
NASA Satellites Aqua, Aura, and Terra
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A flotilla of satellites patrols the earth, seeking not
terrorists—that is another armada—but global climate
and environmental data. This formidable force will

lessen our relative ignorance of how our planet’s global
climate operates and may allow us to have a 10-day weather
forecast that is more than just a stab in the dark. 

Why is our knowledge of the global climate so abysmal?
Until 30 years ago, we made do using weather data recorded
around the world to create a historical record of climate. With
limited knowledge of how weather systems operated, we
entered the satellite age, which greatly enhanced our knowl-
edge of climate and weather. Only now are we beginning to
understand what variables may be important in shaping
weather and global climate. 

To determine quantitative numbers for these variables,
NASA, with assistance from other countries, is launching
numerous satellites in a program called the Earth Observation
System (EOS). The system will record more data than ever
before on our planet’s weather and climate. A triumvirate of
satellites—Terra, Aqua, and Aura—will play a key role in the
mission. 

Earth Observation Fleet
Terra, Aqua, and Aura will examine the earth’s surface and
clouds, water cycle, and atmospheric chemistry, respectively.
One of the most significant aspects of these missions is how
Aqua and Aura will operate in concert. All three satellites will

be in polar orbit, traveling from pole to pole somewhat
perpendicular to the equator. Aqua and Aura will be placed in
orbit so that they observe the same area of the earth with a
slight delay between them. Several smaller satellites will
follow Aqua as part of this arrangement; this succession of
satellites affords several advantages. First, the more types of
sensors that fly over one location, the more data can be
collected for a given time or event. Second, with several satel-
lites, the mission will not suffer as greatly if one launch fails
or budget cutbacks affect the project. Third, significant time
and costs can be saved in calibration. 

Calibrating satellite spectrometers, radiometers, and
microwave instruments is just as important as calibrating
laboratory equipment. However, there is often no standard to
calibrate against, so researchers must go into the field to make
measurements to compare with the satellite data. Aqua is
already taking readings, but they are of no use until similar
measurements are taken from planes or weather balloons to
verify and calibrate the instruments on board the satellite.
Calibrating additional satellites, including Aura, may be much
easier due to the measurements from—and their proximity
to—those taken by Aqua. 

Terra
Terra, launched on December 18, 1999, has been examining
the land and sky, studying everything from crops and forests
to aerosol levels in the atmosphere. Two of Terra’s five instru-
ments are also flying on Aqua. The Moderate-Resolution Imag-
ing Spectroradiometer (MODIS) and the Clouds and the Earth’s
Radiant Energy System (CERES) provide wide-angle views of
the earth. MODIS captures a 2300-km-wide section of reflect-
ed solar radiation by day and thermal emissions from the
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earth by night, with a maximum of 250-m resolution (the size
of a back yard, or about .06 of an acre). The instrument can
determine details about cloud cover (cloud phase, optical
thickness, droplet size, cloud top pressure, and temperature);
atmospheric aerosols (optical thickness, particle size, mass
loading); surface temperature (1-km resolution with accuracy
of .3–.5 K over the sea and 1 K on land); chlorophyll; and
land cover (net primary productivity, leaf index, intercepted
photosynthetically active radiation, and vegetation indices).

Using the cloud detection abilities of MODIS, researchers
can estimate global water precipitation. MODIS uses 4 spec-
tral interference filters on each of its 9 cameras creating read-
ings in 36 discrete wavelength ranges (in nanometers) from
400 to 14,500. 

CERES measures reflected sunlight and earth-emitted ther-
mal radiation using two scanning radiometers to examine
clouds and water vapor and determine the radiation balance.
There are currently several CERES instruments in space provid-
ing information about clouds and radiative changes at differ-
ent times, which is essential because clouds and earth radia-
tion vary significantly during a 24-hour period. This
information will lead to a better understanding of what role
cloud properties play in the global energy cycle and in possi-
ble climate change. 

CERES works by measuring the visible
(300–5000 nm) reflected sunlight (about 30%

of incoming solar energy is reflected back into
space) and measuring the mostly infrared

(8000–12,000 nm) energy radiated by the earth after
it absorbs solar energy. According to NASA’s website, “The

balance between the incoming and outgoing energy is called
the earth’s radiation budget.” However, the radiation budget
is deeply affected by clouds, because clouds reflect more solar
radiation and trap infrared energy emitted by the earth’s
surface (high cirrus clouds trap infrared energy but let more
solar radiation through, contributing to global warming).
Radiation budget anomalies (departures for a five-year aver-
age) were observed with a later phase of the 1997 El Niño,
which affected world climate.

The CERES instrument measures visible radiation, a window
of infrared radiation that is known to escape the atmosphere,
as well as a large swath of wavelengths from 300 to 100,000
nm. Onboard calibration equipment (such as a solar diffuser,
tungsten lamp, blackbody radiation systems, and observations
of cold space), have improved CERES’s stability so that cali-
brations with the ground agree to within 0.25%. 

Terra also has two instruments that provide a reason for its
name: the Advanced Spaceborne Thermal Emission and Reflec-
tion Radiometer (ASTER) and the Multi-Angle Imaging Spec-
troradiometer (MISR). The ASTER fills an essential gap between
the moderate resolution of MODIS and CERES and high-resolu-
tion ground measurements. ASTER can resolve objects 15–90 m
in size on the earth’s surface in the following wavelengths:
visible and near-infrared from 500 to 900 nm (15-m resolu-
tion), shortwave infrared from 1600 to 2430 nm (30-m resolu-
tion), and thermal infrared from 8000 to 12,000 nm (90-m



resolution). The visible, near-infrared, and shortwave infrared
measurements are useful in detecting land use and vegetation
and a rearward-looking visible and near-infrared telescope
allow stereo images and elevation models to be produced. Ther-
mal infrared can be used for not only determining surface
temperature but also analyzing topography, cloud structure,
volcanic clouds, and glacial changes. Instruments that use visi-
ble, near-infrared, and thermal-infrared measurements can be
used together to examine coral reefs. 

MISR focuses on clouds and aerosols, but when used in
combination with MODIS, more detail about the surface can be
generated. MISR has a very wide field of view that is capable
of capturing the entire earth every nine days (with complete
capture of the poles every two days), allowing cloud fields
(with altitude and type information) to be tracked over the
earth. Absorption of sunlight by aerosols can be tracked as
well, showing aerosol transport, generation, and sinks. When
data is combined with MODIS, MISR’s aerosol information can
make MODIS readings of surface characteristics, including land
cover and vegetation, more accurate. 

MISR uses 9 charge-coupled device (CCD)-based cameras to
capture 4 separate spectral bands (centered at 446, 558, 672,
and 866 nm) to yield 36 data channels. To maintain calibra-
tion, semiannual checks against field tests must be performed. 

Aqua 
Aqua, launched on May 4, should help researchers paint a
clearer picture of the global water cycle. In addition to MODIS
and CERES, Aqua carries several instruments that are designed
to work together to provide 1-K-rms accuracy in 1-km layers
throughout the atmosphere, as well as 10% accuracy for
humidity measurements in the lower atmosphere. The goals
are to make weather forecasts more accurate and improve
understanding of global climate. 

Sounding, which is crucial to Aqua, is a technique that
captures the energy emitted by molecules. Certain infrared
and microwave wavelengths are emitted by water and materi-
als on the earth, which means these emissions can be used to
gain information about the location and source of the radia-
tion. Water is easily detected in the microwave wavelengths,
making microwave sounders excellent at detecting clouds and
water all over the globe. 

Infrared sounding can produce high-resolution surface and
atmospheric temperatures. Both infrared and microwave sound-
ing are proven technologies in use since the late 1970s to assist
in weather forecasting, but higher resolutions may dramatical-

ly improve weather forecasting and climate knowledge.
The infrared instrument on Aqua is the Atmospheric

Infrared Sounder (AIRS), which determines the amount of
water in a cloud and accurate temperatures in various levels of
the atmosphere, to produce a temperature profile. To achieve
this, the sounder records 4 visible and near-infrared channels
and an amazing 2378 infrared channels for total coverage
between 3740 and 15,400 nm. 

The AIRS works in concert with two microwave sounders, the
Advanced Microwave Sounding Unit (AMSU) and the Humidity
Sounder for Brazil (HSB). The three will provide details about
how much water vapor is in different levels of the atmosphere.
The AMSU determines temperature from the surface of the earth
to an altitude of 25 miles using 15 channels and covering 15–90
GHz. The HSB, provided by the Brazilian National Institute for
Space Studies, determines water vapor concentration of the
atmosphere from the surface to 6.2 miles by receiving one chan-
nel at 150 GHz and three at 183 GHz. 

The infrared and microwave sounders will need about 5
months of calibration studies before weather forecasters can use
them. The calibration is about 7% of the operating expectancy
of 6 years, a fairly large ratio for research equipment. 

Another microwave instrument on Aqua is the Advanced
Microwave Scanning Radiometer-EOS (AMSR-E). The instru-
ment, which has flown on other missions, can measure
microwave emissions from large raindrops and the scattering of
microwaves by ice particles within clouds. Ocean surface rough-
ness measurements by AMSR-E can lead to estimates of wind
speed. These and other observations can be formed into an
estimate of total water vapor in the atmosphere over oceans. 

Aura
The third satellite in the series is Aura (formally EOS Chem-
istry-1), which will launch in 2004 and look at atmospheric
chemistry. Flying 15 min behind Aqua, some Aura instruments
will look through the atmosphere at a tangent, or “limb”, to
examine the atmosphere in the same location that is being
examined directly below Aqua. By combining these two analy-
sis angles, scientist hope to make atmospheric observations
that have higher horizontal and vertical resolution than is
possible with any other instruments.

The High Resolution Dynamics Limb Sounder (HIRDLS)
scans the infrared wavelengths (6120–17,760 nm), and sounds
the troposphere, stratosphere, and mesosphere to determine
the temperatures and concentrations of O3, H2O, CH4, N2O, NO2,
HNO3, N2O5, CFC12, ClONO2. The instrument uses 21 detectors
(cooled to 65 K), and each detector captures a 10 km � 1 km
image of the atmosphere to capture the entire earth in 12 h.
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Aqua Instruments

AIRS: Atmospheric Infrared Sounder
AMSR-E: Advanced Microwave Scanning Radiometer-EOS
AMSU: Advanced Microwave Sounding Unit
CERES: Clouds and the Earth’s Radiant Energy System
HSB: Humidity Sounder for Brazil
MODIS: Moderate-Resolution Imaging Spectroradiometer

Terra Instruments

ASTER: Advanced Spaceborne 
Thermal Emission and Reflection Radiometer 

CERES: Clouds and the Earth’s Radiant Energy System 
MODIS: Moderate-Resolution Imaging Spectroradiometer 
MOPITT: Measurements of Pollution in the Troposphere

(measures CO and CH4 in the atmosphere)
MISR: Multi-Angle Imaging Spectroradiometer



To keep the detectors calibrated, the exposure is switched
from the earth to empty space and is also exposed to an inter-
nal blackbody of known temperature. 

The HIRDLS’s microwave colleague is the Microwave Limb
Sounder (MLS). The MLS will determine the concentrations of
H2O, O3, ClO, BrO, HCl, OH–, HO2, HNO3, HCN, and N2O as well
as their effects on the ozone layer. This data will help estab-
lish the success of restrictions on ozone-depleting chemicals.

In addition, MLS will measure upper tropospheric water
vapor, high cirrus clouds (which contribute to warming of the
earth), and trace clouds by identifying CO and N2O concentra-
tions. MLS operates in 5 wavelength bands centered on 118
GHz (temperature and pressure), 190 GHz (H2O, HNO3), 240
GHz (O3 and CO), 640 GHz (N2O, HCL, ClO, HOCl, BrO, HO2, SO2),
and 2.5 THz (OH–). 

The Troposheric Emission Spectrometer (TES) can view the
earth’s limb and surface. This instrument is a Fourier transform
infrared spectrometer. Covering the 3.2–15.4 µm spectral
range, the TES uses natural thermal emissions from the earth’s
surface as well as reflected sunlight to make day and night
observations. When looking through the atmosphere in limb
mode, TES can see a layer from the surface to 34 km with a
resolution of 2.3 km. When looking down at the earth, reso-
lution is .53 km with a field of view of 5.3 � 8.3 km. 

The last instrument, the Ozone Monitoring Unit (OMI),
continues the legacy of previous instruments in analyzing the
ozone layer. The inclusion of the OMI will create an almost
continuous ozone profile from 1978. Using the OMI,
researchers can measure ozone profiles, air pollution
compounds (NO2, SO2, BrO, OClO, and aerosols of smoke, dust,
and sulfates). The instrument produces hyperspectral images
using a CCD detector, meaning that the wavelengths observed
are broken into small bands (OMI has 740 wavelength bands
covering 350–500 nm, 270–314 nm, and 306–380 nm). The
resolution is 13 km, but the entire earth can be covered in one
day. The OMI is capable of onboard calibration using a white
light source, solar diffuser, and other equipment. 

Flights of Fancy
With the successful launch of the last of this trio, we may
better understand how the earth’s climate behaves on a larger
scale. Current models of global climate change rarely take into
account water vapor, which has the most significant role in the
earth’s climate. With these new tools, we may soon know what
the future holds: the possibility of global climate changes, not
to mention an accurate 10-day weather forecast. 

Michael J. Felton is an associate editor of Today’s Chemist at
Work. Send your comments or questions regarding this article to
tcaw@acs.org or to the Editorial Office address on page 6. ◆
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Aura Instruments

HIRDLS: High Resolution Dynamics Limb Sounder
MLS: Microwave Limb Sounder
OMI: Ozone Monitoring Unit
TES: Tropospheric Emission Spectrometer
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