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LETTER
It is my pleasure to present NASA Langley Research Center’s Science Directorate 2016 Annual Report. This report 
includes research highlights from Calendar Year 2016 and organizational metrics from Fiscal Year 2016. 

Our research stretches across four main areas: Air Quality, Active Remote Sensing, Radiation and Climate and 
Atmospheric Composition. In these areas, we are involved in a number of scientific initiatives, including advanced 
instrument development, field and space-borne experiments and data retrieval, analysis and archival. We also take 
significant pride in our robust Applied Science programs, and our ability to receive and share scientific data through 
the Atmospheric Science Data Center (ASDC). We further extend our research to the public through our efforts in 
Communication, Education and Public Engagement. 

Researchers in the Science Directorate work to produce crucial climate data records of our Earth from several 
satellite atmospheric monitoring instruments developed at Langley including SABER, CERES and SAGE. Significantly, 
CALIPSO, which marked 10 years of service in 2016 with more than 6.2 billion lidar measurements that advance our 
understanding of how clouds and aerosols affect Earth’s weather, climate, and air quality. The Langley legacy of Earth 
Science data continues with the upcoming launches of SAGE III on ISS and CERES FM6 in 2017, along with the 
continued development of CLARREO PF, RBI and TEMPO. 

2016 was a big year for NASA airborne campaigns in regions of critical change across the globe, and NASA Langley 
played a pivotal role. Langley led three airborne science missions in 2016: KORUS-AQ in South Korea, NAAMES in the 
North Atlantic and ACT-America in the Eastern U.S. In addition, Langley researchers supported three other airborne 
missions with scientific instrumentation.

Approximately 300 civil servant and contractor scientists and support personnel serve as the backbone of the Science 
Directorate. Our people embrace the NASA goal of advancing our understanding of Earth and developing technologies 
to improve the quality of life on our home planet. Their passion, innovation and expertise are the reasons we consistently 
advance research that leads to a safer planet and a better tomorrow. It is my privilege to share their incredible work 
with you.

David F. Young
Director, Science Directorate

Email: David.F.Young@nasa.gov

FROM THE DIRECTOR
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Science
at NASA’s Langley Research Center

Science 
 at NASA’s Langley Research Center

The Science Directorate’s missions have benefited society in many ways — making our world a healthier and better place to live.  
Our research affects fundamental aspects of life on this planet including: Air quality, public health, agricultural efficiency, aviation 
safety, energy use, informed policy, disaster management, national security and economic well-being.

We demonstrate innovative uses and practical benefits of NASA Earth science and data from NASA’s Earth-observing 
environmental satellites through partnerships with government agencies, state and local communities, and businesses. The diverse 
portfolio of applied science research delivers results and societal benefits by applying Earth observations to improve early warning 
systems, water management, natural hazard response, disease tracking, adaptation to climate risks, and many other important 
topics.

Science Serving Society

In addition to Earth Science research, the Science Directorate at NASA Langley also provides educational outreach opportunities to 
teachers, students, and the general public through a variety of award-winning projects including S’COOL, MYNASADATA, GLOBE, and 
mission-related projects. Our interdisciplinary team of educators, scientists, technology experts and communication specialists collaborate 
with the community to share authentic Earth science practices and real-world data through unique NASA experiences, engaging activities, 
and advanced technology aimed at inspiring the next generation of Science, Technology, Engineering and Mathematics (STEM) 
professionals and improving STEM literacy by providing innovative participation pathways for educators, students, and the public.

Science Education, Communication and Public Engagement

For more information, go to: 
http://science.larc.nasa.gov/research-AppliedSciences.html 

For more information, go to: 
http://nasawavelength.org/list/1502
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The Science Directorate at NASA Langley Research Center is devoted to finding out how the Earth and its atmosphere are 
interacting and changing, and what that means for the health of the planet and quality of life. Scientists within the Science 
Directorate study changes in the Earth and its atmosphere utilizing long-term data sets from a series of satellites, airborne 
instruments, and ground based measurements of the Earth’s atmosphere and oceans. This integrated observation approach 
enables an improved understanding of the Earth – leading to discoveries that will benefit society through enhanced economic 
security and environmental stewardship.

Making Atmospheric Discoveries

Active Remote Sensing
Our scientists and engineers develop world-class active (lidar) and hyperspectral remote sensing 
systems with names like CALIPSO, DIAL, HSRL and LASE that allow us to probe the atmosphere and 
gain new insights into the role of clouds, aerosols and other gases in regulating Earth’s weather, 
climate and air quality.

Air Quality
We study changes in the atmosphere’s chemistry to help understand what it means for environmental 
and public health. Research efforts include a wide variety of ground measurements (CAPABLE) and 
airborne field campaigns (KORUS, DISCOVER-AQ) to key locations around the world.

Radiation & Climate
We use satellite instruments, such as CERES and CLARREO, to provide precise, accurate, consistent 
and continual monitoring, measuring and archiving of solar-reflected and Earth-emitted radiation to 
better detect and understand climate change.

Planetary Atmospheres
NASA Langley provides an integrated approach to understanding robust aerospace systems that can 
perform in all atmospheres, Earth to Mars.  Working in coordination with other organizations at the 
Center, the Science Directorate leverages its knowledge of the Earth System to develop innovative 
techniques/methods to better understand and simulate other planetary atmospheres.

EMITTED

ENERGY

REFLECTED

ENERGY

For more information, go to: 
http://science.larc.nasa.gov/

Atmospheric Composition
We study and characterize Earth's stratosphere and aeronomy (upper atmosphere), as well as space 
weather, with instruments such as SABER and the SAGE family of measurements.  In 2017, SAGE-III 
will launch on a SpaceX platform to the International Space Station to extend our understanding of 
the ozone hole, its recovery, and the energetics of the upper atmosphere.

Science
at NASA’s Langley Research Center
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Our Vision

We translate atmospheric discovery into better solutions to protect the Earth and its people.

1960’s  1970’s 1980’s 1990’s 2000’s 2010’s

 

Current and planned contributions are described in the following pages of this report.

Our History – Next year, LaRC will celebrate its 100th Anniversary.  A few of the key contributions to fulfilling our vision over the years are provided below.
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LaRC developed the 
Scout solid-fueled rocket 
as a lower cost, multi-
purpose booster resulting 
in the launch of numerous 
small satellite missions 
(e.g., Echo, Explorer and 
PAGEOS).

In response to a growing 
concern for protection of 
our environment, LaRC 
researchers began to 
develop effective means 
by which to measure the 
presence of pollutants. 
SAM (on Apollo-Soyuz) 
and later LIMS, SAGE, 
HALOE, were critical in 
understanding ozone 
photochemistry and the 
ozone “hole.”

Post-Apollo, LaRC led 
the Viking effort to send 
two orbiters and two to 
the planet Mars.  These 
probes provided a wealth 
of valuable scientific 
information about the 
mysterious Red Planet.

NASA recognized the 
importance of improving 
our understanding of 
the radiation budget 
and its effects on the 
Earth’s climate. LaRC was 
charged with developing 
a new generation of 
instrumentation.

The Halogen Occultation 
Experiment (HALOE) 
launched aboard Shuttle/
UARS (1991) and would 
operate flawlessly until 
2005. HALOE data were 
the most widely used 
ozone datasets and the 
experiment was amongst 
the most highly cited in 
all of science during the 
1990’s.

The first spaceborne 
atmospheric lidar, called 
the Lidar In-Space 
Technology Experiment 
(LITE), flew aboard the 
Space Shuttle in 1994.  
The LITE instrument 
worked flawlessly 
(measuring backscatter 
at 3 wavelengths from 
clouds, aerosols, and 
the Earth’s surface) and 
demonstrated the viability 
of lidar measurements 
from space (paving the 
way for CALIPSO).

Two additional MAPS 
flights aboard Shuttle in 
1994.

The Clouds and the Earth’s 
Radiant Energy System 
(CERES) instrument on 
the TRMM satellite was 
launched in 1997.

The Sounding of the 
Atmosphere using 
Broadband Emission 
Radiometry (SABER) 
mission launched in 2001, 
making measurements of 
the upper atmosphere - 
one of the least explored 
regions of Earth (at the 
time) but essential for 
global climate change 
studies. For the past 15 
years, the SABER data 
has tracked how the 
Earth’s upper atmosphere 
responds to short- and 
long-term variability of the 
Sun.

The Cloud-Aerosol Lidar 
and Infrared Pathfinder 
Satellite Observation 
(CALIPSO), launched in 
2006, provides the first 
global 3-D “cat scan” 
of Earth, advancing our 
understanding of how 
clouds and aerosols effect 
Earth’s weather, climate, 
and air quality. Originally 
designed for a program life 
of three years, CALIPSO 
has traveled more than 1.2 
billion miles, orbited the 
Earth 56,794 times, and 
has produced more than 
314 terabytes of data in 10 
years on orbit. To date, the 
CALIPSO lidar instrument 
registered firing over 6.21 
billion laser shots.

The Center continues its 
legacy of Stratospheric 
Ozone Chemistry and 
Aerosol Profiling begun 
in the 1970’s (e.g., SAM, 
SAGE I, SAGE II, HALOE, 
SAGE III) with the planned 
launch of SAGE-III to 
the International Space 
Station in 2016.  SAGE 
III/ISS fills an anticipated 
gap in ozone and aerosol 
observations.

A total of 5 subsequent 
CERES flight models (FM) 
have been developed. The 
CERES instruments provide 
critical observations of 
global net radiation: the 
heating and cooling rate 
for Earth.   CERES FM-6 
is scheduled for launch in 
2017.

In 1981, the MAPS 
Instrument flies as the 
first science payload 
on the Space Shuttle.  
Subsequent flights in 
1984 and two in 1994 
develop a near-global 
database of carbon 
monoxide levels. MAPS 
was recognized by 
NRC (2008) - Earth 
Observations from 
Space: The First 50 
Years of Scientific 
Achievements.

The first Earth Radiation 
Budge Experiment 
(ERBE) instruments were 
launched by the Space 
Shuttle Challenger in 
1984. Multiple copies 
were built for follow-
on measurements on 
NOAA platforms.a 

new generation of 
instrumentation.
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Our People

The Science Directorate team at Langley consists of a blended 
workforce of internationally recognized experts with more 
than 50 years of pioneering research. Our organization is 

made up of more than 300 scientists and support civil service 
and contractor personnel who believe that scientific 

knowledge can help us to protect our planet and develop 
solutions that benefit society.
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2016 Highlights of Langley’s Contributions to the Agency

ATMOSPHERIC COMPOSITION BRANCH CHEMISTRY & DYNAMICS BRANCH
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• In 2016, HALO successfully completed 
critical reviews for the optical transceiver 
head -- concluding the year with 
integrations and of the aft optics and 
laser transmittal hardware. 

• The CALIPSO project released version 
4.10 of the lidar level 2 data products in 
November 2016. CALIPSO’s vertical profil-
ing measurements of clouds and aerosols 
provides a uniquely valuable resource to 
the Earth sciences community and is the 
only dataset of its kind in the world. 

• NASA LaRC’s airborne DIAL/HSRL 
system characterized ozone and aerosol 
distributions during the NASA KORUS-
AQ mission to South Korea, a complex 
region surrounded by megacities and 
large sources of desert dust, which lead 
to frequent transcontinental transport of 
pollution to the U.S.

• NASA LaRC’s airborne High Spectral 
Resolution Lidar (HSRL-2) provided 
extensive measurements of smoke above 
shallow marine clouds while deployed 
from the NASA ER-2 aircraft during the 
ORACLES mission in southwest Africa.

• NASA LaRC’s HSRL-2 completed a 
10-week DOE ARM Combined HSRL 
And Raman lidar Measurement Study 
(CHARMS) mission. These retrievals 
demonstrate the applicability of such 
lidar measurements for studying 
important atmospheric effects, 
particularly cloud and aerosol processes, 
and testing parameterizations of these 
processes for use in atmospheric models.

• The HSRL/DIAL Airborne Instrument 
Technology Transition Program 

• LaRC provided leadership as well as 
measurements onboard NASA’s DC-8 
aircraft during 20 research flights over the 
Korean peninsula and surrounding waters 
for KORUS-AQ. The data gathered will 
pave the way for interpreting air quality 
observations from geostationary satellites 
and also have immediate impact on 
understanding the factors controlling air 
quality in Korea.

• In 2016, the LaRC Aerosol Group (LARGE) 
supported NAAMES-3, KORUS-AQ, 
ORACLES, and CARAFE airborne field 
deployments and designed/constructed 
and deployed particle measuring 
instruments in NASA GRC test facilities 
to characterize aircraft-engine soot 
emissions for model development and 
validation. Additionally, LARGE supported 
Student Airborne Research Program 
(SARP) flights at Palmdale.

• In 2016, the DACOM/DLH/AVOCET 
team participated in several airborne 
field campaigns including ASCENDS, 
ACT-America, ATom, POSIDON and 
CARAFE. Support included in-situ 
measurement payload development 
and demonstration, measurements 
of atmospheric gases and fast in-situ 
measurements of water vapor, in-flight 
data, preliminary analysis products, and 
custom-built instruments to collect highly 
accurate science data.   

• The SAGE IV team advanced a mission 
design for the SAGE IV Pathfinder 
project that demonstrates a new imaging 
solar occultation technique enabling a 
sustainable solution to NASA’s mandate 
under the Clean Air Act to monitor 
stratospheric ozone and to extend the 

completed the development, test, and 
evaluation of the Ozone DIAL capability 
that was added to the HSRL-2 instrument 
and conducted successful campaigns on 
the B-200 and ER-2.

• NASA LaRC successfully conducted the 
second deployment of the NAAMES 
mission during phytoplankton’s bloom 
peak phase.  The NAAMES mission 
studies the processes which control 
phytoplankton blooms and the impact 
that the ocean ecosystem has on aerosols 
and cloud properties and, through them, 
on weather.

• MESCAL, a cross-cutting lidar mission 
concept study being conducted jointly by 
LaRC and CNES, successfully conducted 
its Progress Review #3.  Objectives 
include reducing uncertainties in 
estimates of cloud-climate feedback, 
aerosol impacts on the radiation budget, 
global phytoplankton stocks, and ocean 
net primary productivity.

SAGE record of stratospheric aerosol 
optical depth. In 2016, the SAGE IV team 
worked with Quartus Engineering to 
finalize the telescope design and perform 
the necessary analysis to ensure that 
the SAGE IV concept can fulfill science 
requirements while operating in a space 
environment onboard a CubeSat.

• TEMPO Mission conducted a successful 
Ground Systems CDR at SAO in May 
2016, and held a successful technical 
readiness review (TRR) for the Ball 
instrument on August 30-31, 2016.

• The HOPE Rad-X team published a 
compendium of their results in December 
2016, in a special issue of the Space 
Weather Journal.  Rad-X was a successful 
balloon-based radiation dosimetry 
experiment and microsatellite technology 
demonstration that provided valuable 
information to enable better radiation 
dose predictions/modeling for airline 
crew.  The project, which was focused 
on training the next generation of 
flight project leaders, completed its full 
baseline science mission during a balloon 
flight from Fort Sumner, New Mexico in 
the Fall of 2015. 

• The SAGE III project team delivered the 
flight hardware to SpaceX on Dec. 12, 
2016 and it was installed on the Dragon 
trunk. Launch of the SpaceX Falcon 9 
CRS-10 mission is slated for mid-February 
2017. The payload is expected to begin 
initial commissioning activities in early 
March and enter the planned initial 3-year 
science mission by mid-May.
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• The Clouds and the Earth’s Radiant 
Energy System (CERES) legacy continues 
with the upcoming launch of CERES 
Flight Model 6 (FM6) tentatively in 
Fall 2017. Edition 2.0 of The CERES 
AuTomAted job Loading sYSTem 
(CATALYST) production automation 
software tool was promoted and 
transitioned to operations. Version 2.1 
was developed and tested.  CATALYST is 
a suite of workflow management software 
that automates significant portions of the 
CERES data processing.

• RBI passed KDP-C and entered into 
Phase C in July 2016. The RBI instrument, 
which measures Earth’s reflected sunlight 
and emitted thermal radiation, is currently 
scheduled to launch on the JPSS-2 
spacecraft in 2022.

• After a successful Mission Concept 
Review (MCR) for the Climate Absolute 
Radiance and Refractivity Observatory 
(CLARREO) Pathfinder Project in 2016, 
the team focused on developing detailed 
system requirements and defining accom-
modations on the ISS for the reflected 
solar spectrometer. CLARREO Pathfinder 
will measure energy from the sun being 
reflected from Earth with higher accuracy 
than current space-based sensors, while 
also calibrating the sensors of other satel-
lites that cross its path in orbit.

• In 2016, NASA LaRC joined a group of 
50 international experts who seek to 
understand the physical processes behind 
the presence of high ice water content 
(HIWC) in convective clouds. HIWC can 
create aircraft engine icing during flight 
operations which can cause engine 
malfunction and shutdown. A primary 

• The ASDC successfully established the 
Atmospheric Science User Forum in 
February 2016. The purpose of this forum 
is to improve user service, quality, and 
efficiency of NASA atmospheric science 
data by providing a quick and easy way 
to facilitate scientific discussion among 
scientist and data users.  This forum 
served as a pilot for a wider ranging 
forum activity across all of ESDIS.

• NASA LaRC’s ASDC successfully 
completed a System Security Plan 
(SSP) IT Security Assessment with an 
unprecedented overall score of 96%.

• The MISR Near Real Time (NRT) 
processing system was successfully 
integrated into the NASA Land 
Atmosphere Near real-time Capability for 
EOS (LANCE) system.  Two Level 1 NRT 
products were integrated; the ellipsoid-
projected and terrain-projected radiance 
measurements.

• The ASDC successfully modified SD 
websites to adhere to guidance provided 
by the Center to prepare for the 
Presidential transition.  More than 40 sites 
were modified as part of this activity.

• In 2016, DEVELOP engaged 359 partici-
pants to conduct 77 applied Earth science 
feasibility projects in collaboration with 
125 unique partner organizations.

• DEVELOP supported the National Park 
Service Centennial through 17 projects (9 
summer & 8 fall) focused on monitoring 
change and threats to America’s national 
parks and highlighting the use of Earth 
observations to support our national 
treasures.

• DEVELOP published two peer-reviewed 
articles in the Bulletin of the American 
Meteorological Society, AGU’s Eos, 
three gray-literature pieces in The Earth 
Observer and IEEE’s Earthzine, and was 
featured across the country.

contribution by NASA LaRC is to explore 
the use of satellite-based remote sensing 
observations to identify regions within 
convection where engine icing is likely to 
occur.  

• The Cloud Retrieval Team developed 
and delivered a 36-year climatology of 
cloud and clear-sky radiative properties 
to the NOAA Climate Data Record (CDR) 
Program, which were featured in the State 
of the Climate 2015 AMS Bulletin that 
published in 2016.
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CALIPSO Celebrates 10 Years of Cloud Observations from Space

Ten years since launch, Cloud-Aerosol Lidar and 
Infrared Pathfinder Satellite Observations (CALIPSO) 
continues to overachieve in its mission to gather 
unique data about our home planet’s clouds and 
other tiny particles suspended in the atmosphere. 
Originally designed as a three-year mission, CALIPSO 
has produced crucial observations for over 10 years. 

Leaders from NASA and partners from the Centre 
National d’Etudes Spatiales (CNES), the space 
agency of France, gathered on April 21 at NASA’s 
Langley Research Center in Hampton, Virginia, to 
celebrate this remarkable and durable record of 
success.

Since its launch in 2006, CALIPSO has orbited 
the Earth tirelessly, using its lasers to take more 
than 5.7 billion lidar (light detection and ranging) 
measurements probing the vertical structure and 
properties of clouds and other particles — such as 
dust, sea salt, ash and soot — in the air.

Also, scientists are able to combine CALIPSO’s 
measurements with those of other Earth-observing 

satellites circling the globe in a cooperative path 
called the A-Train constellation. CALIPSO and 
CloudSat, a satellite containing a cloud-profiling 
radar, launched together on a Delta II rocket, now fly 
in formation with satellites named Aqua, Aura, Global 
Change Observation Mission-Water (GCOM-W) and 
the Orbiting Carbon Observatory (OCO)-2.

Combining measurements from these A-Train 
satellites offers a clearer view of what’s happening in 
the atmosphere.

“CALIPSO, in complement with the other instruments 
flying in the A-Train, has provided observations in 
areas that had never been observed before,” said 
Pierre Tabary, program manager for atmosphere, 
meteorology and climate for CNES, the French 
space agency.

NASA Langley’s David Winker and his French 
counterpart, Jacques Pelon, worked closely and 
forged a partnership that’s stretched across decades.

Together, they’ve watched as CALIPSO has kept 

on making continuous measurements through the 
years. Through all kinds of weather, many cycles of 
El Ninos, hundreds of hurricanes, and major volcanic 
eruptions, it has probed through Earth’s atmosphere, 
and returned valuable data.
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Originally designed as 
a three-year mission, 

CALIPSO has produced 
crucial observations for 

more than 10 years. 
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SAGE III to Look Back 
at Earth’s Atmospheric 
Sunscreen
On the upcoming SpaceX CRS-10 resupply mission 
to the International Space Station (ISS), a Dragon 
spacecraft will deliver the Stratospheric Aerosol and 
Gas Experiment (SAGE) III instrument to further study 
ozone in the atmosphere.

Once mounted on the space station, SAGE III will 
measure the Earth’s sunscreen, or ozone, along with 
other gases and aerosols, or tiny particles in the      
atmosphere. From a unique vantage point, SAGE will 
make its measurements by pointing toward the sun 
or moon as its light source and scanning the limb — 
a thin profile of the atmosphere.

During the late 1970s, scientists began tracking a 
steady decline of ozone in the Earth’s stratosphere. 
It was determined this was caused by extensive 
use of human-produced chemicals. Following years 
of global efforts to significantly reduce the number 
of ozone-depleting substances, experts now are        
optimistic the ozone layer will recover.

The fourth generation in a series of NASA Earth    
-observing instruments, SAGE III will use the unique 
vantage point of low-Earth orbit to make long-term 
measurements of ozone, aerosols, water vapor and 
other gases in Earth’s atmosphere.

In December 2016, the SAGE III Instrument                
Payload and the Nadir Viewing Platform were                        
installed with the SpaceX Dragon Trunk at the 
SpaceX  Payload Processing Facility. Integration is 
complete and everything is ready for launch.

“This is a big milestone,” said NASA Langley’s      
Jonathan Chrone, who serves as launch site lead for 
the project. “Our team has been working very, very 

diligently to get the payload ready. The team has put 
a lot of time into it and this is that final push to get it 
ready to fly.”

Michael Cisewski, project manager for SAGE III, said 
he was proud of how the team pulled together to get 
the instrument ready for departure.
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Following years of global 
efforts to significantly 
reduce the number of 

ozone-depleting 
substances, experts now 
are optimistic the ozone 

layer will recover.
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For 32 years without a break, NASA Langley 
instruments have provided stewardship of critical 
climate observations through Clouds and the Earth’s 
Radiant Energy System (CERES), launched in 1997, 
and the Earth Radiation Budget Experiment (ERBE), 
which began measurements in 1984. 

Collectively, these instruments have returned a vast 
quantity of precise Earth-viewing data about the solar 
energy reflected and absorbed by Earth, the heat the 
planet emits, and the role of clouds in that process.

The CERES legacy continues with the upcoming 
launch of CERES Flight Model 6 (FM6) tentatively in 
Fall 2017, which will join FM5 on the National Polar-
orbiting Partnership satellite, or Suomi NPP, which 
was the first operational mission of NOAA’s Joint 
Polar Satellite System (JPSS) Program. Four other 
CERES instruments are in orbit on NASA’s Aqua and 
Terra satellites, but each Flight Model is unique.

“The CERES FM-6 instrument underwent a more 
thorough pre-flight radiometric calibration campaign 
than its predecessors and also incorporates a 
broadband Longwave channel to directly measure 
the Outgoing Longwave Radiation (OLR) at the top 
of the atmosphere,” said Kory Priestley, CERES 
Project Scientist. “FM-6 will continue NASA’s 
international leadership of global Earth Radiation 
Budget observations.” 

In 2016, approximately 30 Langley employees 
supported CERES FM6 through many milestones that 
are leading up to launch on the JPSS-2 spacecraft, 
including the JPSS-2 observatory environmental 
test campaign, which the CERES FM-6 instrument 
completed with no major issues.

“The CERES FM-6 instrument will enable continuity 
of the critical observations in support of NASA’s Earth 
Radiation Budget Science Team located at NASA 
Langley,” Priestley said. “We fully expect the FM-6 

instrument to function as well as its predecessors, 
providing critical observations which benefit humanity 
for another 10 to 15 years.”

This final instrument from a program which has 
spanned more than 20 years represents the 
culmination of a long and fruitful partnership with 
Northrop Grumman (previously TRW) in designing, 
building, and operating the CERES instruments. 

Looking forward, NASA Langley is currently 
procuring the CERES Follow-on sensor, known as 
the Radiation Budget Instrument (RBI).  The RBI 
instrument is currently scheduled to launch on the 
JPSS-2 spacecraft in 2022.

FM-6 will continue NASA’s 
international leadership 

of global Earth Radiation 
Budget observations.

CERES FM6 Moves Toward Launch, Continues Critical Climate Observations
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A geostationary (GEO) 
air-quality constellation 

can accurately track 
the import and export 
of air pollution as it is 

transported by large-scale 
weather patterns.

The Future of 
Monitoring Air Quality 
from Space
Existing low Earth orbit (LEO) instruments have 
established the benefit of space-based views of air 
pollution. From space, large areas can be viewed 
consistently, whereas from the ground only discrete 
(often single) points can be measured. As Dave 
Flittner, Tropospheric Emissions: Monitoring Pollution 
(TEMPO) project scientist, explains, a geostationary 
(GEO) air-quality constellation can accurately 
track the import and export of air pollution as it is 
transported by large-scale weather patterns.

TEMPO is one instrument on the road to improving 
air quality from space. According to Flittner, hardware 
has recently begun development and TEMPO is on 
track to be finished no later than fall of 2017, and 
available for launch on a to be selected commercial 
communications satellite.  Science algorithm 
development is aided by data from an airborne 
simulator for TEMPO, the GeoTASO instrument.

For the first time, TEMPO will make accurate hourly 
daytime measurements of tropospheric pollutants 
(specifically ozone, nitrogen dioxide, sulfur dioxide, 
formaldehyde, and aerosols) with high resolution 
over the U.S., Canada and Mexico. 

“We want to move beyond forecasting air pollution, 
we want to influence strategies to improve it,” said 
Jim Crawford, a lead scientist at NASA’s Langley 
Research Center in Hampton, Virginia. “This is where 
satellite observations can play an important role.”

About 22,000 miles above the equator, the 
Korean Aerospace Research Institute’s GEMS 
(The Geostationary Environmental Monitoring 
Spectrometer), the European Space Agency’s 
Sentinel-4/UVN, and NASA’s TEMPO, will maintain 
their positions in orbit as the Earth rotates, covering 

a majority of the area from East Asia through 
greater North America and Europe. Together, these 
instruments will make up a northern hemisphere air 
quality constellation. All three of these instruments 
analyze the same pollutant concentrations in their 
respective region, from the morning to evening. 

Another critical part of the global air quality 
constellation are the LEO instruments, such as 
Tropospheric Monitoring Instrument (TROPOMI) 
(a.k.a. Sentinel-5P), which will launch in late 2016 
and provide a common reference for the three GEO 
sensors, allowing for a more accurate assessment of 
air quality within each region. 
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CLARREO Pathfinder
Undergoes Successful
Mission Concept 
Review
The Climate Absolute Radiance and Refractivity 
Observatory (CLARREO) Pathfinder Project held a 
Mission Concept Review (MCR) for the Pathfinder 
mission Aug. 24 through 26 at NASA’s Langley 
Research Center in Hampton, Virginia.

“The MCR affirmed the need for the CLARREO 
Pathfinder (CPF) mission, demonstrated the feasibility 
of the planned approach, and demonstrated that 
the team has developed the necessary project 
infrastructure and work plans to proceed to the next 
phase of project execution, “said Gary Fleming, CPF 
project manager.

The CLARREO Pathfinder Project will launch a 
reflected solar spectrometer to the International 
Space Station (ISS) in the 2020 timeframe to 
demonstrate essential measurement technologies 
required for a future full CLARREO mission. 

CLARREO Pathfinder represents the major step 
towards measuring energy from the sun being 
reflected from Earth with higher accuracy than current 
space-based sensors. These measurements will be 
used to calibrate the sensors of other satellites that 
will cross the instrument’s path while in orbit, such 
as Clouds and the Earth’s Radiant Energy System 
(CERES) and Visible Infrared Imaging Radiometer 
Suite (VIIRS).

Pathfinder will reduce risk, demonstrate essential 
techniques and technologies, and advance science 
in preparation for a future full CLARREO mission. The 
full CLARREO mission would produce highly accurate 
climate projections to improve climate models and 
ultimately enable sound policy decisions.

For the next phase of the project, the team will focus 
on developing detailed system requirements and 
defining the accommodations on ISS. CLARREO will measure 

energy from the sun being 
reflected from Earth with 

higher accuracy than 
current space-based 

sensors, and will calibrate 
other satellite sensors that 

cross its path.
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NASA Study to Follow the Trail of Greenhouse Gases Through American Skies
The Atmospheric Carbon and Transport – America 
(ACT-America) Earth Venture Suborbital 2 (EV-
S2) mission measures how weather systems and 
other atmospheric flows contribute to the transport 
of carbon dioxide and methane through the 
atmosphere. ACT-America will help give researchers 
a clearer picture of where carbon and methane are 
originating, and in the case of carbon dioxide, where 
it’s being absorbed.

ACT-America concluded its first measurement cam-
paign on August 29, 2016, after 6 weeks of science 
flights based out of NASA Langley Research Center, 
NASA Wallops Flight Facility, Lincoln, Nebraska, and 
Shreveport, Louisiana.  

The 2016 campaign gathered more than 111 
hours of data with in situ sensors on the Langley 
B-200 aircraft and over 151 hours with in situ and 
remote sensors on the Wallops C-130 aircraft. More 
than 270 vertical profiles of the atmosphere were 
collected between the two aircraft.  Two of the more 
than 20 joint science flights were coordinated with 
overpasses of the Orbiting Carbon Observatory-2 
(OCO-2) satellite. 

Airborne campaigns over the eastern half of the 
United States were chosen for very specific reasons. 
Regions east of Rockies have an abundance of 
diverse, lively weather and influences from the 
Atlantic and Gulf systems. 

Additionally, ACT-America flies over places that release 
carbon, called sources, and places that store carbon 
away, known as sinks (the eastern United States 
is rich in both). Sources are diverse – automobile 
exhaust, pastures crowded with methane-belching 
cows, and power plants. However, some of the most 
recognizable sinks in the eastern United States, like 
abundant forests and cornfields, act as both sources 
and sinks.

The ACT-America team is well equipped to meet 
the challenge of measuring carbon as it is whipped 
around the skies, released, and stored. 
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ACT-America will help 
give researchers a clearer 
picture of where carbon 
and methane gases are 
originating, and in the 

case of carbon dioxide, 
where it’s being absorbed. 
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NASA Partners on Air Quality Study in East Asia
In May and June of 2016, NASA and the Republic 
of Korea completed a cooperative field study of air 
quality to advance the ability to monitor air pollution 
accurately from space.

The Korea U.S.-Air Quality study (KORUS-AQ) 
assessed air quality across urban, rural and coastal 
areas of South Korea using the combined observations 
of aircraft, ground sites, ships and satellites. Findings 
play a critical role in the development of observing 
systems of ground and space-based sensors and 
computer models to provide improved air quality 
assessments for decision makers.

“KORUS-AQ is a step forward in an international 
effort to develop a global air quality observing 
system,” said James Crawford, a lead U.S. scientist 
on the project from NASA’s Langley Research Center 
in Hampton, Virginia. “Both of our countries will be 
launching geostationary satellites that will join other 
satellites in a system that includes surface networks, 
air quality models, and targeted airborne sampling.”

Air quality is a significant environmental concern in 
the United States and around the world. Scientists 
are trying to untangle the different contributors to air 
quality.

In accordance with an agreement NASA completed 
with South Korea’s National Institute of Environmental 
Research, Korean scientists collected KORUS-AQ 
observations on the ground and in the air with a King 
Air aircraft from Hanseo University in Seosan. To take 
data during the experiment, NASA contributed a 
DC-8 flying laboratory from the agency’s Armstrong 
Flight Research Center in Edwards, California, and a 
Beechcraft UC-12B King Air from Langley.

KORUS-AQ benefits the development of a new a 
constellation of spaceborne science satellites and 
instruments expected to launch in the years 2018-

2022 that will make air quality measurements over 
Asia, North America, Europe, and North Africa. South 
Korea’s Geostationary Environment Monitoring 
Spectrometer instrument will monitor long-term 
climate change and improve early warnings for major 
pollution events for the Korean peninsula and Asia-
Pacific region.

FEATU
RE H

IG
H

LIG
H

TS - KO
RU

S-A
Q

KORUS-AQ is a step 
forward in an international 
effort to develop a global 

air quality observing 
system.
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All in the NAAMES of Ocean Ecosystems and Climate
NAAMES, or the North Atlantic Aerosols and Marine 
Ecosystems Study, is a five-year NASA-funded study 
that aims to define that relationship better.

NAAMES is the first NASA Earth Venture-Suborbital 
mission focused on studying the coupled ocean 
ecosystem and atmosphere using ships and aircraft 
simultaneously. Plankton ecosystems of the global 
ocean profoundly affect climate and life on Earth. 
NASA’s ocean color satellite record tells us that 
these invaluable ecosystems are highly responsive 
to climate variability, with changes in ocean plankton 
production impacting food (e.g., fish), uptake of 
atmospheric carbon dioxide by the ocean, and 
ocean emission of climate-regulating aerosols.

During the field campaign, NASA satellites provide a 
larger view of ocean processes. In fact, satellite data 
caused NAAMES ocean and atmospheric scientists 
to question current thinking on what forces control 
plankton blooms and how those factors could 
impact the atmosphere and the climate.

“Satellite data can be used to calculate the total 
photosynthesis that goes on in the ocean every 
year,” said Mike Behrenfeld, NAAMES principal 
investigator. “It’s essentially equivalent to the total 
photosynthesis that’s happening on land.”

NAAMES includes four separate ship-aircraft 
deployments that target specific phases in the annual 
cycle of the North Atlantic, home to the world’s 
largest plankton bloom, which stretches from North 
America across the Atlantic to Europe.

NASA’s C-130 aircraft and the Woods Hole 
Oceanographic Institution’s R/V Atlantis ship are 
integrated with about a dozen types of scientific 
instruments that collect important ocean and 
atmospheric data for research and modeling.

In summer of 2016, NAAMES completed nine 

science flights, totaling 109 project flight hours.
Behrenfeld describes the first two completed 
campaigns as the “transition ends of the story.” 
Between those “transition ends” are two other phases 
that will be studied closer during field campaigns in 
2017 and 2018.

“Understanding this relationship is going to be really 
important for forecasting how things will change 
in the future,” Behrenfeld said. “NAAMES will help 
to understand the links between climate and the 
plankton and hopefully, what happens for the 
plankton going forward — from fisheries to export 
and production.”

NAAMES will help us 
to understand the links 
between the ocean and 
the atmosphere, along 

with the impact on 
fisheries due to change in 

plankton production.
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GLOBE Observer App Puts the Power of Citizen Science in a Smartphone
In August, NASA and the Global Learning and 
Observations to Benefit the Environment (GLOBE) 
program released the GLOBE Observer App for 
iOS and Android. It encourages the public to make 
environmental observations that complement NASA 
satellite observations. 

“GLOBE Observer allows anyone to submit 
observations through an easy-to-use smart 
phone app,” said Sarah McCrea, an educational 
outreach coordinator at NASA’s Langley Research 
Center in Hampton, Virginia. “Additionally, the app 
features protocols that require little to no additional 
instrumentation, besides the user and the phone, as 
well as protocols that a user would find relevant to 
their everyday life.”

Currently, citizen scientists can use the app’s Cloud 
Protocol to photograph and make observations 
about clouds. Their atmospheric presence may 
sometimes seem mundane and every day, yet they 
have a profound impact upon the planet. By the end 
of October 2016, almost 13,000 citizen scientists 
had downloaded the app and submitted more than 
41,000 photos.

NASA physical scientist Lin Chambers, who studies 
Earth’s atmosphere at NASA Langley, notes that 
“satellites show us that clouds cover more than 60 
percent of the Earth at all times, and their shade cools 
our planet as a whole. Understanding how clouds 
will change as atmospheric conditions change is the 
most important factor in predicting future climate.”

Today’s satellite missions benefit from citizen science 
work, and in many cases, the work is necessary. The 
Soil Moisture Active Passive (SMAP) Observatory 
currently orbits our planet and measures the amount 
of water in the top two inches of soil. In turn, the GLOBE 
community often makes reliable soil measurements 
that are used to validate the accuracy of the SMAP 

satellite, whose observations are notably relevant to 
society – it monitors droughts, predicts floods, and 
improves agricultural productivity.

GLOBE Observer will soon make other features 
available, such as Land Cover and Mosquito 
protocols, providing scientists with additional 
observations that would be too expensive or time 
consuming to acquire by other means.

GLOBE Observer encourages modern citizen 
scientists to make and upload observations like 
these, which will allow GLOBE to accumulate 
significantly more Earth science data.
.

FEATU
RE H

IG
H

LIG
H

TS - G
LO

BE O
bserver

GLOBE Observer 
allows anyone to submit 
observations through an 
easy-to-use smart phone 

app.
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To deliver almost 
instant forecasts, NASA 

scientists combine 
satellite observations 

with powerful software 
engineering. 

NASA Researchers 
Improve Hazardous
Weather Forecasts
Scientists and engineers at NASA’s Langley Research 
Center in Hampton, Virginia, are combining satellite 
images with novel algorithms to monitor hazardous 
thunderstorms. With this method, they can identify 
where severe winds, hail or tornadoes are more likely 
to occur within storm clouds.

“We are able to analyze the locations where severe 
storms most frequently occur and when they occur 
with unprecedented detail using commonly available 
satellite imagery,” said Kristopher Bedka, a physical 
scientist at NASA Langley. 

Bedka works with Langley researcher Konstantin 
Khlopenkov analyzing sunlight reflected from clouds. 
Bedka and Khlopenkov also use infrared imagers 
that function like night-vision goggles to detect heat. 
These imagers can spot overshooting tops, which 
emit less heat than other clouds in lower regions of 
the atmosphere.

To deliver almost instant forecasts, Bedka and 
Khlopenkov combine satellite observations with 
powerful software engineering. “We can process an 
image that covers the entire United States in less than 
two minutes,” Bedka said.

Bedka sees tremendous value in overshooting tops 
research, which he said could make a difference for 
thousands of people worldwide. 

Bedka has studied overshooting tops over the 
African Great Lakes in East Africa. There, abrupt 
temperature changes along the shores of small 
and massive lakes create thunderstorms that kill 
thousands of people every year. Bedka found that 
storms over these lakes almost always occur during 
the night, which is especially dangerous to fishermen 

who remain on the lakes for days at a time. 

In Europe, insurance companies are using Bedka’s 
data to identify areas where hazardous storms are 
more likely to happen, which can affect insurance 
pricing. And in the United States, his research 
provides valuable and unique data on storm locations 
over oceans, where very few other datasets for 
forecasting storms exist. His team is also finding that 
flying too close to overshooting tops can result in 
unsafe flying conditions for aircraft due to turbulence 
and engine icing.
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Clouds and Sea Ice: What Satellites Show About Arctic Climate Change
Temperatures in the Arctic are rising much faster 
than the rest of the planet, and Patrick Taylor, an 
atmospheric scientist at NASA’s Langley Research 
Center, says that one of the main factors is how clouds 
interact with frozen seawater, known as sea ice.

These interactions influence the Arctic’s albedo 
feedback. Scientists use the term albedo feedback 
to describe changes in the amount of solar energy 
absorbed by Earth due to changes in the Earth’s 
albedo that are indirectly caused by increasing 
greenhouse gases in the atmosphere.

Understanding what influences the Arctic’s albedo 
is particularly important, as its bright snow and ice 
make it one of the regions with the highest capacity to 
reflect solar energy.

“The unique ability of CALIPSO and CloudSat 
instruments to provide very accurate knowledge of 
the vertical distribution of clouds was critical to this 
study,” Taylor said.

Clouds have both cooling and warming effects not just 
in the Arctic but across the entire planet. During the 
day, white and bright clouds reflect part of the sunlight 
hitting the planet back into space. At night, however, 
they act as a blanket that doesn’t completely allow 
day-accumulated heat to escape into space. 

In the Arctic, this warming effect of clouds could 
influence sea ice during fall and winter, when the sun 
disappears for months and darker skies overlie oceans 
and land that spent an entire summer absorbing 
sunlight.

Taylor has found that the role of clouds and sea ice 
for Arctic climate change may be more complex 
than previously hypothesized.  Using CALIPSO-
CloudSAT satellite observations spanning from 2006 
to 2010, he showed that the cloud concentrations 

differed between ocean and sea ice much less than 
previously thought in summer.

Although further research needs to be conducted, 
Taylor said the increased clouds he observed in 
the fall seasons could slow down the process of 
refreezing sea ice through the winter. Slow refreezing 
could translate into summers with less and thinner 
sea ice -- something NASA satellites have already 
detected.
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One of the main factors 
for the Arctic’s rapid 

warming is how clouds 
interact with frozen 
seawater, known as

 sea ice.
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CAPABLE
Fred Denn and Bryan Fabbri check and maintain 
solar radiation instruments at the CAPABLE site 
at NASA Langley.

CARAFE
Josh Digangi installs the transceiver for the 
Diode Laser Hygrometer on the Sherpa during 
the CARAFE campaign.

NASA Youth Day
Hundreds of students took part in Science 
Directorate-led activities on Youth Day held at 
NASA’s Langley Research Center. 

NASA at ISRO
From Left to Right, Upendra Singh 
(NASA Technical Fellow for Sensors and 
Instrumentation), A.S. Kiran Kumar (Chairman 
of the Indian Space Research Organization), 
Clayton Turner (Deputy Director, LaRC) and 
Dave Young (Director, Science at LaRC) meet at 
ISRO Headquarters.

Role Model Training
Jessica Taylor presented to the White House 
Council on Women and Girls in STEM Working 
Group. Taylor and Sarah McCrea later trained 
federal employees in Role Model Strategies for 
girls in STEM.

CLARREO MCR
The Climate Absolute Radiance and Refractivity 
Observatory (CLARREO) Pathfinder Project 
held (and successfully passed) a Mission 
Concept Review (MCR) for the Pathfinder 
mission Aug. 24-26 at NASA’s Langley Research 
Center in Hampton, Virginia.

AMS 2016
NASA Langley scientists presented at the 97th 
Annual American Meteorological Society in 
Seattle, Washington.

ACES
ASCENDS CarbonHawk Experiment Simulator 
(ACES) uses lidar technology to measure 
carbon dioxide in the atmosphere.
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NASA Centennial Float
NASA Langley kicks off it’s Centennial Year 
celebration with a float in the Hampton Holly 
Days Parade.

Weather Fest
NASA Langley led several booths and 
activities at the 41st Annual National Weather 
Association’s annual meeting held in Norfolk, 
VA. 

On Set
In December, Bruce Doddridge and the NASA 
Edge production crew were at The Weather 
Channel studios in Atlanta, GA to tape an 
interview with UGA Professor, WXGeeks 
Host and former president of the American 
Meteorological Society, Dr. Marshall Shepherd.

Presentation on Engine Icing
Kris Bedka presented on NASA Langley’s 
satellite-based aircraft engine icing prediction 
research. The team continues to improve 
forecasting algorithms and work with users to 
optimize the system. 

AGU 2016
Xia Cai is one of many NASA Langley scientists 
who presented research at the 49th Annual 
American Geophysical Union in San Francisco, 
California.

Hyperwall Presentation AGU 2016
Dr. Patrick Taylor sharing a story from his 
research about the importance of Arctic cloud 
and sea ice interactions to future climate 
change on the NASA Hyperwall at the 2016 
AGU Fall Meeting.

SABER
On Dec. 7, NASA Langley’s SABER instrument 
celebrated 15 years of ground-breaking upper 
atmospheric research on NASA’s TIMED 
satellite. 

RBI-PDR
The Radiation Budget Instrument (RBI) project 
team discusses the scanning radiometer, which 
measures Earth’s reflected sunlight and emitted 
thermal radiation, at the successful Preliminary 
Design Review.
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NASA Langley instruments support Atmospheric Tomography 
(ATom) during science flights in Christchurch, New Zealand.  
ATom will study the impact of human-produced air pollution 
on greenhouse gases and or chemically reactive gases in the 
atmosphere.

The photo to the left was taken after the recovery of BATAL 
aerosol payloads launched from the Banaras Hindu University in 
Varanasi, India.  The BATAL campaign gathered near real-time 
data to better understand the role of convection over the Indian 
sub-continent in the formation of the Asian Tropopause Aerosol 
layer. Credit: Amit Pandit

The MESCAL Progress Review 3 meeting, focused on exploring 
future collaborative opportunities with CNES, took place in 
Toulouse, France, December 6-9.

NASA Langley scientists presented at the 2016 Wildland Fire 
Program Annual Review Meeting in Boise, Idaho.  The meeting 
was held to inform the public on NASA Wildfire Program Projects, 
encourage collaborations, and help NASA to increase awareness 
and use of EO data by the wildfire community.
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NASA intern, Pedro Pena created the Cloud-Aerosol Lidar and 
Infrared Pathfinder Satellite Observations (CALIPSO) Visualization 
Tools for Satellite Data Imagery. The tool facilitates the analysis of 
multiple satellite and weather model data. 

NASA’s Langley Research Center hosted the DEVELOP Summer 
Closeout, Earth Science Applications Showcase.  DEVELOP, part 
of NASA’s Applied Sciences Program, addresses environmental 
and public policy issues through interdisciplinary research papers 
that apply the lens of NASA Earth observations to community 
concerns around the globe.

On July 12-14, 2016, the first Tropospheric Emissions: Monitoring 
of Pollution (TEMPO) Applications Workshop was held at the 
University of Alabama in Huntsville to explore innovative new 
ways to exploit TEMPO’s hourly air quality measurements for 
public benefit. 

The NASA ER-2 aircraft carries the NASA Langley High Spectral 
Resolution Lidar-2 (HSRL-2) over the southern Atlantic Ocean in 
support of the ORACLES Earth Venture mission. ORACLES hleps 
us to better understand the processes that impact the regional 
and global distribution of surface temperatures and precipitation.
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METRICSFY 2016
NASA Langley’s Science Directorate tracks a variety of metrics that are used to 
monitor our performance, effectiveness and impact in the scientific community. Our 
internal reporting system for our organization captures employee input, which is 
placed into a specific metrics category. 

These FY16 metrics show that Science Directorate employees are actively engaged 
in the community through external recognition, assignments, citations, peer-
reviewed publications, requested reviews, conference presentations, proposals, 
mission-directed dollars, scientific data usage, customer satisfaction and public 
engagement. 



-26-

Fellows:
Chambers, Lin: American Association for the Advancement of Science Fellow
Loeb, Norman: American Meteorological Society Fellow
Minnis, Patrick: American Meteorological Society Fellow
Minnis, Patrick: American Geophysical Union Fellow
Taylor, Patrick: Kavli Fellow, National Academy of Sciences
Wielicki, Bruce: American Meteorological Society Fellow

Internal Fellowship:
Shea, Yolanda (Roberts): FIRST Program

NASA Honor Awards
Lucker, Patricia: Exceptional Public Service Medal
Thornhill, Kenneth: Exceptional Public Service Medal
Moore, Richard: Early Career Achievement Medal
Allsbrook, Karen: Silver Achievement Medal
ACCESS II Experiment Team: Group Achievement Award
HSRL-2 ER-2 Integration Team: Group Achievement Award

Distinguished
Awards

91 Professional
     Society

305
Scientific

Community
Assignments

79 International
     Working Group

58 NASA Earth 
     Science

SMD Funding
Guideline at
Langley

$193,000,000
Agency 
functions 
resident at
Langley
$35,000,000

8 NASA Space
   Science

44 U.S. Working
     Group

25 Assignments

M
ETRICS



-27-

16,397
Published Work Citations FY16

Papers

Proposals

93

76
15

Project / Program Plans 2

Requested Reviews in FY16

103
Peer-reviewed publications in FY16

M
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CS
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536

Conference Presentations
14% of our Civil Service employees were 
detailed to perform critical functions at 
NASA HQ or within the center

M
ETRICS
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Unique
data

customers

countries

in
175,169

165

Amount of
data stored

4.1 
Petabytes

Response
Time

Customer
Satisfaction

98%
2%93% of 

reported
issues 
resolved in

ASDC

Atmospheric Science Data Center

M
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SD employees reached 21, 733 people 
through 349 public engagement events 
in FY 2016.

349
Total

Student
Sponsorship

1

10

245

Professional
Talk/Exhibit

71

Congressional

3
8

Press Release
/Interview

Public 
Engagement
Attendance

21, 733

K-12
Talk/Exhibit

Public
Talk/Exhibit

11
Science

Fair

M
ETRICS
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