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Abstract This chapter reviews the main missions of NASA and, secondarily, other
US agencies, providing global observation of the Earth’s environment, with special
emphasis on Landsat and the Earth Observing System (EOS) missions. An analy-
sis of the main policies towards long-term data archival and accessibility, and an
assessment of the immediate future is also addressed.

2.1 NASA Earth Observing Agenda

In the National Aeronautics and Space Act of 1958 it was stated that the activities of
the administration should include the expansion of human knowledge of the Earth
and of phenomena in the atmosphere and space. As part of the U.S. National Space
Policy of 1996, the National Aeronautics and Space Administration (NASA) was
charged with conducting a program of research to advance scientific knowledge
of the Earth through space-based observation and development and deployment of
enabling technologies. NASA currently undertakes a wide range of activities related
to the study of global change. As a space agency,one of its primary functions is the
design, construction and launch of artificial satellites and space vehicles. However,
NASA also supports a considerable body of research which utilizes data from its
earth observation satellites and provides the archive and distribution of these data.
In addition NASA provides funding to develop applications of societal benefit using
the satellite data, education and outreach. NASA also undertakes cooperation with
other agencies of the US government, as well as other space agencies and interna-
tional organizations.

Following the main objectives of this book, our review of NASA activities will
be focused on those aspects related to global change research. Most satellite mis-
sions are global by nature, since most satellites provide a world-wide observation.
However, in this chapter we will restrict to those missions that have relevance to
global change researchers and decision makers. When studying global change spe-
cial emphasis is given to those observations which are being formed into consistent
long-term data records.

Before moving into the analysis of main NASA EOS missions, a brief com-
ment on the general strategy of NASA in relation to global change research will be
addressed.
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The current NASA Earth Science program has evolved from its Mission to Planet
Earth and Global Habitability in the 1980’s and 1990’s, to its Earth Science Enter-
prise, which is currently part of the latest administrator’s initiative on space ex-
ploration, scientific discovery and aeronautics research. A recent NASA reference
document (Parkinson et al. 2006), describes the current NASA mission: “to improve
life here, to extend life to there, to find life beyond”. Within this scheme, the agency
has developed an Earth Science program that addresses critical issues related to
improving our knowledge of the Earth system. Research focus areas identified by
the program have a strong emphasis on climate change and its potential impacts,
including climate variability and change, atmospheric composition, carbon cycle,
ecosystems, land cover and land use change and biogeochemistry, water and energy
cycles, weather and the Earth surface and interior.

The main component of NASA’s contribution to these research issues is provided
by the Earth Observing System (EOS) program, which was designed in the early
1980s, and received a strong impetus during the nineties. EOS was designed to pro-
vide a consensus list of critical variables defined by the EOS Investigators Working
Group (IWG), based on scientific recommendations by national and international
programs such as the Intergovernmental Panel on Climate Change (IPCC) and the
Committee on the Environment and Natural Resources (CENR). The list of variables
included those related to seven major areas: 1) Radiation, Clouds, Water Vapor,
and Precipitation, 2) Oceans, 3) Greenhouse Gases, 4) Land-Surface Hydrology
and Ecosystem Processes (including land cover change), 5)Glaciers, Sea Ice, and
Ice Sheets, 6) Ozone and Stratospheric Chemistry, and 7) Volcanoes and Climate
Effects of Aerosols (Fig. 2.1).

Fig. 2.1 Earth Systems Science at NASA
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These seven science priorities have guided the selection of the instruments to
incorporate in new missions, and are still the focus for future systems (Table 2.1).
NASA has also provided funds for developing data products, currently termed Earth
Science Data Records (ESDR’s) based on satellite observations, to enable the use
the data in scientific research and decision making at different spatial scales. Cur-
rently, the EOS program includes multiple satellites and sensors, some of them as a
result of international cooperation (Table 2.1). NASA’s open data access policy and
education efforts reinforce the international cooperation.

One aspect of the EOS concept missing from previous NASA programs is the
comprehensive character of the mission, which coordinates data acquisitions across
multiple platforms to allow benefits from data synergy. This approach has implied
the creation of the morning and afternoon constellations, meaning a set of satellites
that have the same orbit and acquire data almost simultaneously. The morning con-
stellation crosses the Equator at 10.30 am and pm, and is composed of the Landsat 7,
EO-1, Satellite for Scientific Applications (SAC-C, with Argentina), and EOS Terra.
The afternoon constellation is composed of EOS Aqua and Aura, and PARASOL,
and is soon to be followed by CALIPSO, Cloudsat and the Orbiting Carbon Ob-
servatory (OCO). These missions have equatorial crossings in the early afternoon,
around 1:30 p.m. local time (and in the middle of the night, around 1:30 a.m.).
Flying these satellites in formation facilitates the integration of their data for the
study of albedo, surface temperature and processes, vegetation and land-surface
cover, ocean characteristics, and cloud properties. Further, having the Moderate Res-
olution Imaging Spectroradiometer (MODIS) and Clouds and Earth Radiant Energy
System (CERES) instruments on both the Terra and Aqua satellites provides scien-
tists an opportunity to examine aspects of the diurnal cycle of the many parameters
being measured by these instruments (Parkinson et al. 2006).

Another important aspect of the integrated use of different satellite sensors is
the growing emphasis on calibration and validation of the raw data and the derived
products. A great economic and human effort investment has been made to assure
that EOS observations are properly calibrated, hence physical units can be used
across different sensors to help up-scaling of observations. The calibration process
includes laboratory measurements, in-flight calibration devices, and vicarious meth-
ods, based on ground reference panels and the Moon. Some of these are performed
before launch (development and verification of algorithms and characterization of
uncertainties resulting from parameterizations and their algorithmic implementa-
tion) and some others after launch of the instruments. These include refinement of
algorithms and uncertainty estimates based on near-direct comparisons with correla-
tive measurements and selected controlled analyses or application implementations
(King et al. 2003).

EOS standard products are derived from raw data in a consistent and well-
documented way. The technical documentation is available online, and includes a
full description of the algorithms used. These documents are named ATBD’s (Al-
gorithm Theoretical Basis Documents) and are develop by the principal investigator
responsible for each product in coordination with the EOS Senior Project Scientist.

The ATBDs are peer-reviewed before their approval, and include a technical
background, science rational, algorithm theoretical description, sources of
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Table 2.1 NASA Earth Science Satellite Program, 1991–2010 (after Parkinson et al., 2006)

Launch Satellite Mission Objectives

1991 UARS Measure upper atmospheric characteristics to examine
stratospheric and mesospheric chemistry and dynamic
processes.

1991–2000 NASA Shuttle Missions Measure atmospheric ozone (SSBUV), atmospheric
and solar dynamics (ATLAS), atmospheric aerosols
(LITE), and surface height (SLA), through a series of
Shuttle-based experiments. Shuttle Radar Topography
Mission (SRTM), including X-SAR, SIR-C, and GPS
instruments, was launched February, 000 (joint with
Germany and Italy).

1991 Meteor-3/TOMS Monitor and map atmospheric ozone (joint with Russia).
1992 TOPEX/Poseidon Monitor changes in sea-level height to study ocean cir-

culation (joint with France).
1996 Earth Probe/TOMS Monitor and map atmospheric ozone. Together with

TOMS aboard Nimbus-7 (launched 978) and Meteor-
(launched 99 ), the Earth Probe TOMS provides a data
set of daily ozone for over two decades.

1997 Orbview-2/SeaWiFS Monitor ocean productivity (an ocean-color data
purchase).

1997 TRMM Measure precipitation, clouds, lightning, and radiation
processes over tropical regions (joint with Japan). Data
from CERES instruments on Terra, Aqua, and TRMM
extend the long-term radiation-budget record that be-
gan with the three-satellite configurations of ERBS
(launched 984), NOAA-9, and NOAA- 0, each carry-
ing the Earth Radiation Budget Experiment (ERBE)
instrument.

1999 Landsat 7 Monitor the land surface through high-spatial-resolution
visible and infrared measurements (joint with USGS).

1999 QuikSCAT Measure ocean surface wind vectors, with the SeaWinds
instrument.

1999 Terra Collect global data on the state of the atmosphere, land,
and oceans, and their interactions with solar radiation
and with one another (includes Canadian and Japanese
instruments). See TRMM entry for the radiation-
budget measurements with the CERES instruments on
Terra, Aqua, and TRMM.

1999 ACRIMSAT Monitor total solar irradiance.
2000 CHAMP 1) Map Earth’s gravity field and its temporal variations;

2) map Earth’s global magnetic field and its temporal
variations; 3) perform atmospheric/ionospheric sound-
ing (cooperative with Germany).

2000 EO-1 Collect data to allow paired scene comparisons between
EO- Advanced Land Imager (ALI) and Landsat 7 En-
hanced Thematic Mapper Plus (ETM+).

2000 SAC-C Perform various environmental, magnetic, navigation,
space radiation, and other experiments. (Coopera-
tive mission with Argentina, with contributions from
Brazil, Denmark, France, and Italy).

2001 Jason Monitor ocean height to study ocean circulation (joint
with France).

(continued)
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Table 2.1 (continued)

Launch Satellite Mission Objectives

2001 Meteor-3M/ SAGE III Retrieve global profiles of atmospheric aerosols, ozone,
water vapor, other trace gases, temperature and pres-
sure in the mesosphere, stratosphere, and troposphere
(joint with Russia).

2002 GRACE Measure Earth’s gravity field and its variations with time
(joint with Germany).

2002 Aqua Monitor atmospheric, land, ocean, and ice variables for
improved understanding of the Earth’s water cycle
and improved understanding of the intricacies of the
climate system (includes Brazilian and Japanese in-
struments). See TRMM entry for the radiation-budget
measurements with the CERES instruments on Terra,
Aqua, and TRMM

2002 ADEOS II
(Midori II – Japan)

Monitor ozone, aerosols, atmospheric temperature,
winds, water vapor, SST, energy budget, clouds, snow
and ice, ocean currents, ocean color/biology, from
visible-to-thermal-infrared radiance/reflectance, mi-
crowave imaging, and scatterometry (includes French
and U.S. instruments).

2002 ICESat Measure elements of ice-sheet mass balance, cloud-top
and land- surface topography, and vertical profiles of
aerosol and cloud properties.

2002 SORCE Measure the total and spectral solar irradiance incident at
the top of Earth’s atmosphere.

2004 Aura Measure atmospheric chemical composition; tro-
pospheric/stratospheric exchange of energy and
chemicals; chemistry-climate interactions; air qual-
ity (includes joint Netherlands/Finland and joint
U.K./U.S instruments).

2006 CALIPSO Measure the vertical distribution of clouds and aerosols
(joint with France).

2006 CloudSat Measure cloud characteristics, to increase the under-
standing of the role of optically thick clouds in Earth’s
radiation budget (joint with Canada).

uncertainty and errors, calibration and validation protocols, and practical considera-
tions. They are available at: eospso.gsfc.nasa.gov/eos_homepage/for_scientists/atbd/
index.php.

Product validation is an additional critical task that has been soundly addressed
in the EOS program. The responsibility for product validation lies primarily with the
product Principle Investigator (P.I.). In addition independent validation teams have
been established for different variables and ecosystems (Morisette et al. 2002). EOS
instrument science teams are responsible for overseeing the instrument design and
build, the on flight performance, algorithm development and product validation, and
specific activities are carried out for each instrument (http://eospso.gsfc.nasa.gov/
validation/), including airborne and field campaigns. Examples of these campaigns
include the SAFARI2000 (Southern African Regional Science Initiative – Dry
Season Campaign), the SMEX (Soil Moisture Experiment 2002 and 2003), and the
AMSR-E Antarctic Sea Ice (AASI).
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2.2 A Review of NASA EO Missions

2.2.1 Beginnings

Since the beginning of aerial navigation, the new perspective providing by vertical
surveillance attracted both civilian and military users, although the latter have led the
technological developments since the beginning. Earth Observation from airborne
cameras was initiated in the 19th Century and used extensively during the World
Wars I and II, and later on during the so-called Cold War. The greater distances
covered by radar systems, prepared the ground for satellite-borne observation sen-
sors. After the incident of the U-2 in 1960, the U.S. Government emphasized the
importance of developing a reliable satellite surveillance system, which had in fact
been initiated in 1959 with the launching of the first CORONA Keyhole (KH)1
military satellite.

On the other hand, the manned space missions developed during the sixties for
the Moon race initiated, almost incidentally, the observation of earth resources from
space photography, which was the seed for planning specific missions for this pur-
pose. These developments were in parallel to the activities of the first meteorological
satellites, the Television and Infrared Observational Satellites (TIROS-1) launched
in April 1960, which soon began to show the interest of global observation of atmo-
spheric conditions and circulation patterns, and provided early warning of serious
natural catastrophes.

2.2.1.1 Manned Missions (Apollo – Skylab – Space Shuttle)

During the Mercury, Gemini and Apollo programs, several experiments were
planned to acquire photography, to help better understand geological features and
remote areas that had previously been rarely observed. These photographs provided
the impetus for the creation of space programs oriented towards the study of our
planet, from which current EOS is indebted (Fig. 2.2).

The Skylab space laboratory launched in 1973 included a full set of experi-
ments oriented towards Earth Observation. This part of the mission was named
EREP (Earth Resources Experiment Package), and included diverse sensors: a
multi-spectral scanner, two micro-wave sensors and two photographic cameras (the
multi-spectral camera S 190A, with six bands, and the high resolution Earth Terrain
Camera .(NASA 1977). Photographs from these systems were used for various
studies, although they were mainly oriented toward land cover, agriculture and
geological mapping .(Hart 1975; NASA 1977).

The continuation of manned EO initiatives was possible through different mis-
sions of the Space Shuttle. In the early eighties, the Space Shuttle included several
high-resolution cameras. During 1983, around 1000 photographs were acquired by
the metric camera RMK 20/23, in a cooperative mission with the ESA, including
both panchromatic and color infrared films, which were proven useful for mapping
applications using standard photographic restitution procedures (Konecny 1986).
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Fig. 2.2 Image of Lake Chad, Africa, acquired in October 1968 by Apollo 7 crew. Image courtesy
of Earth Sciences and Image Analysis Laboratory, NASA Johnson Space Center

During those years another sophisticated camera was included on board the
Space Shuttle in several missions. It was named Large Format Camera, since it
covered twice the territory (23 × 46 cm) of an ordinary aerial photography film.
It was used for basic cartography, as well as thematic interpretation (Francis and
Jones 1984; Lulla 1993). Other cameras on board the Space Shuttle have been the
Hasselblad 70 mm, Aerotechnika and more recently, the Electronic Sill Camera, a
digital camera with up to 2048 × 2048 pixels (Lulla 1993). Most of those pho-
tographs, as well as those from declassified military systems and some Russian
satellites can be accessed through the Global Land Information System (GLIS),
the image portal of the U.S. Geological Survey web server, or through the NASA
Gateway of Astronaut Photography of Earth (http://eol.jsc.nasa.gov/). These pho-
tographs provide a sporadic historical record to monitor environmental change
(Lulla and Dessinov 2000).

The Space Shuttle also incorporated some RADAR missions, to test new tech-
nologies in microwave Earth observation. These missions were the Shuttle Imaging
Radar (SIR) A, B and C, on flight in 1981, 1984 and 1994, respectively. The first two
were L band RADAR, with a spatial resolution of 25 to 40 m, and HH polarization,
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and a wide observation angle: 47◦ in SIR-A and 15 to 60◦ in SIR-B. SIR-C included
three bands (L, C and X), at different polarization, various observation angles (from
20 to 55◦), with a spatial resolution of 25 to 30 m and digital recording.

2.2.1.2 Exploratory Missions: HCMM – Seasat

Some of the technologies included on the Space Shuttle were previously tested in
exploratory missions. This is the case of the synthetic aperture RADAR technolo-
gies, which were tested with the Seasat mission. This satellite was only active for
a few months in 1978, but it was a milestone in the use of active microwave data
for Earth observation. The Seasat included synthetic aperture radar working with
L-Band and HH polarization, at an incidence angle between 20 and 26◦. The spatial
resolution was 25 m. The data were recorded in film. The system also included a mi-
crowave altimeter with high precision to measure the Ocean geoid. Seasat data were
mainly used for oceanographic applications, although some studies were conducted
for geological and land cover mapping (Elachi 1982).

The Heat Capacity Mapping Mission (HCMM) was also relatively short, from
1978 to 1980. It was oriented towards demonstration of potential uses of thermal
sensors for geological, snow cover and plant applications. The system had a circular
sun-synchronous orbit which allowed the spacecraft to sense surface temperatures
near the maximum and minimum of the diurnal cycle. Day/night coverage over a
given area between the latitudes of 85 deg N and 85 deg S occurred at intervals
ranging from 12 to 36 h (once every 16 days). The resolution of the sensor was
approximately 500 m for the visible band and 600 m for the thermal band, both at
nadir, with a field of view of 716 km (Short and Stuart 1982).

2.2.2 Landsat Program

The success of the first space photographs and the routine use of aerial survey pho-
tography made it possible to conceive of a mission exclusively oriented towards the
observation of natural resources. This mission initially named the Earth Resources
Technology Satellite (ERTS) was launched on 23rd July 1972. After the launch of
the second satellite, in 1975, the program was renamed Landsat. Without doubt,
the Landsat program has been the most important for civilian Earth Observation,
providing a continuous coverage of our planet for the last 35 years, at medium
spatial resolution. The critical impact of this series of satellites and the immense
variety of world-wide users explains the great concern about the continuity of this
program, which was seriously impacted by the loss of Landsat-6, and the subsequent
technical failure of scan line corrector on Landsat-7 in late 2003, and the extremely
slow response to replacing this broken instrument. An update on the technical
characteristics of the program can be found at: http://landsat.gsfc.nasa.gov/.
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2.2.2.1 Orbital Characteristics

The first three Landsat satellites had a Sun-synchronous polar orbit, at 917 km,
with a revisiting period of 18 days and a 10.30 a.m. Equatorial crossing time. The
third and fourth Landsat satellite modified their instrument configuration and or-
bital characteristics. The orbital height was decreased to 705 km, the orbital period
was reduced and the revisiting observation was improved to 16 days in temperate
latitudes. Overpass time remained similar to the previous Landsats, crossing the
Equator around 10.10 am. The next two satellites of the mission, Landsat-6 and
7, changed again the appearance (Fig. 2.3), although they maintained the orbital
characteristics of their two predecessors. Landsat-6 was lost shortly after the launch
in 1993, while the Landsat-7 was launched 1999 and still is working although with
a serious technical problem.

2.2.2.2 Sensors

The first three Landsat included digital multi-spectral scanners (MSS) and three
video cameras (RBV, Return Beam Vidicon), the first two and just one, at higher
resolution, for Landsat-3. The cameras did not work properly in the first two satel-
lites; hence the MSS was really the most useful sensor of the mission until the
launch of Landsat-4. The MSS had an 11.56◦ field of view, able to observe an
area of 185 × 185 km at 57 × 79 m nominal resolution. It covered four bands of the
spectrum (green, red, and two in the near infrared, numbered as 4, 5, 6, and 7, re-
spectively). Designed to imitate true and false color infrared photography, Landsat-3
included an updated version of the MSS with a thermal band. Data were digitally
acquired and recorded on board or transmitted in real time to a set of acquisition
antennas. Bands 4 to 6 were coded in seven bits (between 0 and 127) and band 7 in
six bits (0 and 63).

The launch of the Landsat-4 and 5 gave a boost to the program with a more
sophisticated multispectral scanner sensor designed primarily for remote sensing
of vegetation. It was named the Thematic Mapper (TM) and improved on the spa-
tial, spectral resolution and radiometric resolution of the MSS, from 79 to 30 m,
from 4 to 7 bands, and from 6 to 8 bits quantization. Landsat-7 included an im-
proved version of the TM, named the ETM+, with similar characteristics to TM,

Fig. 2.3 Different Landsat spacecrafts, from left to right: Landsat-2, Landsat-5 and Landsat-7
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but with an additional panchromatic band with a 15 m spatial resolution, and and
improved resolution of the thermal band to 60 m. New bands included two in the
short-wave infrared (SWIR, 1.6 to 2.2 μm), which are very valuable for estimat-
ing water content of soils and plants, and improving atmospheric correction, as
well as one in the thermal infrared. NASA through its Landsat Pathfinder pro-
gram had demonstrated the necessity for repeat coverage and large volume wall
to wall mapping using Landsat for global change research. An important step for-
ward for Landsat 7 was the reduction in per-scene costs from the unaffordable
commercial rates and the implementation of a long term acquisition plan to ac-
quire seasonal coverage globally dramatically increasing the availability of data.
(Arvidson et al. 2006).

Unfortunately, the ETM+ encountered a serious technical problem in May 2003
when the scan line corrector a hardware component of the instrument failed.

2.2.2.3 The Future of the Landsat Program

The broad variety of thematic and geographical users of Landsat explain the great
interest raised concerning the continuation of this mission. In 1984, in a misguided
effort to commercialize Landsat data, the Reagan Administration transferred the
Landsat program to the private sector (O.T.A. 1984). A few months later, in 1985, a
single company, EOSAT received the rights to sell products Landsat for a 10 year pe-
riod, with the commitment of participating in the development of future sensors. As
a result the price of data was increased considerably which severely limited science
and applications use. On the other hand, the government maintained the physical
control of the platform (through NOAA), and kept the commitment to cooperate
in the development of Landsat-6 and 7. Further budgetary reductions brought into
question this commitment,and by1989, even the continuity the Landsat-4 and 5 was
under discussion.

The numerous pressures of the scientific and professional community, the devel-
opment of space programs by other countries (notably France with the SPOT sys-
tem), the growing interest in global observation of environmental change based on
the historical archive of MSS data, and the strategic contribution of Landsat imagery
in the first Gulf War (1991), led to a greater commitment for the Landsat program
by the Federal Government In 1992, the Land Remote Sensing Policy Act was ap-
proved, which included a shift in the management of the Landsat mission, which
was transferred back to the government, initially to the Department of Defense and
the NASA, and subsequently to the Department of Interior by the U.S.Geological
Survey, in collaboration with NASA and NOAA. This Act gave renewed impetus
to Landsat-7, and increased emphasis on data continuity (Williamson 2001). The
planning for a follow-on mission to Landsat 7 has been tortuous. A proposal by
industry in response to a request from to build the follow-on instrument was rejected
by NASA in due primarily to costs.

A proposal to include two Landsat instruments as part of the operational Na-
tional Polar Orbiting Environmental Satellite Suite to be managed by NOAA was
considered and rejected.
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In December 2005 NASA was instructed by the Office of Science and Tech-
nology Policy to acquire a single Landsat Data Continuity Mission in the form
of a free-flyer spacecraft with USGS taking responsibility for the mission opera-
tions. This latest request is currently in process, with an earliest projected launch
date of 2011(http://ldcm.nasa.gov/). Although this plan gives some hope for a
continuity mission, the approach is to build just one instrument, which exposes
the program to risk, based on the experience of Landsat 6 and is small step to
meeting the real observation needs from this class of instrument (Goward and
Skole 2005).

The Landsat program has both benefited and suffered from not being an opera-
tional system. The research status of the program has enabled a progressive evolu-
tion and improvement of the instrumentation. The lack of operational commitment
has meant that there is no replacement instrument is ready for launch when the
current system fails, data continuity is therefore compromised, operational users
are obliged to seek other non-U.S. data sources and new instruments have to be
commissioned and built which takes at least 3 years.

As a result we now have a malfunctioning Landsat 7 since 2003, a single Landsat
Data Continuity Mission planned for launch in 2011 and a widening data gap in
Landsat data continuity.

The Landsat Mission concept was developed in the late 1960’s and needs to be
revisited. Although the spectral bands (visible to shortwave infrared) and the spatial
resolution have been successively refined to meet the needs of the users, the fre-
quency of overpass every 16 days remains far short of what is needed, particularly
given cloud cover. For example for agricultural applications, coverage every 6 days
is needed to capture changes in crop condition (URL: http://www.fao.org/gtos/igol/
docs/meeting-reports/ag-IGOL-meeting-report_v10.pdf). The Indian Remote Sens-
ing satellite advanced wide-field sensor (AWiFS) operating in three spectral bands in
VNIR and one band in SWIR with 56-metre spatial resolution and a 750 km swath
is capable of providing multiple acquisitions per month. The USDA is using data
from this latter system to replace its use of Landsat data. With shrinking budgets
for earth observation, an alternative approach for NASA could consider would be
to launch a constellation of well-calibrated microsatellites with visible to shortwave
infrared sensors providing a 6 day repeat coverage, following the example of the
Disaster Management Constellation program (http://centaur.sstl.co.uk/datasheets/
Mission_DMC.pdf).

2.2.3 Terra and Aqua

Terra is the flagship of the EOS program, and the first example of the new strategy
adopted by NASA in the Earth Science program. Terra was successfully launched in
December, 1999 and it includes a wide variety of sensors oriented towards the analy-
sis of global processes. The platform is located in a near-polar, Sun-synchronous or-
bit, crossing the Equator around 10.30 am and pm. The orbital height is 705 km, with
a period of 98.88 minutes and a repeat cycle of 16 days. The platform dimensions are
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2.7 × 3.3 × 6.8 m and the total weight is 5,190 kg. It carries five sensors (MODIS,
CERES, MISR, MOPITT and ASTER) designed for global observations of critical
land, oceans and atmospheric variables (http://terra.nasa.gov).

Aqua was launched in May, 2002, and it has similar orbital characteristics to
Terra, but with a lag period of six hours, and therefore crosses the Equator at 1.30 am
and pm. The satellite is lighter than Terra, weighing 2,934 kg. It carries six sensors
(AIRS, AMSR-E, CERES, HSB and MODIS), with an instrument configuration
oriented towards ocean sensing (http://aqua.nasa.gov).

The main sensors of Terra and Aqua are described below.

2.2.3.1 MODIS

The Moderate-Resolution Imaging Spectroradiometer (MODIS) is a 36-band spec-
troradiometer measuring visible and infrared radiation, at different resolutions. The
first two bands cover the red and near infrared and have 250 m pixel size. The
next five have 500 m spatial resolution and cover several bands in the visible, near
infrared and SWIR spectral bands. As with the 250 m bands these were selected
primarily for land observations and mimic the Landsat Thematic Mapper bands. The
other spectral channels have a 1 km resolution and include several in the visible, near
infrared, middle infrared and thermal infrared for oceans and atmospheres studies
and land thermal monitoring. The field of view covers 2300 km and provides daily
world-wide observations. The MODIS is carried on both the Terra and Aqua mis-
sions, and therefore, four daily acquisitions (two daytime, two nighttime) are avail-
able for most of the Earth. MODIS was designed to provide accurate measurements
of several critical variables. Approximately, 40 standard products are produced from
the MODIS data (Table 2.2), and distributed through the Distributed Active Archive
Center (DAACs: http://daac.gsfc.nasa.gov).

2.2.3.2 Other Instruments on the Terra – Aqua Spacecraft

The Clouds and the Earth’s Radiant Energy System (CERES) is a radiometer that
measures global radiation and cloud properties. It is carried on both the Terra and
Aqua satellites, as well as in the TRMM mission. Two CERES instruments are on
board of each platform, one cross-track scanning, measuring the earth radiation
budget, and the other in azimuth scanning mode, computing angular radiance in-
formation. CERES has three bands measuring total radiance, short-wave radiance
and thermal radiance. The spatial resolution is 20 km This sensor is expected to be
included in the future NPOES polar satellites program.

The Advanced Spaceborne Thermal Emission and Reflection Radiometer
(ASTER) is the only high-spatial sensor included on the Terra satellite. It was
built by Japan who takes care of data production and shares distribution with the
USGS. ASTER has 15 channels: four at 15 m pixel size, covering the green, red,
and near infrared, six at 30 m resolution covering the SWIR, and other five in
the thermal infrared. The two near infrared bands provide stereoscopic coverage,



2 NASA Earth Observation Satellite Missions for Global Change Research 35

Table 2.3 MODIS standard products (updated from Parkinson, 2006)

Product Name
or Grouping

Processing
Level

Coverage Spatial/Temporal Characteristics

Level 1B Calibrated,
GeolocatedRadi-
ances

1B Global 0.25, 0.5, and 1 km/daily (daytime
and nighttime)

Geolocation Data Set 1B Global 1 km /daily (daytime and nighttime)

Aerosol Product 2 Global over oceans,
nearly global over
land

10 km/daily daytime

Total Precipitable
Water

2 Global Varies with retrieval technique;
1 km near-infrared/daylight only,
and 5 km infrared/ day and
night

Cloud Product 2 Global 1 or 5 km/once or twice per day
(varies with parameter)

Atmospheric Profiles 2 Global, clear-sky 5 km/daily (daytime and nighttime)
Atmosphere Level 2

Joint Product
(select subset)

2 Global 5 or 10 km/once or twice per day
(varies with parameter)

Atmosphere Level 3
Joint Product

3 Global 1.0◦ latitude-longitude equal-angle
grid/daily, 8-day, and monthly

Cloud Mask 2 Global 250 m and 1 km/daily
Surface Reflectance;

atmospheric Cor-
rection Algorithm
Products

2 Global land surface 500 m, 0.05◦, and 0.25◦ /daily

Snow Cover 2, 3 Global, daytime 500 m and 0.05◦ /daily; 500 m and
0.05◦/8-day; 0.05◦/monthly

Land Surface
Temperature
(LST) and
Emissivity

2, 3 Global land surface 1 km, 5 km/daily; 1 km/8-day

Land Cover/Land
Cover Dynamics

3 Global, clear-sky
only

1 km and 0.05◦/yearly

Vegetation Indices 3 Global land surface 250 m, 500 m, 1 km/16-day; 1 km/
monthly

BRDF/Albedo 3 Global land surface 1 km, 0.05◦/16-day
Land Cover Change

and Conversion
3, 4 Global, daytime 250 m, 500 m/96-day, yearly

Thermal
Anomalies/Fire

2, 3 Global, daytime/
nighttime

Swath (nominally 1-km) (Level 2);
1 km/daily, 8-day (Level 3)

Leaf Area Index
(LAI) and
Fraction of
Photosynthetically
Active Radiation
(FPAR)

4 Global 1 km/8-day

Net Photosynthesis
and Net Primary
Production

4 Global 1 km/8-day, yearly

(continued)
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Table 2.2 (continued)

Product Name
or Grouping

Processing
Level

Coverage Spatial/Temporal Characteristics

Normalized
Water-Leaving
Radiance (412,
443, 488, 531,
551, and 667 nm)

2, 3 Global ocean
surface, clear-sky
only

1 km/daily (Level 2); 4 km, 9 km/
daily, 8-day, monthly, seasonal,
yearly (Level 3)

Chlorophyll a
Concentration

2, 3 Global ocean
surface, clear-sky
only

1 km/daily (Level 2); 4 km, 9 km/
daily, 8-day, monthly, seasonal,
yearly (Level 3)

Ocean Diffuse
Attenuation
Coefficient at
490 nm

2, 3 Global ocean
surface, clear-sky
only

1 km/daily (Level 2); 4 km, 9 km/
daily, 8-day, monthly, seasonal,
yearly (Level 3)

Sea Surface
Temperature
(11 μm, day and
night; 4 μm, night)

2, 3 Global ocean
surface, clear-sky
only

1 km/daily (Level 2); 4 km, 9 km/
daily, 8-day, monthly, yearly
(Level 3)

Sea Ice Cover and
Ice-Surface
Temperature

2, 3 Global, daytime and
nighttime over
nonequatorial
ocean

1 km, 0.05◦/daily

Epsilon of Aerosol
Correction at 748
and 869 nm

2, 3 Global ocean
surface, clear-sky
only

1 km/daily (Level 2); 4 km, 36 km,
1◦/daily, 8-day, monthly, yearly
(Level 3)

Aerosol Optical
Thickness
(869 nm)

2, 3 Global ocean
surface, clear-sky
only

1 km/daily (Level 2); 4 km, 9 km/
daily, 8-day, monthly, seasonal,
yearly (Level 3)

Ångstrom
Coefficient
(531–869 nm)

2, 3 Global ocean
surface, clear-sky
only

1 km/daily (Level 2); 4 km, 9 km/
daily, 8-day, monthly, seasonal,
yearly (Level 3)

and therefore they can be used to generate digital terrain models and to mea-
sure cloud properties. Since ASTER images are acquired simultaneously with the
coarser resolution MODIS, they can be used for product validation (Csiszar et al.
2006). However, ASTER does not operate continuously, but is only acquired for
selected scenes, and so its data coverage is less comprehensive than for example
Landsat 7.

The Multi-Angle Imaging Spectroradiometer (MISR) is one of the first sensors
providing a multiangular observation of the whole planet. It acquires images at 9
different angles (at nadir plus at 26.1, 45.6, 60 and 70.5 degrees, forward and back-
ward) and in 4 spectral bands (blue, green, red and near infrared). This configuration
facilitates the analysis of atmospheric optical thickness of the atmosphere (Fig. 2.4),
cloud type and height, leaf area index and fractional absorbed photosynthetically
active radiation. Each image covers 360 km at a variable spatial resolution, which
depends on the observation angle, although the most common are 275, 550 and
1100 m. MISR flies on the Terra platform.

The Measurements of Pollution in The Troposphere (MOPITT) instrument was
primarily designed to measure carbon monoxide and methane concentrations. The
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Fig. 2.4 MISR image of Eastern United States from nadir and several oblique angles
(http://visibleearth.nasa.gov/)

sensor uses a correlation spectroscopy technique, which estimates the concentration
of a gas by spectral selection of emitted or absorbed radiance, using a sample of
the same gas as a filter. The sensor has a resolution of 22 km with a swath width of
640 km. It was included in the Terra platform, as part of a cooperation agreement
with Canada.

The Atmospheric Infrared Sounder (AIRS) is a high spectral resolution grating
spectrometer containing 2378 infrared channels (from 3.7 to 15.4 μm) for obtaining
atmospheric temperature profiles. AIRS also has 4 visible/near-infrared channels
(from 0.4 to 1 μm), for characterizing cloud and surface properties and obtaining
higher spatial resolution than the infrared measurements. It is included on the Aqua
platform.

The Advanced Microwave Scanning Radiometer (AMSR-E) is a Japanese instru-
ment on board the Aqua platform. It includes a 12-channel microwave radiometer
designed to monitor a broad range of hydrologic variables, including precipitation,
cloud water, water vapor, sea surface winds, sea surface temperature, sea ice, snow,
and soil moisture.

The Advanced Microwave Sounding Unit-A (AMSU-A) is a 15-channel mi-
crowave sounder designed to obtain temperature profiles in the upper atmosphere
and to provide a cloud-filtering capability for the AIRS infrared measurements,
for increased accuracy in troposphere temperature profiles. It is on board the Aqua
satellite, as well as the latest in the NOAA Polar Orbiting Environmental (POES)
satellite series (after NOAA-15).

The Humidity Sounder for Brazil (HSB), provided atmospheric water vapor pro-
file measurements until February 2003 when it lost operation. It includes a 4-channel
microwave sounder designed to obtain atmospheric humidity profiles under cloudy
conditions and to detect heavy precipitation under clouds. It is included on the Aqua
platform.
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2.2.4 Other NASA Global Observation Missions

Aura is an international mission oriented to the study of atmosphere’s chemistry
and dynamics, including ozone observations, aerosols and trace gases. The mis-
sion was launched in 2004 in a sun-synchronous orbit, with equatorial crossing at
1.45 p.m. The satellite includes four instruments: the High Resolution Dynamics
Limb Sounder (HIRDLS), the Microwave Limb Sounder (MLS), the Ozone Moni-
toring Instrument (OMI), and the Tropospheric Emission Spectrometer (TES). The
OMI is the primary instrument, and continues the monitoring of stratospheric ozone
trends that was initiated by the Nimbus program.

The Earth Radiation Budget Satellite (ERBS) is a mission oriented towards the
analysis of solar radiation and sun-earth radiation interactions. It was launched from
the Space Shuttle in 1984, and carried two instruments, the Earth Radiation Budget
Experiment (ERBE), that measures radiation budgets, and the Stratospheric Aerosol
and Gas Experiment (SAGE II), oriented towards the distribution of aerosol, ozone,
water vapor, and nitrogen dioxide. ERBE continues the measurements, on board the
NOAA satellites.

ICESat is an ice monitoring mission, launched in 2003. Its main novelty is the
incorporation of the first space-borne LIDAR, primarily designed for ice sheet and
sea ice altimetry products (Fig. 2.5) with secondary products being cloud/aerosol
and land/vegetation data. The sensor is named Geoscience Laser Altimeter System
(GLAS). GLAS is an advanced laser altimeter with very precise stellar orientation
and GPS for accurate position determination. It includes two wavelengths (near in-
frared and green), with a footprint of 70 m and an across track separation of 170 m.
Although, GLAS measurements are mainly oriented toward ice height estimations,
they also have potential for retrieval of vegetation parameters, although the estima-
tions are more robust in the absence of rough terrain (Harding and Carabajal 2005).

The QuikSCAT satellite was launched in 1999 to measure wind fields in the
oceans. It orbits in a sun-synchronous trajectory at 803 km, crossing the Equator at
6 p.m. The satellite includes a 13.4 GHz Ku-band scatterometer named SeaWinds,
measuring the backscattered signal from Earth over a continuous, 1800-km-wide
swath centered on the subsatellite track at 25 × 35 km pixel size. SeaWinds data are
very valuable for improving our knowledge of ocean currents and local effects of air
mass movements (Chelton et al. 2004).

Finally, the Earth Observing Mission (EO-1: http://eo1.gsfc.nasa.gov/), which
was aimed at developing and testing new instruments for future operational mis-
sions, that will have a significant increase in performance while also having reduced
cost and mass. The mission was launched in 2000 and carries three innovative
sensors: Hyperion, ALI and LEISA. Hyperion was the first civilian hyperspectral
space-borne sensor. It acquires 220 spectral bands between 0.4 and 2.5 μm with
30 m resolution over narrow strip of 7.5 × 180 km. Despite its low signal to noise
ratio, it has provided very useful information to test the potential of hyperspec-
tral satellite data for forestry and geological applications (Goodenough et al. 2003;
Roberts et al. 2003).

The EO-1 mission also includes a multispectral pushbroom scanner, the Ad-
vanced Land Imager (ALI) , which was developed to test potential replacement
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Fig. 2.5 ICESAT elevation data over Antartica (http://icesat.gsfc.nasa.gov/)

technology for the Landsat-ETM + sensor, since it provides similar spectral and
spatial resolution, at a fraction of its costs. The ALI has 9 multispectral bands at
30 m resolution, plus one panchromatic band at 10 m. ALI was found to have a
similar performance to ETM, with the exception of the absent thermal channel.

Finally, the EO-1 also incorporates an advanced atmospheric correction sensor,
named Linear Etalon Imaging Spectral Array (LEISA), Atmospheric Corrector,
which provides estimations of water vapor content for correction of the visible and
near infrared channels.

2.3 NASA Data Access and Maintenance Policy

The EOS missions generate unprecedented amounts of daily data that need to be
properly calibrated, processed, archived, documented and then made accessible for
a wide range of scientists. Terra, Landsat and Aqua offer the highest volume of
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average data rates, accounting for more than 35 Mbps between the three of them.
The flow of data acquisition, processing and access is guided by the Earth Ob-
serving System Data and Information System (EOSDIS), at eight Distributed Ac-
tive Archive Centers (DAACs) for different locations in the US and foreign sites
(Table 2.3). Data capture and Level 0 processing is done commonly at EOSDIS
facilities. Product generation is performed according to the guidelines submitted by
the different Science teams. Data archive, management and distribution is gener-
ally done through the DAACs, using a common EOS Data Gateway (EDG). The
EOS Clearing House (ECHO) will eventually replace the EDG, for more consistent
searches and retrievals. Searches for different data products are facilitated through
the Global Change Master Directory (GCMD, http://gcmd.gsfc.nasa.gov/), which
provides metadata descriptions of Earth science data sets and services relevant to
global change research. The GCMD holds more than 16,200 data set descriptions
and 1,400 Earth science service descriptions, which consist of information on how
to obtain the data or service and often include direct access to the data or services.
The DAAC centers process, archive, document, and distribute data from NASA’s
past and current research satellites and field programs. Each center serves one
or more specific Earth science disciplines (Table 2.3) and provides data products,
data information, services, and tools unique to its particular science. In addition a

Table 2.3 Distribution data centers, disciplines, and contact information

Data Center Discipline Web page

Alaska Satellite Facility
ASF Distributed Active
Archive Center

Synthetic Aperture Radar (SAR),
Sea Ice, Polar Processes and
Geophysics

www.asf.alaska.edu

GSFC Earth Sciences
Data and Information
Services Center

Atmospheric Composition,
Atmospheric Dynamics,
Global Precipitation, Ocean
Biology, Ocean Dynamics,
and Solar Irradiance

daac.gsfc.nasa.gov

Global Hydrology
Resource Center
GHRC

Hydrologic Cycle, Severe
Weather Interactions,
Lightning, and Convection

ghrc.msfc.nasa.gov

Langley Research Center Radiation Budget, Clouds,
Aerosols, and Tropospheric
Chemistry

eosweb.larc.nasa.gov

Land Processes Land Processes LPDAAC.usgs.gov
National Snow and Ice

Data Center NSIDC
Snow and Ice, Cryosphere and

Climate
nsidc.org

Oak Ridge National
Laboratory

Biogeochemical Dynamics,
Ecological Data for Studying
Environmental processes

www.daac.ornl.gov

Physical Oceanography Oceanic Processes and Air-Sea
Interactions

podaac.jpl.nasa.gov

Socioeconomic Data and
Applications Center
SEDAC,

Population, Sustainability,
Geospatial Data, and
Multilateral Environmental
Agreements, Natural Hazards,
Poverty

sedac.ciesin.columbia.edu
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number of science computing facilities are distributing non-standard products cus-
tomized for different user communities such as the MODIS Rapid Response System
(http://rapidfire.sci.gsfc.nasa.gov/), the Fire Information for Resource Management
System (FIRMS) project (http://maps.geog.umd.edu/firms/) and the Global Land
Cover Facility (GLCF) (http://glcf.umiacs.umd.edu/index.shtml)

NASA policy on data management and accessibility emphasizes the importance
of providing timely and easy access to both calibrated data and derived geophysical
data products. The main aspects of this policy can be summarized in three aspects:
archival, accessibility and affordability. NASA promotes the archival and documen-
tation of long-term data sets to support the Earth Science program. Considering
the large volumes of data acquired by same sensors, this is a major effort that is
absolutely essential for analyzing climatic impacts on Earth ecosystems and the at-
mosphere. In this regard, the generation and maintenance of the Pathfinder AVHRR
Land Data (PAL: http://daac.gsfc.nasa.gov/interdisc/readmes/ pal_ftp.shtml) and,
more recently, the Land Long Term Data Record (LTDR: http://ltdr.nascom.nasa.
gov/ltdr/ltdr.html) should be properly acknowledged, since they offer one of the
longest series available of satellite observations (mainly AVHRR images) in a con-
sistent and comparable form, covering the whole planet.

A major characteristics of NASA’s data policy is the openness of data search and
retrieval. All NASA instruments (with the exception of Landsat-7) include a web
service for free internet access to calibrated data and derived products. However,
some restrictions may occur when international agreements so require, in case of
sensors that are owned by another country (e.g. ASTER). Airborne and field vali-
dation data generated for validation studies are also generally accessible, as well as
the documentation on the algorithms and source code used to generate the products
(Parkinson et al. 2006). This policy greatly benefits the growth of EOS data users
world-wide.

2.4 Interagency Collaboration in EO Program

In the last few years, a U.S. Interagency Working Group on Earth Observations
(IWGEO) has been formed to develop a 10 year plan for implementing the U.S.
components of the integrated Earth Observation System (http://usgeo.gov/default.
asp). IWGEO is responsible for developing a U.S. National Plan for the Earth
Observation System, in coordination with Academia and the Private Sector. The
group includes representatives from 15 government agencies, from the Department
of Health and Human Services, to Homeland Security, Agriculture, Commerce, En-
ergy, Transportation and Interior, plus the Environmental Protection Agency, the
U.S. Geological Survey, the National Science Foundation, Smithsonian Institution,
U.S. Agency for International Development, Office of Science and Technology Pol-
icy, and Office of Management and Budget. Many of the initiatives of this coor-
dination group are under the US Committee on Climate Change Science (CCSP)
(http://www.climatescience.gov/).

As far as satellite missions are concerned, the main interagency cooperation
has been between NASA and National Oceanic and Atmospheric Administration
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(NOAA) in the context of weather and climate forecasting. NASA is responsible
for the experimental satellite systems and NOAA for the operational systems. The
main collaborative initiatives have been developed in the framework of the Geosta-
tionary and Polar-orbiting satellite systems, the former having been initiated in the
early sixties. NASA’s Goddard Space Flight Center (GSFC) is responsible for the
construction, integration and launch of NOAA satellites, and operational control of
each spacecraft is turned over to NOAA after the spacecraft is checked out on orbit.

The Geostationary Operational Environmental Satellite (GOES) mission is com-
posed of two geostationary satellites working simultaneously, one located in the
USA East coast and the other in the USA west coast. The former, GOES-12 is po-
sitioned at 75W longitude ant the Equator, while the latter, GOES-10 is positioned
at 135 W longitude and the Equator. The main sensors on board are the Imager,
which is a scanning instrument with five spectral channels and a spatial resolution
from 1 km (visible) to 4 km (middle and thermal infrared) at the Equator, and the
Sounder, which offers a profile of temperature and atmospheric humidity, as well as
the distribution of ozone.

The polar meteorological satellites initially known as TIROS and ITOS were
renamed NOAA after the launch of the sixth satellite, in 1979, which incorporated
a new generation of sensors. The NOAA satellites were primarily designed for
weather observation, but they have been extensively used for land and ocean ap-
plications as well. They are positioned at a Sun-synchronous orbit at a height from
833 to 870 km. Two satellites have worked simultaneously since 1979, providing
early morning 8.30 am and late afternoon 14.30 pm coverage (Equatorial crossing),
plus two night-time images.

The main sensor of the NOAA satellite series is named AVHRR (Advanced
Very High Resolution Radiometer) (Cracknell 1997). It is multispectral scanning
radiometer acquiring images at five spectral bands (red, near infrared, middle and
thermal infrared). The visible and infrared bands do not have the benefit of on-board
calibration and methods for vicarious calibration have had to be developed). The
AVHRR field of view is ± 55.4◦, which provides a spatial cover of 2300 km. The
radiometric resolution is 10 bits and the spatial resolution at nadir is 1.1 km, but
it is degraded to 2.4 × 6 km at the image margins because of the oblique angle.
In addition to lower spatial resolution, the most oblique observations have greater
atmospheric and observation artifacts, and therefore several authors recommend to
avoid working with observation angles greater than ± 30◦ (Goward et al. 1991).

AVHRR images can be processed in three different formats: LAC (Local Area
Coverage), when data at full resolution (1.1 km) are recorded on board, HRPT
(High Resolution Picture Transmission), when images are acquired in real time
by ground receiving stations, and GAC (Global Area Coverage), when the 1 km
resolution data are resampled on board at coarser spatial resolution (4 × 4 km).
GAC data are used to compile a weekly product by NOAA named GVI (Global
Vegetation Index), derived from the red and near infrared channels with 16 km
pixel size (Kidwell 1990). NASA has maintained its own record of AVHRR data
and a long time series of GAC data have been compiled for global scale studies
(Fig. 2.6), named the Pathfinder AVHRR Land (PAL) data sets, following coop-
eration between NOAA and NASA. The dataset is composed of daily AVHRR
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Fig. 2.6 World mosaic of AVHRR images used for global analysis of vegetation trends

data at 8 km equal area projection, and includes the original channels, plus NDVI
and observation and illumination angles. These dataset cover the period from
1981 to the present, and is archived at the Goddard Distributed Active Archive
Center (DAAC). The long term data record from multiple AVHRR instruments
has created a number of challenges associated with instrument calibration and
orbital drift. More recently an improved long term data record is being devel-
oped by NASA bridging between the AVHRR GAC data record and the MODIS
data record (http://ltdr.nascom.nasa.gov/ltdr/ltdr.html). The AVHRR record initi-
atied in 1981 will be extended into the future by inclusion of AVHRR’s on the
European METOP series of satellites for the morning overpass. The METOP
series was launched in October 2006 http://www.eumetsat.int/Home/Main/What_
We_Do/Satellites/EUMETSAT_Polar_System/index.htm?l=en). The AVHRR has
suffered from being an operational instrument, as necessary changes recognized
decades ago, such as onboard calibration and global 1 km acquisition, have yet to be
made.

Other sensors on board the NOAA satellite series are the High Resolution In-
frared Radiation Sounder (HIRS/3 and HIRS/4), the Advanced Microwave Sound-
ing Unit (AMSU-A and B), the Solar Backscatter Ultraviolet Spectral Radiometer
(SBUV/2) and the Microwave Humidity Sounder (MHS). Some of them have been
previously reviewed within the Terra or Aqua missions.

NASA also collaborates with the Department of Defense, through the Defense
Meteorological Satellite Program (DMSP). The DMSP has been run by the Air
Force Space and Missile Systems Center since 1976, and was primarily designed
to obtain meteorological information (Diamond 2001). They have a similar orbital
period to NOAA at 830 km, acquiring at least 2 images a day.

DMSP satellites include several sensors for cloud and atmospheric monitoring.
The Operational Linescan System (OLS) includes two telescopes and a photo-
multiplier tube, which provides day and night images in two bands: visible to near
infrared (0.5 to 0.9 μm) and thermal infrared (10.5 at 12.6 μm). The spatial reso-
lution is 0.56 km at regional level, but the archive data sets contain imagery from
low resolution (2.7 km). Nighttime visible data can be obtained because of the high-
sensitivity of the photo-multiplier. Consequently, the sensor is able to obtain cloud
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coverage from the moon reflection, as well as sources of light, which can be urban
areas, oil wells, volcano eruptions or forest fires (Elvidge 2001). The Special Sensor
Microwave Imager (SSM/I), was incorporated in the DMSP mission in 1987. It is
a well calibrated microwave radiometer that provides sound information on several
hydrological parameters (snow cover, frozen ground, sea ice, wind speed over the
oceans and cloud liquid water).

Future developments of the polar weather observing satellites aims to include a
more sophisticated sensor in the new generation of satellites, named National Polar-
orbiting Operational Environmental Satellite System (NPOESS). The program is
a cooperation effort of NASA, NOAA and Department of Defense. NPOESS is
planned to become operational toward the end of this decade and will replace the
present NOAA polar environmental satellites and the DoD polar meteorological
satellites (http://www.ipo.noaa.gov/about_NPOESS.html). The NPOESS Prepara-
tory Project (NPP), planned for launch in late 2009, is a joint NASA/ NPOESS
Integrated Program Office (IPO) mission to extend key measurements in support
of long-term monitoring of climate trends and of global biological productivity
(Murphy 2006), http://nppwww.gsfc.nasa.gov/science/). It will extend the measure-
ment series being initiated with EOS Terra and Aqua and provide risk reduction
for NPOESS and a bridge for NASA’s EOS missions. NPP will consist of four
instruments: the Visible Infrared Imaging Spectroradiometer Suite (VIIRS), the
Crosstrack Infrared Sounder (CRIS), the Advanced Technology Microwave Sounder
(ATMS) and the Ozone Mapping Profiler Suite (OMPS) The VIIRS will replace the
AVHRR and DMSP functionality and will extend the MODIS data (Murphy et al.
2001). The VIIRS will have 9 bands in the visible/near infrared, a day/night band,
8 bands in the middle infrared and 4 in the long wave infrared (Murphy et al. 2006).
Currently there are plans to generate environmental data records (EDR’s) from the
VIIRS sensor to serve the operational user community.

The CRIS and the ATMS will collect atmospheric data to permit the calculation
of daily temperature and moisture profiles. The CRIS will be an advance over the
current HIRS instrument on the POES series, providing improved spatial resolution
and an ability to measure temperature profiles with improved vertical resolution
to an accuracy close to one degree Kelvin (http://www.ipo.noaa.gov/Technology/
cris_summary.html).

The OMPS will measure total column and vertical profile ozone data, continuing
the global daily data produced by the current ozone monitoring systems, the Solar
Backscatter Ultraviolet radiometer (SBUV)/2 and Total Ozone Mapping Spectrom-
eter (TOMS), but with higher resolution. The OMPS will consist of a nadir sensor
and a limb profiler (http://www.ipo.noaa.gov/Technology/omps_summary.html).

2.5 The Future of United States EO Policy

The large increase of data provided by the NASA EOS era of instruments has
fueled global change research. With the current refocusing of NASA priorities
in response to the Bush Administration’s goal of Mars exploration and limited
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budget growth we are seeing a decrease in resources for Earth observation. A
number of missions planned for the near-term have been cut or seriously delayed
and instruments planned for climate observations have been recently removed from
NPOESS due to cost overruns. The NPOESS approach of converging multiple po-
lar observing systems into one national system, although appealing in principle
is proving to be fraught with financial and technical problems. This comes at a
time when there is an increasing demand for science-quality observations to study
climate and global change. For the study of global change urgent attention needs
to be given to continuing the long term records initiated for example by Landsat
and the AVHRR, transitioning science quality measurements into the operational
domain.

NASA’s EO program has led the world since the 1960’s, although recent trends
counterbalance this supremacy, since other space agencies are increasingly active in
satellite observation systems. A recent study of the National Academy of Sciences
to advise NASA and NOAA on their imperatives for the next decade calls on the US
government to renew its investment in EO and restore its leadership in Earth Sci-
ence and Applications (National Research Council 2007). This study recommended
17 missions to be launched by NASA and NOAA, phased over the next decade
and split between small, medium and large cost missions. These missions would
provide “a firm foundation for Earth Science and the associated societal benefits in
the year 2020 and beyond”. The committee also recognized the need for flexibility
in the program to leverage possible international activities, including sequencing
missions, partnership initiatives, instrument combinations and launch capabilities.
There is clearly an important role for the Committee on Earth Observation Satellites
(CEOS) to play in the coordination of the various national EO programs into a truly
integrated global observing system. The recent focus of CEOS on the Global Earth
Observing System of Systems is a step in the right direction.

It is the authors’ opinion that the pressing societal issues facing the global
community related to climate and global change necessitates attention by the US
Government and in turn a rebalancing of NASA program to strengthen Earth
Observations.
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