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Focus on IMAPP. ™=

Aqua and Terra support for the Direct Broadcast Community
Funded by NASA since 2000

http://cimss.ssec.wisc.edu/imapp/

@ 50 software packages released in 13 years

@ More than 1700 registrants from 73 different countries
@ 11 direct broadcast workshops held on 5 continents

@ 16 MODIS related software packages

@ 7 AIRS related software packages

@ 4 AMSR-E software packages



Ferent Countries (> 1/3 of the world total)
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Italy Australia Mexico Romania
Argentina Czech Republic Hungary Malaysia
Brazil Canada Belgium Algeria
Kazakhstan Spain Norway Reunion
Ukraine Chile Venezuela Austria
Indonesia Pakistan Sri Lanka Finland
China Nepal France Czech Republic
Denmark Portugal Russia New Zealand
South Africa Poland Vietnam Guatemala
Taiwan Saudi Arabia Mongolia Uruguay
Japan El Salvador Turkey Israel
Morocco Coléombia South Korea Azerbaijan
Iran Serbia UAE Cuba
Singapore Kenya Lithuania Kuwait

India Oman United States Syria
Germany Sweden Thailand Dominican
United Kingdom Uzbekistan Philippines Republic
Iceland Switzerland Ethiopia Belarus

Slovenia Peru Suriname Laos




More than 1700 people have downloaded some part of the IMAPP suite of
products representing 73 different countries and all 7 continents
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MODIS Atmosphere and Polar Products AIRS Retrievals

* Cloud mask  JPL3x3FOV

* Cloud top pressure and temperature e Dual Regression Single FOV

* Cloud optical depth and effective radius AIRS Utilities

* Temperature and moisture profiles » Collocating AIRS/MODIS utility

* Total precipitable water * AIRS HDF to BUFR utility

» Stability indices AMSR-E Level 1B

* Aerosol optical depth e Calibrated and Geolocated Antenna

* Ice Surface Temperature Temperatures

* Snow Mask AMSR-E Products

* Ice Cover and Ice Concentration * Rain Rate, Soil Moisture, Snow Water

* Inversion Strength and Inversion Depth Equilvalent

MODIS Land Products NWP Products

e Land Surface Reflectance * Globally configurable regional numerical

 BRDF weather prediction model that assimilates

| MODIS Image Software MODIS DB products - DBCRAS

e MODIS in Google Earth (true color) Aviation/Severe Weather Products

AIRS Level 1B e Overshooting Tops Identification including

e Calibrated and geolocated radiances and turbulence and lightning potential
brightness temperatures (AIRS) Complete DB Processing System

» Calibrated and geolocated antenna e VA for Mac, Windows and Linux
temperatures (AMSU)




s IMAPP Software Suite v

SSE C
Air Quality Forecast Product - IDEA-I Web Mapping Service (wms)
* 48 Hour Aerosol trajectory forecast * Display and share GeoTIFFs through a web
Stratospheric Ozone Intrusions browser
trajectory forecast * Canreadily display Polar2Grid VIIRS/MODIS
Visualization Tools Imagery

* Polar2Grid MODIS reprojection software
including true color images




4% Polar Orbiter Products and "
US National Weather Service

% Polar Orbiter Data was not being used in lower 48 states
In 2006

@ File sizes, delivery and timeliness all issues

@ Working with local NWS in Milwaukee Sullivan (MKX),
asked to make a presentation that answered this question
““Can Research Satellites be Used in Operations’”?

@ First presentation made on 9 January 2007

@ Described how high spatial and spectral MODIS Direct
Broadcast data could complement GEO satellite data



““Slowly Built User Base

% Forecasters provided situations that they needed
help with

@ Especially lacking were nighttime fog detection
capability and observations over Lake Michigan

@ Made trips to 2 other Forecast Offices in the State
(Lacrosse 2008 and Green Bay 2009 )

@ Set up VisitVIEW TeleTraining called “MODIS
Products in AWIPS”

@ Started providing MODIS data that could be
displayed in AWIPS from DB system in July 2006



Was the Data being
Used?

Metrics
%@ Forecaster Questionnaire
@ Area Forecast Discussions

@ New Forecast Offices Receiving Data




=% MODIS Data Forecast ..
Use

@ Snow/Ice Discrimination
% Fog Detection

% Fire Weather

@ Post Event Analyses

@ Sea State

@ Sea Surface Temperatures
@ Lake Effect Snow Potential
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AREA FORECAST DISCUSSION
NATIONAL WEATHER SERVICE SALT LAKE CITY UT
1024 AM MDT MON JUL 25 2011

.FIRE WEATHER...

. THIS SURGE OF
MOISTURE IS ALSO BRINGING EXTENSIVE CLOUD COVER TO CENTRAL AND
NORTHERN UTAH THIS MORNING.... WITH DEEP MOISTURE MOVING NORTH
BELIEVE THAT RISK FOR DRY THUNDERSTORMS IS LIMITED PRIMARILY TO THE
LEADING EDGE OF THE MOISTURE SURGE ACROSS NORTHERN UTAH...ALTHOUGH
FEEL COVERAGE OF POTENTIAL DRY STORMS WOULD BE LIMITED

N
] = N
v & Y
1
R - s
]
)
&
;

Y
Vapor 1|\ BdZ?((‘)I’II \101?225]111L -ﬂ e

.. m-@ ry from UW SSI}_A[ltenna 10 17 UTC 25 July 2011

|
HODIS TPW dkn (mm) Mon [10:172 25-Jul-11




4

.,//

Fire Detection ...

AREA FORECAST DISCUSSION
NATIONAL WEATHER SERVICE LUBBOCK TX
315 PM CDT MON APR 11 2011

.FIRE WEATHER...

DECREASING WIND SPEEDS WILL ALSO HELP WITH ANY CONTINUED
FIREFIGHTING EFFORTS THROUGH TONIGHT. BY LATE TOMORROW
MORNING...CONDITIONS CONTINUE TO LOOK MARGINAL TOMORROW FOR
MEETING RED FLAG CRITERIA...BUT SOUTH WIND OF 15 TO 25 MPH AND RH
VALUES BETWEEN 10 TO 15 PERCENT WILL RESULT IN AT LEAST AN
INCREASED FIRE DANGER OVER THE REGION. WILL HOLD ONTO THE FIRE
WEATHER WATCH FOR ANOTHER COUPLE OF SHIFTS TO MAKE SURE THE
FORECAST REMAINS CONSISTENT IN THE COMPUTER MODELS FOR
TOMORROW.

@ Due to wildfires, the NWS WFO in Lubbock, Texas, is using the AWIPS
alerting system, GUARDIAN, to inform forecasters of each new MODIS and
AVHRR shortwave IR image that arrives.



Support for Flood Forecasting .,

ASFORECAST DISCUSSION
NATIONAL WEATHER SERVICE TWIN CITIES/CHANHASSEN MN
422 AM CDT TUE MAR 29 2011

LATEST NOHRSC 48-HR CHANGE IN SNOW WATER EQUIVALENT SHOWS BETWEEN
A TRACE AND 0.20 INCH LOSS SINCE SATURDAY ACROSS ALLOF MN AND WI...DESPITE WELL BELOW
NORMAL TEMPERATURES - THE LATE MARCH SUNSHINE IS PLAYING A ROLE IN THIS SLOW MELT...
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Valid: 3/28/2011 - 4/2/2011
Morth Central River enter 111573

Buffalo River at Dilv h

! . =
iR SIGNIFICANT RIVER SIGNIFICANT RIVER FLOODING OCOURRING
= = FLOODING POSSIBLE. FLOODING LIKELY. OR IS IMMINENT.

Terra MODIS Band 117:10 UTC 27 March 2011
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ADVECTING IN OFF-SET BY WARM
GROUND TO KEEP
TEMPERATURE/DEW POINT SPREADS
SUFFICIENT TO LIMIT ANY FOG TO
RIVER VALLEYS AND LAKES.
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" Synoptic Data Plot Tue 18:00Z 12-Nov-13
MODIS Sea Sfc Temperature 1km {F) . Tue 16:15Z 12-Nov-13
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FOCUS WILL THEN BE ON
BAND OF SHRA LIFTING NORTHEAST FROM
THE OHIO VALLEY ALONG APPROACHING
WARM FRONT. REGIONAL RADAR MOSAIC
ALREADY SHOWING THIS DEVELOPING BAND
OF RAIN ACROSS ILLINOIS/INDIANA...WHERE
- : ) NOSE OF LL JET INTERSECTS RETREATING 8H
20 20} £ s oS vl S ST T _ BAROCLINIC ZONE. ALL NEAR TERM MDL

DATA TIMES THIS FEATURE THRU CENTRAL
PA BTWN 17Z-23Z. ENSEMBLE MFLUX VALUES
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18 , Thu,

AND QPF PROBS SUPPORT NEAR 100 PCT
Zun Product <

' CHC OF RAIN ACROSS THE NWMTNS...WITH
- PROGRESSIVELY LOWER CHC OF SHOWERS
FURTHER SE.




MODIS Today website: Terra overpass 7 February 2014 18:09 UTC
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MAINLY AFFECTS THE KEWEENAW PENINSULA. WITH WINDS SHIFTING A
LITTLE MORE TO THE NORTHWEST ON SUNDAY AFTERNOON...HAVE SLOWLY
TRANSITIONED POPS TOWARDS THAT DIRECTION. DIDN/T PUT MUCH FOR
SNOWFALL AMOUNTS (ONLY AROUND AN INCH OR SO) INTO THE FORECAST
DUE TO THE STRENGTH OF THE WINDS LIKELY LIMITING FETCH ACROSS THE

OPEN WATER.
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Support National Weather Service
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, [T —— Billings. Montana (BYZ) Aberdesn, South Dakota (AER)
Fidis 1 Buffala, New York (BUF Amarillo, Texas (AMA) .

Involved Weather Forecast Offices j Cnarteion. ot Caroina (5[ Bingparmon: Newfork (5
= - ] Chicago, lllinois (LOT) ‘Blacksburg, Virginia (RHK)

Eureka, California
Glasgow, Montana (( j
Grand Rapids, Michigan (G 5
Green Bay, Wisconsin (GRB) Columbia, South Carolina {CAE)
La Crosse, Wisconsin (ARX) Datlas/Fort Worth, Texas (FUWWD)
Las Vegas, Mevada (VEF]
Marguette, Michigan (MaT)
Medford, Oregon (MFR)
Minneapaolis, Minnesota (MPX]
Morthern Indiana (V) T
Phoenix, Arizon ] Indianapaolis, Indianal
Raleigh Carolin: \ (| Kansas City, Missouri (EAX)
u C Lincoln, Nlinois (ILX]
San Di Cali i i Lubbock, Texas (LUB)
Spokane, Washington [OTX) g
i State College, Pennsylvania (CTP)
VWichita, Kansas (ICT)

" cCIMSS

Lastupdated on Jul §, 2012

-Distribution Node =:4:-250 MODIS AFDs Issued - 21 AFD Issued - ‘Receive MODIS Imagery




MODIS in Area Forecast Discussions at NWS Forecast Offices through 12/31/2013
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Summarizing the First Ten Years of NASA’s
Aqua Mission

Claire L. Parkinson

Abstract—The Agua spacecraft was launched on May 4, 2002
with six Earth-observing instruments on board to collect data on a
wide variety of Earth system variables. After ten years of on-orbit
operations, Agua has provided data that have contributed to over
2000 scientific publications, with new results on the Earth’s energy
budget, trace gases and particulate matter in the atmosphere, veg-
etation on land and in the oceans, and many aspects of the water
cycle, including evaporation and transpiration, water vapor, cloud
cover, precipitation, the oceans, sea ice and land ice, snow cover,
and soil moisture. Additionally, Aqua data have been used to assist
in practical applications ranging from weather forecasting to the
deployment of firefighters and the routing of aircraft. Although the
six-year design life of the satellite has been successfully completed
and exceeded, enough fuel remains on Aqua for approximately an-
other ten years of operations.

Index Terms—Satellite Earth observations, Aqua, global energy
budget, water cycle.

I INTRODUCTION

ASA’s Earth-orbiting Aqua spacecraft (Fig. 1) was

launched at 2:35 a.m. on May 4, 2002, from Vandenberg
Air Force Base in California, It soon was maneuvered to its
desired near-polar, sun-synchronous orbit at an altitude of 705
km, erossing the equator going north at 1:30 in the afternoon
and south at 1:30 in the morning, local time [32]. At 705
km, Aqua orbits the Earth every 98.8 minutes. Aqua has now
exceeded ten years of on-orbit operations, with a wealth of
scientific output resulting at least in part from the use of Aqua
data,

Agua was specifically named for the significant amount of
information that it collects regarding water in the Earth system,
‘Aqua’ being Latin for ‘water’. Aqua measurements include
water in the atmosphere, on land, and in the oceans, and water
in each of its three states: gaseous, liguid, and solid. The Aqua
measurements, however, include other aspects of the Earth
system as well, and this paper highlights a selection of the key
results obtained from the extensive Aqua datasets, doing so
in sections on: the global energy budget; water vapor, clouds,
and precipitation; other atmospheric trace gases; particulate
matter in the atmosphere; ice and snow; vegetation and other
life forms; and temperature. The science results are followed

Manuscript received September 26, 2012; revised December 04, 2012 and
Junuary 08, 2013; sceepted January 09, 2013, This work was funded by the
Earth Science Division at NASA Headguarters.

C. L. Parkinson is with the NASA Goddard Space Flight Center, Greenbelt,
MDD 20771 USA (e-mail: claire. L parkinson(@nasa. gov).

Color versions of one or more of the figures in this paper are available online
at http:/ficeexplore. iees.ong.

Digital Object Identifier 101108/ 8TARS. 20132239608

Fig. 1. Artists rendition of the Aqua spacecraft in orbit. (Rendering by Marit
Jentoft-Nilsen, based on an earlier version by TRW/Northrop Grumman.)

by a section on practical applications. First, though, comes a
section describing the complement of Aqua’s Earth-observing
instruments.

II. AQUA’S EARTH-OBSERVING INSTRUMENTS

Aqua has on board six Earth-observing instruments: the At-
mospheric Infrared Sounder (AIRS), the Advanced Microwave
Sounding Unit (AMSU), the Humidity Sounder for Brazil
(HSB), the Advanced Microwave Seanning Radiometer for the
Earth Observing System (AMSR-E), the Moderate Resolution
Imaging Spectroradiometer (MODIS), and the Clouds and the
Earth’s Radiant Energy System (CERES). HSB was provided
by the Brazilian Institute for Space Research, AMSR-E was
provided by the Japan Acrospace Exploration Agency (JAXA),
and the remaining instruments and the spacecraft were pro-
vided by the United States National Aeronautics and Space
Administration (NASA).

AIRS, AMSU, and HSB together constitute a sophisticated
sounding system centered on AIRS. AIRS makes measure-
ments at 2378 infrared and 4 visible/near-infrared channels and
is unigue to the Aqua platform. The 2378 infrared channels on
AIRS far exceed the number of channels on previous satellite
sounders and enable the determination of atmospheric temper-
ature, moisture, and key trace gases in the atmosphere as well
as cloud and surface parameters.

In contrast to the uniquencss of AIRS, both AMSU and
HSB are near-identical copies of instruments flown also on
satellites of the National Oceanic and Atmospheric Adminis-
tration (NOAA). AMSU is a 15-channel microwave sounder
used in the Agua sounder system to facilitate cloud clearing
of the AIRS observations and to provide, for instance, cloud
liquid water and vertical temperature profiles in the presence
of clouds. HSB is a four-channel microwave sounder that

U5, Government work not protected by ULS. copynight.
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IV, PRACTICAL APPLICATIONS
Although the Aqua mission was developed largely for its sci-
entific value, the Aqua data have proven to be of immense prac-
tical value as well. This section discusses several of the practical
applications of the Aqua data, beginning with one that affects
hundreds of millions of people, namely, weather forecasting,

A. Weather Forecasting

When the AIRS instrument was conceived and developed,
one of the primary goals for it was to facilitate improved weather
forecasts. As anticipated well before launch, the high accura-
des of the AIRS/AMSU temperature and water vapor products
(Sections 111-B and [11-(3) have led to measurable improvements

st skill when these data are incorporated in weather
t models [4]. As a result, NOAA and other weather fore-
casting agencies in North America and in Europe, Asia, Africa,
Australia, and South America routinely use at least some of the
AIRS data in their forecast models. Some of these agencies,
however, use only clear-sky radiances; studies have shown that
some forecasts could be improved even further with assimila-
tion of more of the AIRS data [36].

Although less anticipated, MODIS and AMSR-E data have
also proven valuable for forecasts. Specifically, incorporation
of MODIS-derived polar winds in weather forecast models has
resulted in improved forecasts for the polar regions and beyond
24], [37], and AMSR-E sea surface temperature, water vapor,
and precipitation data have all been used by hurricane prediction
centers. The Japan Meteorological Agency (JMA) has found

that assimilation of AMSE-E data has improved the skill of

the IMA forecasts of hurricane tracks. Further, the Joint Center
for Satellite Data Assimilation has reported that assimilation
of AMSR-E radiances over the oceans improves medium-range

om .ﬁ;ug'u;r if'_ f'_IIIJ-'r mumtunm..
forest fires and duu.rmmml., the d.'FIp:I'u‘Flrld.iL d.L'r.l!-: vment of ghters.

forecasts in the Southern Hemisphere, although shows neutral
impacts for the Northern Hemisphere [30].

The usage of Aqua data in weather forecasts is greatly
facilitated by two important services. One is NOAA's Na-
tional Environmental Satellite, Data, and Information Service
(NESDIS), which distributes the AIRS radiance data in near
real time, The other is a software package—the International
MODIS/AIRS Processing Package (IMAPP)—made available
by the University of Wisconsin®s Cooperative Institute for Me-
teorological Satellite Studies (CIMSS). IMAPP converts direct
broadcast data from Aqua and Terra into a suite of geophysical
data products from the MODIS, AIRS, AMSU, and AMSR-E
instruments. This IMAPP software is used not only by weather
agencies to support weather forecasting but also for the fog
detection and snow/ice/cloud discrimination provided by the
MODIS products.




Conclusion

Direct broadcast MODIS products are useful to the
NWS

@ High spatial and high spectral resolution data
compliments high temporal GEO data

% Direct Broadcast ensures timely delivery of product
@ UW now provides products to 59 forecast offices

@ The number of Area Forecast Discussions that mention
MODIS as a decision making tool has reach > 450

NASA’s support of IMAPP made it possible

Forecasters are starting to use S-NPP VIIRS now as
well, supported by CSPP funded by NOAA
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