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Editor’s Corner
Steve Platnick

EOS Senior Project Scientist

Remarkably, another year is drawing to a close. And a remarkable year it was for NASA Earth Sciences. It is
inevitable at this time of year that we reflect on the milestones of the year that was and look ahead to the year
that will be.

One such milestone was the tenth anniversary of the Aura mission. In a previous Editorial, we highlighted
some of the celebratory events held on July 14—the actual anniversary date—at NASA’s Goddard Space Flight
Center (GSFC) to commemorate the occasion’. Aura was the third of the three flagship missions for the Earth
Observing System (the others being Terra and Aqua), and was designed to study the processes at work in Earth’s
atmosphere. Its measurements have made significant contributions in understanding the ozone layer, air quality,
and climate. The stand-alone feature in this issue is an article, written by Former Aura Program Scientist Ernest
Hilsenrath, called Celebrating Ten Years of Aura Observations—see page 4. The article contains a summary of
Aura’s scientific discoveries, arranged around its three science themes.

Throughout 2014, we have been reporting on NASA’s ambitious plan to launch five? Earth science missions
within the span of a year, which began in February with the GPM Core Observatory. Now with the successful
launches of GPM, OCO-2, and ISS-RapidScat behind us, we turn our attention to the CATS payload, which is
scheduled for launch on December 16, 2014.

! See the Editorial of the July—August 2014 issue of 7he Earth Observer [Volume 26, Issue 4, pp. 2-3].
*The five missions are GPM, OCO-2, ISS-RapidScat, CATS, and SMAP.

continued on page 2
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Barely two weeks after its launch and

two days after its installation, the ISS-
RapidScat captured this view of the wind
field around Tropical Storm Simon (which
later developed into a hurricane). The
map shows preliminary, un-calibrated

Pacific

Ocean Mexico

measurements of wind speed and direc-
tion at 7:10 PM local time on October 3,
2014 (0210 Universal Time on October
4). Arrows show the direction of winds

at the ocean surface, colors show the esti-
mated speed. The solid gray area represents
the land. “Most satellite missions require
weeks or even months to produce data

of the quality that we seem to be getting
from the first few days of RapidScat,” said
Ernesto Rodriguez [NASA Jet Propulsion
Laboratory—Project Scientist]. Credit:
NASA’s Earth Observatory

acquired October 3, 2014
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CATS was shipped to SpaceX at Canaveral Air Force
Station in Florida on September 30, where it was suc-
cessfully integrated on the SpaceX-5 Dragon capsule
that will carry it to the International Space Station. In
anticipation of launch, the team is continuing to test
and refine Level 0 and Level 1 data processing algo-
rithms. CATS will provide vertical profiles of cloud
and aerosol properties at three wavelengths (1064, 532,
and 355 nanometers) from its mounting location on
the Japanese Experiment Module — Exposed Facility
(JEM-EF)—the first NASA-developed payload to ever
fly on the JEM-EF. The mission seeks to build on the
CALIPSO data record, provide observational lidar data
to improve research and operational modeling pro-
grams, and demonstrate new lidar retrievals of clouds
and aerosols from space. On page 17 of this issue, we
announce the release of the CATS mission brochure,
which is now available online.

Meanwhile, SMAP is also preparing for launch—which
is now set for January 29, 2015, from Vandenberg Air
Force Base (VAFB) in California. SMAP passed its Pre-
Ship Review on October 15 and then was shipped to
VAFB. The mission subsequently passed its Operational
Readiness Review (November 4-5) and Mission
Readiness Review (November 7). The Delta-II launch
vehicle that will carry SMAP into orbit is already
stacked at a launch pad at VAFB.

The GPM Core Observatory, launched February 27,
continues to perform nominally as of this writing. In
this issue we report on the Precipitation Measurement
Missions (PMM) Science Team Meeting, which took
place August 4-7 in Baltimore, MD. The highlight of
that meeting was a symposium held in honor of the for-
mer GPM Project Scientist, Arthur Hou, who passed
away November 20, 2013. Among those who spoke
were Michael Freilich [NASA Headquarters (HQ)—
Director of the Earth Science Division], Ramesh Kakar
[NASA HQ—GPM Program Manager], Piers Sellers
(GSFC—Deputy Director of Science and Exploration
Directorate], other colleagues, and friends from
throughout Hou’s long and distinguished career, as
well as Hou’s wife Sandra and daughter Sara. Hou was
remembered as an exceptional scientist and leader who
was able to build and navigate the international rela-
tionships that got the GPM mission off the ground.
Turn to page 29 of this issue to read more about the
meeting; the memorial symposium is summarized on
page 32.

OCO-2 launched on July 2 and entered nominal opera-
tions in early October. It has been returning almost one
million soundings each day over Earth’s sunlit hemi-
sphere. As expected, between 10 and 20% of these
soundings are sufficiently cloud free to yield accurate
estimates of the column averaged carbon dioxide (CO,)

dry air mole fraction, X

oy Preliminary analysis of the
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early measurements are promising, though some aspects
of the calibration still need refinement to meet the mis-
sion’s stringent accuracy requirements. The OCO-2
team is on track to start routine deliveries of Level

1B products (i.e., calibrated spectral radiances) to the
NASA Goddard Earth Sciences Data and Information
Services Center (GES DISC) before the end of the cal-
endar year. The first routine deliveries of Level 2 prod-
ucts, including Xeop surface pressure, and chlorophyll
fluorescence, are planned for late March 2015.

Our last issue reported in detail on ISS-RapidScat®,
which launched on September 21. Though only two
months have passed since launch, scientists are already
well on their way to accomplishing one of the major
mission objectives. They have successfully cross-cal-
ibrated ISS-RapidScat low-resolution [25 km (15.5
mi)] ocean wind data with QuikSCAT and validated
the data against ground measurements®. The team
reports the ISS-RapidScat data are meeting all planned
wind performance requirements and are ready to begin
extending the long-term climate data record of ocean-
surface winds begun by QuikSCAT in 1999. This
schedule is two months ahead of what was anticipated.
Congratulations to Ernest Rodriguez [JPL—/Project
Scientist] and the entire RapidScat team. The image on
the front cover shows an example of data being pro-
duced from RapidScat.

In addition to the five missions mentioned above, there
is another upcoming launch worth noting. The joint
NOAA-U.S. Air Force-NASA Deep Space Climate
Observatory (DSCOVR®) mission is scheduled to
launch in January 2015. While the primary goal of
DSCOVR is to make solar wind and magnetic field
measurements to enable space weather forecasting,
NASA has integrated two Earth-observing instruments
that will make the first continuous Earth observations
from the Sun-Earth Lagrange point (L1), which is
located 1.5 million km (930,000 mi) from Earth on the
line between Earth and the sun.

The two NASA Earth Science instruments on
DSCOVR are the Earth Polychromatic Imaging
Camera (EPIC) and the NIST Advanced Radiometer

% See both the Editorial and “ISS-RapidScat: Measuring
Ocean Winds from the International Space Station” in

the September—October 2014 issue of 7he Earth Observer
[Volume 26, Issue 5, pp. 4-10].

4 Calibration of the higher resolution (12.5 km) data is ongo-
ing. A longer period of overlap between RapidScat and
QuikSCAT is required to obtain the level of precision needed
to extend the climate data record.

> DSCOVR was originally designed as a NASA Earth observ-
ing mission known as Triana—with plans to launch on the ill-
fated flight of Space Shuttle Columbia, STS 107. For a variety
of reasons, those plans were scrubbed, and the spacecraft set in
storage until 2008, when it was refitted for launch on a Falcon
9. The mission has since been renamed, and reworked so that
its primary purpose is to make solar observations, and replace
the aging Advanced Composition Explorer (ACE) spacecraft.

(NISTAR). EPIC images radiances from the sunlit face
of the Earth on a 2048 x 2048 pixel CCD in 10 nar-
rowband channels (from ultraviolet to near infrared)
with a nadir pixel size of approximately 8 km. The
unique L1 vantage point will allow EPIC to provide
sunrise to sunset imagery of our planet. The primary
science products expected from EPIC are global ozone
levels, sulfur dioxide and ash, aerosol index and aerosol
optical depth, cloud height over land and ocean, spec-
tral surface reflectance, vegetation, and leaf area indi-
ces. NISTAR measures the absolute irradiance inte-
grated over the entire sunlit face of the Earth in four
broadband channels, allowing for daytime global Earth
radiation budget studies.

The NASA Science Mission Directorate recently
selected nine proposals for the development of EPIC
and NISTAR algorithms in support of the Earth
Science Division. The first DSCOVR Earth Science
Algorithm Meeting was held at NASA GSFC on
November 14, 2014. In addition to proposed science
algorithms, the team also discussed EPIC and NISTAR
calibration as well as the responsibilities and require-
ments of the DSCOVR Science Operation Center
(DSOC) at GSFC and Atmospheric Science Data
Center (ASDC) at Langley Research Center.

With three launches complete, three more scheduled
by the end of January, and numerous sub-orbital and/
or ground-based campaigns—NASA’s Earth Science
Division has had a very busy 2014. We recognize the

continued on page 36

Acronyms used in the Editorial
and Article Titles

CATS Cloud—Aerosol Transport System
CCD Charge Coupled Device
GSFC NASA’s Goddard Space

Flight Center
GPM Global Precipitation Measurement
HIRDLS High Resolution Dynamics

Limb Sounder

ISS-RapidScat International Space Station
Rapid Scatterometer

JPL NASA/Jet Propulsion Laboratory

NIST National Institute of Standards
and Technology

OCO-2 Orbiting Carbon

Observatory-2
QuikSCAT  Quick Scatterometer
SMAP Soil Moisture Active Passive
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Aura Celebrates Ten Years in Orbit
Ernest Hilsenrath', NASA Retired, Fellow at the Joint Center for Earth Systems Technology, Global Science and
Technology, Inc., hilsenrath@umbc.edu

Just over ten years ago,
the NASA launch and
science teams assembled
at Vandenberg Air Force
Base in California in
preparation for the
Aura launch. After two
delays due to minor
problems, on July 15,
2004, shortly after 3:00
AM PDT the Delta I1
rocket lifted off, carrying
the spacecraft toward a
polar, sun-synchronous
orbit at about 705 km
(~438 mi).

Introduction

Just over ten years ago, the NASA launch and science teams assembled at Vandenberg
Air Force Base in California in preparation for the Aura launch. After two delays due
to minor problems, on July 15, 2004, shortly after 3:00 AM PDT the Delta II rocket
lifted off, carrying the spacecraft toward a polar, sun-synchronous orbit at about 705
km (~438 mi). After the satellite reached altitude, it executed a series of four inclina-
tion maneuvers, the first taking place on September 9. By October 1 Aura was in posi-
tion trailing 15 minutes behind NASA’s Aqua spacecraft, with an equator-crossing
time of 1:30 PM local time—and the Afternoon Constellation, or A-Train, was born.
Still in orbit today, Aura has well exceeded its five-year mission lifetime.

Originally known as EOS-CHEM, Aura was the third “flagship” mission of NASA’s
Earth Observing System (EOS), the other two being Terra (launched in 1999) and
Aqua (2002), which were both already collecting data on land, water, clouds, ice, and
aerosols. In addition to the other two flagship missions, there were five other EOS mis-
sions in orbit in 2004: the Tropical Rainfall Measuring Mission (TRMM); Gravity
Recovery and Climate Experiment (GRACE); Solar Radiation and Climate Experiment
(SORCE); Quick Scatterometer (QuikSCAT); and Ice, Cloud, and land Elevation
Satellite (ICESat). Extending the overall complementarity of these missions, Aura mea-
surements focus on atmospheric chemistry and dynamics and interactions with climate,
from the mesosphere to the troposphere, and their evolution over time. The mission has
a unique capability to explore the lower stratosphere and troposphere to near Earth’s
surface, where humans affect atmospheric composition, including air quality.

This article provides an overview of Aura results over the 10 years since its launch, and
acknowledges the work of more than 200 researchers. Their work has been reported
during many Aura science and instrument team meetings, and has so far resulted in
about 1400 peer-reviewed papers. The author also acknowledges the Project Science
Team at NASA’s Goddard Space Flight Center (GSFC) and program scientists at
NASA Headquarters. Aura celebrated its Tenth Anniversary Science Team Meeting in
College Park, MD, September 15-18, 2014, with about 200 people attending. The
Aura program scientist and project scientists (present, former, and retired) appear with
instrument principal investigators (Pls) and their deputies in the photograph below.

e

Current and former project scientists and
principal investigator (PI) teams and the
NASA HQ program manager assembled at
Aura’s tenth anniversary science team meet-
ing. [Left to right]: Jessica Nue [Deputy
TES PI], Michel Santee [JPL Atmospheric
Science Group Leader], Bryan Duncan
[Deputy Project Scientist], Pepijn Veefkin
[OMI Co-PlI], Nathaniel Livesey [MLS
PI], Ken Jucks [Program Manager], Lucien
Froidevaux [MLS Deputy PI], John Gille
[HIRDLS PIJ, Pieternel Levelt [OMI PI,
Netherlands], Ernest Hilsenrath [Former
OMI Co-PI, U.S., Former Deputy Project
Scientist, and Former Program Manager],
Johanna Tamminen [OMI PI, Finland],
Anne Douglas [Project Scientist], Joanna
Joiner [Deputy Project Scientist], and
Pawan Bhartia [OMI Co-PI, U.S.] Photo
credit: NASA

! Hilsenrath served as GSFC OMI Co-PI and Aura Deputy Project Scientist (1999-2005),
Headquarters Aura Program Scientist (2006-2010).
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Aura’s Mission

One of Aura’s highest priorities was to continue the measurements of the Upper
Atmospheric Research Satellite (UARS), which at the time of launch, was in its thir-
teenth year of operation and beginning to fail. In addition, Aura would explore Earth’s

atmosphere as was never done before. Three instru-
ments were initially chosen to fly on the mis-

sion: the High Resolution Dynamic Limb Sounder
(HIRDLS), the Microwave Limb Sounder (MLS),
and the Tropospheric Emission Spectrometer (TES).
‘The Netherlands and Finland contributed the fourth
instrument, called the Ozone Monitoring Instrument
(OMI), which was added to the payload later’. OMI
became an ideal complement to the other three instru-
ments, as well as a worthy successor to the long line of
heritage Total Ozone Measuring Spectrometer (TOMS)
instruments. Each of these instruments was built on a
solid pedigree of success because their technology was
tested either on earlier satellites, aircraft, or balloons.
Expectations for quality data were high all four instru-
ments, and ultimately met and exceeded their perfor-
mance requirements, as will be noted below. Links to
information about each instrument can be found at
aura.gsfc. nasa.gov.

‘The Aura instruments observe the atmosphere looking
horizontally through the atmosphere (the /imb) and
looking down through the atmosphere (the nadir). In
addition, the instruments cover a wide spectral range,
from ultraviolet (UV) to microwave wavelengths. The
only other spacecraft to come close to this compli-
ment of capabilities was the European Space Agency’s
Envisat’, which is no longer operating.

The instrument capabilities are highly synergistic and were designed to fulfill the three
major goals of the mission and the mission success criteria—see Aura Mission Success

Criteria. The mission goals are to:

1) Explore and detect changes in the stratospheric ozone layer as ozone-
depleting substances decrease and the stratosphere cools due to greenhouse

gas increase.

2) Study the processes that control tropospheric air quality, particularly due to
continental-scale changes in pollutant emissions that result from industrializa-
tion, economic growth, and regulations (or lack thereof).

3) Discover the connections between atmospheric composition and chemistry
and climate, focusing on water vapor, ozone, and aerosols in the upper tropo-

sphere and lowermost stratosphere.

Aura Instruments and Data Products

Those who proposed the selected instruments became the initial Aura mission sci-
ence team, with responsibility for building and calibrating the instrument, develop-
ing algorithms, and processing and validating the data. Two of Aura’s instruments

2 To learn more about “How OMI Became part of Aura” refer to the May—June 2014 issue of

The Earth Observer [Volume 26, Issue 3, p. 24].

? To learn more about Envisat, please see “An Overview of Europe’s Expanding Earth-
Observation Capabilities” in the July—August 2013 issue of 7he Earth Observer [Volume 25,

Issue 4, pp. 4-15].

Aura Mission Success Criteria

In coordination with the Aura project scientist and
program scientists at NASA Headquarters, the team
developed the following Mission Success Criteria,
which address the mission’s overall science questions
and serve as the basis for each instrument’s perfor-
mance requirements.

* Quantify the change in stratospheric ozone in
response to decreases in chlorofluorocarbons and
increases in greenhouse gases, as well as extending
the high precision measurements of global column
ozone for use in trend detection.

* Determine the linkage between climate change
and changes in atmospheric constituents.

* Determine how localized tropospheric pollution
sources contribute to regional and global pollution.

* Determine natural and anthropogenic influences

on the global oxidizing power of the troposphere.

feature articles | 8
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Aura is truly an
observatory. Many of
the papers at the Tenth
Anniversary Science
Meeting used data from
more than one Aura
instrument and in a
few instances three of
Sfour instruments. As we
hoped and planned for,
Aura is more than the
sum of its instruments.

—Jim Gleason
[NASA’s Goddard
Space Flight Center—
Suomi NPP Project
Scientist and Former
Aura Project Scientist]

have international contributions: OMI from the Royal Netherlands Meteorological
Institute [Koninklijk Nederlands Meteorologisch Instituut (KNMI)] and Finnish
Meteorological Institute (FMI), and HIRDLS from Oxford University. Table 1
includes the original and current instrument principal investigators (PIs) and data
products for each instrument. The data products follow from the Mission Success
Criteria—see sidebar on page 5.

Instrument Data Product Synergies

Each of Aura’s instruments contributes to all three of the mission science themes:
ozone chemistry and trends, pollution’s impacts on air quality, and climate forcing.
For stratospheric ozone science, OMI measures total column and vertical amounts of
ozone, while HIRDLS and MLS measure ozone profiles with high vertical resolution,
which together quantify how ozone is changing over time. HIRDLS and MLS further
complement each other with their measurements of chlorofluorocarbons (CFCs*) and
their by-product—the decrease in measured ozone. OMI, with its high accuracy and
mapping capability, tracks the size and “depth” of the annual Antarctic ozone hole.

Measurements from TES and OMI are used to study air quality; these two instru-
ments detect and map five of the six Environmental Protection Agency (EPA) Criteria
Pollutants: ozone (O,) in the lower troposphere, sulfur dioxide (SO,), nitrogen dioxide
(NO,), carbon monoxide (CO), and particulate matter with a diameter of 2.5 um or
less (PM, ). TES and OMI can measure tropospheric ozone directly, but OMI can
also derive tropospheric ozone amounts by using stratospheric ozone profiles from
MLS to subtract from its column amounts. Tropospheric ozone column amounts have
been shown to be a fairly good indicator of boundary layer ozone during some high-
pollution events.

# CFC-11 and CFC-12 were formerly used as refrigerants, but were banned under the 1987 Montreal
Protocol. These gases are chemically inert in the lower atmosphere, but they are long-lived in the
atmosphere, meaning they eventually reach the stratosphere. There, they become activated in the pres-
ence of ultraviolet radiation, and begin the catalytic destruction of stratospheric ozone.

Table 1. Original and current instrument PIs and data products for each Aura instrument.

John Barnett [Oxford
University, U.K.]

Instrument Original Instrument PI Current Instrument PI Measurement
John Gille [Na.ltional Center Temperature and com-
High Resolution for Atmospheric BCSC?rCh . o position of the upper
Dynamics g\l ?Al({i) Tnd University of John Gille [Oxford University] troposphere, strato-
. olorado
Limb Sounder Lesley Gray [Oxford University] sphere, and meso-
(HIRDLS) sphere; aerosol extinc-

tion and cloud height

Microwave Limb

Joe Waters [NASA/Jet

Nathaniel Livesey [JPL]

Temperature and com-
position of the upper
troposphere and strato-

Sounder (MLS) | Propulsion Laboratory (JPL)] sphere; upper tropo-
spheric cloud ice
Ovon Pieternel Levelt [KNMI, Pieternel Levelt [EMI] Total column ozone,
Mi)oniforing Netherlands] tropospheric composi-
Instrument Gilbert Leppelmeier [FMI] Johanna Timonen [FMI] 222’ iirc?sc(l)(l) SSSS;F]"
(OMI) ) n, -
Ernest Hilsenrath [GSFC] Joanna Joiner [GSFC] troid pressure

. Temperature, ozone,
Ezg)ois p: e carbon monoxide, and
Specstsr(())meter Reinhard Beer [JPL] Kevin Bowman [JPL] water vapor profiles
(TES) from the surface to

lower stratosphere
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Ozone becomes a greenhouse gas in the upper troposphere, and can be measured by
TES and OML. All four of Aura’s instruments can measure ozone in the lower strato-
sphere where it is also a greenhouse gas. MLS detects cloud ice and gas composition in
water clouds, which can be used to quantify the hydrological processes near the tropo-
pause. HIRDLS’s high-vertical-resolution measurements provided data on the altitude
structure of winds and temperature, which enable better climate modeling and provides

new data on the Earth’s radiative balance. TES measurements of water vapor isotopes

provide crucial clues to climate models that simulate
convective processes. In addition, OMIs character-
ization and mapping of aerosols as they are blown
around the globe also helps scientists understand cli-
mate change forcing. Uncertainty in aerosol abun-
dance, location, and characteristics are a key source of
uncertainties in climate models.

There are also synergies with the other A-train plat-
forms, as noted in Aura and the A-Tiain: Science
Synergy, on page 16.

Aura Science Highlights

The science highlights from the first ten years of the
Aura mission reported here are organized by Aura’s
three themes, which focus on Earth’s atmosphere:
stratospheric ozone, air quality, and climate. Aura’s
results over this period has led to about 1400 peer
reviewed publications, as mentioned earlier, and

two journal special issues’. Aura data are being used by the U.S. Global Change
Research Program and for international assessments, including the Fifth Assessment
Report (ARS5) of the Intergovernmental Panel on Climate Change (IPCC), the
World Meteorological Organization (WMO) and United Nations” Environmental
Program (UNEP) Scientific Assessments of Ozone Depletion (SAOD), and the
Task Force on Hemispheric Transport of Air Pollution (TF HTAP). Also included
are noteworthy highlights from presentations at the tenth annual Aura science team
meeting in September. The presentations given during the science team meeting can

be found at avdc.gsfe. nasa.gov.
Stratospheric Ozone

NASA’s instruments have been monitoring global
ozone trends since 1978 and the data are used to test
performance of chemistry—climate models (CCMs).
These CCMs are used to predict the future of strato-
spheric ozone—for example, when the Antarctic
ozone hole will close and when will global ozone
amounts return to their pre-1980 levels, taking cli-
mate change into account. The TOMS instruments
have been mapping the Antarctic ozone hole since

it first appeared around 1979. When Aura became
operational, OMI took over this mapping task from
TOMS. The area of the ozone hole is determined
from a map of total column ozone with values of 220

Dobson Units or lower. The hole is formed when ozone is destroyed by chemical reac-
tions that take place within the Southern Hemisphere polar vortex, which traps and

isolates very cold air over the pole.

> Journal of Geophysical Research-Atmospheres, doi:10.1029/2007]D009602/full and /EEE
Transactions on Geoscience and Remote Sensing, doi:10.1109/TGRS.2005.861950.

Aura data are being analyzed by scientists in the U.S.
and throughout the world, and 10 years of observations
have yielded insights into the variability and trends

in stratospheric ozone, into the release of tropospheric
pollutants both nationally and internationally, and into
complex processes that connect gases like ozone and water
vapor with climate change. Made even more powerful
by synergy with other satellites in the A-train, Aura data
are making it possible to quantify complex relationships
among clouds, aerosols, and composition that are vital to
understanding the Earth system.

—Anne Douglass [NASA’s Goddard Space Flight
Center—Aura Project Scientist]

As originally planned, Aura didnt have an instrument
operating in the ultraviolet for ozone measurements to
continue the SBUVITOMS record. The OMI instrument
built by Dutch-Finnish collaboration filled an important
gap in the measurements, making the Aura mission the
most comprehensive atmospheric chemistry lab in space ever

Sflown—or likely to be flown again.

—Pawan “PK.” Bhartia [NASA’s Goddard Space
Flight Center—Former Aura Project Scientist]
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Figure 1. A deep Arctic ozone Until recently, the Arctic was believed to be free of a similar phenomena. However,
depletion during the 2011 late

winter/spring seasons is shown
on the right, compared to the
more normal amounts at the in the Antarctic, in April 2011 ozone-depleted air extended over large parts of cen-

same time of year for 2010, on tral Asia, extending as far south as Mongolia—and included some densely populated

the left. The red areas for 2010 areas. The cold and long-lasting Arctic polar vortex that year took everyone by sur-
are the normal high-ozone

amounts. while the blue areas prise, but experience with the Antarctic polar processes provided the explanation for
are areas of ozone depletion. the accompanying photochemical ozone destruction.
Both global maps are from OMI

total column ozone data. Image | Although the temperatures did not fall to the levels within its southern counterpart,
credit: NASA

in 2011, for the first time, a large depletion of ozone was observed over the Arctic,
occurring at the comparable season as the Antarctic ozone hole. While not as large as

the usually persistent Arctic polar vortex in the Arctic lower stratosphere and long-

Ozone (Dobson Units)

10 220 330 440 550

lasting cold during 2011 led to enhancement in ozone destroying forms of chlorine
and to an unprecedented Northern Hemisphere ozone loss—see Figure 1. Because
of the slow decline of CFC-11 and CFC-12—the most important of the ozone-
depleting substances (ODSs)—significant ozone loss can be expected to continue to
occur in the Arctic for the next several decades, during winters with meteorological
conditions similar to those experienced in 2011.
Aura has provided us a comprebensive global picture of OMI and MLS’s measurements supported the

changing air quality—pollution reduction in the developed ~ following statement in the SAOD Executive
Summary: “The Antarctic ozone hole continues

world and deteriorating conditions in the developing world.
Aura has also given us the most comprehensive picture

of stratospheric processes yet achieved. As Aura’s mission
continues, we will continue to see changes in air quality
and stratospheric ozone and we will be able to improve led to large ozone depletion as expected under
our models and our predictions for the future. Aura has these conditions.”

definitely achieved more than we expected.

to occur each [Southern Hemisphere] spring,

as expected for the current ozone depleting
substances abundances. The Arctic stratosphere in
winter/spring 2011 was particularly cold, which

An important gas species measured by MLS is

— Mark Schoeberl [Science and Technology hydrogen chloride (HCI), which is an indicator of
how much ozone depleting chlorine remains in the
stratosphere. MLS has shown that HCI concen-
trations, which reached maximum values in 2002
(measured by UARS), have been steadily declining.
This decline is consistent with the phasing out of CFC production, and is one indi-
cator that the 1987 Montreal Protocol, the global treaty banning ODS, is working.

Corporation— Chief Scientist and Former Aura
Project Scientist]
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HIRDLS—with its high vertical resolution—has made a unique contribution to
understanding the processes controlling global ozone distribution, with its ability to
track phenomena such as gravity waves—atmospheric waves that propagate up into
the atmosphere, as shown in Figure 2. Even small-scale waves, such as those generated
by air traveling over mountains, play a role in the global circulation. Observations to
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Figure 2. One of the pioneer-
ing capabilities of HIRDLS was
its ability to observe smaller-scale
waves in the atmosphere from
space. In this example from June
2005, HIRDLS observed a grav-
ity wave. The differential tem-
perature cross-section over South
America depicts a pattern of
alternating series of positive and
negative wave fronts propagating
from mid-latitude (-45° S) tropo-
pause toward the midstratosphere
tropics (~15° N). This gravity
wave has short vertical [~4-km
(~2.5-mi)] and horizontal [500-
km (~311-mi)] wavelength and
small temperature amplitude
(1-2 K) that cannot be observed
with other remote sensing tech-
niques. Image credit: H. Lee
and J. Gille, National Center for
Atmospheric Research (NCAR)
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quantify the role of several types of waves—{rom gravity waves to planetary waves—Ilead
to improvements in the general circulation models used to understand ozone trends,
assess compliance with the Montreal Protocol, and make ozone recovery forecasts.

HIRDLS has also detected intrusions of ozone-rich stratospheric air into the upper tro-
posphere, a step towards quantifying the contributions of stratospheric ozone to tropo-
spheric ozone levels. Simulations using the Goddard Earth Observing System Model,

Version 5 (GEOS-5) Chemistry and Transport Model
reproduced events observed by HIRDLS, demonstrat-
ing the ability to anticipate these stratospheric intrusion
events that routinely influence the upper and middle tro-
posphere and occasionally reach the lower troposphere.
These results suggest that in order to improve the accu-
racy of the forecasts they make, air quality models may
need to account for these intrusions.

Air Quality

Detecting atmospheric composition in the troposphere
from space, such as the chemicals classified as the EPA’s
Criteria Pollutants, has been a challenge because near-
ground amounts are in the parts-per-billion to parts-
per-million (ppb - ppm) range, and therefore difficult to
detect through the overlying atmosphere. NASA, while

10 20

Aura has been a central and unifying focus for
atmospheric science since the time I first began
atmospheric remote sensing research. It was the obvious
Jollow-on mission to TOMS, UARS, and SAGE-II
for stratospheric science, and brought NASA much
more strongly into global tropospheric research. When
combined with the other atmospheric observations
within the A-Train, Aura has revolutionized the
scientific understanding of atmospheric processes.

—XKen Jucks [NASA Headquarters—Aura Program
Manager]

not directly involved with regulation, is providing a consistent, global, space-based view

of when and where air pollution occurs. Several European satellites have been used to
track pollution, but OMI’s and TES’s powerful detectors/spectrometers, high spatial
(urban-scale) resolution, and advanced algorithms have sufficient quality to be highly
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Figure 3. This map shows
global data for NO, (a pre-
cursor to ozone pollution)
from OMI for January 2005.
Spatial and temporal aver-
ages yield a resolution of 0.25°
latitude/longitude. Global
pollution “hotspots” clearly
show up in the Eastern U.S.,
Europe, and China. The high
values in the Sub-Sahara are
from agricultural burning.
Emissions from some cities in
South America, South Africa,
and Australia are also revealed.

Image credit: NASA

Figure 4. This graph shows
monthly OMI observa-

tions of NO, over Beijing for
2005, 2006, 2007, and 2008.
Controls were put into effect

a month prior to the start of
the Olympics in August 2008;
their effectiveness is reflected in
the steep decline to levels that
extended until after the Games’
completion, at which time lev-
els increased to historical levels.
Plots for other years show the
normal annual cycle. Image
credit: J. Witte, NASA/SSAI

useful for air quality applications that benefit human health. The WMO reports that
over two-million deaths per year are the result of poor air quality. Using information
from Aura, air quality scientists and policymakers could, for the first time, see pollution
on regional and continental scales at high spatial resolution. After the first year in orbit,
Aura was able to locate pollution “hotspots” over large industrialized cities; areas of large
agricultural burning could also be detected—see Figure 3. With improved algorithms
and Aura instrument calibration since launch, new data are emerging that demonstrate
how emissions have changed over time and how far pollution can travel.

For example, Beijing’s poor air quality has been reported frequently in the media

and in 2008 there was much concern about air quality during the Beijing Olympic
Games. In August 2008, Chinese officials took extreme measures to improve the city’s
air quality by restricting auto traffic and power plant emissions prior to and during
the games. OMI observations tracked the dramatic improvement of air quality—see
Figure 4—in comparison with previous years.
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Once the restrictions were abandoned, however, air quality quickly reverted to the

usual levels. Ongoing Aura measurements show that pollution continued to rise over

all of China. Figure 5a plots the trends over Eastern China for both NO, and SO,

The increase in NO, is likely due to increased transportation emissions. The decrease in
SO,—despite China’s continued building of power plants—is likely due to increased use
of scrubbers for plant emissions. The observed reductions in SO, rebuts the speculation
that China’s pollution could have caused the so-called “hiatus” in global warming trends
over the last 14 years, as SOz—generated aerosols reflect light, resulting in cooling.

On the other side of the globe, satellite data indicate that pollution controls regulating
emissions from power plants over the U.S. have significantly reduced both SO, and
NO, over the Eastern U.S. as shown in Figure 5b°. The SO, decrease has direct bear-
ing on acid rain, which has dropped considerably as regulations have gone into effect.
The EPA and local environmental protection agencies have long relied on a limited
number of ground sites to assess regulation effectiveness.

Ozone pollution’s global reach can also be observed from TES and OMI measurements.
TES tracked tropospheric ozone originating over Eastern China, which was picked up
by westerly winds in the spring months. The ozone measurements correlate well with
TES and MLS CO measurements. CO is a by-product of combustion and a chemi-

cal precursor of ozone. Since the most likely sources of combustion in urban areas are
anthropogenic, the heightened levels of ozone are likely linked to human activities.
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¢ A more detailed discussion of the NO, pollution decrease over the U.S. can be found at wuww.
nasa.govlcontent/goddard/new-nasa-images-highlight-us-air-quality-improvement/#. U8acp ChLI}N.
A similar discussion for SO, can be found at www.earthobservatory.nasa.gov/IOTD/view.

phpid=76571.

The observed
reductions in SO,
rebuts the speculation
that China’s pollution
could have caused the
so-called “hiatus” in
global warming trends
over the last 14 years,
as SO -generated
aerosols reflect light,
resulting in cooling.

Figure 5a. Trends in OMI
SO, and NO, observations
for China from 2005 to 2013.
Red circles indicate NO,; blue
squares, SO,. NO, shows an

on-average increase over time,

while SO, shows a slight decline.

Image credit: C. Mclinden,
Environment Canada

Figure 5b. Trends in OMI
SO, and NO, observations
for the Eastern U.S. from
2005 to 2013. Both SO, and
NO, show a steady decline.
Image credit: C. McLinden,
Environment Canada

—h
—

feature articles |


http://www.earthobservatory.nasa.gov/IOTD/view.php?id=76571
http://www.earthobservatory.nasa.gov/IOTD/view.php?id=76571

—
N

feature articles |

The Earth Observer

November - December 2014 Volume 26, Issue 6

Latitude

Latitude

Figure 6. Tropospheric ozone
derived from OMI total ozone
minus MLS stratospheric
ozone. The band of high ozone
(lower map) at northern mid-
latitudes that appears annu-
ally in the spring and summer
results from anthropogenic
activity and the persistent west-
erlies. The band of high ozone
(upper map) in the South
Atlantic and Indian Oceans
results from agricultural burn-
ing in South America and
Africa. Image credit: J. Ziemke
NASA/USRA

Analysis of OMI data also confirmed that China was the source of the pollution.
Figure 6 illustrates global tropospheric ozone, with high ozone levels at mid-latitudes
in the Northern Hemisphere, roughly corresponding to the location of the westerly
jet stream. This is also the latitude of the highest concentration of cities and industrial
zones in the Northern Hemisphere. Of equal concern is that pollution from the U.S.
is adding to background levels of ozone over Europe. Note that there is a correlation
with distributions of NO, levels (see Figure 3).

October 2004

Tropospheric Column Ozone (Dobson Units)

“Emissions reductions have an immediate and profound impact on local
concentrations of SO,.”

— Russ Dickerson [University of Maryland, College Park—NASA’s Air Quality
Applied Science Team (AQAST)]

Aura capability for detecting pollution is reflected in the 10-year air quality record
over the Canadian oil sands by OMI and TES. The emissions come from excava-

tors, dump trucks, extraction pumps and wells, and refining facilities where the oil
sands are processed. OMI clearly detects increased levels of NO, and SO, compa-
rable to levels from a medium-sized city or large power plant. The rate of increase of
NO,—about 10% per year—is higher than the Canadian National Pollutant Release
Inventory, while for SO, itis lower. TES data are being used to examine trends in vol-
atile organic compounds from oil extraction operations.

“It’s really important that we start to take our air quality policies beyond the state and
national levels and start to think about air quality on an international level.”

—Daniel Jacob [Harvard University—AQAST]

In a different application, OMI is able to measure formaldehyde (HCHO), a vola-
tile organic compound (VOC) that is emitted from both natural (e.g., isoprene from
trees) and “manmade” sources (e.g., automobile exhaust). Along with NO,, it is a pre-
cursor to ozone. Since 1980 regulations have been established to reduce the amount
of “manmade” VOC:s in order to reduce the production of unhealthy ozone. Studies
using OMI data show that the ratio of HCHO to NO, can help air quality managers
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identify regions of reduced surface ozone, likely reflecting the effectiveness of regula-
tions. These results indicate that NO, reduction is key to lowering pollution in regions
where HCHO has a natural source.

While classified as a research product at launch, ammonia (NH,) is now classified as
a Standard Product due to the successful effort to retrieve NH, from the TES spec-
tra. NH, impacts soil acidification, biodiversity, and the nitrogen cycle. It is also
involved in the formation of atmospheric PM, which has adverse health effects.
Animal agriculture accounts for most of the manmade NH, produced in the U.S.;
however, the uncertainty in the magnitude and seasonality of NH, emissions ham-
pers the development of control measures. That said, new TES data may well lead to
additional regulations.

As noted, Aura air quality data are expected to provide an advantage for forecasters
and regulators. Several presentations at the tenth anniversary Science Team Meeting
described how this advantage would be applied. These include a study to provide the
air quality community with a multiyear global chemical and aerosol reanalysis using
Aura and other A-Train measurements; regional chemical data assimilation experi-
ments to quantify the influences of changes in NO, emissions on U.S. air quality dur-
ing the Aura era; a test of the utility of satellite data for air quality assessment activi-
ties using the Regional Air Quality Modeling System (RAQMS); and assimilating
all the tropospheric constituents measured by Aura plus CO and aerosols measured
by the Atmospheric Infrared Sounder (AIRS) and the Moderate Resolution Imaging
Spectroradiometer (MODIS), respectively, both on Aqua.

Another study underway is the application of the U.S. EPA’s Community Multi-
scale Air Quality (CMAQ) model. This model is a powerful computational tool used
by the EPA and several states for air quality management, the results of which are
used by several federal and state agencies in their air quality planning and regulation.
Preliminary tests show that using Aura data obtained over Maryland locations can
improve CMAQ predictions.

There are other uses for OMI data beyond climate change studies (see below) and air
quality regulation. For example: aviation safety after a volcanic eruption. Volcanic
ash plumes can cause serious concerns for aircraft operations, as demonstrated during
recent eruptions in Iceland and Alaska. OMI SO, data, which are proxy to volcanic
ash, are processed and released in near-real time and made available for airline opera-
tions. Many more examples of OMI applications appear on the Aura website at aura.
gsft. nasa.gov/sciencelindex. hrml.

Climate

Aura measures carbon dioxide (CO,), methane (CH ,)> Water vapor, clouds, aerosols,
and ozone—all of which contribute to climate change. Clouds and aerosols may either
enhance or diminish global warming, depending on their altitude and other charac-
teristics such as optical depths. They may also interact with each other and thereby
change their warming or cooling effects. Despite lacking the precision and spatial cov-
erage of NASA’s OCO-2 or JAXA’s Greenhouse Gases Observing Satellite (GOSAT)
for these species, Aura data have helped untangle these complex interactions, making
broad contributions to climate science.

Early in the mission, Aura data were used to challenge scientists who had put forth the
Iris Hypothesis, which claims that feedback processes would offset greenhouse warm-
ing. However, MLS data refuted that idea, showing that the feedbacks actually rein-
forced heating, thereby further warming the planet. As MLS is only able to detect

Early in the mission,
Aura data were used

to challenge scientists
who had put forth the
Iris Hypothesis, which
claims that feedback
processes would offset
greenhouse warming.
However, MLS data
refuted that idea, show-
ing that the feedbacks
actually reinforced heat-
ing, thereby further
warming the planet.
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1993

Figure 7. Water vapor zon-
ally averaged anomalies at the
Equator from 1993 to 2010.
HALOE data end in 2005;
MLS data are used from 2005
to 2010. Data are represented
as anomalies (deviation from
the mean), ranging from -2
ppmv (blue) to +2 ppmv (red).
Notice the alternating highs
and lows resulting from the
seasonal cycle of deep convec-
tion zones that modulate the
amount of water entering the
stratosphere. Image credit:

Schoerberl et al., ACP 2012

Figure 8. Contributions of
NO, emissions—a major pre-
cursor for ozone—to the global
average thermal absorption of
ozone in the troposphere as
observed by TES in August
2006. High values (red and
orange shades) indicate that
emissions in that location con-
tribute more strongly to the
trapping of heat in Earth’s
atmosphere relative to other
locations. Image credit: NASA/
JPL and University of Colorado
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ice clouds, HIRDLS observes both water and clouds, leading to supporting results.
Subsequently, data from CloudSat further confirmed the Aura result.

Since water vapor is the most abundant greenhouse gas, knowing its concentration
throughout the atmosphere is very important to understanding the water cycle. Since
TES measures different hydrogen isotopes in water, measurements of the isotopic
ratios at different locations indicate the source of the water evaporation and where it
rains out, and how much water vapor condenses over various locations on Earth. This
is an important aspect of the hydrological cycle, used in climate models that have been

tested by TES data.

An equally important issue is spatial and temporal water vapor trends near the tro-
popause, where it is difficult to discern small long-term trends from decadal-length
datasets. A combination of Aura/MLS and UARS/Halogen Occultation Experiment
(HALOE) likely represent the best dataset ever collected—see Figure 7. Neither
models nor the combined HALOE and MLS data show any long-term trends in the
tropical 100-hPa (100-mb) water vapor concentration. Prominent in this figure are
the alternating highs and lows resulting from the seasonal cycle of deep convection
zones that modulate the amount of water entering the stratosphere. Once in the tropi-
cal stratosphere, these seasonal anomalies move slowly upward. This effect and other
short-term variations need to be carefully accounted for in order to detect a water
vapor trend.

Another example of an Aura contribution to climate research is the use of TES mea-
surements to calculate the amount of heat ozone absorbs in Earth’s atmosphere. When
combined with chemical transport models, results show a variation in trapped heat by
a factor of 10, depending upon the location of the ozone-forming chemical emissions,
illustrating the importance of knowing the variability of tropospheric ozone—see
Figure 8—and particularly for climate model projections. Quantifying the amount
of heat trapped spatially and temporally was an important input to the IPCC’s AR5,
where TES tropospheric ozone data constrained various atmospheric-chemistry-

climate models used to calculate radiative forcing and to bring them into better
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agreement. Complementary to these findings are the long-term OMI measurements
of tropospheric ozone, where it is a greenhouse gas and a pollutant, indicating a slight
trend upward during the Aura measurement era. Before this time, measurements were
too sparse to draw any conclusions about trends.

Solar irradiance

Solar spectral irradiance (SSI) is not an OMI Standard Product, but is required for
calculating OMTI’s atmospheric composition products. SSI is responsible for the for-
mation of ozone, and therefore then becomes a climate variable over the long term;
however, trends in SSI are very difficult to measure because of instrument calibra-
tion requirements. OMUI’s 10-year stability, when combined with the short-term spec-
tral irradiance associated with the 28-day solar rotation, allows determination of UV
solar irradiance trends over the 11-year solar cycles. OMT’s solar rotation data agree
very well with data from Eumetsat’s Global Ozone Monitoring Experiment-2. The
recent study shows that solar irradiance variations between 280 nm and 340 nm are
smaller than those measured by SORCE, but agree better with the Naval Research
Laboratory’s SSI model. There are ongoing discussions of this important result

between the OMI and SORCE teams.
Aura Data Product Validation

The science results presented in the previous section require rigorous validation activi-
ties. Aura’s measurements have been compared to ground-based, i situ, and other
satellite measurements of the same property at the same approximate place and time,
under a variety of atmospheric conditions to ensure long-term stability of the instru-
ments. This was done during the Aura prime mission period—i.e., the first five years—
with ground and balloon measurements, aircraft campaigns, comparisons with other
satellites, and even comparisons between Aura instruments. Aura validation require-

ments are found at avdc.gsfc. nasa.gov/PDF/Aura_validation_needs_update_v1.0.pdf-

Validation requirements have continued to evolve, in part because additional data
products have been developed and also as calibration updates. Validation efforts have
continued throughout the life of the mission (albeit with less frequency after the
prime mission period) to demonstrate long-term accuracy of the instruments.

Aura has established a dedicated Aura Validation Data Center (AVDC) that is unique
among EOS missions (see avdc.gsfc. nasa.gov). The AVDC supports Aura validation
and science activities, and some validation activities for other A-Train satellites. Its
archives include data from the Aura validation campaigns, NASA aircraft and balloon
deployments, and established ground networks that collect atmospheric composition
data. The AVDC also links to European satellite validation archives and provides user
tools for data collecting, subsetting, formatting, visualizing, and archiving of valida-
tion data. A unique capability for the AVDC is instrument field-of-view (FOV) pre-
dictions: The Center provides 16-day instrument FOV predictions for the Aura OMI,
MLS, and TES instruments, as well as subsatellite points for instruments on A-Train
satellites and the Terra platform, where these data are updated on a daily basis.

Such validation efforts enabled the instrument teams to quantify precision, resolu-
tion, and systematic errors of their products. For every Aura data product tested,
validation has shown that each product met or exceeded its proposed accuracy
and precision specification. Through 2008 there were over 70 papers related to
Aura validation, including a special section of the Journal of Geophysical Research
(doi:10.1029/2007]D009602).

Aura has established
a dedicated Aura
Validation Data Center
(AVDC) that is unique
among EOS missions.
The AVDC supports
Aura validation and sci-
ence activities, and some
validation activities for
other A-Train satellites.
Its archives include data
from the Aura valida-
tion campaigns, NASA
aircraft and balloon
deployments, and estab-
lished ground networks
that collect atmospheric
composition data.
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Aura and the A-Train: Science Synergy

When Aura was launched it joined Aqua in what later became known as the Afternoon Constellation, or
A-Train, of satellites*. At first, Aura flew 15 minutes behind Aqua, and their coincident orbital tracks allowed
them to take advantage of their respective capabilities to make coordinated and near-coincident measure-
ments of clouds, aerosols, and other key parameters related to Earth’s climate. The effects of clouds and aero-
sols and their interaction on each other remain one of the largest uncertainties in climate models. In addi-
tion, the synergy of the A-Train measurements led to improved Aura data products.

The Polarization and Anisotropy of Reflectances for Atmospheric Sciences coupled with Observations

from Lidar (PARASOL) spacecraft, became part of the A-Train when it was launched in late 2004 and the
CloudSat and Cloud-Aerosol Lidar and Infrared Pathfinder Satellite Observations (CALIPSO) missions
joined when they were launched together in 2006. In 2007 Aura’s position in the formation was changed

to enable high-quality, merged data products. This followed careful analysis by NASA's Mission Operations
Working Group (MOWG) to ensure that there would be no harmful impact on satellite fuel reserves,
planned mission lifetimes, ground station operations, and that the more compact “train” could be controlled.
Subsequently, Aura and other A-Train instrument teams gave their approval for the maneuver. Aura’s current
configuration in the A-Train, now only eight minutes behind Aqua, was achieved in the spring of 2008. The
Japan Aerospace Exploration Agency’s (JAXA) Global Change Observation Mission - Water (GCOM-W1)
mission joined the formation in 2012. The second Orbiting Carbon Observatory (OCO-2), launched in
2014, now leads the formation slightly ahead of Aqua. PARASOL was removed from the A-Train in 2009.

CALIPSO

CloudSat

PARASOL ¢
TN
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This graphic depicts the order of A-Train satellites after the launch of OCO-2 launch in July 2014. The constellation consists of [front
(right) to back (left)] OCO-2, GCOM-W1, Aqua, CALIPSO, CloudSat, and Aura. The entire A-Train passes over any given surface
location in 13.5 minutes. PARASOL has drifted out of the A-Train. Glory (intended to collect data on Earth’s energy balance) was to
have been part of the A-Train, but it failed to reach orbit after its 2011 launch. Image credit: NASA

Provided here is just one example of how A-Train synergy was employed to uncover the complexities of
aerosol-cloud interaction using MLS cloud ice amount and carbon monoxide (CO; an indicator of pollu-
tion) data, Aqua/MODIS cloud ice particle size, and TRMM (not in the A-Train) precipitation amounts.
The question was: How does pollution affect precipitation and, subsequently, climate? MLS’s unique capability to
observe CO within the clouds combined with MODIS data show that clean clouds have larger ice particles.
Precipitation as measured by TRMM was shown to be greater for clean clouds and lower for dirty clouds.
These results provided controls on model calculations that employ cloud water content and water vapor for
climate predictions.

* For more details on the A-Train please read “Taking the A-Train to New Otleans” in the January-February 2011 issue of
The Earth Observer, [Volume 23, Issue 1, pp. 12-23].
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Summary and Prospects

This article has presented just some of the many discoveries that have come from
Aura over the past 10 years. To date, the mission has met or surpassed nearly all mis-
sion success criteria. Aura data are being used in the U.S. Global Change Research
Program and three international assessments—the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change, the World Meteorological Organization
and United Nations’ Environmental Program Scientific Assessments of Ozone
Depletion, and the Task Force on Hemispheric Transport of Air Pollution. Aura’s data
have proven to be valuable for air quality applications such as identifying the trends
that result from regulation of emissions on decadal time scales, and shorter time scale
applications are being assessed. The original Aura science questions have surely been
addressed or answered and serendipitous discoveries have been realized. Although
HIRDLS is no longer operational and the TES instrument shows signs of wear that
have limited its operations, OMI and MLS continue to operate well. OMTI’s highly
successful advanced technology has been and will continue to be employed by new
NASA satellite instruments, such as on the Suomi National Polar-orbiting Partnership
(NPP) Ozone Mapper Profiling Suite (OMPS) and on the Tropospheric Emissions:
Monitoring of Pollution (TEMPO’) instruments. Overall, the Aura mission continues
to operate satisfactorily and there is enough fuel reserve for Aura to operate safely in
the A-Train until 2023. =l

7See “NASA Ups the TEMPO on Monitoring Air Pollution” in the March—April, 2013 issue of
The Earth Observer [Volume 25, Issue 2, pp. 10-15].
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CATS Mission Brochure Available Online

Scheduled to launch on December 16, 2014, NASA’s Clouds and Aerosol Transport System (CATS) mission will
provide vertical profiles of cloud and aerosol properties at three wavelengths (1064, 532, and 355 nm) from its
mounting location onboard the International

Space Station. Data from CATS will be used . Z—

to derive a variety of properties of cloud and '
aerosol layers including: backscatter, layer
height, layer thickness, extinction, optical
depth, and at least a coarse discrimination of
aerosol and cloud type (e.g., smoke, dust, pol-
lution, water droplet, ice crystal).

The mission seeks to build on the Cloud-
Acrosol Lidar and Infrared Pathfinder Satellite
Observations (CALIPSO) data record, pro-
vide observational lidar data to improve
research and operational modeling programs,
and demonstrate new lidar retrievals of clouds
and aerosols from space. These technologies
and the science gained from the CATS mis-
sion will be used to design future missions
that will study clouds and aerosols and their
affects on Earth’s climate and air quality for
years to come.

For more information about CATS, please
refer to the mission brochure online at eospso.
gsfc. nasa.govisites/default/files/publications/ISS-
CATS_Final_508.pdf or visit cats.gsfc.nasa.gov.
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I Blog Log I

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

This periodic installment features entries in blogs related to NASA’s Earth-science research and fieldwork, and
provides links to access the respective full blogs and view color photographs online. In this issue, we highlight
four recent entries in NASA’s Notes from the Field blog.

If you know of any blogs that should be shared in the Blog Log—perhaps one of your own—please email Heather
Hanson at heather.h. hanson @nasa.gov.

[Blog introductions are modified from text in the featured blogs, which are also the sources for the images pro-

vided here.]

Hurricane and Severe Storm Sentinel 2014

Mary Morris, a graduate student studying atmospheric
science at the University of Michigan, welcomes you

to the Hurricane and Severe Storm Sentinel (HS3)
blog. Morris has been posting about her experiences
participating in the HS3 mission at NASAs Wallops
Flight Facility.

HS3 is a mission designed to investigate the processes
that control hurricane formation and intensification. In
order to collect observations of hurricanes, the team uses
unmanned aerial vehicles (UAVs) that can fly for long

distances to reach hurricanes and storms forming in the

Sitting under the WB-57, Mary Morris hides from the hot Florida sun
to download data from the day’s flight. Image credit: NASA

Atlantic Ocean basin, and are outfitted with suitable
meteorological instruments.

To learn about the science flights through Hurricane Cristobal and Hurricane Gonzalo and some of the challenges
the team has faced, visit earthobservatory.nasa.gov/blogs/fromthefield/category/hs3-2014.

NASA in Alaska 2014

In 2014, a variety of NASA aircraft associated with different airborne campaigns have been flying over Arctic for-
ests, sea ice, glaciers, permafrost, vegetation, lakes, volcanoes, and other terrestrial locations in Alaska. For example,
from early July through mid-August 2014 scientists flew low over the treetops of interior Alaska to get a first-of-a-
kind look at the state’s forests with a portable, airborne imaging system called Goddard’s Lidar, Hyperspectral, and
Thermal Airborne Imager (G-LiHT) to map the composition, structure, and function of the ecosystem.

Also in 2014, NASA scientists, engineers, the ER-2 team, and others flew a laser altimeter called the Multiple
Altimeter Beam Experimental Lidar (MABEL) over melting summer sea ice and glaciers to get a preview of what
these polar regions will look like with data from the Ice, Cloud, and land Elevation Satellite-2 