Editorial team
Jean Phillips

Eric Verbeten
Leanne Avila

Space Science and Engineering Center

Cooperative Institute for Meteorological Satellite Studies
University of Wisconsin-Madison

1225 W. Dayton Street

Madison, WI 53706

Photos

Bill Bellon, 26; Ed Brook, 9; Nuo Chen, 12; Doug Clark, ; Jon Gero, ;
Stefan Hendricks, 8; Bob Holz, 10; Jeff Miller, 27; Margaret Mooney, ;
Igor Razenkov, 10; Bryce Richter, ; Tim Schmit, 7; Jeff Severinghaus,

; Bill Smith, 12; Maciek Smuga-Otto, 22; Eric Steig, 21; Jonathan Thom, 1; Paolo
Veglio, 29; Eric Verbeten, ; NOAA, 4; University of Washington School
of Oceanography, ; University of Wisconsin-Madison,



Give to SSEC

There are many ways to support SSEC and CIMSS. Gifts benefit our areas
of greatest need and strengthen our areas of greatest opportunity. Targeted
giving through the University of Wisconsin Foundation allows you to direct
your contribution to a specific program.

To give please visit: ssec.wisc.edu/give

For more information on making a gift to SSEC or CIMSS, please contact:

Jean Phillips Brad Pierce, Ph.D.
Director of Communications SSEC Director
608.262.8164 608.890.1892
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