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Optical Prescription

PHyTIR Optical Design Parameters

Effective Focal Length* 415.3mm
Speed F/2
Aperture Size 207.7mm
Pixel pitch 40pm
IFOV 96.308rad (single pixel)
FOV 1.4126° {along track scanning)
Dwell time 32pus

Spectral coverage

3.5um to 12.5pum

Optical MTFyy, quist

50% polychromatic, all fields {no spider)

Scan mirror rotation rate

14.15rpm (double sided scan mirror)

Altitude* 623km
FOV* 51° {cross track scanning)
Cross track pixels* 9287
Swath* 596km

Swath overlap¥

10% along track pixels

* HyspIRI-TIR specific

* PHyTIR optics consists of 6 reflecting surfaces, 4
transmitting surfaces. (5 mirrors, 2 windows)

* Optics and baffles will operate in an ambient
environment (approximately 295K).

* Focal plane assembly (including cold stop) will
operate at 60K.

* All reflective optics are aluminum with optical
surfaces overcoated with protected gold (> 98%
reflectance). Transmissive window will use BBAR
coated ZnSe (Tt > 95%). Non-optical, baffles and
contact surfaces will be coated with appropriate
thermal coatings.

* Cold stop to be polished aluminum facing focal
plane and black facing optics.
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Baseline Calculated Performance

Noise-Equivalent Temperature Difference (K)
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HyspIRI-TIR Focal Plane Model Assumption Summary

Wavwelength (4m) | Bandwidth (Ym) | Well Size (Me-) QE Read noise (e-) | Dark Current (e-) Transgfsflsizn (%)

(o]
Band 1 3.98 0.015 6.79 0.7 876 235 0.5
Band 2 7.35 0.32 6.29 0.7 876 235 0.63
Band 3 8.28 0.34 6.55 0.7 876 235 0.63
Band 4 8.63 0.35 6.63 0.7 876 235 0.63
Band 5 9.07 0.36 6.65 0.7 876 235 0.63
Band 6 10.53 0.54 8.8 0.7 876 235 0.63
Band 7 11.33 0.54 8.3 0.7 876 235 0.63
Band 8 12.05 0.52 7.5 0.7 876 235 0.63
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PHyTIR test results
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Measured Quantum Efficiency @
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This plot shows QE measured on a Process Evaluation Chip (PEC) detector
fabricated on the same MBE layer as the SCA detector array.
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Measured Focal Plane Dark Current
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Dt cumentis calcy lated from the @ eren ca between signals measuned alwo dfferent integrabon tmes. A tran ster gain of 5752 e/RDL) was used to convet the
measured signal differencetounits of e-feec & discussedin the Gain page. The median value 105 E9 efeac at 60 3K cold fin ger lemparature is in approximate

agreermentwith the value 787 EB e-fsed repored for SCA 17200, A calculation of the expected blackbody fluxin the 2-13.5 micron IR bandfor 1013 ilurmin abion
from the cold shislds &t diffsrent lemperatures is shown below.

The dark current was measured to be ~183e- which exceeds the
performance of the current baseline estimate of 235e-
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Measured Focal Plane Well Size

HyspIRI-TIR focal plane array well depth measrement
Parameter Band 1 Band 2 Band 3 Band 4 Band 5 Band 6 Band 7 Band 8 units
System Transfer Gain 574.2 550.5 550.5 573.5 574.0 733.3 705.5 656.6 e/adu
Rail to Rail Signal Swing 10825 10825 10825 10825 10825 10825 10825 10825 ADU
Rail to Rail Well Depth 6.22E+06 | 5.96E+06 | 5.96E+06 | 6.21E+06 | 6.21E+06 | 7.94E+06 | 7.64E+06 | 7.11E+06 e

The well depth was measured by taking the signal difference between a saturated and
a starved frame multiplied by the gain is the well depth in electrons. The values are
within the range expected for the HyspIRI-TIR array. Both Band 6 and 7 have the
significant increase expected.
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System measurement: Saturation
temperature

PHyTIR Saturation Test
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Demonstrates that long-wavelength bands (8 and 12 um in PHyTIR) do not saturate
below 480 K, as required.
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Pixels

System measurement : Noise equivalent @/

delta temperature (NEAT)
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Pixel temperatures retrieved in each band with 25 C blackbody, 10 minutes after
calibration at required readout speed. PHyTIR would normally be calibrated every 2
seconds. Demonstrates yield (99.8 % response) within columns needed to define a
spectral band and that PHyTIR meets S:N specification.
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System measurement : Noise equivalent
delta temperature (NEAT)

test temp range: 8C to 48C, temporal SNR determined using single pixel over 256 integrations.

FPA 60k, SHELL < 200K Comments
12 Um band 8Ym band

Gain ADU NEAT ADU NEAT oise

125 32.2484 2108.632|mk 57.5 1182.609|mk 1.7 12.37 bits total over full dynamic range
250 151.719 500.9261|mk 274.6875 276.678|mk 1.9

375 279.0458 301.0259|mk 501.7813 167.4036| mk 2.1

500 402.8105 223.4301|mk 724.1875 124.2772|mk 2.25

625 532.6 180.2478| mk 958 100.2088| mk 2.4

750 663.5425 156.7345| mk 1.20E+03 86.71725|mk 2.6

875 791.7059 136.4143|mk 1.38E+03 78.27221|mk 2.7

1000 915.2353 120.1877|mk 1.50E+03 73.11399|mk 2.75

Detail for previous slide. Demonstrates that gains are available that meet required signal
to noise at single pixel level. Required is < 200 mK.
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Editor's Corner

Steve Platnick
EOS Senior Project Scientist

Every Earth-observing mission that has ever flown began as an inspiring vision of what might be possible, fol-
lowed by a long and challenging journey as the vision confronted reality—both technical and financial. As
those who have been involved in developing missions and instruments can attest, it is a journey of many years.
Of course some visions never make it to space, but the ones that do are typically based on demonstrated and
mature technology.

In 1998, as the first missions of the Earth Observing System (EOS) began to launch, NASA established the
Earth Science Technology Office (ESTO) as a testbed to develop technology that could be used for future mis-
sions and instruments. ESTO uses an end-to-end approach for demonstrating advanced and cost-effective tech-
nologies that help NASA fulfill its science objectives. To date, more than 37% of ESTO-funded technologies
have been infused into Earth-observing spaceborne and airborne missions. Please turn to page 22 to read more
about recent ESTO projects.

continued on page 2

These images of Paluweh volcano, in the Flores

Sea, Indonesia, were obtained on April 29, 2013 by
the Landsat Data Continuity Mission’s (LDCM)
Operational Land Imager (OLI) [70p] and Thermal
Infrared Sensor (TIRS) [bottom]. The image pair
illustrates the value of having both OLI and TIRS on
LDCM. Indeed, “the whole is greater than the sum
of its parts.” The OLI captures a high-resolution vis-
ible image of the plume showing the white cloud of
ash drifting northwest over the darker forests and
water. Adding the TIRS image allows us to “see” into
the infrared and reveals a bright white “hot spot”
over the volcano, surrounded by cooler ash clouds,
and highlighting TIRS ability to detect very small
changes in temperature over small distances—down
to about 0.10 °C (0.18 °F). Credit: Robert Simmon,
NASA’s Earth Observatory, using data from the U.S.
Geological Survey and NASA.

www.nasa.gov
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As an example, the Soil Moisture Active—Passive
(SMAP!) mission—the first planned “Decadal Survey®”
mission—reaped benefits from ESTO’s observing system
simulation experiments (OSSEs) conducted under the
Advanced Information Systems Technology Program.

! SMAP is scheduled to launch in late 2014.

2 The National Research Council’s 2007 Earth Science
Decadal Survey—Earth Science and Applications from Space:
National Imperatives for the Next Decade and Beyond (wwuw.
nap.edulcatalog. php?record_id=13405).

The OSSEs are leading to refinements in land sur-

face models to reduce uncertainties in retrievals of key
hydrologic parameters and make the best use of SMAP
data. Be sure to read the update on SMAP’s calibration/
validation activities on page 32.

Of course, the journey doesn’t end when the instru-
ments are deployed in the field or in orbit—in fact, it’s
just beginning. NASA has made great strides in getting
its unique measurement and product datasets into the
hands of scientists, decision makers, policy makers, and
the like. Doing so requires a committed partnership
between data providers and end users. This is exactly
the goal of NASA’s Short-term Prediction Research
and Transition (SPoRT) program. Established in 2002
to demonstrate the weather forecasting application of
realtime EOS measurements, the SPoRT project has
grown into an end-to-end research-to-operations activ-
ity focused on the use of advanced modeling and data
assimilation techniques, nowcasting tools, and unique
high-resolution multispectral data from satellites to
improve short-term weather forecasts on regional and
local scales. Beginning on page 4, we present the differ-
ent NASA products and research capabilities that are
being transitioned to end users.

We also continue our coverage of NASA’s ongoing and
upcoming missions and instruments. The Operation
IceBridge mission has been an opportunity to test exist-
ing technologies on NASA aircraft, evaluate new satel-
lite instrument concepts, and update observations of
land and sea ice. There have been several campaigns
conducted over the past few years, with the most recent
having just concluded. The IceBridge team began mea-
suring sea ice, mapping sub-ice bedrock, and gathering
data on Greenland’s glaciers in mid-March. Twenty-

six science flights were flown out of Thule Air Base

and Kangerlussuaq in Greenland, along with a short
deployment in Fairbanks, AK. The data collected dur-
ing ICEBridge expands upon the record that began with
the Ice, Clouds, and Land Elevation Satellite (ICESat)
in 2003, “bridging” the gap in satellite observations
between ICESat (which ended in 2010) and the planned
ICESat-2 mission (scheduled for launch in 2016).

In our last issue, we reported on the successful launch
of the Landsat Data Continuity Mission (LDCM)

on February 11. Three months later LDCM took its
place in the Morning Constellation. The spacecraft
performed its fourth and final ascent burn on April 12
and is now situated so that it obtains eight-day phasing
with Landsat 7, and passes the Afternoon Constellation
at a safe distance behind Aura. Its two instruments’
appear to be in good working order and are already
obtaining spectacular images—such as the image pair

3 The LDCM instruments include the Operational Land
Imager (OLI) and Thermal Infrared Sensor (TIRS).
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shown on page 1. On May 30, NASA officially passes

control of LDCM over to the U.S. Geological Survey,

and it is at that point that the satellite becomes known
as Landsat 8.

Meanwhile, Landsat 5 personnel began the satellite’s
Phase 2 exit activities with a deorbit burn successfully
performed on April 17. The team plans to execute
burns every week until the fuel runs out.

Previously, we reported on the Tropospheric Emissions:
Monitoring of Pollution (TEMPO*) EV-I mission. On
page 12 of this issue we have a report on the Cyclone
Global Navigation Satellite System (CYGNSS) mis-
sion, selected through the EV-2 solicitation. Scheduled
to launch in 2016, CYGNSS will employ an innovative
design that will feature eight nanosatellites, launched
from the same spacecraft, flying in close proximity to
one another. This constellation of observatories will
allow unprecedented temporal and spatial coverage of

4+ TEMPO was chosen as an Earth Venture Instrument (EVI-
1) mission. A report on TEMPO appears in the March—April
2013 issue [Volume 25, Issue 2, pp.10-15].

the core environment of developing tropical cyclones
than current scatterometers can obtain. While improved
hurricane forecasting is not CYGNSS mission’s primary
objective, it is hoped that hurricane prediction—in par-
ticular, hurricane intensity forecasts—will improve as a
result of the data that the mission returns.

Finally, I am pleased to announce the redesign of
the Earth Observing System Project Science Office
(EOSPSO) website at eospso.gsfr. nasa.gov. The user
interface has changed significantly which allows for
more straightforward navigation through the site.

To view this newsletter issue in color, or to access
issues that date back to March-April 1999, click on
The Earth Observer Newsletter menu option and click
on the desired issue listed on the index page. An
extended explanation of new features—Announcing a
New Look for the EOS Project Science Office Website—
appears on page 41 of this issue. We hope you enjoy
the new site!

editor's corner |

This image shows Saunders Island and Wolstenholme Fjord with Kap Atholl in the background observed during an IceBridge survey flight
over Greenland. Sea ice coverage in the fjord ranges from thicker, white ice seen in the background, to thinner, grease ice and leads showing

open ocean water in the foreground. Credit: NASA/Michael Studinger
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Transitioning NASA Earth-observing Satellite Data to

the Operational Weather Community
Gary Jedlovec, NASA’s Marshall Space Flight Center, SPoRT Project Scientist, gary.jedlovec@nasa.gov

Established in 2002

to demonstrate the
potential for using real-
time EOS measurements
in weather forecasting,
the Short-term
Prediction Research and
Transition (SPoRT)
project has grown

into an end-to-end,
resmrc/a-to-opemtions
activity focused on using
advanced modeling
and data assimilation
techniques, nowcasting
tools, and unique high-
resolution multispectral
data from satellites to
improve short-term
weather forecasts on
regional and local scales.

Introduction

Beginning in 1999 with the launch of the Terra satellite, NASA embarked on the devel-
opment of a comprehensive Earth Observing System (EOS) satellite fleet to measure the
impact of human activities on Earth’s geological, biological, and atmospheric processes.
Scientists analyzing the vast amounts of data from the large suite of instruments flown
by NASA over the last 15 years have made important revelations about the climate of
the Earth and the complex nonlinear processes that govern its change. Equally impor-
tant are the measurements these sensors take of smaller-scale and faster-changing atmo-
spheric features, which govern faster-changing Earth system processes, such as weather.

Getting these unique measurements into the hands of decision makers in a timely fash-
ion, however, presents a challenge that requires a committed partnership between data
providers and end users. Without such cooperation new data, tools, and enhanced
forecast techniques that are provided to the operational users, effectively fall to the
bottom of a “valley of death,” and never get successfully implemented or used. (The
phase “valley of death” is a metaphor for the barriers and obstacles separating research
results and operational applications.) The National Research Council (NRC) 2000' and
20037 reports indicate that successful transitions require understanding the importance
and risks of transition, developing appropriate transition plans, providing adequate
resources for the transitions, and implementing continuous communication and feed-
back between the research and operational communities.

Established in 2002 to demonstrate the potential for using these real-time EOS mea-
surements in weather forecasting, the Short-term Prediction Research and Transition
(SPoRT?) project has grown into an end-to-end, research-to-operations activity focused
on using advanced modeling and data assimilation techniques, nowcasting tools, and
unique high-resolution multispectral data from satellites to improve short-term weather
forecasts on regional and local scales. While initially funded by NASA’s Research and
Analysis Program, SPoRT also supports the objectives of the Applied Science Program
by demonstrating innovative uses and practical benefits of NASA-generated Earth sci-
ence data, scientific knowledge, and research technology. SPoRT has developed and fol-
lows a conceptual transition of research-to-operations (R20) model, which involves close
collaboration with the end user and provides a “footbridge” over the valley of death. The
transition of research data to the operational community better prepares forecasters for
the use of new weather data, since NASA’s instruments are often precursors to instru-
ments lown by the National Oceanic and Atmospheric Administration (NOAA) on
later operational weather satellites. This article describes this transition-to-operations
model and the activities that contribute to its success.

Background

The concept of using NASA’s EOS observations to improve weather forecasting dates
back to the early 1990s; in particular it has been a priority for the Advanced Infrared
Sounder Science Team from its inception. The deliberations most relevant to the
development of SPoRT began in 2001, when Earth Science Division program man-
agers from NASA Headquarters and NASA’'s Marshall Space Flight Center (MSFC)
began discussing the possibility. Several key activities around that time facilitated the

! National Research Council, 2000: From research to operations: Weather satellites and numeri-
cal weather prediction— Crossing the valley of dearh. National Academy Press, Washington, DC,
ISBN: 0-309-56291-0, 96 pp.

? National Research Council, 2003: Sazellite observations of the Earth’s environment: Accelerating
the transition of research to operations. National Academy Press, Washington, DC, ISBN: 0-309-
52462-8, 182 pp.

3 The SPoRT website is weather.msfc.nasa.gov/sport.
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concept of a regional center to transition EOS data to the operational weather com-
munity. NASA had recently launched several of its new EOS satellites to make global
observations of the Earth-atmosphere-ocean system to better understand the Earth’s
climate and how it might be changing. Additionally, numerous low-cost direct-broad-
cast ground receiving stations were being installed across the country to make real-
time data from new EOS instruments—such as the Moderate Resolution Imaging
Spectroradiometer (MODIS) onboard Terra and Aqua, and the Atmospheric Infrared
Sounder (AIRS) and Advanced Microwave Scanning Radiometer for EOS (AMSR-E)
onboard Aqua—available to the user community. At that time, NASA was also estab-
lishing a collaborative partnership with the Department of Defense and NOAA to cre-
ate the Joint Center for Satellite Data Assimilation (JCSDA) to focus on assimilating
NASA satellite data into global weather models to improve medium-range (two-to-
seven-day) weather forecasts. The SPoRT mission to focus on improving short-term
weather forecasts on regional and local scales nicely complemented that of the JCSDA.

At the same time, NOAA’s National Weather Service (NWS) was planning to relocate and
open a new weather forecast office in Huntsville, AL, to be collocated with NASA scien-
tists from MSFC’s Earth Science Office, and the atmospheric research and educational
components of the University of Alabama. The potential synergy between the three organi-
zations working together to advance weather diagnostics, nowcasting, and forecasting tech-
niques as a result of the EOS program was electrifying! MSFC scientists developed a pro-
posal to use EOS observations from the direct-broadcast data streams across the country to
do just that. NASA funded the initial and subsequent follow-on proposal to facilitate the
use of EOS data in NWS forecast offices to improve short-term weather prediction.

The SPoRT program has undergone significant development since its inception in
2001. The program is currently in the third phase of a multiphase project. Initial
development focused on working closely with NWS staff to understand how they do
business, identifying forecast problems and matching them to unique NASA observa-
tional and modeling capabilities, and establishing a successful paradigm for the transi-
tion of research capabilities to the operational weather environment. Early successes
with transitioning MODIS data (February 2003) and local ground-based total-light-
ning data (April 2003) into AWIPS?, and demonstrating the impact NASA satellite
data could have on regional modeling activities provided encouragement for the sec-
ond phase of the project. During the second phase, SPoRT expanded its interactions
with end users and their forecast problems, and assessed the impact NASA observa-
tions had on Weather Service operations across the country. SPoRT is now in a third
phase, where it has partnered with NOAA’s proving grounds and test beds to demon-
strate the utility of future NOAA operational sensors. SPoRT also provides the tools
and technology to transition additional data and research capabilities to a broader seg-
ment of the community—including the private sector.

The SPoRT Paradigm: An Approach to Transitioning Research Capabilities to
Weather Forecast Operations

The transition of NASA research and experimental data to the operational weather
community for evaluation and use requires a committed partnership between data
providers and end users. SPoRT bridges the gap between these two groups to make
unique data and products developed by the research community available to the oper-
ational weather community. SPoRT derives a variety of products from a suite of EOS
instruments and works with other data providers in the transition of other unique
products to various end users. This paradigm is visually depicted in Figure 1 (next
page). Initial interaction with potential end users involves a site visit to the end-user
facilities to learn about operational constraints and forecast issues. The knowledge
gained from such a visit allows SPoRT staff members to match a particular research
data or capability to a forecast problem. Potential approaches or solutions are typi-
cally discussed with end users to establish priorities and a baseline for collaboration.

* AWIPS stands for Advanced Weather Interactive Processing System, an advanced processing,
display, and telecommunications system used by the NWS.

The transition of NASA
research and experimen-
tal data to the opera-
tional weather commu-
nity for evaluation and
use requires a commit-
ted partnership between
data providers and end
users. SPoRT bridges the
gap between these two
groups to make unique
data and products devel-
oped by the research
community available to
the operational weather
community.
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Figure 1. The SPoRT para-
digm for successful transition of
research data to the operational
weather community.
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aware of the capabilities,
strengths, and weaknesses
of the solution being
transitioned to their
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develops and conducts
several different types

of training, all of them
conveying the applica-
tion of the new data or
technique, strengths,
weaknesses, and limita-
tions, and also includes
end-user application
examples, taken directly
from the users’ decision
support systems.
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This close interaction from the start reassures the end user that SPoRT is focused on
helping them do their job. Potential solutions are demonstrated and refined in a zesz
bed environment that simulates operational constraints. The test bed environment,
which can be at SPoRT, an end-user facility, or even a third-party location, includes
the use of end-user decision support systems (for the NWS these are typically AWIPS,
NAWIPS?, or AWIPS 1I) along with the pertinent real-time data streams. To make the
transition successful, it is important that the new capabilities be integrated into the
end-user decision-support system so that they can be easily used with other end-user
data and capabilities. Solutions that seem viable (i.e., meet end user requirements for
functionality, timeliness, display, etc.) are further demonstrated and ultimately evalu-
ated in a broader collaborative arrangement that usually includes several collaborative
offices or a quasi-operational test bed with similar interests or needs.

The successful use of transitioned products requires that end users be aware of the
capabilities, strengths, and weaknesses of the solution being transitioned to their envi-
ronment. SPoRT develops and conducts several different types of training, all of them
conveying the application of the new data or technique, strengths, weaknesses, and
limitations—and also includes end-user application examples, taken directly from

the users’ decision support systems. This training takes the form of short self-guided
modules, user-focused quick guides, distance training with the product developer, and
even face-to-face science sharing sessions. Examples of these training modules can be
found on the SPoRT website (weather.msfc.nasa.gov/sport) under Transitions > Training.
End users often participate in developing these training aids.

It is important to understand the degree of impact the solution, new product, tool, or
forecast capability may have in the operational environment. This assessment is usu-
ally done directly in the operational environment (with several end users) or at differ-
ent locations. Short surveys are used to ascertain the impact of the new product on
operational decision-making in the end-user environment. The surveys must not be

a burden on the end user, but must allow for both quantitative and qualitative input
on the utility of the product. The surveys used by SPoRT can be found on the SPoRT
website under Transitions > Surveys. The activities of the transition process and the
outcome of numerous end-user responses to the product surveys form an assessment
study. These results are used to guide either broader product transition or a re-evalua-
tion of the transition process.

> NAWIPS stands for the National Center for Environmental Prediction’s Pre Advanced
Weather Interactive Processing System. NAWIPS is being integrated into the second-generation
AWIPS (AWIPS 1I) systems.
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Partners and End Users

There are many individuals and groups who contribute to and benefit from the success
of the SPoRT project. The primary SPoRT stakeholders (i.c., those who invest in and
gain from the success of the project) are the NASA Research and Analysis and Applied
Science Programs, the NOAA program offices, the NWS Office of Science and
Technology (OST), and forecasters at the NWS Weather Forecast Offices (WFOs).
Managers in these organizations provide funding and give guidance and direction to
ongoing and future SPoRT research and transitional activities. The NWS and the col-
laborating WFOs are major stakeholders in the activity, since they provide direct in-
kind support through their allocation of forecasters, Science and Operations Officers
(SOO0s), and Information Technology Officers (ITOs) in the transition of SPoRT
products into AWIPS, and the education, training, and assessment assistance they pro-
vide. SPoRT beneficiaries are those who benefit from the success of the project. The
NASA and NOAA entities are direct beneficiaries of the success of the SPoRT program.
In addition to the WFOs—who interact with and receive products and capabilities
from SPoRT—other beneficiaries include collaborating private sector partners who
also receive value-added products to improve their weather forecasts. State and county
emergency managers and the general public are indirect beneficiaries of SPORT’s suc-
cess through improved forecasts provided by the WFOs.

Figure 2 shows the locations of SPoRT’s collaborative partners—both supporting
and end users. Supporting partners help SPoRT conduct the research and transitional
activities by providing technical expertise, computational resources, data, and/or other
enabling capabilities. SPoRT end users include forecasters at the various collaborat-
ing NWS WEFOs, and other operational weather entities such as some of NOAA’s
National Centers for Environmental Prediction (NCEPs). The forecasters and envi-
ronmental managers at these facilities have particular needs that can uniquely be met
through the use of NASA’s research capabilities. SPoRT currently works collabora-
tively with twenty-three WFOs and several NCEPs including the Weather Prediction
Center, Ocean Prediction Center, and the National Hurricane Center. While the
majority of the SPoRT end users are forecasters at these various WFOs and NCEPs
across the U.S., the adaptation and use of SPoRT products in NOAA test beds, in
proving ground activities, and for weather disaster applications show the relevance
of SPoRT’s activities to a broader segment of the applied weather community.

@ Collaborating WFO

@ Partner Regional HQ

@ Real-Time Data Source

@ Collaborating National Center
@ River Forecast Center

[ ]
L J
Salt Lake City, Iﬂsm -
* Central Region HQ

Kansas City, Missouri

Pacific Region HQ
Honolulu, Hawaii

The primary SPoRT
stakebolders (i.c., those
who invest in and gain
[from the success of the
project) are the NASA
Research and Analysis
and Applied Science
Programs, the NOAA
program offices, the
NWS Office of Science
and Technology (OST),
and forecasters at the
NWS Weather Forecast
Offices (WFOs).
Managers in these orga-
nizations provide fund-
ing and give guidance
and direction to ongo-
ing and future SPORT
research and transi-
tional activities.

Figure 2. Map showing loca-
tions of SPoRT collaborative
partners—including both sup-
porting partners and end users.
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SPoRT provides a suite
of products from vari-
ous NASA sensors that
enhance the feature
detection capabilities
beyond that which is
typically achieved using
operational satellite
data alone.

NASA Products and Research Capabilities Transitioned to End Users

SPoRT provides a suite of products from various NASA sensors to its end users for
their decision-making processes. A list of these data and products and the forecast
challenges that they support, are presented in Table 1. Basic MODIS imagery from
NASA’s Terra and Aqua satellites portrays atmospheric water vapor, cloud, and surface
features—providing an increase in spatial resolution by a factor of sixteen over existing
Geostationary Operational Environmental Satellite (GOES) imagery. Forecasters use
the MODIS imagery to better understand the current environment (i.e., weather con-
ditions), leading to improved situational awareness that helps support short-term fore-
casts and weather-related decisions. A suite of products derived from the basic imagery
provides additional feature detection capability not readily available with operational
satellite data. For example, the numerical difference in the shortwave and longwave
infrared window channels on MODIS provides a useful means of discriminating
between low clouds and fog, particularly at night when conventional visible imagery

is unavailable. Derived products—such as sea surface temperature and various veg-
etation indices—provide qualitative information on variations in surface conditions
affecting the development of clouds and other local weather processes.

The large data volume associated with the high-resolution MODIS imagery is often a
challenge for operational decision support systems used by many end users. The data
volume provided to end users is often reduced by using data fusion techniques. As

an example, the production of red-green-blue (RGB) channel combinations provides

Table 1. SPoRT product suite provided to end users.

INSTRUMENT/PRODUCT FORECAST PROBLEM

MODIS (onboard Terra and Aqua)

Imagery (visible, 3.9, 6.7, 11 pum)

Improve situational awareness

Suite of RGB products (true and false color snow, air mass, | Cloud structure, obstructions to visibility, extent of
night- and daytime microphysics, dust)

SNoOw cover

Fog/low cloud (3.9 - 11pum)

Improve situational awareness

Land and sea surface temperature (LST, SST)

Surface forcing for clouds and convection

SST and ice mask (Great Lakes and Arctic Ocean)

Coastal processes, lake effect precipitation

NDVI/GVF

Model initiation/improved forecasts

AMSR-E (onboard Aqua)/AMSR2 (onboard GCOM-W1)

Rain rate, cloud water

Coastal weather, data in void regions

Sea surface temperature (SST)

Coastal weather

Total-Lightning Data (ground-based)

Source/flash density

Severe weather, lightning safety

Multi-sensor composites

SST (MODIS, GOES, AMSR)

Short-term weather forecast improvement

GOES-MODIS hybrid imagery (visible, 3.9, 6.7, 11pm)

Improved situational awareness

Hybrid RGB suite

Improved situational awareness

Suomi NPP Products

VIIRS imagery (visible, 3.9, 11 pum)

Improved situational awareness

Suite of VIIRS RGB products (true, air mass (w/Crosstrack
Infrared Scanner), night- and daytime microphysics, dust)

Cloud structure, obstructions to visibility,
storm dynamics

VIIRS DNB (low light) — radiance, reflectance, RGB

Improved situational awareness
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INSTRUMENT/PRODUCT FORECAST PROBLEM

Passive Microwave

Tropical Rainfall Measuring Mission (TRMM) Microwave
Imager [TMI] 37 GHz (V/H), 85 GHz (V/H), composite

Precipitation monitoring, storm dynamics

Miscellaneous

Land Information System (LIS) — soil moisture Convective initiation, drought monitoring, flooding

Ozone Monitoring Instrument (OMI, onboard Aura)

NOAA’s National Environmental Satellite, Data, and

Information Service (NESDIS) sulfur dioxide (SO,) Volcanic ash monitoring

AIRS (onboard Aqua)

Carbon monoxide (CO), ozone (O,) imagery Fires, air quality, storm dynamics

the information content of many channels in one product. SPoRT has developed and
transitioned a suite of RGB composite imagery products to end users for: monitoring
the change in surface visibility due to low clouds, fog, or smoke (true color); differen-
tiating snow on the ground from low clouds (false color snow product); and identify-

ing air mass properties and tropopause fold regions (air mass), cloud properties (day Figure 3. MODIS air mass
and night microphysics), and airborne product displayed in AWIPS.
dust (dust product). Figure 3 presents an

K . e G G S W b— " — VO b
example of the RGB air mass product in ——— - 3 T

AWIPS at a collaborative WFO. Note that
by ingesting the data into the end-users’
decision support systems, forecasters can
integrate the data with other products and
use existing tools to highlight characteris-
tics of the research data for others to use.

Although the polar orbits of the Terra and
Aqua satellites limit data availability to
between two and four times daily at mid-
latitudes, these image data and derived
products are regularly used to improve sit-
uational awareness at most of the SPoRT
collaborative weather offices. To address
forecasters’ complaints that it is difficult
to animate the polar orbiting imagery
because of the infrequent orbital passes
and varying spatial coverage, SPORT
developed a geostationary—polar hybrid
product from GOES and Polar-orbiting Environmental Satellites (POES), consisting of
a continuous loop of operational GOES imagery complemented by MODIS imagery at
the available overpass times. This hybrid image product preserves spatial resolution of the
polar-orbiting data and the animation capability of the geostationary observing platform.

Several products from the AMSR-E instrument were made available to coastal fore-
cast offices to monitor precipitation associated with approaching storms and tropi-
cal weather systems outside the range of land-based radar systems (until instru-
ment failure in 2011). AMSR2 data from the Japanese Global Change Observation
Mission—Water (GCOM-W1) satellite will soon be transitioned to replace the
AMSR-E data stream.

Early in the collaborative process SPoRT also transitioned some unique total-light-
ning measurements from several NASA ground-based lightning networks. A num-
ber of WFOs have used lightning source and flash density products derived from
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A number of WFOs
have used lightning
source and flash den-
sity products derived
[from total-lightning
network data, along
with Doppler radar, to
improve the lead time
for predicting severe-
weather-producing tor-
nadoes and damaging

hail, as well as for light-
ning safety.

Figure 4. Total lightning prod-
ucts displayed in AWIPS II.

total-lightning network data, along with Doppler radar, to improve the lead time

for predicting severe-weather-producing tornadoes and damaging hail, as well as

for lightning safety. An example of total-lightning data products from the North
Alabama Lightning Mapping Array (NALMA), the Earth Networks Total Lightning
Network®, and the pseudo Geostationary Lightning Mapper (pGLM)—that previews
future observing capabilities from the GOES-R satellite—as displayed in AWIPS II

at the Huntsville WFO is presented in Figure 4. Transitioning these unique lightning
products gives forecasters an edge in providing severe-weather guidance and lightning-
safety information to the general public. The current distribution of total-lightning
products includes data from seven different networks that have been transitioned to

twelve WFOs and several NCEPs.

In addition to products derived directly from quasi-instantaneous swaths of data from
a single sensor, SPoRT produces several multisatellite/multitime products such as the
MODIS Normalized Difference Vegetation Index (NDVI) and Greenness Vegetation
Fraction (GVF) products and the passive microwave/infrared cloud-free composite sea
surface temperature product to improve local situational awareness and to assimilate
into weather models run by individual WFOs for local model applications.

The success of SPoRT’s transition to operations activities is measured in a number of
ways including the number of peer-reviewed publications, transitional successes, com-
munity recognition, and end-user satisfaction. While the transition of a variety of new
products and research capabilities to the end-user community is an important metric,
the impact of the product and the satisfaction of the end user with the NASA research
capabilities are equally important for both products transitioned and tools developed
and provided to carry out successful transitions. Feedback on the success of these tran-
sitions is obtained through user surveys and documented in assessment studies and
reports. Community recognition of SPoRT as an important partner to help facilitate
other transitions is equally important. Recognition of SPoRT as “the place to go” for
help in transitioning unique NASA weather products to the operational weather com-
munity demonstrates the success of the program.

¢ For more information, visit: wwuw.earthnetworks.com/OurNetworks/LightningNetwork.aspx.
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Opportunities for the community to partner with SPoRT are available through regu-
lar Research Opportunities in Space and Earth Science (ROSES) proposal solicita-
tions. Newly developed transitional activities undertaken by other agencies—but
using the SPoRT paradigm, capabilities, or information—are an additional measure of
project success. Peer-reviewed publications on new research and transitional capabili-
ties and techniques used to develop them are another key metric to document the suc-
cess of the project. The publication rate may depend on the changing emphasis of the
project; from time-to-time, more emphasis is put on transition rather than research.
Publication of transitional results and assessments are also appropriate, although they
may not always appear in peer-reviewed forums.

While transitioning EOS satellite data and products demonstrates the utility of the
NASA data for weather forecasting and other societal applications, the research data

also serve as precursor or proxy datasets to future NOAA operational instruments such
as those of the Joint Polar Satellite System (JPSS) and the GOES-R satellite programs.
Through the transition and use of data that simulate observing capabilities of instru-
ments on these future observing systems (like the pGLM), SPoRT is helping prepare and
train forecasters for the use of these next-generation capabilities. SPoRT has been par-
ticipating in NOAA’s JPSS and GOES-R Proving Ground activities for the last several
years by working with its collaborative development partners (at the NOAA Cooperative
Institute for Mesoscale Satellite Studies and the Cooperative Institute for Research in the
Atmosphere) to transition these unique capabilities to operational end users. Eight of
SPoRT'’s collaborative WFOs and all five of the collaborating NCEPs receive and evalu-
ate the utility of proxy products in their forecast operations. Of particular interest is the
use of data from the NASA/NOAA Visible Infrared Imaging Radiometer Suite (VIIRS)
on the Suomi National Polar-orbiting Partnership (NPP) satellite, not only to simulate
the spatial and spectral capabilities of the future GOES-R Advanced Baseline Imager
(ABI), but also to directly improve situational awareness and short-term weather fore-
cast capabilities for a variety of end users. SPoRT provides high-resolution imagery from
VIIRS [including a suite of RGB products, and radiance and reflectance products from
the new low-light sensor [or day-night band (DNB)] to its end users. The DNB senses
reflected moonlight from clouds, smoke, and surface features and visible emission from
fires and city lights, and improves the nighttime detection of atmospheric features when
only coarse-resolution infrared data are available.

Summary and Future Opportunities

Through these efforts, SPoRT strives to be a focal point and facilitator for the trans-
fer of unique Earth science technologies to the operational weather community, with
an emphasis on short-term forecasting. To achieve this vision, the SPoRT project will
continue to address new data and technologies and develop and test solutions to criti-
cal forecast problems, and integrate solutions into end-user decision-support tools.

Future SPoRT activities will focus both on diagnostic analysis of new NASA Decadal
Survey data, such as those from the upcoming Soil Moisture Active Passive (SMAP)
mission, as well as data from the Global Precipitation Measurement (GPM) missions
and the assimilation of these data into regional weather forecast models using land data
assimilation capabilities within the NASA Land Information System. SPoRT plans to
transition additional total-lightning network data and to generate additional value-
added lightning products for use by the operational weather community. New RGB
products and accompanying training are also planned for the near future. Given its
commitment to be at the forefront, SPoRT will transition all current and future prod-
ucts into the new NWS decision-support system (AWIPS 1I) as it is implemented
across the country. Hll

While transitioning EOS
satellite data and products
demonstrates the utility
of the NASA data for
weather forecasting and
other societal applications,
the research data also
serve as precursor or proxy
datasets to future NOAA
operational instruments
such as those of the Joint
Polar Satellite System
(JPSS) and the GOES-R
satellite programs.
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Historically, it has been
difficult to obtain space-
based measurements

of ocean surface vector
winds in regions with
heavy precipitation.
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NASA Intensifies Hurricane Studies with CYGNSS

Christopher Ruf, University of Michigan, Space Physics Research Laboratory, cruf@umich.edu
Allison Lyons, University of Michigan, adlyons@umich.edu
Alan Ward, NASAs Goddard Space Flight Center/\Wyle, alan. b.ward@nasa.gov

Irene forecasts on track;
(A.P. wire service, August 29, 2011)

by Seth Borenstein
& ChristineAmario:

- Hurricane Irene
was no mystery to
" forecasters. They
dknew where it was
going. But what it would do when it got there
was another matter. Predicting a storm's
strength still baffles meteorologists. Every
giant step in figuring out the path highlights
how little progress they've made on another
crucial question: How strong?

Figure 1: Excerpt from article

on the Associated Press Wire
Service, August 29, 2011.

Rationale for CYGNSS

not up to speed on wind

...the forecast after Irene hit the Bahamas had
it staying as a Category 3 and possibly
increasing to a Category 4. But it weakened
and hit as a Category 1...“We're not
completely sure how the interplay of various
factors is causing the strength of a storm to
change,” [National Hurricane Center Director
Bill] Read said. One theory is that a storm's
strength is dependent on the storm's inner core.
Irene never had a classic, fully formed eye wall
even going through the Bahamas as a Category
3. “Why it did that, we don't know,” Read said.
“That's a gap in the science.”

ment at the core of a tropical cyclone.

Hurricane track forecasts have improved in accuracy by abour 50% since 1990, largely as
a result of improved mesoscale and synoptic modeling and data assimilation. On the other
hand, in that same period there has been essentially no improvement in the accuracy of
intensity forecasts—an observation that is widely recognized not only by national research
institutions', but also by the popular press—see Figure 1.

A hurricane intensity forecast is critically dependent on accurate wind measurements
in the core of the developing tropical cyclone. Current hurricane intensity forecasts
are limited by two factors: inaccuracy of current ocean surface wind measurements
and inadequate sampling of the rapidly evolving core environment. Historically, it has
been difficult to obtain space-based measurements of ocean surface vector winds? in
regions with heavy precipitation. While supplementing satellite observations with air-
craft-based observations has helped improve accuracy in some instances, wind-speed
estimates in the inner core of a hurricane continue to be a challenge.

Tropical cyclones form

from mesoscale convective
systems (MCSs?). In the
tropics, MCSs account for
more than half of the total
rainfall, and their develop-
ment s critically dependent
on complex interactions
between ocean surface prop-
erties, moist-atmosphere
thermodynamics, radiation,
and convective dynamics.
Unfortunately, most current
space-based active and pas-
sive microwave instruments
are in polar low-Earth orbits

(LEOs) that maximize global coverage but leave significant “data gaps” over the trop-
ics. Further, a single, broad-swath, high-resolution scatterometer system cannot resolve
synoptic-scale spatial detail everywhere on the globe, and in particular not over the
tropics. The revisit times of current on-orbit instruments range between 12 hours and
several days, and are similarly not sufficient to capture the rapidly changing environ-

As a striking example, Figure 2 (next page) shows the percentage of times that

the core of every tropical depression, storm, and cyclone from the 2007 Atlantic

and Pacific storm seasons was successfully imaged by the Quick Scatterometer
(QuikSCAT) or Advanced Scatterometer (ASCAT). Sometimes, the core is missed
when an organized system passes through an imager’s coverage gap; other times, it

is because the storm’s motion is appropriately offset from the motion of the imager’s
swath. The figure highlights the fact that, in many cases, tropical cyclones are observed

' Hurricane Warning: The Critical Need for a National Hurricane Research Initiative, National
Science Foundation, NSB-06-115, 2007; Hurricane Forecast Improvement Project, NOAA, 2008
% These include NASA’s Quick Scatterometer (QuikSCAT), which flew on the SeaWinds mis-
sion, the Advanced Scatterometer (ASCAT) on the European Organization for the Exploitation
of Meteorological Satellites (EUMETSAT) METOP series of satellites, and the Oceansat-2.

3 Tropical cyclones, mesoscale convective complexes, squall lines, lake effect snow, and polar
lows are all weather phenomena that form from MCSs.
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2007 Atlantic Hurricane Season
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less than half the time. One particularly egregious case is Hurricane Dean, for which
ASCAT was able to observe it during less than 5% of its life cycle.

The goal of NASA’s Cyclone Global Navigation Satellite System (CYGNSS) is to
resolve these two principal deficiencies with current tropical cyclone intensity fore-
casts. Selected as a Venture Class mission*, CYGNSS—with a tentative launch date of
2016-uses an innovative design that employs eight small satellites carried into orbit
on a single launch vehicle. The eight satellites will comprise a constellation that will
allow the observatories to fly in close proximity to each other to measure the ocean
surface wind field with unprecedented temporal resolution and spatial coverage,
under all precipitating conditions, and over the

full dynamic range of wind speeds experienced The system will allow us to probe the inner core of hurricanes

for the first time from space to better understand their rapid
intensification.

—Christopher Ruf [University of Michigan—CYGNSS
Principal Investigator]

in a tropical cyclone. (The constellation concept
is described in greater detail below.) It will do
so by combining the all-weather performance of
Global Positioning System (GPS)-based bistatic
scatterometry with the sampling properties of a

dense microsatellite (microsat) constellation—
see CYGNSS Heritage: Using GPS Reflectometry
for Geophysical Measurements on page 17. In orbit, the observatories will receive both
direct and reflected signals from GPS satellites. The direct signals pinpoint CYGNSS
observatory positions, while the reflected signals respond to ocean surface rough-
ness, from which wind speed is retrieved. Figure 3 illustrates the improvements that

4 Venture Class missions are intended to be principal-investigator-led, rapidly developed, cost-
constrained missions/instruments for NASA’s Earth Science Division. The September—October
2010 issue of 7he Earth Observer [Volume 22, Issue 5, pp. 13-18] described the program.
CYGNSS was selected in June 2012 from among several proposals submitted for the EV-2
Announcement of Opportunity.
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Figure 3. This graph shows the percentage of three-hour intervals dur- 30
ing the 2005 Atlantic hurricane season in which each of three ocean wind
scatterometers [QuikSCAT (QScat), OSCAT, and ASCAT] would have

sampled the inner core region of every tropical cyclone that occurred

that year. Also included is the percentage sampled by the combined

rently operational) and the percentage that would have been sampled by

tially higher sampling capability of tropical storm inner core regions than

251
OSCAT+ASCAT constellation (since these two scatterometers are cur- 52201
CYGNS