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EOSDIS SIPS and their Role Ensuring
Consistent Long-Term Global
Observations of Atmospheric 0zone

The OMI and OMPS Science Investigator-led Processing Systems
(SIPS) ensure that ozone data collected by instruments aboard the
Aura and Suomi-NPP satellites reach global users.

ASA’s Earth Observing System Data and Information System (EOSDIS)

provides end-to-end capabilities for managing NASA’s Earth science data. These
data are archived and disseminated through 12 discipline-specific Distributed
Active Archive Centers (DAACs), which are managed by NASA’s Earth Science

Data and Information System (ESDIS) Project. Processing instrument data
and providing a wide range of processed data products to the DAAC:s is the
responsibility of EOSDIS

Science Investigator-led
Processing Systems, or SIPS.

Thanks to the SIPS, data
users have access to more
than 10,000 unique data
products that are constantly
reprocessed and improved
to provide the best research-
caliber data possible.

SIPSs perform forward processing
of standard products, and
reprocess data to incorporate
algorithm improvements.

EOSDIS SIPS are under
the direction of instrument
or mission Principal
Investigators or Team
Leads, and are generally

SIPS are geographically distributed across the country, and are generally
located at the same facilities where algorithms and models used ro
generate standard and special dara products are developed. NASA
EOSDIS graphic.
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(but not necessarily) located at or near the Scientific
Computing Facility (SCF) responsible for processing
specific instrument or mission data. The SIPS incorporate
science algorithms and process complex satellite data into
well-calibrated observational products, which are sent to

the appropriate DAAC for archiving and distribution.

The work of the SIPS is challenging for several reasons. For
one, raw satellite telemetry data often arrive at different
times and in separate data streams and formats, and

must be aligned to meet algorithm dependencies. This
means that the SIPS must perform data accounting on
each interface and track down missing data to ensure
that processing keeps up with the continuous, operational
instrument data flows. Additionally, they must regularly
and quickly incorporate changes to data calibration
parameters and algorithms as well as reprocess existing
data to ensure long-term data accuracy over the life

of a mission. Along with these responsibilities, SIPS
simultaneously maintain and upgrade infrastructure to
support evolving requirements, such as updated system
security enhancements. Ozone data and products in the
EOSDIS archive are a good example of the vital role
played by the SIPS and the challenges they face.

Stratospheric ozone (Oa) absorbs incoming solar ultraviolet
(UV) radiation. While atmospheric ozone is beneficial,
ozone at ground level is considered a pollutant, and

can damage vegetation and harm health. Monitoring
atmospheric ozone is not only crucial to safeguarding life
on Earth, but also a job perfectly suited for instruments
aboard Earth observing satellites.

NASA efforts to establish a consistent, long-term ozone
data collection began with the Total Ozone Mapping
Spectrometer (TOMS) program. Starting in 1978 with

the launch of the first TOMS instrument aboard the joint
NASA/National Oceanic and Atmospheric Administration
(NOAA) Nimbus-7 spacecraft and concluding in 2007
with the decommissioning of the last of the three TOMS
instruments aboard the NASA TOMS-Earth Probe
spacecraft, the daily TOMS data gave scientists their first
opportunity to study ongoing changes in the ozone layer.

Two principal current satellite-based ozone-observing
instruments are the Ozone Monitoring Instrument
(OMI), which is aboard NASA’s Aura satellite) and the
Ozone Mapping and Profiler Suite (OMPS, which is

aboard the joint NASA/NOAA Suomi National Polar-
orbiting Partnership, or Suomi-NPP, satellite). The OMI
and OMPS SIPS are responsible for processing data from
these instruments into numerous data products, and are
both located at NASA’s Goddard Space Flight Center in
Greenbelt, MD. A second OMPS instrument is aboard
the recently-launched NOAA-20 satellite. Data from

this second OMPS instrument that are consistent with
the long-term NASA ozone record are expected to be
publically available later this year.

Standard ozone data products from TOMS, OM], and
OMPS that are intended for use in scientific research are
archived and disseminated through NASA’s Goddard
Earth Sciences Data and Information Services Center
(GES DISC), which is the EOSDIS DAAC responsible for
NASA atmospheric composition and dynamics data. These
products can be accessed through the GES DISC as well
as through the EOSDIS Earthdata Search application by
searching with the keyword “ozone.”

In addition, near real-time (NRT) OMI and OMPS
data products are available through the EOSDIS Land,
Atmosphere Near real-time Capability for EOS, or
LANCE system. While NRT products do not have the
extensive processing, quality assurance, or validation
required for use in scientific research, they are available
soon after a sensor overpass and are an excellent resource
for tracking on-going events or monitoring daily ozone
concentrations.

OMI Total Ozone Jan 17, 2018
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An OMI global rotal ozone image from 17 January 2018. Yellow and red colors
indicate areas of higher ozone concentration; blue and green colors indicate lower
ozone concentrations. Ozone concentrations are measured in Dobson Units (DU).
NIVR-FMI-NASA-KNMI image; accessed 19 January 2018.
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OMLI is one of four instruments aboard the Aura
spacecraft, and is a contribution of the Netherland’s
Agency for Aerospace Programs (NIVR, which was
merged into the Netherlands Space Office in 2009) in
collaboration with the Finnish Meteorological Institute
(EMI). OMI uses hyperspectral imaging in a push-broom
mode to observe solar backscatter radiation in the visible
and ultraviolet electromagnetic spectrums. Earth is viewed
in 740 wavelength bands along the satellite track with a
swath large enough to provide global coverage in a day
with a nominal 13x24 km spatial resolution.

The OMI SIPS began operations in 2004 after the launch
of Aura, and currently generates data products including
total ozone and other atmospheric parameters related to
ozone chemistry and climate. The Royal Netherlands
Meteorological Institute (KNMI) provides the instrument
calibration software and parameters required to generate
the OMI calibrated and geo-located Level 1b products.
Algorithms for higher-level OMI products, such as
nitrogen dioxide (NO,), sulfur dioxide (SO,), and total
column ozone, are provided by OMI science team
Principal Investigators.

The OMI SIPS facility consists of the OMI Data
Processing System (OMIDAPS), which was originally

adapted as a scaled-down version of the processing system

that was developed for processing Moderate Resolution
Imaging Spectroradiometer (MODIS) data from NASA’s
Terra and Aqua missions. Rather than use the large,
high-performance servers that were required for MODIS
processing, OMIDAPS was moved to a cluster of Linux-
based commodity computers. A second instance of the
OMIDAPS was established for integration and testing of
OMI science processes as algorithms are delivered from the
science team.

OMIDAPS software originally was developed based on
technology prevalent in 2001, using 32 bit Fortran and C
computing systems with Hierarchical Data FormatEarth
Observing System (HDF-EOS) libraries. The OMI SIPS
has continually upgraded versions of the compiler and
libraries every few years, making incremental changes to
the software. One of the more significant recent processing
challenges faced by the OMI SIPS has been converting all
processing code from 32 bit to 64 bit processor systems.
This necessitated verifying that existing 32 bit science
software would run the 64 bit systems and prioritizing the

order in which the science software would be converted.
This upgrade also required the conversion of all libraries
along with the development of guides for the conversion
and documentation of common problems and their
solutions. The conversion to 64 bit not only improves
the processing capability of the SIPS, it also provides
the ability for science algorithms to use larger amounts
of memory, access larger files, and use newer hardware
instructions.

Most of the OMI processing algorithms also have
benefitted from the move to new hardware. In the case of
central processing unit (cpu)-bound algorithms, this has
resulted in a 50% increase in performance. In addition,
the OMI SIPS team has designed the system for rapid
algorithm development. This allows a scientist to make a
change to their data processing algorithm, test this change,
and deliver the updated algorithm to the OMI testing

team with one command.

As the OMI science algorithms and knowledge of
instrument calibration improve, OMI data products

need to be reprocessed. Most recently, the OMI SIPS
reprocessed the UV Aerosol data product (OMAERUYV;
DOI: 10.5067/Aura/OMI/DATA2004), OMI/Aura and
MODIS/Aqua Merged Aerosol Geo-colocation Product
(OMMYDAGEQ), and the OMI/Aura Global Ground
Pixel Corners product (OMPIXCOR; DOI: 10.5067/Aura/
OMI/DATA2020).

The OMI SIPS also produces special validation products
that are used by the OMI science team and stored at the
Aura Validation Data Center (AVDC). Reprocessing

of these OMI validation products is required when
algorithms or calibration are updated. The OMI SIPS
recently reprocessed the OMI Above-Clouds Aerosol
Data research product that is used for validating above-
cloud aerosol data products derived from OMI near-UV

observations.

In addition to OMI standard data products, five OMI
near real-time (NRT) data products are available through
LANCE. The OMI NRT capability is a joint development
of NASA and the KNML

Since the Aura launch in 2004, over 100 TB of OMI
observations have been generated by the OMI SIPS and

archived in more than 50 standard data products at the
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GES DISC. Each year, approximately 14 TBs of new OMI
observations are generated by the SIPS and added to the
archive. More than 1 PB of OMI data has been distributed
from the GES DISC and LANCE over the life of the

mission.

Data from the OMPS instrument aboard the joint NASA/
NOAA Suomi-NPP satellite (operational 2011 to present)
compliment OMI data and enhance the ongoing NASA
ozone data record. OMPS measures the global distribution
of the total atmospheric ozone column on a daily basis.

It also measures the vertical distribution of ozone from
about 15 to 60 km/about 9 to 37 miles in the atmosphere,
although this measurement is conducted less frequently.
OMPS is a three-part instrument build by Ball Aerospace
in Boulder, CO: a nadir mapper that maps global ozone,

a nadir profiler that measures the vertical distribution

of stratospheric ozone, and a limb profiler that measures
ozone in the lower stratosphere and troposphere. The nadir
mapper and profiler look directly below the instrument
through the atmosphere, while the limb profiler collects
data looking through the atmosphere at an angle.

The OMPS SIPS began operation with the launch of
the Suomi-NPP satellite in 2011, and is responsible for
processing and reprocessing Suomi-NPP Nadir Products,
including OMPS total column, total column Earth
view, total column calibration, nadir profile Earth view,

and nadir profile calibration. The OMPS SIPS recently
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OMPS Level 2 Nadir Mapper total column swath ozone NRT image
(NMTO3NRT) from 18 January 2018. Ozone concentrations are measured

in Dobson Units (DU), with red and orange colors indicating higher ozone
concentrations and blue and green colors indicating lower ozone concentrations.
NASA EOSDIS Worldview image (https://go.nasa.gov/2FSINmi); accessed 19
January 2018.

established a new processing string to process NOAA-20
OMPS data.

Currently, 12 Suomi-NPP OMPS datasets are available
for download through the GES DISC. In addition, Total
Column Ozone and Aerosol Index, SO,, and Ozone
Profile NRT products are available through LANCE.
Since the Suomi-NPP launch, over 3 TB of OMPS data
have been generated by the OMPS SIPS and archived
at the GES DISC; over 6 TB of OMPS data have been
distributed by the GES DISC.

As with OMI, an important recent OMPS SIPS
accomplishment is the conversion of processing code

from 32 bit to 64 bit, resulting in increased performance
for processing OMPS limb data. The combination of
converting the code to 64 bit along with running the code
on the newest 64 bit machines significantly decreases the
time needed to process one orbit’s worth of limb data—
from 2.5 hours to 0.5 hours.

OMPS data products, like OMI products, occasionally
need to be reprocessed to maintain a consistent record of
observations over the entire mission. The OMPS SIPS
recently reprocessed Version 2 of the OMPS nadir sensor
datasets (total column ozone, nadir ozone profile, SO,,

and NO,) and Version 2 of the OMPS limb ozone profile
product (OMPS_NPP_LP_1.2_03_DAILY; DOI: 10.5067/
X1Q9VA07QDS7). The OMPS SIPS also generated a new
product: the OMPS limb aerosol profile (OMPS_NPP_LP_
L2_AERG675_DAILY; DOI: 10.5067/2CB3QRISMA3EF).
In addition, the OMPS SIPS packaged the OMPS nadir
sensor science processing algorithm software for distribution
by NASA’s Direct Readout Laboratory at NASA's Goddard
Space Flight Center.

New instruments constantly are joining the constellation
of Earth observing satellites, such as the second OMPS
instrument aboard the NOAA-20 satellite. The work of
EOSDIS SIPS ensures that accurate, valid data products
derived from data collected by these instruments are fully
and openly available to data users around the world. l
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OMPS Near Real-Time
Data Now Available
Through LANCE

Near real-time ozone and sulfur dioxide data
products from the OMPS instrument are now
available through the Land, Atmosphere Near real-
time Capability for EOS (LANCE) system.

Near real-time (NRT) data from the Ozone Mapping
and Profiler Suite (OMPS) are now available through
NASA’s Land, Atmosphere Near real-time Capability
for EOS (LANCE) system. The three OMPS NRT data

products are:

* Nadir Mapper Total Column Ozone
(NMTO3NRT)

e Nadir Profiler Vertical Profile Swath
(NPBUVO3-L2-NRT)

* Nadir Mapper Total Column Sulfur Dioxide
(NMSO2-PCA-L2-NRT)

OMPS is one of five instruments aboard the joint NASA/
NOAA Suomi National Polar-orbiting Partnership
(Suomi-NPP) satellite, which was launched in October
2011. Suomi-NPP observes Earth’s surface twice every
24-hours (once in daylight and once at night) from a polar
orbit 824 km (512 miles) above the planet. OMPS data
help scientists monitor the status of Earth’s ozone layer and
verify whether this vital atmospheric layer is recovering as
expected.

OMPS NRT products complement the ozone and sulfur
dioxide NRT data already available through LANCE
from the Ozone Monitoring Instrument (OMI), which is
aboard NASA’s Aura satellite (launched 15 July 2004). In
fact, since the OMPS ozone data retrieval algorithm is so
similar to the OMI retrieval algorithm, OMPS ozone data
represent a continuation of the OMI data collection and
allow for the analysis of more than a decade of continuous
ozone data. In addition, while OMI global coverage is
limited to every two days, OMPS provides daily global

coverage.

Unlike standard data products, which have the extensive
processing, quality assurance (QA) reviews, and validation
necessary for use in scientific research, NRT products

Best Total Ozone Solution

2017-12-16 (day 350) Daily Gridded, Global Orbits = 31783 - 31810

OMPS Nadir Mapper Level 3 Daily Total Ozone for 16 December 2017. Purple
and blue colors indicate low ozone concentrations; orange and yellow colors indicate
higher ozone concentrations. Ozone concentrations are measured in Dobson Units

(DU). Image by NASAs NPP Ozone Science Team.

are available much sooner after a sensor overpass. While
not intended for use in scientific research, OMPS NRT
products are valuable tools for monitoring the health of the
ozone layer, evaluating ultraviolet (UV) radiation intensity,
and managing ongoing natural events such the transport
of dust and smoke from dust storms and biomass burning.
In addition, the OMPS NRT aerosol index and sulfur
dioxide data provide critical information about the size,
location, and movement of sulfur dioxide and ash clouds
from volcanic eruptions, which pose hazards to people on
the ground and to flying aircraft.

Three hyperspectral instruments make up OMPS: two
instruments looking down through the atmosphere and
one instrument looking through the atmosphere at an
angle. The downward-looking Nadir Mapper (NM) and
Nadir Profiler (NP) instruments take daily measurements
of the global distribution of the total atmospheric ozone
column. The Limb Profiler instrument, on the other hand,
looks through the atmosphere at an angle to measure

the vertical distribution of ozone from roughly 15 to 60
km (about 9 to 37 miles) above Earth’s surface on a less
frequent basis.

Ozone (O,) is a minor component in Earth’s stratosphere
(the atmospheric layer extending from about 10 to 50
km/6 to 31 miles above the surface), however it plays a
critical role in absorbing incoming solar UV radiation.
Without stratospheric ozone, Earth would be a hostile
environment for humans and most other living organisms.
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Ozone at ground level, on the other hand, is considered
a pollutant, and can damage vegetation and harm
human health.

Image of Southern Hemisphere ozone concentrations showing the peak extent of the

ozone hole over Antarctica on 11 September 2017 (purple/blue area). Image credit:

NASA/NASA Ozone Watch/Katy Mersmann.

Levels of atmospheric ozone were severely impacted

in the late-20™ century from the use of chemicals that
depleted atmospheric ozone, such as chlorofluorocarbons
(CECs). One result of the reduction in atmospheric
ozone was the development of the Antarctic ozone hole,
which led to significantly higher concentrations of UV
radiation in Antarctica and the Southern Hemisphere.
These ozone-depleting chemicals were phased out under
the international Montreal Protocol on Substances that
Deplete the Ozone Layer.

The 2017 ozone hole over Antarctica reached its
maximum extent of 7.6 million square miles (about
two-and-a-half times the size of the United States)

on September 11. This was the smallest ozone hole
detected since 1988 and the second consecutive year
with a smaller ozone hole. NASA scientists point out,
however, that the smaller ozone hole extent in 2016 and
2017 is due to natural variability and not a signal of rapid
healing.

LANCE is part of NASA’s Earth Observing System Data
and Information System (EOSDIS). EOSDIS provides
end-to-end capabilities for managing NASA’s Earth
science data, which are acquired from satellites, aircraft,
field measurements, and numerous other EOSDIS
programs. The primary services provided by EOSDIS are
data archive, management, and distribution; information
management; product generation; and user support

services.

The addition of OMPS NRT ozone and sulfur dioxide
data products in LANCE provides another source of
information for scientists, researchers, and managers
monitoring the atmosphere, and a valuable continuation of
NASA’s ongoing ozone data record. ll

Links to OMPS Data and Additional Resources

LANCE: https://earthdata.nasa.gov/earth-observation-

data/near-real-time

OMPS NRT products in LANCE: https://earthdata.nasa.

gov/earth-observation-data/near-real-time/download-nrt-
data/omps-nrt

OMPS Standard Data Products: https:/disc.gsfc.nasa.gov/
datasets?’keywords=OMPS

Mersmann, K. & Stein, T. (2017). “Warm Air Helped

Make 2017 Ozone Hole Smallest Since 1988.” NASA news
release, 2 November 2017.
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USER PROFILES:

NASA Earth Science Data User Profiles highlight our diverse
end-user community worldwide and show you not only how
these data are being used for research and applications, but
also where these data are being used — from the plains ,of
Wes’t Texas to the Sea of Oman and everywhere in between
You'll also learn where you can download the data sets in eéch
feature. https://earthdata.nasa.gov/user-resources/who-uses-
nasa-earth-science-data-user-profiles

Dr. Laura Bourgeau-Chavez

Who uses NASA Earth science data?
Dr. Laura Bourgeau-Chavez, for studying wetlands
and wildfire.

Dr. Laura Bourgeau-Chavez, Senior Research Scientist/
Adjunct Associate Professor, Michigan Tech Research
Institute-Michigan Technological University

Research interests: Using field and remote sensing data

for mapping and monitoring wetlands in tropical, temperate,
and boreal ecozones; evaluating the potential for wildfire; and
assessing the effects of wildfire in boreal-arctic regions.

Dr. Laura Bourgeau-Chavez using a handbeld water content
reflectometer to measure soil moisture at a field site in Delta Junction,
Alaska. Image courtesy of Dr. Bourgean-Chavez.

https:llearthdata.nasa.gov/user—resourceslwho-uses-nasa-earth-

science-data-user—profiles/user—profile-dr—Iaura-bourgeau-chavez

Brian Knosp

Who uses NASA Earth science data? ’

Brian Knosp, to im
) prove E ;
products and systems. arih observing data

™™ Brian Knosp,
Scientific
Applications
Software
Engineer, NASA’s
Jet Propulsion
Laboratory (JPL)
at the California
Institute of
Technology
_Research
interests: Database
development and
sqftware engineering
with the goal of findir{g
better ways to make
Earth observing data
available to science
https://earthdata.nasa.gov/user- P

oo - _ resources/who-uses-; -
ence data-user-groflles/user-nrufile-brian-an:Jasspa

Brian Knosp in his NASA
VASA Jet Propulsion
[L;fomtmy (/{’L) office. On the screen is the JPL
’ Wow{zv‘e Limb Sounder (MLS) page for NASA3
ura mission. Image courtesy of Brian Knosp :

Dr. Emily Berndt

Who uses NASA Earth science data? ’
Dr. Emily Berndt, to improve short-term forecasts

of high-impact weather.

Dr. Emily Berndt, Research Scientist, NASA Short-term
Prediction Research and Transition Center (SPoRT)

Research interests: Using satellite data to better understand
the atmospheric processes leading to strong storms and
using this knowledge to develop new forecasting products
and new capabilities to display storm data.

Dr. Emily Berndt in the NASA SPoRT Visualization and
Collaboration Lab. Bebind her is a water vapor image of Hurricane
Matthew coupled with CrISIATMS soundings. NASA photogmph by
Emmett Given, NASA MSFC.

https://earthdata.nasa. ov/user-resources/who-uses-nasa-

earth-science-data—user-profiles/user—proﬁle-dr—emily-berndt
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ANNOUNCEMENTS

@/ NASA’s Earth Observing System Data and Information
’ System (EOSDIS) is pleased to present the 2017 EOSDIS
Data User Profile Yearbook. From tracking global
SCIENCE DATAUSERS urbanization to pinpointing Earth’s lightning hotspots,
o OF NASA EARTH SCIENCED

prORILES OF MASAERTTH EOSDIS data users are applying NASA Earth observing

: YE AR data to a wide range of research. The EOSDIS Data

istration
National Aeronautics and Space Administ

User Profile series showcases these scientists, researchers,

K managers, and educators along with the data products that
g BO O make their work possible. Our Data User Profile Yearbook
gives you a taste of the breadth of research enabled by the
vast NASA EOSDIS data collection.

Download your copy of this year’s edition!

www.nasa.gov

https://earthdata.nasa.

gov/2015-eosdis-data- gov/2016-eosdis-user-
user-profile-yearbook profile-yearbook
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Rio de la Plata

https://earthdata.nasa.gov/
the-rio-de-la-plata

Sensing Sea Ice
Temperature

https://earthdata.nasa.gov/
mastheads

(Published 12/18/17))

Latest NASA Earthdata Images

Hurricane Maria

http://earthdata.nasa.gov/
mastheads

(Published on 11/6/17)

Thomas Fire, California

https://earthdata.nasa.gov/
thomas-fire-california

Dust Storm off
southern Alaska

https://earthdata.nasa.gov/
dust-storm-off-southern-
alaska

Phytoplankton in the
Tasman Sea

http://earthdata.nasa.gov/
mastheads

(Published 12/26/17)

Cloud Streets in
Sea of Okhotsk

http://earthdata.nasa.gov/
mastheads
(Published on 12/11/17)

Cyclone Cebile over the
Indian Ocean

https://earthdata.nasa.gov/
cyclone-cebile-over-the-
indian-ocean

Tropical Cyclone Ockhi in
the Arabian Sea

https://earthdata.nasa.gov/
tropical-cyclone-ockhi-in-
the-arabian-sea

Winter Weather Lightning
Captured by the ISS LIS

http://earthdata.nasa.gov/
mastheads

(Published on 1/29/18)

About Us

Discover NASA Earth Observing System Data and Information System
(EOSDIS) data, information, services, and tools. Tap into our resources!
To learn more, visit our website at https://earthdata.nasa.gov

Connect with Us

Follow NASA Earthdata for Earth science data, services and tools, news,
and updates on social media:

g https://twitter.com/NASAEarthdata
n https://www.facebook.com/NASAFarthdata

http://google.com/+NASAEarthdata

Subscribe to EOSDIS News
https://lists.nasa.gov/mailman/listinfo/eosdis-news

Feedback?
Email: support@earthdata.nasa.gov

Webinars, Tutorials, and Recipes
Data discovery and data access webinars, tutorials, and short data
“how-to” recipes on YouTube at http://www.youtube.com/c/NASAEarthdata

View schedule and sign-up to receive webinar announcements
https://earthdata.nasa.gov/user-resources/webinars-and-tutorials
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