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ABSTRACT

Satellite images are ideal for monitoring changes to the environment of
the Earth. Digital images of Landsat and SPOT allow computer-assisted detec-
tion of seasonal and other short-term changes. Radar images are suitable for the
study of long-term climatic changes, particularly in the sand-covered desert sur-
faces. Stereo photographs of the Large Format Camera allow the study of drain-
age and fracture patterns that are useful in locating groundwater resources. The
example of environmental impacts of the Gulf War is given to illustrate changes
to the desert surface of Kuwait due to military activities.

INTRODUCTION

During the past three decades,
much has been learned about photograph-
ing the Earth from space through a series
of American, Russian and European sat-
ellites. Many useful photographs were
acquired by astronauts of the American
Gemini, Apollo, Apollo-Soyus and Mir
missions. In addition, the Landsat pro-
gram introduced in 1972 digital imaging
from space, where image data were trans-
mitted to ground receiving stations. The
technology of these systems provides an
advanced new tool for acquisition of data
that are necessary for environmental stud-
ies of the Earth, particularly in desert re-
gions (1).

For the acquisition of data neces-
sary for the study of Earth environment,
unmanned and manned spacecraft sys-
tems are planned to fly in high, medium,
or low orbits. The highest orbits are lefl
to the unmanned weather satellites, such
as Meteosat. These are propelled to a

BN

height of 36,000 kilometers above the
Earth. At this altitude, their motion is
equivalent in speed to the rotation of the
Earth about its axis. Such satellites are
termed geostationary, and remain above
the same point on the Earth to acquire and
transmit repetitive images as frequently
as hourly. Due to their high altitude, the
images they collect cover most of one
hemisphere of the Earth at low spatial
resolution, which is ideal for studying
global weather phenomena,

The intermediate orbits are those
from 5000 to 2000 kilometers above the
Earth, the region where most unmanned
imaging satellites are placed. For exam-
ple, the polar-orbiting satellites of the
National Oceanic and Atmospheric Ad-
ministration (NOAA) fly at altitudes of
&35 to 370 km; and the near-polar orbits
of the American Landsat and the French
System Pour I'Observation de la Terre

(SPOT) reach amaximum altitude of 920
km above the Earth. Images collected
from these altitudes provide greater local
detail than is possible from the high-ald-
tude satellites, but the area covered by
individual images is significantly re-
duced, One result of this is that these sat-
ellites provide less frequent coverage of
the same area than weather satellites
{once every 16 days for Landsat, and 28
days for SPOT).

On the lower end, most manned
missions are placed in orbits below 500
km, to a minimum of 130 kilometers
above the Earth. For example, the Space
Shuttle operational altitude is about 300
kilometers. From this altitude, images
show greater detail such as those of the
Large Format Camera (LFC; 2). Images
obtained from most of these satellite sys-
tems are useful in the study of cnviron-
mental parameters of the Earth.

'LANDSAT

The Earth Resources Technology
Satellite (ERTS-1) was the first
unmanned digital imaging satellite that
was launched on July 23, 1972. Four
other satellites from the same series, later
named Landsat, were launched at inter-
vals of a few years. The Landsat space-
craft carried a Multi-Spectral Scanner
(MSS), a Return Beam Vidicon (RBY),
and later, a Thematic Mapper (TM)
imaging systems.

Landsat Multi-Spectral Scanners
produce images representing four differ-
ent bands of the electromagnetic spec-
trum. The four bands are designated band
4 for the green spectral region (0.5 to 0.6
microns); band 5 for the red spectral re-
gion (0.6 10 0.7 microns}; band 6 for the
near-infrared region (0.7 to 0.8 microns);
and band 7 for another near-infrared re-
gion (0.8 1o 1.1 microns).






