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Characteristics and Availability of Data

From Earth-Imaging Satellites

By C. Scott Southworth

Abstract

In the past 10 years, the United States has launched
numerous satellites equipped with systems for imaging the
Earth. Although all of these satellites were launched by the Na-
tional Aeronautics and Space Administration (NASA), several
government agencies, including the U.S. Geological Survey
(USGS), NASA, and the National Oceanic and Atmospheric Ad-
ministration (NOAA) are responsible for archiving and dis-
tributing data from specific satellites. Remote sensing
technology has evolved so rapidly, however, that a comprehen-
sive listing of the various data bases does not exist. This report
compiles the types of satellite data information available from
the individual federal agencies. The objectives are to describe
the sensor characteristics, indicate what data are available,
show coverage index maps and sample data products, and list
additional sources of information of several Earth-imaging
systems, specifically, Landsat, Heat Capacity Mapping Mission,
Seasat, Nimbus-7, and shuttle imaging radar-A.

Introduction

Images of the Earth acquired from space have pro-
vided multidisciplinary scientists with a unique perspec-
tive for studying Earth resources and the dynamic nature
of our planet. Numerous satellites launched within the
past decade have acquired an enormous number of Earth
images that enable comparative studies of past and pre-
sent and also make possible future studies of the Earth.
This document provides a description of several Earth-
imaging satellites, sensors, available data products, and
sources of information to allow persons rapid access to
remotely sensed data. Characteristics and specifications
of Earth-imaging systems and data were compiled from
over 30 existing publications to provide a concise guide to
help people obtain imaging data to support scientific
investigations.

Only Earth-imaging satellites with sensors having
moderate to high spatial resolution (800 m-25 m) are
presented. This discussion includes Landsat, Heat Ca-

pacity Mapping Mission, Seasat, Nimbus-7, and shuttle
imaging radar-A. Information on low resolution (>1
km) meteorological satellites, such as NOAA’s Global
Operation Environmental Satellite (GOES) and
Television-Infrared Observational Satellite (TIROS), is
discussed by McClain (1980) and Cornillion (1982).

In this bulletin each satellite is briefly described.
The descriptions are followed by tables that provide (1)
satellite launch and orbital statistics, (2) sensor types and
characteristics, (3) the location of the data archive, and
(4) the data products available. Sample images are pro-
vided as well as index coverage maps and, in some cases,
data listings. Data user’s guides and key applications
references are described in each introductory section, and
information sources and handbooks are listed in table 9.
Department of the Army (1979), Cornillion (1982), Wil-
liams (1983), and Southworth (1983) have useful infor-
mation on satellite data bases; however, no single
publication contains coverage maps and geographic data
listings for all the satellites discussed in this bulletin.
Although data users should obtain all material referenced
herein, this paper is designed to provide them a one-stop
guide to some of the available data from Earth-imaging
satellites.
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Landsat

Landsat 1, 2, and 3 contained two independent sen-
sors, the multispectral scanner (MSS) (Taranik, 1978a)
and the return beam vidicon (RBV) camera. Landsat 4
and 5 also contained two independent sensors, the MSS
and the thematic mapper (TM). Of the five satellites only
Landsat 4 and 5 remain in operation. By mid-1982, over
1 million images had been acquired by Landsat 1, 2, and
3.

Landsat detects reflected energy in discrete wave-
lengths and provides data having a pixel resolution of 79
m for the Landsat 1, 2, 3, 4, and 5 MSS and Landsat 1
and 2 RBV, and a pixel resolution of 30 m for Landsat 3
RBV and Landsat 4 and 5 TM’s. Landsat 4 and 5 TM
band 6 detects emitted thermal-infrared energy
(10.4-12.5 ym) at a pixel resolution of 120 m. The digital
MSS, TM, and Landsat 3 RBV data are used for energy
and mineral resource exploration, structural analysis,
vegetation classification, monitoring of dynamic
phenomena, and shallow seas mapping. Landsat and its
geological applications are further detailed by Short and

Table 1. Characteristics of the Landsat 1, 2, and 3 satellites, sensors, and available data

others (1976), Williams and Carter (1976), Lintz and
Simonett (1976), Smith (1977), Taranik (1978b), Lille-
sand and Kiefer (1979), Sabins (1978, 1981), Siegel and
Gillespie (1980), Slater (1980), Short (1982), and Wil-
liams (1983).

The Landsat Data User’s Handbook (U.S. Geolog-
ical Survey, 1979) and the Landsat Data User’s Notes,
published quarterly by NOAA, provide information on
the Landsat program. Landsat data can be accessed
through microfiche and microfilm and the Inquiry Order
and Accounting (INORAC) system. The U.S. Geological
Survey’s National Cartographic Information Center
(NCIC) offices and NCIC State affiliate offices support
Landsat data user’s requests (Clarke and others, 1982)
(U.S. Geological Survey, 1981).

Table 1 provides characteristics of Landsat 1, 2,
and 3 satellites and sensors, available data, and location
of the data archive; table 2 provides similar information
for Landsat 4 and 5. Figures 1, 2, and 3 portray Landsat
MSS, RBV, and TM image examples, respectively. Fig-
ure 4 depicts U.S. coverage of Landsat 4 and 5.

LAUNCH DATES:

Landsat 1-July 23, 1972. Operation ended on January 6, 1978.

(Until the launch of Landsat 2, Landsat 1 was called ERTS 1 (Earth Resources Technology Satellite 1.)
Landsat 2-January 22, 1975. Operation ended on February 8, 1982.

Landsat 3-March 5, 1978. Operation ended on March 31, 1983.

ORBITAL ELEMENTS:

18 days. Note: Landsat 3 followed Landsat 2 by 9 days, providing 9-day repetitive coverage.

Orbit: Circular, near polar.
Inclination: 99.09°.
Altitude: 919 km.
Coverage: 81°N. to 81°S.
Period: 103 minutes with crossing of Equator at 9:30 a.m., local time.
Cycle:
SENSORS:

Return Beam Vidicon (RBV) Cameras

Pixel spatial
resolution (m)

Wavelength (um)

Landsats 1 and 2,
three RBV cameras:

Band 1 0.475-0.575 (blue-green) 80
Band 2 0.580-0.680 (yellow-red) 80
Band 3 0.690-0.830 (red-infrared) 80
Landsat 3, two
RBV’s
0.505-0.750 (panchromatic 30

into near-infrared)

2 Data from Earth-Imaging Satellites

~ Image format/Comments

Simultaneous view from 3 cameras of a scene
185 km X 185 km with 14 percent
sidelap at Equator and 10 percent forward
lap along orbital track. Coverage
similar to the single MSS Image. Frame
format.

Two side-by-side, slightly overlapping images 98
km x 98 km (4 RBV images coincide with
a single MSS frame). Frame format.



Table 1. Characteristics of Landsat 1, 2, and 3 satellites, sensers, and available data—Continued.

Multispectral Scanner (MSS)

Pixel spatial

Wavelength (um) resolution (m)  Image format/Comments R
Landsats 1, 2, 3
Band 4 0.50-0.60 (green) 80 185-km strip images have 10 percent forward
lap and 14 percent sidelap at
Band S 0.60-0.70 (red) 80 Equator and these increase toward the poles.
Band 6 0.70-0.80 (near-infrared) 80
Band 7 0.80-1.1 (near-infrared) 80
Landsat 3 only:
Band 8 10.4-12.5 (thermal infrared) 240 Thermal sensor never operated properly.
Range of thermal Usable data available for only a few areas.
sensitivity:
260K-340K
DATA ARCHIVE:
NOAA/NESDIS

Landsat Customer Services
Mundt Federal Building

Sioux Falls, South Dakota 57198
(605) 594-6511

FTS: 784-7151

STANDARD FILM OR COMPUTER-COMPATIBLE TAPE (CCT) FORMATS OF LANDSAT MSS AND RBV IMAGE
PRODUCTS AVAILABLE

Standard Landsat Images

Image Size B ~ Nominal Scale Product Format N
55.8 mm (2.2 in) 1:3,369,000 Film Positive
55.8 mm (2.2 in.) 1:3,369,000 Film Negative'
18.5 cm (7.3 in.) 1:1,000,000 Paper
18.5 cm (7.3 in.) 1:1,000,000 Film Positive
18.5 cm (7.3 in.) 1:1,000,000 Film Negative'
37.1 cm (14.6 in.) 1:500,000 Paper
74.2 cm (29.2 in.) 1:250,000 Paper
Computer-compatible tapes (CCT’s)
Tracks ~ Bits Per Inch ) , ~ Format -
9 1,600 Tape Set
9 6,250 Tape Set

" Film products are available in black-and-white or color; color is not available in the film negative format. Landsat 3 RBV images are available only as 1:500,000-,
1:250,000-, and 1:125,000-scale, black-and-white, standard products at 18.5 ¢cm, 37.1 ¢m, and 74.2 ¢cm, respectively. Also, not all Landsat 3 RBV scenes are
available in the CCT format.

Table 2. Characteristics of Landsat 4 and 5 satellites, sensors, and available data

LAUNCH DATES:
Landsat 4-July 16, 1982.
Landsat 5-March 1, 1984.

ORBITAL ELEMENTS:

Orbit: Circular, near polar.

Inclination: 98.2°.

Altitude: 705 km.

Coverage: 81°N. to 81°S.

Period: 99 minutes, crossing Equator at 9:45 a.m., local time.
Cycle: 16 days.

Landsat 3



Table 2. Characteristics of Landsat 4 and 5 satellites, sensors, and available data—Continued.

SENSORS:
Multispectral Scanner (MSS)

Band Wavelength (um) Resolution (m) Image format
1 0.50-0.60 (green) 80 185-km strip image framed with 5.4% forward
2 0.60-0.70 (red) 80 lap, 7.3% sidelap at Equator, increasing
3 0.70-0.80 (near infrared) 80 toward poles.
4 0.80-1.1 (near-infrared)

Thematic Mapper (TM)

Band Wavelength (um) Resolution (m) Image format
1 0.45-0.52 30 185-km strip image framed with 5.4% forward
2 0.52-0.60 30 lap, 7.3% sidelap at Equator, increasing toward
3 0.63-0.69 30 poles.
4 0.76-0.90 30
5 1.55-1.75 30
6 10.40-12.50 120
7 2.08-2.35 30

DATA ARCHIVE:
NOAA/NESDIS
Landsat Customer Services
Mundt Federal Building
Sioux Falls, South Dakota 57198
(605) 594-6151
FTS: 784-7151

STANDARD FILM OR COMPUTER-COMPATIBLE TAPE (CCT) FORMATS OF LANDSAT MSS AND TM IMAGE
PRODUCTS AVAILABLE
Standard Landsat (MSS) Images

Image Size Nominal Scale Product Format'
18.5 cm (7.3 in.) 1:1,1000,000 Paper
18.5 cm (7.3) 1:1,000,000 Film Positive
18.5 cm (7.3 in.) 1:1,000,000 Film Negative
37.1 cm (14.6 in.) 1:500,000 Paper
74.2 cm (29.2 in.) 1:250,000 Paper

Standard Landsat 4 and 5 TM Images

Image Size Scrounge Tips Product Format
18.5 cm (7.3 in.) 1:750,000 1:1,000,000 Paper
18.5 cm (7.3 in.) 1:750,000 1:1,000,000 Film Positive
18.5 cm (7.3 in.) 1:750,000 1:1,000,000 Film Positive
37.1 cm (14.6 in.) 1:375,000 1:500,000 Paper
74.2 cm (29.2 in.) 1:187,500 1:250,000 Paper

Computer-compatible tapes (CCT’s)

Tracks Bits Per Inch Format
9 1,600 Tape Set
9 6,250 Tape Set

' NOTE: Film products are available in both black-and-white and color; color is not available in the film negative format.

4 Data from Earth-Imaging Satellites
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Figure 1. Landsat 2 multispectral scanner images (bands 4
through 7) (ID 22129-15124, path 17, row 33) acquired
November 20, 1980, over the Blue Ridge Mountains of Virginia.
From the east (right) to the west (left) are the Piedmont Prov-
ince, Triassic basins, Blue Ridge anticlinorium, Shenandoah
Valley, Massanutten Mountain, and the Valley and Ridge Prov-

ince. Light snow cover in upper left of image provides
topographic enhancement. The scale of the 79-m resolution 9
inch by 9 inch prints is 1:1,000,000. For comparison see figures
2, 3, and 7 for Landsat RBV, TM, and Seasat SAR images of the
same region. A, band 4 (0.5-0.6um) provides data on water
turbidity.
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Figure 1.—Continued. B, Band 5 (0.6-0.7 um) provides data on vegetation.
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Figure 1.—Continued. C, Band 6 (0.7-0.8 um) provides data on vegetation.

DT +

+UnaneT

+ SO

+ U

VgBe@+

Landsat 7



4

4
4

+@17 833

0 10 20 30 40 KILOMETERS
| | | | |

Figure 1.—Continued. D, Band 7 (0.8-1.1um) provides data on rocks and soil and allows differentiation between land and water
bodies due to the high reflectance of vegetation and absorption by water in the near-infrared.
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Figure 1.—Continued. E, A false-color composite (FCC) produced by combining bands 4, 5, and 7 with a blue, green, and red filter,
respectively.
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Figure 2. 1:500,000-scale Landsat 3 return beam vidicon
subscene C (ID 31090-15052 x C) acquired February 27, 1981,
over the Valley and Ridge Province, Virginia and West Virginia.
Precambrian to Cambrian rocks compose the Blue Ridge
Mountain anticlinorium, which trends northeast on the right
side of the image. The Massanutten Mountain syncline lies in
the Shenandoah Valley, which is composed of sedimentary
units of Cambrian to Devonian age. To the west are the folded
and thrust-faulted Appalachian Mountains, which are com-

10 Data from Earth-Imaging Satellites

posed of sedimentary units of Cambrian through Devonian age.
The black reseau marks (+) are etched into the faceplate of the
vidicon camera to provide a means of restoring the geometric
fidelity of the 30-m resolution imagery. The broad waveband,
0.505-0.750 um, provides hue similar to black-and-white aerial
photographs for transfer of field data from large- to small-scale
images. See figures 1, 3, and 7 for Landsat MSS, TM, and Seasat
SAR images of the same region.
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Figure 3. Landsat 4 thematic mapper (TM) images (ID
40123-15272, path 17, row 34) acquired November 16, 1982,
over the folded and faulted Appalachian Mountains near
Roanoke, Virginia (right-center of image). The narrow spectral
bands and 30-m resolution of the TM provide significant im-
provement over the multispectral scanner. From the lower right

to upper left, the 1:1,000,000-scale image shows the Piedmont
Province, Blue Ridge Mountains, Valley and Ridge Province,
and the Appalachian Plateau. See figures 1, 2, and 7 for Landsat
MSS, RBV, and Seasat SAR images of the same region. A, band 1
(0.45-0.52um) allows observation of turbid water.
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Figure 3.—Continued. B, Band 2 (0.52-0.60 um) allows vegetation mapping.
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Figure 3.—Continued. C, Band 3 (0.63-0.69 um) also allows vegetation mapping.
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Figure 3.—Continued. D, Band 4 (0.76-0.90 um) separates vegetation from water.
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Figure 3.—Continued. E, Band 5 (1.55-1.75 um) allows snow/cloud differentiation.

Landsat 15



+F TB203-006 -+

1BNOVBZ C N37-28/W280-23 USGS-EDC N N37-29/WeBB-23 T B SUN EL29 RISZ 5 5 CP N NASA LANDSAT E-48123-15272-6

1017034 .

0 20 40 KILOMETERS
|

Figure 3.—Continued. F, Band 6 (10.4-12.5 um) allows mapping of temperature differences.
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Figure 3.—Continued. G, Band 7 (2.08-2.35um) is sensitive to absorption bands of common hydrothermal alteration clay minerals.
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Figure 3.—Continued. H, A TM false-color composite, is created by combining bands 1, 3, and 4 with blue, green, and red filters
respectively.
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Figure 3.—Continued. I, TM band 6 (10.4-12.5um) acquired at night on November 8, 1982, provides information on the bulk density
of surficial materials. Water bodies, as well as resistant orthoquartzite, which forms cap rock on Appalachian ridges, appear white
(hot) due to high thermal inertia.
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NOMINAL SCENE CENTER

Actual image center can vary
as much as 20 kilometers

NOMINAL SCENE AREA ===

Actual area of nominal scene
varies according to latitude

Landsat 4 and 5 coverage. More-detailed maps can be obtained from

= pATH

Orbit paths are numbered

westward, with path number

001 passing through eastern
03( Greenland and South America

ROW

Image rows are numbered
southward, beginning from
80°N latitude

0%

Landsat data archive (see tables 1 and 2).

Landsat
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Heat Capacity Mapping Mission

The Heat Capacity Mapping Mission (HCMM),
launched on April 26, 1978, was the first civilian
spacecraft specifically designed to test the feasibility of
measuring variations in the Earth’s surface temperature
to infer surface characteristics. The HCMM spacecraft
carried a special thermal sensor, the heat capacity map-
ping radiometer (HCMR), which operated in two chan-
nels: one in the visible near-infrared, having 500-m
resolution, and the other in the thermal-infrared region,
having 600-m resolution. Reporting on various analyses
and applications of the HCMR data to geologic research,
HCMM investigators indicate that mapping of geologic
structure, discrimination of lithology, and detection of
surface seepage of hydrocarbons are possible. See the
reports by Sabins (1981), Taranik (1981), Kahle and
others (1981), Watson and others (1981), Short (1982),
and Short and Stuart (1983), for detailed discussions of
geologic applications of thermal-inertia mapping from
use of HCMM data. HCMM was an experimental mis-
sion; therefore, it was not designed to obtain global

coverage. The lack of an onboard tape recorder restricted
data coverage to areas within range of ground receiving
stations, specifically, North America, Europe, and
Australia (NASA, 1980). Over 37,600 standard image
products were obtained in the 28 months of flight opera-
tion. Data can be accessed by geographic coordinates, for
which a microfiche enclosure is included with the HCMM
Data User’s Guide (NASA, 1980). Maps depicting cover-
age of HCMM computer-compatible tape (CCT) data of
day and night passes and of day and night registered pairs
are also available. Table 3 provides characteristics of the
HCMM satellite, the heat capacity mapping radiometer
(HCMR) sensor, available data, and location of data ar-
chive. Examples of HCMM image data are provided in
figure 5.

Figure 64-D provides HCMM’s CCT day and
night coverage of the Eastern and Western United States.
Figure 6E-O provides HCMM night and day image
coverage of the Eastern and Western United States.
Figure 6P-T provides HCMM night and day image
coverage of Europe, and figure 6U-W provides HCMM
night and day image coverage of Australia.

Table 3. Characteristics of the Heat Capacity Mapping Mission (HCMM,) satellite, the heat capacity mapping radiometer (HCMR),

and available data

LAUNCH DATE: April 26, 1978. Data termination on August 31, 1980.

ORBITAL ELEMENTS:

Orbit: Circular, sun-synchronous.
Altitude:

Inclination: 97.6°.

Coverage:

620 km (540 km from February 23, 1980, until data termination on August 31, 1980).

Day and night passes over given area within 12 hours at 35 ° latitude and poleward; within 36

hours most other latitudes. Real time only of the United States including Alaska, southern
Canada, northern Mexico, Europe, and eastern Australia.

Cycle: 16 days.

SENSOR: Heat capacity mapping radiometer (HCMR) (Previously flown on the Nimbus-5 spacecraft as the surface composition

mapping radiometer)

NEP , NEAT
(Noise equivalent
radiance/noise
IFOV equivalent
(Instantaneous temperature
Wavelength field of view) Swath Range difference
Visible near-
infrared 0.55-1.1 um 500 m 716 km 0-100% 0.2 mw/cm?
channel albedo (NER)
Thermal-infrared
channel 10.5-12.5 ym 600 m 716 km 260K-340K 0.3 K at 280K
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for instrument
(system NEAT
0.4K at

280K)



Table 3. Characteristics of the Heat Capacity Mapping Mission (HCMM,) satellite, the heat capacity mapping radiometer (HCMR),

and available data—Continued.

DATA ARCHIVE:
National Space Science Data Center/World Data Center-A
Code 601
National Aeronautics and Space Administration
Goddard Space Flight Center
Greenbelt, Maryland 20771
(301) 344-6695

STANDARD FILM OR CCT FORMATS OF HCMM IMAGE PRODUCTS AVAILABLE

1:400,000-scale black-and-white images on 241-mm print paper or positive or negative transparencies:

Day visible Temperature difference (night vs. day)
Day thermal infrared Thermal inertia
Night thermal infrared

Computer-compatible tapes (CCT’s): 9-track, 800 or 1,600 bits per inch

HCMM 23
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Figure 5. Subscenes of Heat Capacity Mapping Mission image
data (ID A-A0087-10040) acquired July 22, 1978, over the
Washington, Oregon, Idaho, California, and Nevada region. A,
the day visible (reflectance), and B, the day infrared (emitted),
were acquired at approximately 1:30 p.m. (EST); C, the night in-
frared (emitted), was acquired at approximately 2:30 a.m. (EST)
on the same day. D, Thermal inertia, is a derivative product of
the day reflectance image (A) (albedo) and day thermal
image (B) and night thermal image (C) (AT values). Water
bodies, such as (1) the Columbia River, (2) the Snake River, (3)
Harney Lake, (4) Malheur Lake, and (5) Cascade Reservoir,
display high thermal inertia (white) (see D). Agricultural vegeta-
tion in the (6) Yakima basin, (7) Columbia River Plateau, and (8)
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Snake River downwarp, as well as (9) the forest-covered
Ochoco-Blue Mountain uplift and (10) Idaho batholith, display
cool signatures due to evapotranspiration during the day (see
B). Evaporite deposits (11) display high albedo in day reflec-
tance data (see A), while Tertiary and Quaternary sediments
(12) display high thermal-infrared response due to both lack of
moisture and their low density (see B). Paleozoic and Mesozoic
metamorphic rock of the block-faulted mountains of the Basin
and Range Province (13) are differentiated from Tertiary and
Quaternary sedimentary valley fill (14) in night thermal-infrared
data (see C) due to their differences in bulk density, although
the albedos of these units are similar (15) (see A).
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Figure 5.—Continued.
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Figure 6. Heat Capacity Mapping Mission coverage maps. A,
day-acquired CCT data of the Eastern United States; B, day-
acquired CCT data of the Western United States; C, night-
acquired CCT data of the Eastern United States; D, night-
acquired CCT data of the Western United States; E-H, day- and
night-acquired image data of Eastern United States with scene
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identification (ID); I-O, day- and night-acquired image and CCT
data of the Western United States with scene ID; P-T, day- and
night-acquired image and CCT data of Europe with scene ID;
U-W, day- and night-acquired image and CCT data of Australia
with scene ID.
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Seasat

Seasat, launched June 26, 1978, was the first
civilian space platform to acquire synthetic aperture
radar (SAR) imagery of the Earth. Although the mission
was primarily designed for oceanographic monitoring,
passes over North America, western Europe, and the
Caribbean region (Ford and others, 1980) provided
significant new data for geologists. The Seasat SAR ac-
quired L-band (23.5 cm wavelength) imagery at approx-
imately 25-m resolution having look directions of north-
east (ascending node) and northwest (descending node).
Optically processed Seasat SAR data have been used to
produce uncontrolled mosaics of California, Pennsyl-
vania, Florida, Jamaica, the United Kingdom, and
Iceland. Over 300 digitally correlated subscenes (100 km
by 100 km) and nearly 400 optically correlated scenes
(100 km by up to 4,000 km) have been produced and are
available from NOAA/NESDIS. Additional information
can be obtained through the Satellite (Seasat) Data User’s
Bulletin (NOAA/NESDIS) and the Seasat Synthetic-

Aperture Radar Data User’s Manual (Pravdo and others,
1983; Ford and others, 1980; Elachi, 1980; and Wu and
others, 1981). Table 4 provides characteristics of the
Seasat satellite, SAR, and available data. Figure 7 is a
Seasat SAR image. Figure 8 provides general Seasat SAR
coverage of North America, and figure 9 provides Seasat
SAR coverage of Alaska. Figures 10 through 14 provide
Seasat SAR image orbital passes covering Western
United States, Eastern United States, Alaska, Canada,
and Europe, respectively (Pravdo and others, 1983). Ap-
pendix 1 provides a chronological data listing of Seasat
SAR optically processed data on archive at NOAA/
NESDIS. Revolution numbers are referenced adjacent to
each orbital pass in figures 10 through 14. Figure 15
shows the approximate areas covered by Seasat SAR
digitally processed tapes and film imagery. This material
is on archive at NOAA/NESDIS. Appendix 2 provides a
chronological listing of Seasat SAR digitally processed
tapes and film imagery data on archive at NOAA/
NESDIS.

Table 4. Characteristics of the Seasat satellite, synthetic aperture radar (SAR), and available data

LAUNCH DATE: June 26, 1978. Operation ended October 10, 1978.

ORBITAL ELEMENTS:
Orbit: Nearly circular.

Altitude: 790.17 km + 50 m.

Inclination: 108 ° nominal, 104° to 108 ° range.
Period: 100.75 minutes.

Orbits per day: 14.3.

Cycle: 152 days.

SENSOR: Synthetic aperture radar (data limited to 60 min/day; direct readout only)

Spatial Swath width/ Antenna
Frequency Wavelength Polarization resolution Field of view depression angle
1.275 GHz L-band, 23.5 cm Horizontal, 25 m at 4-look 100 km swath on 70° from the

horizontal (HH)

DATA ARCHIVE:
NOAA/NESDIS
Satellite Data Services Division
World Weather Building—Room 100
Washington, DC 20233
(301) 763-8111

directions

one side of horizontal

spacecraft

STANDARD FILM OR CCT FORMATS OF SEASAT SAR IMAGE PRODUCTS AVAILABLE:

Optically or Digitally Processed:
1:500,000-scale

70-mm format (black-and-white) (100 km by 100 km coverage)

Paper print
Duplicate negative
Positive transparency

Computer-compatible tapes (CCT’s): 9 track, 1,600 bits per inch.
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Figure 7. A Seasat synthetic aperture radar digitally correlated
image covering the Valley and Ridge Province of Virginia. The
image (ID 03780247) was acquired July 23, 1978, as the satellite
ascended from Cape Hatteras, North Carolina, to Lake Erie. The
Seasat SAR data were acquired on revolution 0378 with a look
direction of northeast and a look angle of 20.5° from the ver-
tical. The image is centered on the Shenandoah Valley of
Virginia (A), which is composed of sedimentary rocks of Cam-
brian through Devonian and is bounded to the east by the
Precambrian to Cambrian igneous and metamorphic rocks of
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the Blue Ridge anticlinorium (B). To the west of the valley are
the folded and thrust faulted Cambrian through Devonian
sedimentary units of the Appalachian Mountains (C). Of interest
in the scene is the Massanutten Mountain syncline (D) with the
seven fracture-controlled bends of the Shenandoah River on its
west flank (E). The distinct trellis drainage pattern and
associated land use pattern (nonagricultural) of the Ordovician
Martinsburg Shale is identified (F). See figures 1, 2, and 3 for
Landsat MSS, RBV, and TM imagery of the same region.
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Figure 10. Seasat synthetic aperture radar coverage map of the Western United States received by the
Goldstone, California, receiving station. A, July 4 through July 21, 1978. B, July 22 through August 2, 1978.

Figure 9. Seasat synthetic aperture radar coverage map of Alaska depicting ascending (southeast to north-
west) and descending (northeast to southwest) passes with respective look directions of northeast and
northwest. (Index map courtesy of Ben Holt, Jet Propulsion Laboratory.)
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Nimbus-7 Coastal Zone Color Scanner

The coastal zone color scanner (CZCS) on Nim-
bus-7 is the only sensor in orbit that is specifically de-
signed to enable study of living marine resources. Poten-
tial applications of CZCS data include the study of algal
blooms, water-land mass boundaries, mesoscale circula-
tion patterns, sediment distribution, and regional struc-
ture. The 6-band MSS acquires 825-m resolution data
with a swath width of 1,600 km. Information on the
satellite and data is available through the Nimbus-7 Data
User’s Bulletin that is issued periodically by NASA’s

Goddard Space Flight Center. CZCS data catalogs cover-
ing monthly orbits from 1978-1981 are available through
NOAA/NESDIS (NASA, 1978a, b). A discussion of the
applications of CZCS images can be found in Hovis and
others (1980) and Short (1982). Table 5 provides
characteristics of the Nimbus-7 spacecraft, CZCS, and
available data. Figure 16 is a 6-band CZCS image of the
Eastern United States, and figure 17 is an index map
showing an example of daily orbital coverage of the Nim-
bus-7. Table 6 presents an example of CZCS data listings
as provided monthly by NASA.

Table 5. Characteristics of the Nimbus-7 satellite, the coastal zone color scanner (CZCS), and available data

LAUNCH DATE: October 24, 1978.

ORBITAL ELEMENTS:

Orbit: Sun-synchronous, near polar; ascending node at about 12:00 p.m.
Altitude: 955 km.
Inclination: 104°.
Period: 99.3 minutes.
Cycle: 6 days.
SENSOR:

Coastal Zone Color Scanner (CZCS)

Band Pixel spatial
Number Wavelength (um) resolution (m) Swath (km) Measurements

1 0.43-0.45 825 1,600 Chlorophyll absorption.

2 0.51-0.53 825 1,600 Chlorophyll distribution.

3 0.54-0.56 825 1,600 Gelbstoffe (yellow substance)
concentration.

4 0.66-0.68 825 1,600 Chlorophyll concentration.

5 0.70-0.80 825 1,600 Surface vegetation.

6 10.5-12.5 825 1,600 Surface temperature and
diffuse attenuation
coefficient.

DATA ARCHIVE:
NOAA/NESDIS

Satellite Data Services Division
World Weather Building—Room 100
Washington, DC 20233

(301) 763-8111

STANDARD FILM OR CCT FORMATS OF CZCS IMAGE PRODUCTS AVAILABLE:

Image format is 25.4 cm X 25.4 cm (10 in. X 10 in) for black-and-white prints or positive or negative film transparencies that
includes all 6 spectral bands. Each band measures 3.8 cm X 6.4 cm (1Y% in. X 2% in.) depicting an area of 700 km x 1,636
km, acquired during 2 minutes of sensor operation.

Computer-compatible tapes (CCT’s): 9 tracks, 1,600 bits per inch, and contain up to three 2-minute scenes.
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Table 6. Nimbus-7 coastal zone color scanner data

NINBUS-7 COASTAL ZONE COLOR SCANNER (CZCS) DATA LISFING PAGE: .1
DATE GEMERATED: AUGUST 3, 1901

ORBIT STRT CATE HH:AM:SS STP DATE HH:MN:SS CORNER LATITUDES/LONGITUDES CHANL CC TAPE ID. FP SEQNO FILA NO AVAIL
2481 04721779 17325321 04/21/79 17:263%5 0 - O 0o- 0 0- 0 0- 0 0 150021 27201 N
2482 04/21/79 19:35:56 04/21779 12:37:56 32N-132W 36N-112W 37N-136W 41N-112W 1-6 30 15037 -1 22501 22502
2482 04/21/79 19:37:156 04/21/79 19:39:56 3ON-1369 42M-1120 A3N-140W 40N-1144 1-6 S0 150371 22001 22503
2482 04/21779 19:37:86 04/21/79 19342336 0 - 0 0- 0 - 0 0- 0 0 1503871 225Mm
2402 04721779 19:39:56 04/21/79 19341156 45N-140W 49N-114N SON-144W S5N-1148 1-6 40 0-0 ] 22504
2482 04721779 19:41356 D4/21/79 19:42:56 SIN-144W S6N-1140 33N-147W S9N-115W 1-6 70 150361 22502 22505
2405 04/22/79 00:52:16 04/22/79 00354316 0 - O 0o- 0 0- 0 0- 0 0 15020-2 90601
2485 04/22/79 GO3S4:16 04/22/79 00:55:53 0 - 0 0- 0 0- 0 0- 0 0 150202 20401
2486 04722779 02:17:56 04/22/79 02:19:%6 0 - O 0- 0 0- 0 0- 0 0 150871 79611
2486 04722779 02:17:56 04/22/79 02:19:56 235-141€ 218-153€ 175-140€ 155-151E 15 30 -0 0 043201
2486 04/22/779 02:19:56 04/22/79 02321356 0 - O 0- 0 0o- 0 o- 0 0 150571 43201
2486 04722779 02:19356 04/22/79 02:21:56 16S-140C 143-151E€ 115-138C  95-150C 1-6 30 0-0 0 B43202
2486 04/22/79 02:21:56 04/22/79 02:22:36 0 ~ 0O 0- 0 0- 0 0- 0 0 15057-1 43261
2486 04/22/79 02:21:56 04/22/79 02:23:36 9S-138E 75-150E 45-137E 285-148E -4 .20 0--0 0 043203
2491 04/22/79 10351:26 04/22/79 10363326 0 - 0 0- 0 0~ 0 - 0 0 150011 30801
2491 04722779 10:53326 04/22/79 10:55:26 0 - 0 0o- 0 n- 0 0o- 0 0 15001-1 Josot
2491 04/22/79 10:55:26 04/22/79 10367:26 0 - 0 0~ 0 0o~ 0 0- 0 0 150011 20601
2491 04/22/79 10:57:26 04/22/79 10:59:26 0 - O 0- 0 0- 0 0o- 0 D] 13002-% 30802
D4GB UA/22779 14345106 04722779 14347306 40N~ 608 AZM- 420 45M- 64U 4BN- 44W 1-6 @0 15041 -1 77701 7770
2498 04/22/79 14347106 04/22/79 14349306 46N~ 64W SON- 44W SIN- 68W S5N- 44W 1-6 60 15041 -1 77701 77702
2456 04/22/79 19354101 04/22/79 19356301 30K-1Z0W 3IN-110W 3SN-139W 39N-1170 1-6 50 150062 92701 92701
2496 04/22/79 19:54301 04722779 19336301 0 - 0 0- 0 0~ 0 n- 0 0 1530451 43111
2496 04722779 19154301 04/22/79 19356301 30N-136W 33N-116W 39N-139W 37N-117W 1-6 40 a-0 0 148101
2496 04722777 19:56301 04/22/79 19:58:01 0 - 0O 0- 0 0o~ 0 n - 0 0 15045-1 43111
24986 04/22/79 04722779 19150101 36N-138M AON-118W 41N-142W 45N-118W 1-6 S0 0-0 0 148102
2476 04722/79 04722779 20:00:01 43N-1420 47N-110W 48N-147W 52N-1224 1-6 a0 150062 92701 22703
2496 04722/79 04/22/79 19:50:01 0 - O 0- © 0- 0 0- 0 0 1504%-1 406111
2496 04722779 19:50:01 04/22/79 20:00:01 43N-1420 47N-110W 4ON-166W 52N-120W 1-6 50 0-0 0 148103
2496 04722779 20:00:01 04/22/79 20:01:06 49N-147W S3N-1220 G4N-152W SON-127W 1-6 70 15035-1 92702 $2704
2496 04722779 20:00:01 04722779 20:01:06 0 - 0 0o- 0 n- 0 n- 0 0 150471 43112

0 148104
13211 113201
13211 113202
13211 113203
90701 $0701
?07014 20702
¢07013 90703
702 20704
¢o702 90705
72011
$2011

40 0-0
70 13054 -1
90 150541
20 15054-1
150091
20 15009 -1
20 15009~ 1

04722779 20:01:06 49N-146W S3N-120W SON-152W H6N-120W
2506 04/23/79 04723779 13:07:31 108~ 23W 85~ 11W 55~ 24W  35- 130
2504 04723779 04723779 13:083141 39— 24W 16— 139  ON- 250 2N- 140
2506 04723779 13:09:36 04723779 13:10:11  4N- 260 6N- 15W 3N 26W 17N~ 15W
2516 04/24/7%9 10307331 04/24/79 10109131 34N~  9E I8N~ 3UE 40N~  6E 44M- 29C
2518 04/24/77 10:09:351 04/24/79 10310541 41N~  6E 45N- 29C 46N~ 1E 50N- 24E
2510 04724/7%9 103 04724779 10314311 49N~  OE S4N- 2UE B4N-  6W S9N~ 19C
2518 04/24/79 10314211 04724779 10315555 SSN- 6W SIN- 26E 60N~ 12W &6N- 248 80 15006 -4
2518 04724779 10115156 04724779 103116336 60N~ 128 67N~ 24E 64N~ 220 72N- 24E 70 150062
2519 04724779 11341321 04/724/79 11343521 0 - 0 0~ 0 6 - @ -0 i} 15032-1
24919 04724779 1134 04/24/79 11344331 0 - O 0- 0 0o- 0 0- 0 0 15032-2

2496 04/22/79

1]

[

toi

R e el
1

L= - - N - N - -
o
=

O W IS W AR e W WWIO R WN MO MmO WWNAONQ RN WNSSWONSRHWNWQWN =N
ZAZXZT A XA A A A AT T A AL A A AL A AL A AT A AZA LA AR T RZZCXZACERTZTEXZT <X

2520 04/24/79 13:2 04724779 13:24746 155 26W 135- 15W 95~ 28W 75 19W 1-6 Jo 150311 59311 159301
2920 04724779 13124146 04724779 13326346 85— 26W 66~ 170 26~ 29§ 05~ 18W 1-6 %0 15031-1 59311 159302
2520 04/24/79 13:26146 04/24/79 13:28:06 15— 29W AN~ 184  JIN- S1W 5N- 20W 1-6 50 15031 -1 9311 159303
2521  04/24/79 15118106 04724779 15120106 29N~ 60M 33N~ 46H 34N~ 71U JON- 470 1-6 60 15004~ 1 52501 $2501
2521 04724779 15:20:06 04724779 15:22:06 35N - 714 37N - 476 41N- 750 45N- SCW 1-6 50 15004 -1 52501 32502
2591 04724779 15122306 04724779 153124306 42N 754 46N~ 500 4A7H- 794 H2N- G4W 1-6 60 150041 H2001 $2503
593 0VA/24/77 18343741 04724779 18345341 20N-1170 23N~ 960 25N-119W 29N~ 970 1-6 30 15047 -1 22301 22601
2523 04724779 10145341 04724779 18147131 26N-119W 30N~ 97W 32M-1220 J6N- 98V 1-6 10 150471 92601 92802
2527 04725779 01319311 04/25/79 O1:21340 0 - 0 - 0 -0 - 0 Q 150551 2070
2527 04/2%/7%9 01:21311 04/2%/79 01323311 0 - O 0- 0 0- o 0- 0 0 150551 20781
2527 04/25/79 01:23311 04/25/79 01:25:41 0 -~ 0 0n- 0 - 0 n- 0 0 13095 -1 2741
2531 04/25/79 0B:24:51 04/2%/79 0B:26351 285 SO0L 265- 63E 238~ 49E 208~ 61E 1-6 40 0--0 0 159801
2531 04/25/77% 08:243351 04/23/79 38326351 0 - 0 - 0 DEE 0- 0 0 15025-1 S9611
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Figure 16. Six-band Nimbus-7 coastal zone color scanner image acquired April 21, 1979, (orbit 2480) at approximately 11:10a.m.
local time over the eastern seaboard region of the United States. Channels 1 through 6 are labeled according to increasing wave-
length. Oversaturation of land in bands 3 and 4 is due to high gain needed for ocean monitoring.
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Figure 17. Nimbus-7 coastal zone color scanner index map for April 22, 1979, showing orbit number, position, and geographic region covered (shaded). This map is repre-

sentative of data coverage maps published monthly by NASA.



Shuttle Imaging Radar-A

The shuttle imaging radar-A (SIR-A) is an L-band
system (23.5 cm wavelength) that acquired imagery with
a ground resolution of 40 m by 40 m and a swath width
of 50 km. SIR-A was carried as part of the first scientific
payload on the NASA Office of Space and Terrestrial
Applications (OSTA-1), the second flight of the Space
Shuttle Columbia that began on November 12, 1981. The
objective of the SIR-A experiment was to determine
whether the antenna configuration was optimal for ac-
quiring images for geologic mapping in different global
environments (Taranik and Settle, 1981). Approximately
10 million km? of SIR-A data were acquired and are
available through NASA’s National Space Science Data
Center (NSSDC). Preliminary results of SIR-A data
analysis of western Egypt and the Sudan reveal that radar

energy penetrated as much as 2 to 5 m of dry sand to
reveal the topographical nature of the concealed bedrock
(Elachi and others, 1982). Additional information on
SIR-A may be obtained from Cimino and Elachi (1982),
Elachi (1982), Settle and Taranik (1982), and Ford and
others (1983). Table 7 provides characteristics of the
space shuttle (OSTA-1) mission, SIR-A, and available
data. Figure 18 provides an example of a SIR-A image
acquired over northern Oman. Figure 19 is an index map
to SIR-A image acquisition of the world, and figure 20 is
larger-scale index maps of SIR-A image acquisition over
North America, Central America, South America,
Africa, Indonesia, Asia, and Australia (Ford and others,
1983; Cimino and Elachi, 1982). Table 8 provides
characteristics of the SIR-A data takes referenced in
figure 20.
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