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Bruce Wielicki 
CERES Science Team Leader

Dr. Wielicki's research has focused on clouds and their role in the Earth's radiative energy 
balance for over 20 years. He currently serves as Principal-Investigator on the CERES 

Investigation and as a Co-Investigator on the NASA Cloudsat and Cloud-Aerosol Lidar and 
Infrared Pathfinder Satellite Observations (CALIPSO) missions. Cloudsat and CALIPSO are 

centered on cloud studies and will fly in formation with the CERES instrument and other 
instruments on the Aqua platform.

Earlier, Dr. Wielicki was a Co-investigator on the Earth Radiation Budget Experiment and developed a new 
Maximum Likelihood Estimation (MLE) method for determination of the cloud condition in each ERBE field of view. 

This method enabled the development of the first estimates of cloud radiative forcing (CRF) by distinguishing 
individual observations as clear, partly-cloudy, mostly-cloudy, or overcast. This measurement became a standard 
of comparison for global climate models. The poor ability of global climate models to reproduce the ERBE cloud 

radiative forcing measurements was a key element in the designation of the "role of clouds and radiation" as the 
highest priority of the U.S. Global Change Research Program.

Dr. Wielicki was also a Principal Investigator on the First International Satellite Cloud Climatology Experiment 
(ISCCP) Regional Experiment (FIRE) and served as FIRE Project Scientist from 1987 to 1994. His research used 

Landsat satellite data to provide the first definitive validation of the accuracy of satellite derived cloud fractional 
coverage. More recently, he has demonstrated the surprising non-gaussian distributions of cloud optical depth 

present in broken boundary layer cloud fields, and has shown the large bias these distributions can cause in global 
climate model estimates of both solar and thermal infrared fluxes.

Throughout his career, Dr. Wielicki has pursued extensive theoretical radiative transfer studies of the effects of 
non-planar cloud geometry on the calculation of radiative fluxes, as well as on the retrieval of cloud properties and 

top of atmosphere radiative fluxes from space-based observations. Dr. Wielicki received his B.S. degree in Applied 
Math and Engineering Physics from the University of Wisconsin - Madison in 1974 and his Ph.D. degree in 
Physical Oceanography from Scripps Institution of Oceanography in 1980. He received a NASA Exceptional 

Scientific Achievement Award in 1992 and the Henry G. Houghton Award from the American Meteorological 
Society in 1995.

Selected Papers
Earth's Climate System: A 21st Century Grand Challenge

Ceres And The S'cool Project (1997)
Clouds and the Earth's Radiant Energy System (CERES): An Earth Observing System Experiment

Clouds and the Earth's Radiant Energy System (CERES): algorithm overview

Profiles For Aqua Satellite Instrument 
Science Team Leaders

http://cires.colorado.edu/steffen/classes/geog5093/Atmosphere%20B&W.pdf
http://cires.colorado.edu/steffen/classes/geog5093/Atmosphere%20B&W.pdf
http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.57.3763
http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.57.3763
http://ams.allenpress.com/perlserv/?request=get-abstract&issn=1520-0477&volume=77&page=853
http://ams.allenpress.com/perlserv/?request=get-abstract&issn=1520-0477&volume=77&page=853
http://ieeexplore.ieee.org/Xplore/login.jsp?url=http%3A%2F%2Fieeexplore.ieee.org%2Fiel4%2F36%2F15154%2F00701020.pdf&authDecision=-203
http://ieeexplore.ieee.org/Xplore/login.jsp?url=http%3A%2F%2Fieeexplore.ieee.org%2Fiel4%2F36%2F15154%2F00701020.pdf&authDecision=-203
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Moustafa Chahine 
AIRS/AMSU/HSB Science Team Leader

Moustafa Chahine was awarded a Ph.D. in Fluid Physics from the University of California 
at Berkeley in 1960. He is Chief Scientist at the Jet Propulsion Laboratory (JPL), where he 

has been affiliated for 30 years. From 1978 to 1984, he was Manager of the Division of 
Earth and Space Sciences at JPL; as such, he was responsible for establishing the 

Division and managing the diverse activities of its 400 researchers.

For 20 years, Dr. Chahine has been directly involved in remote sensing theory and 

experiments. His resume reflects roles as Principal Investigator, designer and developer, and analyst in remote-
sensing experiments. He developed the Physical Relaxation Method for retrieving atmospheric profiles from 

radiance observations. Subsequently, he formulated a multispectral approach using infrared and microwave data 
for remote sensing in the presence of clouds. These data analysis techniques were successfully applied in 1980 to 
produce the first global distribution of the Earth surface temperature using data from the HIRS/MSU sounders.

Dr. Chahine was integrally involved in the AMTS study, which laid the basis for the current AIRS spectrometer. Dr. 

Chahine served as a member of the NASA Earth System Sciences Committee (ESSC), which developed the 
program leading to EOS, and currently is Chairman of the Science Steering Group of a closely related effort, the 
World Meteorological Organization’s Global Energy and Water Cycle Experiment (GEWEX). Dr. Chahine is a Fellow 

of the American Physical Society and the British Meteorological Society. In 1969, he was awarded the NASA 
Medal for Exceptional Scientific Achievement and, in 1984, the NASA Outstanding Leadership Medal.

Selected Papers
Retrieval of mid-tropospheric of CO₂ directly from AIRS measurements (2009)

Application of Atmospheric Infrared Sounder (AIRS) data to climate research (2009) 
Biases in total precipitable water vapor climatologies from Atmospheric Infrared Sounder and Advanced 

Microwave Scanning Radiometer (2007)
Three years of hyspersecptral data from AIRS : what have we learned. (2007)

http://en.scientificcommons.org/51936550
http://en.scientificcommons.org/51936550
http://en.scientificcommons.org/43948304
http://en.scientificcommons.org/43948304
http://en.scientificcommons.org/23204603
http://en.scientificcommons.org/23204603
http://en.scientificcommons.org/23204603
http://en.scientificcommons.org/23204603
http://en.scientificcommons.org/20778521
http://en.scientificcommons.org/20778521
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Roy Spencer
U.S. AMSR-E Science Team Leader

Dr. Spencer received his B.S. in Atmospheric Sciences from the University of Michigan in 
1978 and his M.S. and Ph.D. in Meteorology from the University of Wisconsin in 1980 

and 1982. He then continued at the University of Wisconsin through 1984 in the Space 
Science and Engineering Center as a research scientist. He joined NASA's Marshall 

Space Flight Center (MSFC) in 1984, where he later became Senior Scientist for Climate 
Studies. He resigned from NASA in 2001 and joined the Univeristy of Alabama in 

Huntsville as a Principal Research Scientist. Dr. Spencer has served as Pricipal Investigator on the Global 

Precipitation Studies with Nimbus-7 and DMSP SSM/I, and the Advanced Microwave Precipitation Radiometer 
High Altitude Studies of Precipitation Systems. He has been a member of several science teams: the Tropical 

Rainfall Measuring Mission (TRMM) Space Station Accommodations Analysis Study Team, Science Steering 
Group for TRMM, TOVS Pathfinder Working Group, NASA Headquarters Earth Science and Applications Advisory 
Subcommittee, and two National Research Council study panels.

Since 1992 Dr. Spencer has been the U.S. Team Leader for the Multichannel Imaging Microwave Radiometer 

(MIMR) team and the follow-on AMSR-E team. In 1994 he became the AMSR-E Science Team leader.

He received the NASA Exceptional Scientific Achievement Medal in 1991, the MSFC Center Director’s 

Commendation in 1989, and the American Meteorological Society’s Special Award in 1996.

Selected Papers
Satellite and Model Evidence Against Substantial Manmade Climate Change
Global Warming as a Natural Response to Cloud Changes Associated with the Pacific Decadal Oscillation (PDO)

Cloud and Radiation Budget Changes Associated with Tropical Intraseasonal Oscillations
Potential Biases in Feedback Diagnosis from Observational Data: A Simple Model Demonstration

http://www.drroyspencer.com/satellite-and-climate-model-evidence/
http://www.drroyspencer.com/satellite-and-climate-model-evidence/
http://www.drroyspencer.com/global-warming-as-a-natural-response/
http://www.drroyspencer.com/global-warming-as-a-natural-response/
http://www.drroyspencer.com/Spencer_07GRL.pdf
http://www.drroyspencer.com/Spencer_07GRL.pdf
http://www.drroyspencer.com/Spencer-and-Braswell-08.pdf
http://www.drroyspencer.com/Spencer-and-Braswell-08.pdf
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Michael King
MODIS Team Leader

Dr. Michael King is Senior Research Associate in the Laboratory for Atmospheric and 
Space Physics, University of Colorado. He served as Senior Project Scientist of NASA's 

Earth Observing System (EOS) from 1992 to 2008. He joined Goddard Space Flight Center 
in January 1978 as a physical scientist, and previously served as Project Scientist of the 

Earth Radiation Budget Experiment (ERBE) from 1983-1992. 

His research experience includes conceiving, developing, and operating multispectral 

scanning radiometers from a number of aircraft platforms in field experiments ranging from 
arctic stratus clouds to smoke from the Kuwait oil fires and biomass burning in Brazil and southern Africa. He has 

lectured on global change on all seven continents. 

Earlier, he developed the Cloud Absorption Radiometer for studying the absorption properties of optically thick 

clouds as well as the bidirectional reflectance properties of many natural surfaces, and is principal investigator of 
the MODIS Airborne Simulator, an imaging spectrometer that flies onboard the NASA ER-2 aircraft. This instrument 

has aided immeasurably in the development of atmospheric and land remote sensing algorithms for the Moderate 
Resolution Imaging Spectroradiometer (MODIS) instrument.

Selected Papers
Evaluation of cirrus cloud properties derived from MODIS data using cloud properties derived from ground-based 

observations collected at the ARM SGP site.
Urban aerosols and their interaction with clouds and rainfall: A case study for New York and Houston.
Observed Land Impacts on Clouds, Water Vapor, and Rainfall at Continental Scales.

Remote sensing of liquid water and ice cloud optical thickness, and effective radius in the arctic: Application of 
airborne multispectral MAS data.

http://modis-atmos.gsfc.nasa.gov/_docs/Mace_et_al._(2005).pdf
http://modis-atmos.gsfc.nasa.gov/_docs/Mace_et_al._(2005).pdf
http://modis-atmos.gsfc.nasa.gov/_docs/Mace_et_al._(2005).pdf
http://modis-atmos.gsfc.nasa.gov/_docs/Mace_et_al._(2005).pdf
http://modis-atmos.gsfc.nasa.gov/_docs/Jin_et_al._(2005).pdf
http://modis-atmos.gsfc.nasa.gov/_docs/Jin_et_al._(2005).pdf
http://modis-atmos.gsfc.nasa.gov/_docs/Jin_and_King_(2006).pdf
http://modis-atmos.gsfc.nasa.gov/_docs/Jin_and_King_(2006).pdf
http://modis-atmos.gsfc.nasa.gov/_docs/King_et_al._(2004).pdf
http://modis-atmos.gsfc.nasa.gov/_docs/King_et_al._(2004).pdf
http://modis-atmos.gsfc.nasa.gov/_docs/King_et_al._(2004).pdf
http://modis-atmos.gsfc.nasa.gov/_docs/King_et_al._(2004).pdf
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Aqua, Latin for water, is a NASA Earth Science satellite mission named for the large amount of information that 
the mission will be collecting about the Earth's water cycle, including evaporation from the oceans, water vapor in 

the atmosphere, clouds, precipitation, soil moisture, sea ice, land ice, and snow cover on the land and ice. 
Additional variables also being measured by Aqua include radiative energy fluxes, aerosols, vegetation cover on the 
land, phytoplankton and dissolved organic matter in the oceans, and air, land, and water temperatures.

The Aqua mission is a part of the NASA-centered international Earth Observing System (EOS). Aqua was 

formerly named EOS PM, signifying its afternoon equatorial crossing time. A timeline of Aqua on-orbit progress 
through the initial 120 day check-out period can be found here.

Aqua was launched on May 4, 2002, and has six Earth-observing instruments on board, collecting a variety of 
global data sets. Aqua was the first member launched of a group of satellites termed the Afternoon Constellation, or 

sometimes the A-Train. The second member to be launched was Aura, in July 2004, the third member was 
PARASOL, in December 2004, and the fourth and fifth members are CloudSat and CALIPSO, in May 2006. 
PARASOL exited the A-Train orbit in December 2009. Expected upcoming missions are Glory, a NASA mission due 

to be launched in 2010, and GCOM-W1, a JAXA mission due to be launched in 2011. After these two missions join, 
the A-Train will be led by GCOM-W1, followed by Aqua, then CloudSat, CALIPSO, Glory, and, in the rear, Aura.

Overview Of The The Aqua 
Satellite

http://eospso.gsfc.nasa.gov/
http://eospso.gsfc.nasa.gov/
http://aqua.nasa.gov/reference/updates.php
http://aqua.nasa.gov/reference/updates.php
http://www.nasa.gov/aura/
http://www.nasa.gov/aura/
http://parasol-polder.cnes.fr/
http://parasol-polder.cnes.fr/
http://cloudsat.atmos.colostate.edu/
http://cloudsat.atmos.colostate.edu/
http://www-calipso.larc.nasa.gov/
http://www-calipso.larc.nasa.gov/
http://glory.giss.nasa.gov/
http://glory.giss.nasa.gov/
http://www.jaxa.jp/projects/sat/gcom/index_e.html
http://www.jaxa.jp/projects/sat/gcom/index_e.html
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Aqua’s Orbit
The Aqua satellite 

provides coverage 
that is global 

between 89.24°N 
and 89.24°S. In a 
single day the 

satellite performs 
28 half orbits 

around the Earth. 

There are several 

small diamond-
shaped areas not 

covered by the 
scans, as well as 
small areas of the 

north and south 
pole that are not 

scanned. These 
missing area can be seen in the accompanying diagrams presented 
here.

The Aqua satellite takes about 50 minutes to cover a swath of the 

planet. Aqua observes a given location on Earth from zero to eight 
times per day, depending on latitude, longitude, and phase of Aqua's  
orbit. This figure below shows the minimum, maximum, and average 

number of times that Aqua observes a location at a given latitude. 
The average is around one-degree latitude bands.

For example, at the equator on a given 
day, Aqua does not observe certain 

longitudes that fall between orbits on that 
day. At other longitudes, where subsequent 
orbits overlap, Aqua observes that point 

twice per day. On the average, Aqua 
observes each longitude at the equator 

slightly more than once per day.

http://1.bp.blogspot.com/_1NlR71q69vA/S1kx2eSA2II/AAAAAAAAAMM/St702YHupoI/s1600-h/Hole.png
http://1.bp.blogspot.com/_1NlR71q69vA/S1kx2eSA2II/AAAAAAAAAMM/St702YHupoI/s1600-h/Hole.png
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This chapter examines the steps that go into processing the Aqua satellite data. Several data files are produced 
as the satellite data moves through the processing pipeline. The term “Level” is used to show how far through the 

pipeline the data has gone. Levels start at zero and go up to four, with each successive layer representing a product 
that has received more processing. We'll be looking at Level 0 (raw satellite) data to level 2A data.

Level 0 data contains the actual data produced by 
transmissions from the instruments on the satellite. The 

data has not been through Quality Assurance, it hasn't 
been geocoded, etc. 

The most recent 4 days of Level 0 data for the Aqua 
satellite can downloaded from the University of Wisconsin. 

Connect via FTP as an anonymous (Guest) user. See the 
file 00README.txt for additional information.

Link To University of Wisconsin Aqua Satellite Level 0 Data

Level 0 AMSR-E data is processed into Level 1A data by 

the Japan Aerospace Exploration Agency (JAXA). Level 0 

AMSU data is processed into Level 1A data by NASA. Like 

Level 0 data, I consider Level 1A data too low level to use.

AMSU Level 1A data contains geo-located data counts 

and engineering parameters. I have not been able to find 

AMSU Level 1A data online for downloading.

For AMSR-E Level 1A data, each half-orbit data granule consists of observation counts, antenna temperature 

coefficients, offsets for calculating antenna temperatures, calibration temperature counts, land/ocean flags, time, 

latitude, longitude, and navigation fields in HDF format. The data sampling interval is 2.6 msec for each 1.5-sec scan 

period for the 6.9-GHz to 36.5-GHz channels, and 1.3 msec for the 89.0-GHz channel. AMSR-E collects 243 data 

points per scan for the 6.9-GHz to 36.5-GHz channels, and 486 data points for the 89.0-GHz channel. Each swath 

spans 50 minutes.

AMSR-E Level 1A data can be downloaded here.

Aqua Satellite Data Processing

http://n4eil01u.ecs.nasa.gov:22000/WebAccess/drill?attrib=esdt&esdt=AMSREL1A.2&group=AMSA
http://n4eil01u.ecs.nasa.gov:22000/WebAccess/drill?attrib=esdt&esdt=AMSREL1A.2&group=AMSA


The Aqua Satellite

Page 11

Level 1A AMSR-E data is processed into Level 1B data by 
the Japan Aerospace Exploration Agency (JAXA). Level 1A 

AMSU data is processed into Level 1B data by NASA.

The AMSU-A Level 1B data set contains AMSU-A 

calibrated and geolocated brightness temperatures in 
degrees Kelvin. This data set is generated from AMSU-A 

Level 1A digital numbers (DN) and contains 15 microwave 
channels in the 50 - 90 GHz and 23 - 32 GHz regions of 
the spectrum. A day's worth of data is divided into 240 

scenes, each of 6 minute duration. An AMSU-A scene 
contains 30 cross-track footprints in each of 45 along-track scanlines, for a total of 45 x 30 = 1350 footprints per 

scene. The AMSU-A is co-aligned with the AIRS instrument onboard the Aqua platform so that successive blocks of 
3 x 3 AIRS footprints are corresponding to AMSU-A footprint. 

The AMSU Level 1B data can be downloaded from the NASA AIRS data holdings web page.  A Quick start 
Guide for this data is here.

AMSR-E Level 1B data is brightness temperature that is transformed from antenna temperature in level 1A by 
transformation coefficients. The JAXA link to the AMSR-E Level 1B data is a dead link.

Level 2A data is created from Level 1B data by either RSS 

or NASA. Level 2A data contains derived data and is used 
to produce various Level 3 and Level 4 data files.

AMSU Level 2A data contains combined data from the 
AIRS/AMSU/HSB instruments and can be downloaded 

here.

AMSR-E Level 2A data is brightness temperature that 

contains derived geophysical variables at the same 
resolution and location as the Level-1 source data. These 

derived data include geophysical quantities for water, water vapor, cloud liquid water, precipitation, sea surface wind 
speed , sea surface temperature, sea ice concentration, snow water equivalent, and soil moisture. 

Recently the AMSR-E/Aqua Level 2A data was determined to have errors in the resampled 89.0 GHz Horizontal 
(H) fields. Files with data coverage from 19 June 2002 00:29 through 4 November 2004 05:43 are affected. The fields 

containing bad data are:
• 89.0H_Res.1_TB
• 89.0H_Res.2_TB

• 89.0H_Res.3_TB
• 89.0H_Res.4_TB

AMSR-E Level 2A data can be downloaded here. An online history of of the changes made to processing this 
data can be found here.

http://disc.sci.gsfc.nasa.gov/AIRS/documentation/v5_docs/AIRS_V5_Release_User_Docs/V5_L1B_QA_Quick_Start.pdf
http://disc.sci.gsfc.nasa.gov/AIRS/documentation/v5_docs/AIRS_V5_Release_User_Docs/V5_L1B_QA_Quick_Start.pdf
https://isswww.eoc.jaxa.jp/iss/en/index.html
https://isswww.eoc.jaxa.jp/iss/en/index.html
http://disc.sci.gsfc.nasa.gov/AIRS/data-holdings
http://disc.sci.gsfc.nasa.gov/AIRS/data-holdings
http://n4eil01u.ecs.nasa.gov:22000/WebAccess/drill?attrib=esdt&esdt=AE_L2A.2&group=AMSA
http://n4eil01u.ecs.nasa.gov:22000/WebAccess/drill?attrib=esdt&esdt=AE_L2A.2&group=AMSA
http://nsidc.org/data/amsre/news.html
http://nsidc.org/data/amsre/news.html
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Notes

1 AMSU and AMSR-E Level 0 
data is available for a 4 day 

window from the University of 
Wisconsin. 
2 Computer source code to read 

and write various versions of HDF-
EOS files is publicly available. 

However, this code does not 
actually process climate data.

AMSU Data Available To Public

Data Transmitted From Satellite To 
Ground

No

Level 0 Data Partial

Level 1A Data No

Level 1B Data Yes

Level 2A Data Yes

1

AMSR-E Data Available To Public

Data Transmitted From Satellite To 
Ground

No

Level 0 Data Partial

Level 1A Data Yes

Level 1B Data No

Level 2A Data Yes

1

AMSU Computer Code Available To Public

Process Satellite Data To Level 0 No

Process Level 0 To Level 1A No

Process Level 1A To Level 1B No

Process Level 1B To Level 2A No

2

AMSR-E Computer Code Available To Public

Process Satellite Data To Level 0 No

Process Level 0 To Level 1A No

Process Level 1A To Level 1B No

Process Level 1B To Level 2A No

Process Level 1A To Level 2A Yes

2
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The Advanced Microwave Sounding Unit (AMSU-A), a 15-channel microwave 
sounder designed primarily to obtain temperature profiles in the upper atmosphere (especially the stratosphere) and 

to provide a cloud-filtering capability for tropospheric temperature observations. The first AMSU was launched in 
May 1998 on board the National Oceanic and Atmospheric Administration's (NOAA's) NOAA 15 satellite. The EOS 
AMSU-A is part of a closely coupled triplet of instruments that include the AIRS and HSB.

Instrument characteristics

● Passive multi-channel microwave radiometer measuring atmospheric temperature.
● 15 channel microwave sounder with a frequency range of 15-90 GHz.

● Provides atmospheric temperature measurements from the surface up to 40 km.
● On board NOAA K/L/M as well as Aqua.

Advanced Microwave Sounding 
Unit (AMSU-A)
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AMSU Calibration

The temperature sensing instruments on the Aqua satellite 
must be calibrated. For the AMSU calibration,  the satellite 

reads the temperature of the Cosmic Background Radiation 
(CBR) to calibrate it against a known low temperature value of 
2.7 K. A high temperature calibration is done against an 

onboard "Hot Load" whose temperature is measured by eight 
precision thermostats. 

With calibrated values for low and high temperatures available, values read from the Earth are simply scaled between 
these low and high values to determine the temperature.

Calibration is a process that makes instrument readings accurate and useful. 
Instruments are calibrated against known values so that their readings of 

unknown values can be considered reliable. i
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AMSU Scanning
A singe full scan by the AMSU consists of 45 scan lines. These scan lines 

are along the path of the satellite as it orbits the Earth. Each scan line has 30 
footprints. These footprints are perpendicular to the path of the satellite. 

Finally, each footprint has 15 channels. These channels measure brightness 
temperatures at different heights of the atmosphere.

Hardware for the two lowest frequencies is located in one module (AMSU-
A2) and that for the remaining thirteen frequencies in the second module 

(AMSU-A1). 

This arrangement puts the two lower atmospheric moisture viewing channels  

into one module and the oxygen absorption channels into a second common 
module to ensure commonality of viewing angle independent of any module 

and/or spacecraft misalignment due to structural or thermal distortions. 

The table to the left shows which channels are responsible for 

measure different parts of the atmosphere.

Channel 7 had to much noise to be considered reliable even  
before the satellite was launched. Channel 4 failed in 

December, 2007 and its data is no longer used. Instead, it is 
synthesized from the other channels. The procedure for doing 
this is discussed in AIRS/AMSU/HSB Version 5 Modification of 
Algorithm to Account for Increased NeDT in AMSU Channel 4. 
The algorithm discussed there requires data not available 

online. That data is reproduced here:

Channel 
Number

Channel 
Frequency 

(MHz)

Function

1 23,800 Water Vapor Burden

2 31,400 Surface Temperature

3 50,300 Surface Temperature

4 52,800 Surface Temperature

5 53596115 Tropospheric Temp

6 54,400 Tropospheric Temp

7 54,940 Tropospheric Temp

8 55,500 Tropospheric Temp

9 f0= 
57,290.34

Stratospheric Temp

10 f0217 Stratospheric Temp

11 f0322.248 Stratospheric Temp

12 f0322.222 Stratospheric Temp

13 f0322.210 Stratospheric Temp

14 f0322.24.5 Stratospheric Temp

15 89,000 Cloud Top/Snow

Channel 4 failed in December, 2007 and is not 
used. Channel 7 on the AMSU has high 

noise and should not be used.i

Channel NeDTi Channel NeDTi

1 0.17 9 0.16

2 0.22 10 0.22

3 0.25 11 0.24

4 0.14 12 0.35

5 0.20 13 0.48

6 0.17 14 0.80

7 0.14 15 0.12

8 0.16
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The AMSU scans 30 footprint readings per scan line. Because theses 

readings are done with the satellite in the same position, footprints to 
the far left and far right will be at different heights in the atmosphere 
than readings directly below the satellite. A visual example of these 

offsets is shown in the diagrams to the left. The first diagram shows 
the offsets for channels 1-3, and 15. The second shows the offsets for 

the other AMSU channels.

These offsets cause a deviation in the brightness values for each 

footprint. These deviations are shown in the diagram to the left. The X 
axis shows the footprint readings. The Y axis shows the variations in 

brightness that occur at each footprint for each channel.

NASA processing of the scans treats these differing values at differing 

footprints for exactly what they are: brightness measurements at 
different levels of the atmosphere. NOAA satellites equipped with an 

AMSU, on the other hand, adjust these values to make them as if they 
were all measuring the atmosphere at the same depth as footprints 15 
and 16.

The scanning resolution of the AMSU changes based on the angle of 

the scan to the instrument. Scans directly below the instrument have 
the best resolution and cover the smallest area. Scans at sharper 
angles to the instrument have poorer resolution and cover a wider 

area.
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A sample scan line taken from channel 5 is shown in the 

diagram to to the left. The footprints scan positions further 
and further away from the satellite. Footprints 15 and 16 and 
basically scanning directly below the satellite, whereas 

footprints 1 and 30 are far away from the satellite. The further 
away from the satellite a footprints are, the larger the error in 

its temperature measurements.

In the journals, the error difference between footprints 1 and 

30 for channel 5 is said to be about -10 K. In practice, it 
seems the actual difference can be a bit larger. I’ve seen 

many differences larger than 50% of the expected difference.

Moreover, it seems 
the differences are 

different for different 
temperatures. The 
graph to the left 

shows the readings 
for footprints 1 

through 15 for 
channel 5 for all 45 
scan lines in an 

actual file. When the 
temperatures are 

higher, the 
differences between 
footprint 1 and 15 

are greater than 
when the 

temperatures are 
lower.

On the left side of 
the graph, where 

overall temperatures are higher, the difference between footprint 1 and footprint 15 is about 14 K. On the right side of the 
graph, where overall temperatures are lower, the difference between footprint 1 and footprint 15 is about 10 K. So in this 
example, higher temperatures produce an error amount that is about 40% higher than the cooler temperatures.

Recalling that each Level 1B AMSU data file contains six minutes of data, the chart above is saying that in those six 

minutes a temperature drop of between 3 K and 7 K was detected.
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Each channel is multiplied by a weight 

constant, as shown in the diagram to the left.

The UAH data obtained from the AMSU has a margin of error of +/- 
0.5 degrees C. This is the margin of error for the absolute temperature, 

as opposed to the change in temperature over time (called the 
anomaly). If the error of the absolute temperature is constant, then the 
anomaly value is useful even though the change is smaller than the 

margin of error for the absolute temperature reading.

I assume the margin of error is believed to be constant. If it's 
actually, say, 0.3 in one reading than it's 0.3 in all readings. Otherwise 
the UAH anomaly data is useless, as the anomaly is significantly smaller than the margin of error.
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The Atmospheric Infrared Sounder (AIRS), an advanced sounder containing 2378 
infrared channels and four visible/near-infrared channels, aimed at obtaining highly accurate temperature profiles 

within the atmosphere plus a variety of additional Earth/atmosphere products. AIRS will be the highlighted 
instrument in the AIRS/AMSU-A/HSB triplet centered on measuring accurate temperature and humidity profiles 
throughout the atmosphere.

Atmospheric Infrared Sounder 
(AIRS)
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The Humidity Sounder for Brazil (HSB), a 4-channel microwave sounder provided 
by Brazil aimed at obtaining humidity profiles throughout the atmosphere. The HSB is the instrument in the AIRS/

AMSU-A/HSB triplet that allows humidity measurements even under conditions of heavy cloudiness and haze. The 
HSB provided high quality data until February 2003.

Humidity Sounder for Brazil 
(HSB)
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The Advanced Microwave Scanning Radiometer for EOS (AMSR-E) is a twelve-

channel, six-frequency, total power passive-microwave radiometer system. It measures brightness temperatures at 
6.925, 10.65, 18.7, 23.8, 36.5, and 89.0 GHz. Vertically and horizontally polarized measurements are taken at all 
channels. The Earth-emitted microwave radiation is collected by an offset parabolic reflector 1.6 meters in diameter 

that scans across the Earth along an imaginary conical surface, maintaining a constant Earth incidence angle of 55° 
and providing a swath width array of six feedhorns which then carry the radiation to radiometers for measurement. 

Calibration is accomplished with observations of cosmic background radiation and an on-board warm target. Spatial 
resolution of the individual measurements varies from 5.4 km at 89.0 GHz to 56 km at 6.9 GHz.

Instrument characteristics
● Passive microwave radiometer, twelve channels, six frequencies, dual polarization, conically scanning.

● Measures precipitation rate, cloud water, water vapor, sea surface winds, sea surface temperature, ice, snow, 
and soil moisture.

● All-weather measurements of geophysical parameters supporting several global change science and 
monitoring efforts.

● External cold load reflector and a warm load for calibration.

● Offset parabolic reflector, 1.6 m in diameter, and rotating drum at 40 rpm.
● Multiple feedhorns (6) to cover six bands from 6.9 to 89 GHz with 0.3 to 1.1 K radiometric sensitivity; vertical 

and horizontal polarization.

Advanced Microwave Scanning 
Radiometer for EOS (AMSR-E)



The Aqua Satellite

Page 22

AMSR-E Calibration

The AMSR-E 

calibration method 
takes a reading from 

Earth and compares it 
against readings from 
other satellites 

measuring the same 
location and time. 

From this additional information, the Earth temperature reading for the Aqua satellite is calibrated. Then based on the 
temperature of the CBR and the calibrated Earth temperate, the hot load temperature is extrapolated.

Because of this, the calibration of AMSR-E is dependent upon the calibration of these other satellites. These 
satellites are the TMI and SSM/I satellites. The SSM/I satellite uses the CBR and hot load calibration method that Aqua 

originally intended to use. The TMI satellite uses statistical analysis and calibration information from the SSM/I satellite.

The end result of this process is the AMSR-E is calibrated without the need for ground-based temperature 

measurements.
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AMSR-E Scanning

The AMSR-E scans at low resolution and at high resolution. 

For low resolution, the AMSR-E scans 1994 times in the same direction as the satellite is moving. Each of these 1994 
scans contains 243 readings perpendicular to the movement of the satellite (called Footprints), and each of these 243 
readings contains 5 channels, each at a different frequency. 

For high resolution scans the AMSR-E scans 1994 times in the same direction as the satellite is moving. Each of 

these 1994 scans contains 486 readings perpendicular to the movement of the satellite, and each of these 486 readings 
contains 1 channel at a frequency of 89.0 GHz.

The different frequencies are used to measure different attributes of the Earth, as shown in the table below.

Frequency Measurement

6.9 GHz Sea Surface Temperature, Soil Moisture, Vegetation

10.7 GHz Sea Surface Temperature, Wind Speed

18.7 GHz Wind Speed, Water Vapor

23.8 GHz Unknown

36.5 GHz Cloud Liquid Water

89 GHz Rain Rate
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The AMSR-E instrument has 6 
channels, or "horns" it uses to collect 

data from the Earth. A physical 
description of the horns appears in 
the image above and their technical 

specifications, including which data 
products (Level 1B and/or Level 2A 

products) their readings appear in, 
are described in the table below.

The actual data for frequency 36.5, which the cloud liquid water 
frequency, is shown here. It shows a single scan line. The data is 

the vertical scan results at resolution 4.

Reso-
lution

Foot print Mean spatial 
resolution

89.0 
GHz

36.5 GHz 23.8 GHz 18.7 GHz 10.7 GHz 6.9 GHz

1 75 km x 
43 km

56 km • • • • • • o

2 51 km x 
29 km

38 km • • • • • o

3 27 km x 
16 km

21 km • • • o o

4 14 km x 8 
km

12 km • o

5 6 km x 4 
km

5.4 km o

•  Includes Level-2A (smoothed) data
o  Includes Level 1B (unsmoothed) data at original spatial resolution

AMSR-E Spatial Characteristics of Observations
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In early 2007, researchers at NSIDC conducted an along-scan error analysis by examining brightness temperature 
distributions for each sample position in three different, relatively uniform climatic regions over a sufficiently long time 

period to eliminate effects from random, transient events. The three regions included a portion of Antarctica, an area of 
the Indian Ocean south of Australia, and an area of African jungle in the Salonga National Park region of the Democratic 
Republic of the Congo.

NSIDC concluded that even after the RSS along-scan correction, a significant cold bias remains in brightness 

temperature measurements in all channels over Antarctic regions from the beginning of each scan line,. There is also 
some evidence of a cold bias in 7 GHz channels over jungle areas. There does not appear to be a bias in any channels 
observing ocean areas.

An Along-scan error is caused by AMSR-E’s cold mirror or warm load entering the FOV of the 
feedhorns, or by the main reflector seeing part of the spacecraft. The RSS performed an analysis of 

the AMSR-E along-scan error and developed a correction.

In spite of RSS’s best efforts to accomplish a robust AMSR-E along-scan temperature 

correction, users should note that some contamination remains in the 14 pixels at the beginning of 
each scan line. Users should determine whether to include those pixels based on their specific 

research application and the effects of the contamination described below.
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At the 89 GHz scan resolution, the AMSR-E 
instrument was originally designed to collect data 

from the Earth using two "horns", called the A 
Horn and the B Horn. These horns provided 
coverage to different areas in a scan and together 

provided full information for the scan. A diagram of 
this process is presented here.

On November 11th, 2004 the 89 
GHz A Horn of the AMSR-E 

instrument failed. It no longer 
provides data. To correct for this, 

the processing software was 

modified to use only the 89 GHz B Horn. The A 
Horn data still appears in the data files as zero 

value data.

i
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AMSR-E Source Code

The National Snow And Ice Data Center provides to the public all its source 
code that processes AMSR-E data.

Ordering The Source Code
The source code is stored in 9 folders that NSIDC calls Delivered Algorithm 

Packages (DAPs). You must order the source code before you download it. 
This is done by sending off a request to their User Services Department 

using this form. Just tell them you'd like to download the DAPs and they will 
give you instructions on how to register and download the DAPS via FTP.

Some of the DAPS also use the PORT Mathematical Subroutine Library.

The Code
The code you'll get is written in Fortran and C. There are also data files required by each DAP. Each DAP comes in its 

own folder and each folder contains a zip file of the source and data files, as well as some read-me files. After you unzip 
the files, you'll find the source code in the src folder and the data files in the anc folder. 

A walkthrough of the nine DAPs is provided below.

L2_Land

Inputs
The source code uses the Level 2A Brightness 

Temperature file as well as several data files as 
input. The data files are stored in the anc folder 

that comes with the source.

Recall that the AMSR-E scans detects both the H and V polarization of light. The H and V values are what 
allows the source code to detect land, rain, wind, and other characteristics. It's the source code that 

actually detects these characteristics, not the satellite.i

Input File Level 2A Brightness Temperature File

Output File Level 2 Land File

Data Produced Soil Moisture, Vegetation Water Content, Land 
Surface Temperature, Surface Type

Uses PORT? Yes

Platform Linux

You'll see the term TB used throughout the code. This is shorthand for Brightness Temperature.

i
The data files in the anc folder are binary files, so if you want to see what data they contain, you'll need to 

write a translation program to convert them to ASCII text. See the the Fortran file ancdata.blk in the 
src/land/level2/common folder for a description of the data in each data file. i

http://nsidc.org/forms/contact.html
http://nsidc.org/forms/contact.html
http://www-out.bell-labs.com/project/PORT/
http://www-out.bell-labs.com/project/PORT/
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Source Code
The source code is located in the src/land/level2 folder. There are three main groups of source code: C code, 

Fortran code, and common code located in the common folder. The C code is used mainly for QA and I/O purposes. It's 

the Fortran code that does the real work. The code in the common folder is also Fortran code, stored as reusable blocks.

The main file is amsre_l2main.f. This file will call all the other code as needed. Overall, the program performs the 
following processes:

1) Ingest ancillary databases and external parameters.

2) Ingest AMSR-E Level 2A TB data.
3) Grid TB data on EASE-grid projection.
4) Export gridded TB data.

5) Perform geophysical retrieval.
6) Export results/flags as Level 2B land product.

Other source files of note are:
dobsonv3.f  Compute the dielectric constant of soil as a function of frequency, soil moisture, sand/clay fractions, 

and surface temperature.

fmod_pr3ch.f Compute TB as a function of the 6.9, 10.7, and 18.7 frequencies.
fmod_regrs.f Compute vegetation water content and soil moisture as a function of the 10.7, and 18.7 frequencies.

fmod_tb4ch.f Compute R squared and Chi values based on the 10.7, and 18.7 frequencies and values calculated 

in dobsonv3.f.

fmod_tb6ch.f Compute R squared and Chi values based on the 6.9, 10.7, and 18.7 frequencies and values 

calculated in dobsonv3.f.

Execution
AMSRE_L2MAIN executes with 5 command-line arguments:

                 amsre_l2main.exe INPUT_L2A ANCIL_DIR L2B_DIR GTB_DIR PMC_VER

                INPUT_L2A: Filename of the input Level 2A data file

                ANCIL_DIR: Directory of ancillary databases

                L2B_DIR:   Directory of output Level 2B data files

                GTB_DIR:   Directory of gridded TB data files
                PMC_VER:   Product maturity code and PGE version number

Output
The Level 2B land product contains surface type, surface moisture, land temperature, and vegetation water content 

information for the Earth.

Additional Information

Useful documentation on the algorithms is available at AMSR-E/Aqua L2B Surface Soil Moisture, Ancillary Parms, & 
QC EASE-Grids.

NOTE: This program is 
designed to execute on 

big endian machines.i

http://nsidc.org/data/docs/daac/ae_land_l2b_soil_moisture.gd.html
http://nsidc.org/data/docs/daac/ae_land_l2b_soil_moisture.gd.html
http://nsidc.org/data/docs/daac/ae_land_l2b_soil_moisture.gd.html
http://nsidc.org/data/docs/daac/ae_land_l2b_soil_moisture.gd.html
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The Moderate Resolution Imaging Spectroradiometer (MODIS), is a 36-band 

spectroradiometer measuring visible and infrared radiation and obtaining data that are being used to derive products 
ranging from vegetation, land surface cover, and ocean chlorophyll fluorescence to cloud and aerosol properties, fire 
occurrence, snow cover on the land, and sea ice cover on the oceans. The first MODIS instrument was launched on 

board the Terra satellite in December 1999, and the second was launched on Aqua in May 2002.

Instrument characteristics
● Selected for flight on Terra (launched Dec. 1999) and Aqua.

● Medium-resolution, multi-spectral, cross-track scanning radiometer.
● Measures physical properties of the atmosphere, and biological and physical properties of the oceans and 

land.

● 36 spectral bands—21 within 0.4-3.0 µm; 15 within 3-14.5 µm.
● Continuous global coverage every 1 to 2 days.

● Signal-to-noise ratios from 900 to 1300 for 1 km ocean color bands at 70° solar zenith angle.
● NEDT's typically < 0.05 K at 300K.
● Absolute irradiance accuracy of 5% for <3 µm and 1% for >3 µm.

● Daylight reflection and day/night emission spectral imaging.

Moderate Resolution Imaging 
Spectroradiometer (MODIS)
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The Cloud's and the Earth's Radiant Energy System (CERES) is a 3-channel 

radiometer measuring reflected solar radiation in the 0.3-5 µm wavelength band, emitted terrestrial radiation in the 
8-12 µm band, and total radiation from 0.3 µm to beyond 100 µm. These data are being used to measure the Earth's 
total thermal radiation budget, and, in combination with MODIS data, detailed information about clouds. The first 

CERES instrument was launched on the Tropical Rainfall Measuring Mission (TRMM) satellite in November 1997; the 
second and third CERES instruments were launched on the Terra satellite in December 1999; and the fourth and fifth 

CERES instruments are on board the Aqua satellite.

Instrument characteristics

● Selected for flight on TRMM, Terra, and Aqua.
● Two broadband, scanning radiometers: One cross-track mode, one rotating azimuth plane (bi-axial scanning).

● First instrument (cross-track scanning) is continuing ERBE, TRMM, and Terra measurements and the second 
(biaxially scanning) is providing angular radiance information to improve the accuracy of angular models used to 

derive the Earth's radiative balance.
● Single scanner on TRMM mission (launched Nov. 1997)
● Dual scanners on Terra (launched Dec. 1999) and Aqua, and single thereafter.

Cloud's and the Earth's Radiant 
Energy System (CERES)



Appendix A
Downloading Data



Downloading Aqua AMSR-E Data From The 
National Snow And Ice Data Center

In a browser, open the National Snow and Ice Data Center (NSIDC) AMSR-E Order Form at http://nsidc.org/data/
amsre/order_data.html

On the Order Data Screen, click the Data Pool link.

Downloading Data

http://nsidc.org/data/amsre/order_data.html
http://nsidc.org/data/amsre/order_data.html
http://nsidc.org/data/amsre/order_data.html
http://nsidc.org/data/amsre/order_data.html


On the DataPool screen, click the AE_L2A.2 link. This contains the AMSR-E/Aqua global swath brightness 

temperatures data.



Now you're at the data selection screens. This is a group of screens that let you select the date and time of the data 

you want, as well as spatial and day/night data. NOTE: Daily data can range in size from 1 to 2.5 GB! So you're not going 
to want to download tons of data at a time. Stick to small date ranges, probably one or two days.

If you’re interested in a specific date range. use the calendar at the bottom of the screen.



The next screen let's me you the time of day you’re interested in. If you’re interested in the entire day and don't want 
to set any day/night or spatial options you can skip this section. 

After you’ve selected any time options you want, move on to the download screen. You do this by clicking the Get 
the granules that match the above criteria link in the middle of the screen.



Now you’re at the screen showing the results of the search. At the bottom of this screen is a list of "granules" that 

matched your search. These granules are the data files to be downloaded. If you look at the top of the Results box at the 
bottom of the screen, you'll see that the first 10 granules out of 30 granules are being displayed. You'll also see controls 
for displaying the other granules. 

We start downloading by right-clicking the link to each granule and selecting Download. You can see the links to the 

granules on the left side of the Results box at the bottom of the screen. The first link in this example is named 
SC:AE_L2A.2:35160180. There's a row for each granule. Download 10, then go to the 2nd screen, download 10 more, 
then go to the 3rd screen and download the last 10. 

Congratulations, you’ve downloaded your AMSR-E data from NSIDC.



Downloading Aqua AMSR Data From NASA
In a browser, open the NASA AIRS data holdings web page at http://disc.sci.gsfc.nasa.gov/AIRS/data-holdings

On the DATA PRODUCTS Screen you'll see a table at the bottom of the screen. On the left-most column you'll see a 

link that provides the general data product name. The second column describes a subset of the general product data, 
and the right most column has a link to where the data can be retrieved.

The data you want is the AMSU-A1 & AMSU-A2 combined, geolocated & calibrated brightness temperatures, which 
is in the 3rd row of the table. To start the process of downloading this data, click the Mirador link in the right-most 

column of the 3rd row.

http://nsidc.org/data/amsre/order_data.html
http://nsidc.org/data/amsre/order_data.html


The second screen lets you specify location and time criteria for the data. For this example, enter a date range of 

01/01/2010 (in MM/DD/YYY format) for the beginning and end ranges. Leaving the location criteria blank so that you get 
data for the entire planet.

Once the search criteria is entered, click the Search GES-DISC button on the form.



The next screen shows the results of the search. This screen is deceptively simple, showing what appears to be only 

one file. This isn't actually the case. There's actually dozens of files. Where the NSIDC RSS files each contained about 50 
minutes of data, the NASA UAH files contain only 6 minutes of data. So you’re going to get lots of files to cover just one 
days worth of data.

To see all the files actually in the results, click the View Files link below the result. 



This screen lets you pick and choose which files that were part of the search results that you actually want to 

download. There's two useful buttons on this page, the Add Selected Files To Cart and the Add All Files in All Pages To 
Cart buttons. This form uses a shopping cart metaphor . You add the files you want to your shopping cart, then 
download the contents of your shopping cart.

Since this is just a walkthrough, only select one file, the first in the list, for download and ignore the others. This will 

give you 6 minutes of data for the date you selected. Do this by unselecting all the files except the first and clicking the 
Add Selected Files To Cart button.



Now you’re at the Services Selection screen. Here you can select how you want to download the files (by HTTP or 

FTP), or further narrow the results to provide only a subset of the channels in the data. Different channels measure 
different parts of the atmosphere. 

For this example all the channels will be downloaded, so you can ignore the channel service. And for this particular 
search result you only have the option of using HTTP as the download protocol. Select the HTTP option by clicking the 

Download via HTTP link on the right side of the screen. This puts the file in your shopping cart.

Now click the Continue Shopping button.



You’re now at a screen where you can choose to do another search, or check out. Once you’ve gotten all the data 

you want, click the Check Out button.



This is where it gets complicated, so pay close attention.

The NASA server doesn't actually download files to your computer. Instead, you have to send a series of commands 
to the NASA server telling it to give you the files you want. Using the following screens you'll build those commands, 
copy them to your computer, and then execute them to get the files in your shopping cart.

The screen shown above provides three different methods to issue commands to the NASA server to download your 

results. These methods are 1) A series of wget commands, 2) a series of curl commands, or 3) downloading a Java client 
to your machine and using that to issue the commands.



Non-technical users will want to use the Java client and follow any instructions it provides. To do that, click the More 

Options... link at the bottom of the page and follow the instructions provided. The rest of this post will discuss using curl 
to download the files.

The wget and curl methods require a file containing the list of files to be retrieved, and command line instructions 
needed to download the files in the list. The command lines for wget and curl can be seen in the screen shot above. 

You'll want to copy and paste one of those command lines after you have the file list on your computer. This example will 
use curl.

Notice the three buttons at the top of the form, URL List (Data), URL List (Metadata), and URL List (Data and 
Metadata). Clicking one of these buttons will open a new window containing the file list needed to get the files.



For this walkthrough, download data and metadata, so click that button. The resulting screen is shown below.

This screen shows the file list that need to be used to download the data. Copy and paste this list into a text file. 

Now close the browser window containing the file list and go back to the window containing the wget and curl 
instructions. Copy and paste them to a command line to execute them. This will download the files from your cart to your 

computer.



A screen shot of a sample terminal session to do all this is shown below.

The NASA method of getting the data is much more user-hostile than the NSIDC method. There's nothing that can 
be done about that. But you now know how to get the AMSU raw data.
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Using HDF-EOS Tools
In a browser, open the National Snow and Ice Data Center (NSIDC) HDF-EOS Tools page at http://nsidc.org/data/

hdfeos/hdf_to_ascii.html

Follow the instructions for downloading the HDF Libraries for your system. Once you’ve downloaded the tools, you’ll 
find the tool ncdump is located in the "utilities" folder of the download.

The ncdump tool is a command line utility that converts an hdf file to ASCII text. It has several options, the first of 
which you should learn is the -H (upper case H) option. This is the help option that gives you information on all the other 

options available. These options are:

./ncdump [-c|-h|-u] [-v ...] [[-b|-f] [c|f]] [-l len] [-n name] [-d n[,n]] file

[-c] Coordinate variable data and header information
[-h] Header information only, no data
[-u] Replace nonalpha-numerics in names with underscores

[-v var1[,...]] Data for variable(s) ,... only
[-b [c|f]] Brief annotations for C or Fortran indices in data

[-f [c|f]] Full annotations for C or Fortran indices in data
[-l len] Line length maximum in data section (default 80)
[-n name] Name for netCDF (default derived from file name)

[-d n[,n]] Approximate floating-point values with less precision file File name of 
 input netCDF file

The four variants of ncdump we'll discuss are:

./ncdump -H

./ncdump -h filename | more

./ncdump -b c filename | more

./ncdump -f c filename | more

These commands will show the Help screen, print out headers, print out data with brief descriptions and print out 
data with full descriptions.

If you want to save the output to disk, replace | more with > output_filename

Viewing Data

http://nsidc.org/data/hdfeos/hdf_to_ascii.html
http://nsidc.org/data/hdfeos/hdf_to_ascii.html
http://nsidc.org/data/hdfeos/hdf_to_ascii.html
http://nsidc.org/data/hdfeos/hdf_to_ascii.html


The -h (lowercase h) option will extract only header information. So this tells us an HDF file has headers and gives us  
a way to look at what those headers are. A screenshot is shown below of the output is from running ncdump using this 

option from a terminal window, like so: ./ncdump -h filename | more. 



The next option we want to look at is -b. This provides a brief description for data items that are part of indexes 
(arrays in C-speak). You need to give this option an f or c argument. This indicates whether the data should be presented 

in a Fortran-like or C-like format. A screenshot is shown below of the output is from running ncdump using this option 
from a terminal window, like so:: ./ncdump -b c filename | more. The first part of the results look a lot like the header 
results. But scrolling further through the file reveals differences.

You can see we're 

now getting values for 
the headers we saw 
previously.



The final ncdump command we're going to cover is -f. This is like -b, but gives full descriptions for the data items. 
Using the command ./ncdump -f c filename | more produces the following results:

As you can 
see, every 

item in an 
array is 

commented 
with its exact 
location in the 

array. This 
kind of output 

may come in 
handy during 
debugging 

situations.



Using HDView
In a browser, open the HDG Group HDFView page at http://www.hdfgroup.org/hdf-java-html/hdfview/

Follow the instructions for downloading HDFView to your system. 

The HDFView tool provides a graphical interface to HDF files. It shows both headers and data. You can edit the file 
and save your edits to disk.

To use this tool, double click on it, and select Open from the File menu. Navigate to the file you want to look at and 

click the Open button. A 
screen shot of HDFView with 
a file loaded up is shown 

below.

On the left side you see a 
Tree control showing the 
headers in the file. Double-

clicking a header brings up 
it's edit window in the main 

window.

If you make edits to the data 

they can be saved using the 
Save or Save As menu items 

in the File menu.

http://nsidc.org/data/hdfeos/hdf_to_ascii.html
http://nsidc.org/data/hdfeos/hdf_to_ascii.html
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The HDF file format is NASA's standard file format for storing data from the Earth Observing System (EOS), which is 
the data gathering system of sensors (mainly satellites) supporting the Global Climate Change Research Program. The 

Aqua satellite uses a specialized form of HDF called HDF-EOS, which deals specifically with the kinds of data that EOS 
produces.

Swath: The swath concept for HDF-EOS is based on a typical satellite swath, where an instrument 
takes a series of scans perpendicular to the ground track of the satellite as it moves along that 

ground track (see diagram at left). As the AIRS is profiling instrument that scans across the ground 
track, the data would be a three dimensional array of measurements where two of the dimensions 
correspond to the standard scanning dimensions (along the ground track and across the ground 

track), and the third dimension represents a range from the sensor. The "horizontal" dimensions 
can be handled as normal geographic dimensions, while the third dimensions can be handled as a 

special "vertical" dimension.

AMSU Major Data Groups
The AMSU Level 1B file is made of four major groups; “Dimensions”, “geolocation fields”, “Attributes”, and “Data 

fields” with data fields sub-divided into “Per-Granule Data Fields”, "Along-Track Data Fields, and “Full Swath Data 
Fields”.

Dimensions: These are HDF-EOS swath dimensions. The names "GeoTrack" and "GeoXTrack" have a special 

meaning for this document: "GeoTrack" is understood to be the dimension along the path of the spacecraft, and 
"GeoXTrack" is the dimension across the spacecraft track, starting on the left looking forward along the spacecraft track. 
There may also be a second across-track dimension "CalXTrack," equivalent to "GeoXTrack," except that "CalXTrack" 

refers to the number of calibration footprints per scanline. "GeoTrack" is 45 for large-spot products (AMSU-A, Level-2, 
cloud-cleared AIRS) and 135 for small-spot products (AIRS, Vis/NIR, HSB).

Geolocation Fields: These are all 64-bit floating-point fields that give the location of the data in space and time. If the 
note before the table specifies that these fields appear once per scanline then they have the single dimension 

"GeoTrack." Otherwise, they appear once per footprint per scanline and have dimensions "GeoTrack,GeoXTrack."

Attributes: These are scalar or string fields that appear only once per granule (a granule is a file). They are attributes 
in the HDF-EOS Swath sense.

Per-Granule Data Fields: These are fields that are valid for the entire granule (a granule is a file) but that are not 
scalars because they have some additional dimension.

Along-Track Data Fields: These are fields that occur once for every scanline. These fields have dimension 
"GeoTrack" before any "Extra Dimensions." So an "Along-Track Data Field" with "Extra Dimensions" of "None" has 

dimensions "GeoTrack"; whereas, if the "Extra Dimensions" is "SpaceXTrack (= 4)," then it has dimensions 
“GeoTrack,SpaceXTrack."

Key Data Fields
Location Data Fields

HDF-EOS File Information
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• Latitude: Boresight geodetic latitude (degrees North, -90->+90), dimension (90,135)
• Longitude: Boresight geodetic longitude (degrees East, -180->+180), dimension (90,135) 

• Time: Footprint "shutter" TAI Time: floating-point elapsed seconds since Jan 1, 1993

Per-Granule Data Fields 

• center_freq: Channel center frequency (GHz), dimension (15)
• IF_offset_1: Offset of first intermediate frequency stage (MHz) (zero for no mixing), dimension (15)

• IF_offset_2: Offset of second intermediate frequency stage (MHz) (zero for no second mixing), dimension (15)
• Bandwidth: Bandwidth of sum of 1,2 or 4 channels (MHz), dimension (15)
• NeDT: Instrument noise level estimated from warm count scatter (15)

Along-Track Data Fields

• qa_scanline: Bit field for each scanline (bit 0 set if sun glint in scanline; bit 1 set if costal crossing in scanline, bit 2 
set if some channels had excessive NeDT estimated), dimension (45)

• qa_channel: Bit field by channel for each scanline (bit 0 set if all space view counts bad; bit 1 set if space view 

counts marginal; bit 2 set if space view counts could not be smoothed; bit 3 set if all blackbody counts bad; bit 4 set if 
blackbody counts marginal; bit 5 set if blackbody counts could not be smoothed; bit 6 set if unable to calculate 

calibration coefficients; bit 7 set if excessive NeDT estimated), dimension (15,45)

Swath Data Fields 

• antenna_temp: Calibrated, geolocated channel-by-channel AMSU observed raw antenna temperature (K), 
dimension (15,30,45)

• brightness_temp: Calibrated, geolocated channel-by-channel AMSU sidelobe-corrected antenna temperature (K), 
dimension (15,30,45)

• brightness_temp_err: Error estimate for brightness_temp (K), dimension (15,30,45)

• landFrac: Fraction of AMSU footprint that is land (0.0 -> 1.0), dimension (30,45)

• landFrac_err: Error estimate for landFrac, dimension (30,45)

Each AMSU Level 1B data file contains a a collection of scans that take place over 6 minutes.

In these 6 minutes, the AMSU scans 45 times in the same direction as the satellite is moving. Each of these 45 scans 
contains 30 readings perpendicular to the movement of the satellite (called Footprints), and each of these 30 readings 

contains 15 channels, each at a different height above the Earth's surface.

This gives a total of 20,250 readings in a single Level 1B file. These 20,250 readings are stored as a contiguous block 

of data in the file that, in the parlance of C programmers, can be read into computer memory as a three dimensional 
array.

There are actually two sets of this 20,250 piece block of information in the AMSU Level 1B files. The first set is called 
antenna temperatures and is the raw data in degrees Kelvin as read by the satellite modified by calibration information 

(specifically, antenna temperatures = calibration coefficient/instrument readings2).

These values are collected by three different pieces of hardware. Receiver A11 
handles channels 6, 7, and 9 through 15. Receiver A12 handles channels 3, 4, 

5, and 8. Receiver A2 handles channels 1 and 2.i



The second set is called brightness temperatures consists of slightly modified antenna data.The brightness 
temperatures have a companion set of data, 20,250 error estimates called brightness temperature errors that estimate 

the accuracy of the brightness temperatures.

Either the antenna temperatures or the brightness temperatures can be considered to be the raw data used to create 

the UAH data.

AMSU Data Quality
There are several fields in the AMSU Level 1B data file that contain the results of Quality Assurance (QA) checks. In 

fact, much of the file is QA data. These fields tell if various pieces of data in the file can be used with confidence. Here 
are the important QA fields to check when processing temperature data:

● State 1 Indicates the state of the AMSU-A1 unit for each scan line. If this value is anything other than 0, the data in 
the scan line should be rejected.

● QA Receiver A11 and QA Receiver A12 These flags indicate the quality of the AMSU temperature receivers for 
each scan line. If either are non-zero, the data in the scan line should be rejected.

● SATGEO QA, GLINTGEO QA, and MOONGEO QA These fields contain QA information for each scan line. If a 
non-zero value is present, the data in the corresponding field should be rejected. 

● FTPTGEO QA, ZENGEO QA, and DEMGEO QA These are satellite position QA flags and occur for each of the 30 
field of view footprints for each of the 45 scan lines. If a non-zero value is present, the data in the corresponding field 
should be rejected. 

● QA Channel This is a series of 15 flags indicating the reliability of each channel of the AMSU. Channels with non-
zero values should not be used. Recall from Part 1 that channel 7 is always bad. 

Pseudocode For Reading Raw AMSU Data
The following pseudocode shows how to process a AMSU Level 1B file, checking for QA errors, and grabbing the 

temperature data. Recall that temperatures are provided in degrees Kelvin and that channel 7 is always bad.

Open File
Read AMSU Record Into Memory

Foreach Of The 45 Scanlines
   If State_1 Not Equal To 0 Then Reject Scanline

   If QA_Receiver_A11 Not Equal To 0 Then Reject Scanline
   If QA_Receiver_A12 Not Equal To 0 Then Reject Scanline
   If SATGEO_QA Not Equal To 0 Then Reject Scanline

   If GLINTGEO_QA Not Equal To 0 Then Reject Scanline
   If MOONGEO_QA Not Equal To 0 Then Reject Scanline

   Foreach Of The 30 Footprints
      If FTPTGEO_QA Not Equal To 0 Then Reject Footprint

      If ZENGEO_QA Not Equal To 0 Then Reject Footprint
      If DEMGEO_QA Not Equal To 0 Then Reject Footprint

      Foreach Of The 15 Channels
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         If QA_CHANNEL Not Equal To 0 Then Reject Channel

         Read Antenna Temperature for this Scanline/Footprint/Channel

         Read Brightness Temperature for this Scanline/Footprint/Channel
         Read Brightness Temperature Error for this Scanline/Footprint/Channel

      End Foreach
   End Foreach
End Foreach

AMSR-E Scan Information
Each AMSR-E Level 2A data file contains a singe scan at low resolution and a single scan at high resolution.

For low resolution, the AMSR-E scans 1994 times in the same direction as the satellite is moving. Each of these 1994 
scans contains 243 readings perpendicular to the movement of the satellite (called Footprints), and each of these 243 

readings contains 5 channels, each at a different frequency.

This gives a total of 2,422,710 readings in a single Level 2A file. This data has been "smoothed" as part of its 

processing from Level 1B to Level 2A.

For high resolution scans the AMSR-E scans 1994 times in the same direction as the satellite is moving. Each of 
these 1994 scans contains 486 readings perpendicular to the movement of the satellite, and each of these 486 readings 
contains 1 channel at a frequency of 89.0 GHz.

This gives a total of 969,084 readings in a single Level 2A file. This data has not been smoothed. It's in its original 

Level 1B form.

AMSR-E Data Quality
There are several fields in the AMSR-E Level 2A data file that contain the results of Quality Assurance (QA) checks. 

These fields tell if various pieces of data in the file can be used with confidence. Here are the important QA fields to 
check when processing temperature data:

For Low Resolution Scans
• Scan Quality Flag A series of 1994 flags indicating the quality of each scan line. If a flag is not zero, the 

corresponding scan line should be rejected.
• Channel Quality Flag 6 To 52 A series of 1994 arrays containing 12 flags each. There are two flags for channels 

6.9, 10.7, 18.7, 23.8, and 36.5. The last two fields are not used as there is no channel 52. These flags indicate the 
horizontal and vertical scan validity for each scan footprint. If either flag for a footprint is not zero, the corresponding 
footprint should be rejected.

Both the low resolution and high resolution temperatures are stored in a scaled 
offset format. To obtain the actual temperature in degrees Kelvin multiply the 

stored values by 0.01 and add 327.68 to the result.i



For High Resolution Scans

There are two high resolutions scans in the Level 2A file, one for Horn A and one for Horn B. Horn A is broken and its 
data should be ignored.

• Scan Quality Flag 89B A series of 1994 flags indicating the quality of each scan line for Horn B. If a flag is not 

zero, the corresponding scan line should be rejected.

• Channel Quality Flag 89B A series of 1994 arrays containing 2 flags each. These flags indicate the horizontal and 
vertical scan validity for each scan footprint. If either flag for a footprint is not zero, the corresponding footprint should 

be rejected.

Pseudocode For Reading Raw AMSR-E Data
The following pseudocode shows how to process a AMSR-E Level 2A file, checking for QA errors, and grabbing the 

temperature data. Recall that temperatures are provided in scaled offset degrees Kelvin and that Horn A is always bad.

Open File
Read Low Resolution Record Into Memory

Foreach Of The 1994 Scanlines

   If Scan Quality Flag Is Not 0 Then Reject Scanline

   Foreach Of The 5 Footprints

      If Either Of The Channel Quality Flags Are Not 0 Then Reject Footprint

      Read Each Of The 243 Footprints For the Channel
   End Foreach
End Foreach

Read High Resolution Horn B Record Into Memory

Foreach Of The 1994 Scanlines
   If Scan Quality Flag Is Not 0 Then Reject Scanline

   If Either Of The Channel Quality Flags Are Not 0 Then Reject Footprint

   Read Each Of The 486 Footprints For the Channel
End Foreach


