
Chapter 2
Data Acquisition

In this chapter, we introduce the concept of resolution in remote sensing. One
common definition of resolution is the ability to discern individual objects or
features in a captured image or in the ‘‘real world.’’ However, the term also
encompasses several specific characteristics of remotely sensed data. We illustrate
these specific resolution characteristics with examples of commonly used satellite
sensors and imagery. We conclude the chapter with an overview of the types of
sensors available to today’s analysts, including details about the data they acquire
and their potential applications.

Data Resolution

When we talk about ‘‘remotely sensed data,’’ we are usually referring to digital
images captured by sensors mounted on aircraft or spacecraft. These data are
primarily described by four types of resolution: spatial, spectral, temporal, and
radiometric resolution. Spatial resolution is a measure of the fineness of detail
of an image. For digital images, this refers to the ground area captured by a single
pixel; because pixels are typically square, resolution is generally expressed as the
side length of a pixel. Spectral resolution, represented by the width of the
wavelength interval and/or number of spectral channels (or bands) captured by a
sensor, defines the storage of recorded electromagnetic energy and the sensor’s
ability to detect wavelength differences between objects or areas of interest. The
amount of time it takes a sensor to revisit a particular geographic location is
referred to as its temporal resolution. Finally, the sensitivity of a sensor to
brightness values (i.e., the smallest differences in intensity that it can detect) is
known as its radiometric resolution. This metric is usually articulated in terms of
binary bit-depth, which refers to number of grayscale levels at which data are
recorded by a particular sensor (Jensen 2005). The binary bit-depth is typically
expressed in the following ranges of grayscale levels: 8-bit (0–255), 10-bit
(0–1,023), 11-bit (0–2,047), 12-bit (0–4,095) and 16-bit (0–65,535).
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Each of these resolution types is described in greater detail below. But first, the
different resolution characteristics of some currently operational satellite sensors
are presented in Table 2.1. The sensors described in this table are highly variable
with respect to resolution. For example, the Quickbird satellite’s onboard sensor
has a spatial resolution of 65 cm for panchromatic (or black-and-white) imagery,
while data collected by the ‘‘VEGETATION’’ sensors on the SPOT 4 and 5
satellites are stored in 1,150-m pixels. Temporally, the sensors listed in Table 2.1
have the capacity to revisit a particular location on Earth’s surface every 15 min
(i.e., GOES satellites) to every 35 days (i.e., MERIS and other sensors on the
Envisat-1 satellite).

The ability to discern spatial structure is an important element of any remote
sensing analysis. For instance, in an urban landscape, surface features such as
roads, office buildings, parks, and residential neighborhoods comprise a sort of
mosaic, where many small constituent units are interspersed with a few large ones.
Roads and buildings are typically among the smallest of these units. When viewed
from above (e.g., from an airplane), the net visual effect is an aggregate ‘‘patch-
work’’ of various land uses and cover types, but the degree of patchwork detail
portrayed by a remotely sensed image, and thus the level of specificity at which it
can be classified, depends on its spatial resolution (Fig. 2.1). For example, a 30-m
pixel (i.e., a spatial resolution provided by several sensors listed in Table 2.1)
stores one digital number per spectral band of information for any landscape
feature smaller than 900 m2. The pixel could, in fact, accommodate six one-story
square houses, each having a 1500 ft2 (139 m2) footprint. In contrast, an Advanced
Very High Resolution Radiometer (AVHRR) pixel, with its 1100-m resolution
(see Table 2.1), could incorporate more than 8,700 of these houses, if arranged
regularly. Increases in spatial resolution have been a persistent trend in sensor
innovation. The latest commercial satellites (e.g., GeoEye-1 and WorldView-2)
provide spatial resolutions of 1 m or less.

The spectral component of remote sensing data is also critical to appropriate
data selection. The spectral resolution of a sensor is a description of the range and
partitioning of the electromagnetic energy (or reflectance) recorded by the sensor.
In this context, sensors can be divided into one of three loose classes of spectral
sensitivity: panchromatic (one spectral band), multispectral (multiple spectral
bands), or hyperspectral (many, possibly hundreds, of spectral bands) (Jensen
2005). Fundamentally, both multispectral and hyperspectral images can be thought
of as ‘‘stacks’’ of identically geo-referenced (i.e., covering the exact same geo-
graphic area) panchromatic images, where each image in the stack corresponds to
a particular portion of the electromagnetic spectrum. Conventionally, satellite-
derived remote sensing data are captured in panchromatic and/or multispectral
format. (Spaceborne hyperspectral imaging, as discussed below, is a relatively
recent development). For example, the ETM+ sensor onboard NASA’s Landsat-7
satellite records data in eight bands, including one panchromatic band. Each of
these bands is sensitive to different wavelengths of visible and infrared radiation.
The sensor on the Quickbird satellite records data in four spectral bands targeted at
the blue, green, red, and near-infrared portions of the electromagnetic spectrum,
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as well as a panchromatic band. Table 2.2 compares the spectral bandwidths of the
Landsat ETM+ and Quickbird sensors. Notably, in many geographic areas,
ambient electromagnetic reflectance is strongly shaped by the distribution and
condition of vegetation and water features, especially in the visible to near-
infrared (VNIR) range (0.4–1.4 lm) of the electromagnetic spectrum to which
many of the sensors in Table 2.1 are attuned.

Alternatively, NASA’s Hyperion sensor, the first spaceborne hyperspectral
sensor, provides a virtually continuous recording of electromagnetic reflectance
across 220 narrow spectral bands in the VNIR and short-wave infrared (SWIR)
wavelengths. Although the processing complexity of hyperspectral data has hin-
dered its applicability in many land cover studies, these data provide a great deal
of information about the unique reflectance behavior of vegetation stress and
diversity. The high spectral resolution also provides an increased ability to

Fig. 2.1 Landsat ETM+ (left) and Quickbird (right) images of the same area, demonstrating the
large difference in spatial resolution between the two sensors (Landsat ETM+ multispectral
resolution = 30 m; Quickbird multispectral resolution = 2.62 m). In the Quickbird image,
individual buildings and minor road features are readily discernible

Table 2.2 Comparison of the spectral resolutions of the Landsat ETM+ and Quickbird sensors

Bandwidth (lm)

Spectral band Landsat ETM+a Quickbird

Panchromatic 0.52–0.9 0.405–1.053
Blue 0.45–0.515 0.43–0.545
Green 0.525–0.605 0.466–0.62
Red 0.63–0.69 0.59–0.71
Near-infrared 0.75–0.9 0.715–0.918
Mid-infrared 1.55–1.75
Thermal infrared 10.4–12.5
Mid-infrared 2.09–2.35

a The ETM+ sensor is configured with two mid-infrared bands, designated bands 5 and 7, on
either side of band 6, a thermal infrared band
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discriminate between features that have similar response profiles, or signatures,
across the electromagnetic spectrum, such as forest stands composed of different
deciduous tree species (Chen and Hepner 2001).

Often, temporal resolution, or revisit time, is expressed in terms of days. For
example, Landsat-7 has a 16-day orbit cycle, meaning that the satellite (and its
ETM+ sensor) returns to a given location on Earth’s surface every 16 days.
However, some satellites, such as the Geostationary Operational Environmental
Satellites (GOES), have a revisit cycle of less than an hour in certain locations.
The GOES satellites, which are most commonly associated with meteorology and
climate research, have a coarse, 8-km spatial resolution which gives them limited
utility for local land cover studies. By contrast, the balance of spatial and temporal
resolution achieved by NASA’s Moderate Resolution Imaging Spectroradiometer
(MODIS)—with a spatial resolution of 250–1000 m and a temporal resolution of
1–2 days—has made the sensor applicable to a variety of regional- to continental-
scale research efforts.

In addition to the high spatial resolutions possible with commercial satellites
such as WorldView-2, their onboard sensors also have high radiometric resolu-
tions. Their 11-bit collection depth represents a substantial improvement over the
8-bit resolution typically exhibited by predecessors such as the Landsat sensors.
Radiometric resolution refers to the dynamic range (i.e., the number of possible
data values) recorded in each image band. Higher radiometric resolution means
that a sensor is more sensitive to variations in electromagnetic reflectance
(Fig. 2.2). This increased sensitivity has been shown to be very useful in the land
cover classification of complex (i.e., urban and suburban) landscapes (Hester et al.
2008, 2010).

Ultimately, each of the four resolution types must be considered in light of the
intended purpose of the data. For example, except near cities, most terrestrial
landscapes are dominated either by vegetation, water, or other natural surfaces, even
amid production land uses such as agriculture or mining. Spatial resolution might be
relatively less important for mapping or monitoring efforts in these settings because
of high landscape homogeneity. In heavily vegetated environments, data that are
high in temporal and spectral resolution rather than spatial resolution, such as AV-
HRR imagery, could be a powerful tool for evaluating seasonal or annual change in
photosynthetic activity (Moulin et al. 1997; Stöckli and Vidale 2004). With respect to
other types of analyses, hyperspectral data have demonstrated strong applicability
for geological, mineralogical, and soil studies (e.g., Galvão et al. 2008; Weber et al.
2008). In addition, radar systems such as the Advanced Synthetic Aperture Radar
(ASAR) on the Envisat-1 satellite can be useful for observing changes in sea surface
conditions (Johannessen et al. 2008), while one of the major applications of Envisat-
1’s Medium Resolution Imaging Spectrometer (MERIS) sensor is for studying
changes in ocean color (Cui et al. 2010). In short, there is no one ‘‘best’’ sensor for
mapping a particular type of landscape. Although the sensors listed in Table 2.1 are
only a sample of the instruments currently producing remotely sensed data, they
illustrate the wide diversity of options that an analyst should consider before
choosing a particular sensor.
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Payloads and Platforms: An Overview

In remote sensing, the carrier of a sensor is known as its platform, while the
sensor itself is the platform’s payload. Remote sensing platforms are split into two
categories: airborne and spaceborne. During the last two decades, there has been
rapid proliferation of platforms in both categories. Here, we provide a brief
overview of major platforms and sensor formats in use historically and today.

Airborne Platforms

Although the primary focus of this book is satellite-based remote sensing and the
processing of associated digital data, until the emergence of satellite imagery in
the 1970s, aerial photography served as the main data source when mapping
phenomena on Earth’s surface (Short 2010). Through time, ‘‘true’’ color and color-
infrared film became economically feasible as alternatives to panchromatic film,
and offered better capability for tasks such as vegetation classification (Caylor
2000). Until recently, digital cameras did not provide the same level of fine detail
as film-based cameras, but many currently available digital aerial cameras have
comparable spatial resolutions to film cameras, with similar formatting and scale
(Morgan et al. 2010).

Fig. 2.2 The concept of radiometric resolution is illustrated by two images. The image on the
left represents a 1-bit image, where two brightness values, or grayscale levels (i.e., black and
white), are portrayed within the data. The image on the right represents an 8-bit image, where up
to 256 grayscale levels are portrayed within the data. In contrast to these images, an 11-bit image
holds up to 2,048 grayscale levels
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Aerial photography may be either vertical or oblique (Fig. 2.3), depending on
the orientation of the camera’s optical axis relative to Earth. Vertical photos are
captured with the camera’s axis at an angle perpendicular or near-perpendicular
(90o ± 3o) to the ground. Oblique photos are typically captured with the camera’s
axis tilted more than 20o from vertical.

Because airborne platforms are not suited to capturing large geographic areas
(e.g., 10,000 km2) at once, they have been replaced by spaceborne platforms for
most broad-scale remote sensing projects (Short 2010). Nevertheless, aerial pho-
tography remains viable because it can be tailored to specific project needs (e.g., a
particular spatial scale or resolution) in ways that satellite imagery cannot (Morgan
et al. 2010). Aerial photography continues to be the foundation of many national-
scale mapping efforts, such as the National Agricultural Imagery Program (NAIP),
which has the goal of providing regularly updated, geo-referenced imagery to the
public (USDA FSA 2010). In addition, the development of image processing
techniques for satellite imagery has in turn expanded the range of automated
techniques that may be applied to digital aerial photos (Morgan et al. 2010),
including object-oriented classification (see Chap. 3). Various non-photographic
sensors have also been implemented via airborne platforms, including active
remote sensing systems such as radar and LiDAR. Radar (short for RAdio
Detection and Ranging) systems operate within the microwave portion of the
electromagnetic spectrum (Lillesand et al. 2008). Essentially, a radar sensor works
by emitting radio waves from an antenna that bounce off target features on Earth,
and then the sensor records the returned energy. The target features may be dis-
tinguished from one another by their differing effects on the returned signals.
Radar sensors can capture images day or night, and in all weather conditions (e.g.,
through cloud cover or smoke). For this reason, radar imaging is often used in
disaster management, for instance in detecting ocean oil spills (Jha et al. 2008;
Klemas 2010). Radar interferometry involves the simultaneous use of two
antennae to generate radio waves and collect returned signals; incorporating the
distance between these antennae during data processing facilitates topographic

Fig. 2.3 A vertical aerial photograph (left) and an oblique aerial photograph (right). Images
courtesy of Ohio Department of Transportation
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mapping (Massonnet and Fiegl 1998). For instance, Fig. 2.4 shows an application
of airborne radar interferometry to develop a digital elevation model, or DEM, of
the area surrounding an ancient city site in Cambodia.

LiDAR (short for Light Detection And Ranging) systems resemble radar in that
the output images are generated based on the amount of sensor-emitted energy that
is returned from features on the ground. However, unlike radar, LiDAR sensors
emit laser pulses (typically in the near-infrared portion of the electromagnetic
spectrum) at a very high rate (i.e., 10,000–100,000 pulses per second) (Reutebuch
et al. 2005). In turn, the three-dimensional positions of targeted objects are
determined based on the time it takes for pulses to return the sensor. The typical
LiDAR output image is a topographic data set with very accurate vertical mea-
surements (± 10–15 cm error) (Charlton et al. 2003; Reutebuch et al. 2005). Most
airborne LiDAR systems can record multiple returns (Fig. 2.5a) from the same
laser pulse in cases where an object does not completely block the pulse’s path,
allowing it to continue to another object closer to the ground (Reutebuch et al.
2005). This feature makes LiDAR systems useful for applications such as the
characterization of forest canopy structure (Fig. 2.5b) (Reutebuch et al. 2005; Lim
et al. 2003). However, LiDAR systems are sensitive to weather and other
conditions that interfere with the laser pulses.

Fig. 2.4 Topographic image of Hariharalaya, the nineth century capital of the Khmer Empire in
Cambodia. The image was captured by the NASA Airborne Synthetic Aperture Radar (AIRSAR)
sensor, operating in interferometric mode. Colors represent elevation contours. Image courtesy of
NASA Jet Propulsion Laboratory
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For the past few decades, multispectral scanners resembling the passive sensors
found on many Earth-observing satellites have been mounted on airborne plat-
forms. More recently, there has also been increased application of airborne
hyperspectral sensors. For example, the AVIRIS (Airborne Visible Infrared
Imaging Spectrometer) instrument (Fig. 2.6), operated by NASA, collects data
from 224 contiguous bands spanning the ultraviolet to near infrared; the spectral
resolution of each AVIRIS band is approximately 0.01 lm. This high degree of

Fig. 2.5 a Conceptual rendering of multiple returns from a single laser pulse from an airborne
LiDAR system. b Forest canopy surface recorded by LiDAR; colors indicate elevation contours.
Image credit: Mississippi State University, College of Forest Resources, Measurements & Spatial
Technologies Laboratory

Fig. 2.6 A hyperspectral
image data ‘‘cube’’ of Moffit
Field, California, captured by
the AVIRIS sensor. Moffit
Field is at the southern end of
San Francisco Bay. The top
of the image cube is a false
color composite showing
evaporation ponds (center
and lower right) as well the
Moffit Field airport (left). The
sides of the cubes show the
edges of each image
corresponding to one of the
sensor’s 224 spectral bands.
Image courtesy of NASA Jet
Propulsion Laboratory
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spectral resolution enables analysts to make subtle distinctions regarding objects or
areas of interest that are not possible with multispectral data. For instance,
hyperspectral imagery has been used to detect early stages of forest damage and
decline caused by air pollution (Campbell et al. 2004). However, because of the
very large data volume associated with the typical hyperspectral image, an analyst
must often use statistical techniques (e.g., principal components analysis) to reduce
the dimensionality prior to further image processing (Harsanyi and Chang 1994).

Spaceborne Platforms

An exhaustive list of all Earth-observing satellites that are currently in operation is
beyond the scope of this book. Instead, we provide basic details about some
prominent government and commercial satellites from the U.S. and elsewhere
(mostly listed in Table 2.1). We also highlight promising developments in
spaceborne remote sensing (e.g., the availability of satellite-based hyperspectral
and LiDAR sensors).

NASA Satellites and Satellite Programs

Essentially, satellite remote sensing began with NASA’s Landsat Program. Land-
sat-1, launched in 1972, was the first in a series of satellites associated with the
long-running program, the latest being Landsat-7, launched in April 1999 (Short
2010; Jensen 2005). Besides, Landsat-7, only Landsat-5 (launched in March 1984)
remains operational. Both Landsat-5 and Landsat-7 have a 16-day revisit time.

Landsat-5’s primary on-board sensor, the Thematic Mapper (TM), was the
predecessor of the Enhanced Thematic Mapper (ETM+) on Landsat-7. The
ETM+ sensor incorporates two major improvements on the TM sensor: a higher-
resolution thermal infrared band (60 m versus 120 m for the TM sensor) as well as
the novel inclusion of a 15-m panchromatic band. The ETM+ sensor requires
roughly 11,000 scenes to completely image Earth, excluding the polar regions
(Short 2010).

With its various sensors, the Landsat Program has provided the longest—by
far—continuous and comprehensive record of Earth imagery. Each spectral band
of the ETM+ sensor has utility for certain environmental applications (Table 2.3).
Figure 2.7 is an ETM+ image of the Ganges River Delta; this false-color com-
posite was made using green, infrared, and blue wavelengths. In addition, the
entire Landsat image archive has been made available to the public via the
Internet, facilitating long-term change analyses.

Landsat-7 is considered part of NASA’s Earth Observing System (EOS) mis-
sion, which also includes the paired satellites Terra (launched December 1999) and
Aqua (launched May 2002). Together, the Aqua and Terra satellites cover the mid
to higher latitudes of Earth four times daily. Both satellites carry the Moderate
Resolution Imaging Spectroradiometer (MODIS) sensor. The MODIS sensor
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records data in 36 spectral bands spanning the visible to thermal infrared, with a
unique configuration: bands 1 and 2 have spatial resolutions of 250 m, bands 3–7
have spatial resolutions of 500 m, and bands 8–36 have spatial resolutions of
1 km. MODIS data have wide applicability in terrestrial, atmospheric, and marine
contexts, primarily for broad-scale (i.e., continental-scale) analyses; some of these
applications are highlighted in Chaps. 4, 5 and 6.

The Advanced Spaceborne Thermal Emission and Reflection Radiometer
(ASTER) sensor aboard EOS Terra is actually a combination of three radiometers
that yield simultaneous and co-registered image data of differing spatial resolu-
tions: three VNIR bands with a spatial resolution of 15 m; six SWIR bands with a
spatial resolution of 30 m; and five TIR bands with a spatial resolution of 90 m.
While ASTER imagery has regularly been used to study land surface temperature
and thermal phenomena such as surface emissivity (e.g., Schmugge et al. 2002),
it has also been applied for urban land cover classification (Chen et al. 2007).

NASA launched Earth Observing-1 (EO-1) satellite into orbit in November
2000. Of its various instruments, the Hyperion imaging spectrometer, with its 220
spectral bands, is of particular note. Hyperion data have been used for applications
such as analysis of desertification (Asner and Heidebrecht 2003) and the detection
of fungal disease in sugarcane (Apan et al. 2004). Figure 2.8 is a Hyperion image,
captured in October 2007, of a large wildfire complex in northern San Diego
County, California; using three short-wave infrared channels, the sensor was able
to cut through dense smoke plumes to show the locations of actively burning fires.
However, Hyperion data tend to have a higher signal-to-noise ratio relative to data
from airborne hyperspectral sensors such as AVIRIS, which limits their utility for
fine-scale mapping and classification (Apan 2004; Kruse et al. 2003). Future
spaceborne hyperspectral sensors will likely include technological improvements
to address this signal-to-noise ratio limitation.

In May 2003, the ETM+ sensor aboard Landsat-7 experienced a failure of its
scan-line corrector (SLC) mechanism. This uncorrectable failure results in data
gaps on the left and right sides of each recorded image (Williams et al. 2006).
These data gaps are filled using data from another ETM+ image captured close in

Table 2.3 Capabilities and applications of ETM+ spectral bands (adapted from Jensen 2005)

Band Capabilities/Applications

Band 1 (blue) Penetrating water bodies; analysis of land-use, soil, and vegetation
Band 2 (green) Green reflectance of healthy vegetation
Band 3 (red) Vegetation discrimination; delineation of soil and geologic boundaries
Band 4 (near-

infrared)
Crop identification; emphasizes soil–crop and land–water contrasts

Band 5 (mid-
infrared)

Drought studies; discrimination between clouds, snow, and ice

Band 6 (thermal
infrared)

Locating geothermal activity; vegetation stress analysis; soil moisture
studies; detection of urban heat islands

Band 7 (mid-
infrared)

Discrimination of geologic rock formations
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time, but the SLC problem—combined with the fact that the only other operational
Landsat satellite, Landsat-5, is approaching 30 years of service—emphasizes that
the Landsat mission is likely approaching its end. Another sensor on board the EO-
1 satellite, the Advanced Land Imager (ALI), was developed as a prototype for
sensors that could be carried on future Landsat missions (Chander et al. 2004).

The CALIPSO satellite is jointly operated by NASA and Centre National
d’Études Spatiales (CNES), the French government space agency. A key instru-
ment on CALIPSO is the Cloud-Aerosol LiDAR with Orthogonal Polarization
(CALIOP) sensor, which represents one of very few operational space-borne

Fig. 2.7 Landsat
ETM+ image of the Ganges
River Delta, captured in
February 2000. The delta is
dominated by swamp forest.
Image courtesy of U.S.
Geological Survey, EROS
Data Center, Satellite
Systems Branch

Fig. 2.8 Hyperion image of
the Witch Wildfire in
northern San Diego County,
California, captured in
October 2007. Image
courtesy of NASA EO-1
Team

Payloads and Platforms: An Overview 29



LiDAR systems. As its name suggests, the CALIOP sensor is used for analysis of a
variety of atmospheric phenomena, including dust storms (Liu et al. 2008).
Figure 2.9 is a CALIOP image captured May 7, 2008, the day after an eruption of
Chile’s Chaitén Volcano. Among the phenomena detected by CALIOP was the
presence of aerosols in the stratosphere, drifting over southeastern Australia,
which suggests rapid, long-distance transport of fine ash (Carn et al. 2009).

Other Government Satellites and Satellite Programs

The Advanced Very High Resolution Radiometer (AVHRR) is a sensor
mounted on a series of satellites operated by the U.S. National Oceanic and
Atmospheric Administration (NOAA). The latest in the series, NOAA-19, was
launched in 2009. NOAA-19 carries the third version of the AVHRR sensor, with
six spectral bands. Only five bands are transmitted to the ground at any given time;
the bands designated 3A and 3B are transmitted during daytime and nighttime,
respectively. The AVHRR sensor was primarily developed for oceanographic and
meteorological applications, but it has also been used for land cover mapping at
broad scales (e.g., Loveland et al. 2000), especially because of its twice-a-day
temporal coverage (Jensen 2005).

Fig. 2.9 CALIOP image showing vertical profile of ash and aerosols arising from the May 6,
2008 eruption of Chile’s Chaitén volcano (red square). The top of the aerosol column is
approximately 16 km altitude. Image courtesy K. Severance and C. Trepte, NASA Langley
Research Center
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The NOAA satellites have polar orbits, meaning that they pass over the North
and South Poles during each trip around Earth. Many other satellites, such as
Landsat-7, have near-polar orbits. Polar- and near-polar-orbiting satellites are
typically sun-synchronous, which means that the satellite passes over a given
location on Earth at approximately the same local time each day. This charac-
teristic enables regular data collection at consistent times as well as long-term
comparisons.

Alternatively, some satellites are placed into a geostationary orbit, where the
satellite remains fixed in a particular location above Earth (commonly the Equa-
tor), and orbits in the direction (and at the speed) of the planet’s rotation. One
advantage of geostationary satellites is that it easy for ground-based antennae to
communicate with them. For this reason, this is the preferred orbit for many
weather monitoring satellites, including the Geostationary Operational Environ-
mental Satellite (GOES) system, which serves as the primary information source
for the U.S. National Weather Service. The sensor (i.e., the I-M Imager
instrument) aboard each GOES satellite records individual images covering
approximately 25% of Earth’s surface (Jensen 2005). Currently, five GOES sat-
ellites are active: GOES-11, designated ‘‘GOES West’’, which is located at
135� W longitude; GOES-12, located at 60� W and currently tasked with imaging
South America; GOES-13, designated ‘‘GOES East’’, which is situated at 45� W;
GOES-14, which is in on-orbit storage status; and GOES-15, which is on stand-by
(NOAA 2011).

The Canadian Space Agency (CSA) launched its first Earth-observing satellite,
RADARSAT-1, in November 1995, followed by the launch of RADARSAT-2 in
December 2007. The primary payload on each of these satellites is a synthetic
aperture radar (SAR) imaging system. A SAR system utilizes the motion of the
platform that carries it (e.g., a satellite) to simulate a large antenna, or aperture. In
short, as the platform moves, the system transmits multiple, successive radio
pulses toward targeted objects or areas. The returned signals are then synthesized
into a single image with higher spatial resolution than could be captured with a
smaller, physical antenna.

The RADARSAT satellites have the all-weather capabilities of airborne radar
systems, but with the added advantage of frequent revisits (every 24 days) of
targeted areas. (RADARSAT-2 has side-looking modes that can further reduce
revisit time.) The SAR systems on the RADARSAT satellites also have multiple
beam modes that essentially trade swath size for improved spatial resolution. A
particular strength of satellite-based SAR imagery is the ability to measure ocean
waves and currents over large areas (Goldstein et al. 1989); for instance, Fig. 2.10
is a RADARSAT image showing wave patterns in the Pacific Ocean around Point
Reyes, California.

The European Space Agency (ESA) launched its first Earth-observing satellite,
ERS-1, in 1991, followed by ERS-2 in 1995 and Envisat-1 in 2002 (the latter two
are still operational.) Envisat-1 has nine on-board instruments, including the
Medium Resolution Imaging Spectrometer (MERIS). As noted earlier, one of the
main applications of the MERIS sensor has been for analyzing ocean color
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changes as an indicator of water quality (Cui et al. 2010). For example, Fig. 2.11 is
a MERIS image of the coastline of Bangladesh, showing extensive sediments
flowing into the Bay of Bengal.

Several nations outside North America and Europe have also established suc-
cessful satellite programs. For example, the Indian Space Research Organization
(ISRO) has constructed and launched 18 Earth-observing satellites, starting with
Indian Resources Satellite (IRS) 1A in 1988. Its latest satellite, Resourcesat-2,
carries three multispectral sensors with differing spatial resolutions: the 5.8-m,
three-spectral-band Linear Imaging Self Scanner (LISS)-4; the 23.4-m, 4-band
Linear Imaging Self Scanner (LISS)-3; and the 56-m, four-band Advanced Wide

Fig. 2.11 MERIS image, captured in August 2003, of the coastline of Bangladesh. Image
courtesy of the European Space Agency

Fig. 2.10 RADARSAT image recorded near Point Reyes, California. Image courtesy of NASA
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Field Sensor (AWiFS). Together, these three sensors offer a high degree of ana-
lytical flexibility (Seshadri et al. 2005), making the satellite’s data potentially
suitable for a variety of tasks, as demonstrated by the use of Resourcesat imagery
for studying coastal dynamics and water quality (Rajawat et al. 2007) and moni-
toring snow cover (Kulkarni et al. 2006).

The China-Brazil Earth Resources Satellite (CBERS) program was established
by a cooperative agreement between the two countries in 1988. The CBERS-2B
satellite, launched in 2007, carries three instruments, including a medium-reso-
lution (20-m), multispectral charge coupled device (CCD) camera, which has been
suggested as a low-cost supplement or alternative to other medium-resolution
sensors such as Landsat ETM+ or Resourcesat-2’s LISS-3 (Ponzoni and Albu-
querque 2008). For example, Redo (2012) described a study of deforestation in
Bolivia over a 33-year period (1975–2008), where data from multiple Landsat
missions (i.e., MSS, TM, and ETM+ imagery) were combined with data from
CBERS-2 and CBERS-2B to analyze a 63,000-km2 area known as the Corredor
Bioceánico.

The Japanese Aerospace Exploration Agency (JAXA) was formed in 2003 from
a merger of three organizations: the National Space Development Agency of Japan
(NASDA), the National Aerospace Laboratory (NAL), and the Institute of Space
and Aeronautical Science (ISAS). One of JAXA’s ongoing missions is the
Greenhouse Gases Observing Satellite (GOSAT), or ‘‘Ibuki’’. Launched in 2009,
GOSAT is the first satellite designed to remotely measure atmospheric concen-
trations of carbon dioxide (CO2) and methane (CH4) near Earth’s surface (Morino
et al. 2010; Kuze et al. 2009).

Commercial Satellites

Spot Image is a public company started by the French Space Agency (CNES) in
1982 (and now a subsidiary of EADS Astrium). Spot Image manages the SPOT
Earth-observing satellites. The first satellite in the series, SPOT-1, was launched in
1986; SPOT-4 (launched in 1998) and SPOT-5 (launched in 2002) are currently in
operation. Both SPOT-4 and SPOT-5 carry a ‘‘high-resolution’’ VNIR (HRVIR)
sensor similar in capability to Landsat ETM+ (see Table 2.1), as well as a coarse-
resolution VEGETATION sensor intended for regional mapping studies (Stibig
et al. 2007). Unlike the Landsat-mounted sensors, the SPOT sensors are configured
to permit off-nadir viewing (Jensen 2005), which can reduce revisit time from
26 days (i.e., the satellites’ orbit cycle) to 2–3 days for the HRVIR sensor and one
day for the VEGETATION sensor.

The SPOT-5 satellite also carries two High-Resolution Geometrical (HRG)
instruments. Images from these 5-m panchromatic sensors have proven sufficient
for fine-scale analyses such as the automatic detection of ships for monitoring of
fisheries (Corbane et al. 2008). Furthermore, the two HRG sensors can be operated
together in ‘‘super mode’’ to generate 2.5-m panchromatic imagery (Pasqualini
et al. 2005).
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The success of Spot Image laid the groundwork for the other commercially
operated satellites that, starting with IKONOS in 1999, have provided panchro-
matic and multispectral imagery with very high spatial resolutions. (Indeed, in
keeping with the trend, Spot Image’s forthcoming Pléiades satellite will provide
0.5-m panchromatic and 2-m multispectral data.) Through a series of mergers and
acquisitions, two U.S. companies have become the main contemporary providers
of high-spatial-resolution imagery: GeoEye, which manages the IKONOS and
GeoEye-1 satellites; and DigitalGlobe, which operates the Quickbird and World-
View-2 satellites (see Table 2.1 for sensor specifications). As noted earlier in this
chapter, there are clearly many potential applications for these data. Nevertheless,
it is important to acknowledge that such images are not well suited to standard
classification techniques (e.g., maximum likelihood classification), primarily
because objects and areas of interest are often represented by multiple pixels with
fairly high variability in their spectral values (e.g., due to shadows) (Blaschke
2010; Yu et al. 2006). Instead, object-oriented classification techniques (see
Chap. 3) are increasingly popular for application to high-spatial-resolution images.
Another issue for commercial satellite imagery is the cost to the user, especially
given the free availability of other satellite imagery (e.g., Landsat) that, while of
coarser spatial resolution, may be sufficient for analysis. In any case, users of
remotely sensed data should carefully consider the objectives of their particular
projects when selecting the imagery most likely to meet those objectives.
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Relevant websites

NASA’s Visible Earth, highlighting numerous application examples of satellite-based sensors:
http://visibleearth.nasa.gov

Landsat image archive: http://landsat.usgs.gov/
Canadian Space Agency (CSA): http://www.asc-csa.gc.ca
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European Space Agency (ESA): http://www.esa.int
Indian Space Research Organization (ISRO): http://www.isro.org
China-Brazil Earth Resources Satellite (CBERS) Program: http://www.cbers.inpe.br/en/

index_en.htm
Japan Aerospace Exploration Agency (JAXA): http://www.jaxa.jp/index_e.html
EADS Astrium (Spot Image): http://www.astrium-geo.com
SPOT VEGETATION Free Distribution Site: http://free.vgt.vito.be/
DigitalGlobe: http://www.digitalglobe.com
GeoEye: http://www.geoeye.com
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