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PREFACE

In the summer of 19 77 I was awarded a NASA/ASEE Summer Faculty
Fellowship to work on remote sensing of the oceans with the Marine Ap-
plications Technology Branch at NASA/Lang ley. Because this was a new
f ield for me I asked what I might read to learn what satellites existed
with potential in remote sensing oceanography and what quantities their
sensors measured. I was shocked to learn that no single document exist-
ed wi th such material. Furthermore, obtaining inf ormation on given sat-
ellites often proved quite dif ficut. As a result I spent much of the
summer collecting and reading material from the many diverse sources
j ust. to get up-toupeed in the field. When I returned the following
sunner, again as a NASA/ASEE faculty fellow, I asked ny NASA contact,
Janet Campbell, whether or not I might begin putting together a document
covering environmental satellites and their sensors. Dr . Campbell not
only agreed to the idea but strongly encouraged it. We also agreed that
one summer would not be suf f icient to conple te the task hence I would
have to seek additional f unding. I therefore spent the summer collect-
ing and reading more material while at the same time putting together a
proposal to NASA to continue with the task that fall. This proposal was
rejected and work ceased on the project for a year. I submitted the
proposal to Sea Grant the following year and this tine it was f unded.
In the neantime I had learned that not only was obtaining technical
info rnation di f f icult but ordering da ta was next to impossible for the
newcomer. Therefore, I decided to also include information with regard
to data availability.

In the fall of L979 I began working on the guide again. A number
of facts quickly became apparent. Firs t, those satelli tes and sensors
of potential interest to the oceanographic community were also of inter-
est to neteorologists, land use planners, forestry of ficials, etc.; i e.
the guide that I was assembling was of general interest. Second, dif-
ferent documents describing the sane satellite or sensor of ten disa-
greed with one another. This increased significantly the labor required
to generate a factual document. Third, most of the work dane a year
earlier had to be redone because of the rapid changes taking place. This
problem became nore and nore apparent as time went on. Between. the tine
that a draft was given to the typist and. its return some satellites had
ceased collecting data, new satellites had been launched, conrrol of a
satellite had ben transferred from one agency to another, etc. I there-
fore decided to  a! have the nanuscript put on a word processor to allow
for easy update and  b! to assemble the guide in a loose leaf format so
that the users could modify their guides as changes occurred. In addi-
tion to the notebook format, the various satellite series in the guide
have been tabbed to allow for easy access.



Putting all of the above together over a period of four years has
led to this document. It is divided into two sections. The first pro-
vides an overview of environmental satellites, their sensors and in a
general sense where their data are archived. The second section deals
with each satellite and its sensors in detail, as well as how their data
are ordered. Order forms, names, addresses, and telephone numbers have
been i~eluded where appropriate. In an attempt to assure the accuracy
of the included information, the guide has been sent out for review to a
number of experts in the field and their many useful comments have been
included.

Peter Cornillon

January, 1982
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CHAPTER I. INTRODUCTIOiV

OVERVIEW

The f irs t hurdle the potential user must overcame in order to begin
working with remote-sensing data products is to determine what is available
and how it is acquired. This notebook is directed primarily at these ques-
tions. The discussions will be limited to satellite borne sensors and their
data products, as opposed to aircraft imagery. The desirability of satel-
lite data products is due to their availability, relatively low cost and
comparatively simple interpretation. Although more accurate in almost all
respects, aircraft data. are often more expensive to obtain. Generally, a
tailor~de mission must be flown for the project, and the data are often
more difficult to interpret, because of the large number of variables--sun
angle, altitude, and speed, for instance � that must be known. These vari-
ables will vary during the mission and must be accurately determined. Of
course, the prof essional can use the definition af these variables to advan-
tage when flying a mission and obtain higher-resolution data products than
is possible from satellite. ~iany coastal applications make use of aircraft
data for just this reason.

Because the major objective of this document is to aid the potential
user to identify and order satellite data products applicable to the user's
problem, this chapter is devoted to a brief overview of satellite data dis-
semination in the United States as it exists today. The actual steps in-
volved in obtaining the data are described in Section II, along with a de-
tailed discussion ai the satellites and relevant sensors. Satellite data is

in general categorized and ordered by satellite rather than sensor type, so
the descriptions contained in Section II are also organized by satellite. It
is, however, important to understand the various sensors and their relatian.�
ship to one another in order to make inte1 ligent decisions about the appro-
priate data to order. For this reason, Chapter 2 has been included. It
discusses in general terms the types ai sensors borne on satellites and the
variables they measure.

Chapter 3 provides a historical perspective of satellites with po-
tential coastal and oceanographic applications. The organizational ap-
proach of United States environmental satellites followed in Section II is
also developed in this chapter. Fallowing Section II are two short ref er-
ence sections. One presents a list af acronyms commonly used in remote
sensing and a brief remote sensing dictionary, and the other is a bibliogra-
phy of remote-sensing reference documents, books and newsletters.

EilVIRONMENTAL SATELLITE DATA AVAILABILITY liV THE UNI TED STATES ~ FALL 198]

At present, data and imagery from United States environmental satel-
lites are available from. four sources, and these are briefly discussed be-
low. However, the reader is cautioned that the situation is fluid and
sub ject to change.



The source to which one wrote for data used to depend on which agency
operated the satellite. In general, the data from meteorological satel-
lites, operated by NOAA, were disseminated by the Environmental Data and
information Service  EDIS! of NOAA in Washington, D.C. Air Force meteoro-
logical satellite  DMSP! data were distributed by the University of Wiscon-
sin, Space Science and Engineering Center for NOAA/EDIS. LANDSAT  the Earth
Resources Satellite! data were obtained from the United States Geological
Survey's EROS Data Center in Sioux Falls, South Dakota. Research data from
many of the NASA launched experimental satellites were available from the
National Space Science Data Center  NSSDC! of NASA, located at the Goddard
Space Flight Center in Greenbelt, Maryland.

At present, one can still obtain DMSP data from the University of Wis-
consin and civilian meteorological satellite data from NOAA in Washington.
Although the operation of LANDSAT is now formally under the control of
NOAA's National Earth Satellite Service, the EROS Data Center will continue
to archive and distribute the actual data under a formal agreement with
NOAA. FDIS in Washington has also been made the focal point for research
satellite data such as that of SEASAT-I and the NLMBUS-7 Coastal Zone Color
Scanner. Table 1 summarizes current addresses and phone numbers of or gan-
izations from which data of each of the associated satellites may be ob-
tained.
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CHAPTER 2. SENSORS: DESCRIPTION AND CLASSIFICATION

In the following sections, the satellite-borne sensors of interest to
oceanography are considered in two separate groups. The first group deals
with sensors operating in the visible, near inf rared, and thermal infrared
bands, the second with those operating in the microwave. The primary reason
f or this separation is that in general satelli te borne sensors in the
visible and infrared are passive � i.e., make use of reflected solar or
emitted terrestrial radiation while, except for the SMMR  introduced briefly
below!, instruments operating in the microwave provide the source of
radiation-~s well as the detector. Active devices use the strength of the
returned signal as well as its frequency and round-trip travel time to
describe the target.

The sensors in these two groups can be subdivided into two broad cate-
gories: imaging and nonimaging. Imaging devices are those that tend to
emphasize spatial inf ormation; i. e., they obtain a two-dimensional picture
of either the color, temperature, or surface roughness of the area imaged,
s tres sing the va ri abi li ty of these parade t ers over the area. The spa tial
dimensions range from several tens of meters  SEASAT, SAR! to about 10 kil-
ome ters  GOES, V ISSUE! . Nonimaging devices stress temporal, spect ral, or
radiometric resolution with little consideration for spatial information;
e. g., the altimeter which measures surface elevation and surtace roughness
only at the satellite suborbital  nadir! point, or the scatterometer which
averages surface roughness over squares 50 km on a side or larger to esti-
mate wind stress.

This distinction becomes important when considering data reception and
processing. Although data from both systems often require significant
processing to obtain the oceanographic variable of interest, those from an
imaging device require a sophisticated display device, while. standard line
print~r output is sufficient. for those from the uonimaging sensors.

The sensors within both subcategories, imaging and nonimaging, are
described in a generic sense, with the individual sensors more thoroughly
detailed in Section II. It should be stressed that although these sensors
are presented within the context of satellite remote sensing, the generic
descriptions apply equally well to aircraft. borne sensors. In fact, most of
the satellite borne sensors are flight tested on aircraft prior to their
implementation on board a satellite.

Electroma netic Radiation � The Quantity ';ieasured

Prior to presenting the subclassification of satellite-borne sensors,
a discussion of the quantity measured is appropriate. All such sen.sors
measure electromagnetic energy or the intensity of electromagnetic waves.
Electromagnetic waves are composed of varying electric and magnetic fields
and are defined by three properties: their wavelength, the amplitude or
height of the waves, and their direction of propagation.  In the following,
we assume the direction of propagation is toward the satellite, so only the



wavelength and ampIi tude will be considered. ! Electromagnetic waves may
have any wavelength between zero and infinity, but, due to environmental and
ins trume at cons traints, only ce rt ain portions of the electromagnetic s pec-
trum are useful in satellite remote sensing of Earth resources  Figure 1!.
Some of the more important constraints are atmospheric absorption, the size
of the instrument's antenna, the relationship between the wavelength and the
quantity observed, and the power available ta operate the equipment  the
last primarily for active devices!. An additional and extremely important
constraint is the data rate; i.e., the volume of data collected. This con-
straint is determined by the ability to  a! handle the data on the satel-
lite,  b! send these data to Earth, and  c! process such data once they have
been received on the ground.

Electromagnetic radiation of interest in remote sensing of Earth falls
into three general regions: visible, infrared, and microwave. These are
discussed below.

Visible Radiation � Li ht

Light is one example of electromagnetic radiation  see Figure I!, the
color af the light being determined by its wavelength. Red light, the
longest wavelength light that we can see unaided, is composed of waves about
0.75 x 10 o meters long �.75 micrameters, written 0.75 p m!, while blue
light, the shortest wavelength we can see, is co~posed of waves about 0.4 um
long. This portion of the eletromagnetic spectrum from blue to red light is
called the visible portion because it is composed of only those wavelengths
we can see without instrumentation.

The intensity of light, its brightness, is determined by the amplitude
of the waves. Bright light will have relatively larger amplitude waves,
while dim light will have relatively smaller ones.

Visible light will propagate through a clean, dry atmosphere with lit-
tle disturbance and is therefore one of the more important bands of the
spectrum for satellite sensing. Zn a clean, dry atmosphere we have good
visibility. a "clear" day. On a hazy day there are a great deal mare
scatterers and absorbers in the atmosphere and the light can be
substantially affected as it passes  propagates! through it.

'Host visible radiation reaching a satellite from the Earth is ref lec-
ted solar radiation; i.e., light from the sun that has been reflected from
the Earth or its atmosphere toward the satellite. "Hate that this means that
sensors in the visible can, in general, collect data only during daylight
hour s ~

A final property of visible radiation that is important in oceanography
is its ability to penetrate water. Of the three spectral regions of
importance in remote sensing oceanography, light  especially blue light!
penetrates water by far the best. Indeed, in the thermal and microwave
portions of the spectrum, there is little  an the order of micrometers! to
no penetration. Blue light, on the ather hand, will propagate through tens
of meters of clear ocean water before being significantly attenuated. Red
light is sharply attenuated within the first few meters.
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Infrared Radiation

The second regio~ of the spectrum important in remote sensing is the
infrared, so called because it is 'below" red, ar beyond the visible red.
We cannot see infrared radiation with the unaided eye; however, instruments
can record this radiation either electronically or photographically. Once
in. this form, it is readily converted to an image we can see, or numbers we
can. interpret. The infrared portion of the spectrum is divided into several
regions, of which the near infrared  near TR! and the thermal infrared
 thermal IR! are the most important.

The near IR is important because it correspands to the band of high
reflectance for mast vegetation; i.e., plants reflect a good deal more
energy in the near IR than in the visible. Furthermore, the atmosphere,
except for clouds, is transparent to near IR radiation. The wavelengths of
inrerest here range from about 0.8 pm to about 1.5 ~. As in the case of
visible radiation, most radiatian leaving the Earth in this portion of the
spectrum is reilected solar radiation.

Thermal IR radiation  > 4 pm! is important because it is dominated by
radiation emitted by the Earth and armasphere, not reflected solar radia-
tian. The intensity of the emitted radiation depends on the temperature of
the saurce  water, land, etc.! and a physical characteristic of the source,
called the emissivity, which is generally sufficiently well known sa that
the temperature can be determined from an accurate measurement of the ther-
mal IR radiation. The atmosphere is only transparent to thermal IR radia-
tian within several narrow "wi~dows." Twa of the most importanr of these
are. the 3 pm to 5 pm band and the 9.5 gm to about 13.5 pm band. Outside
these windows, almost all thermal IR radiation is absorbed by the atmosphere
as it prapagates toward the satellite. Within the 9.5 to 13.5 gz window,
the radiation. is greatly affected by atmospheric humidity, resulting in one
of the most signif icanr shortcomings of thermal IR sensors in determining
sea surface temperatures  SST!. Furthermore, thermal IR radiation does not
penetrate clouds ta any significant extent. However, because a significant
fraction of the radiation is emirted by the Earth, data collection is nat
r es tr ic t ed to daylight hours.

Microwave Radiation.

The third portion of the spectrum important in remote sensing of the
Earth is the microwave region. Wavelengths of importance range from about 1
millimeter � nillimeter = 10 meters! to several tens of centimeters �
centimeter 10 meters!. The cutoff at the Lower end is determined by
atmospheric absorption while the cutoff at the upper end is more a function
of instrument constraints as well as the reflective and emissive properties
of the ground, atmosphere, and sea surface. There are several very
important differences between sensing in the microwave compared to sensing
in the visible and infrared.

Fi rs t, ma s t microwave radiation will penetrate clouds wi th li t tie
attenuation., or reduction af signal strength. This means that a substantial



portion of the microwave spectrum may be used under all weather conditions
 except for heavy rain!.

Second, the intensities of radiation emitted by the Earth and solar
radiation reflected by the Earth are very weak. This means that a passive
sensor, depending on the Earth or the sun as its source of radiation, must
be very sensitive to obtain useful information. 0n the other hand, active
devices, those which provide the source of radiation and then measure the
fraction reflected back toward the sensor, have little background radiation
to confound the measureme~ts ~

Third, the wavelengths used are comparable to the size of many surface
irregularities, sand grain size, capillary waves, etc. Therefore, the in-
tensity of reflected radiation often carries information on the roughness of
the surface, which is of particular value when studying oceanographic phe-
nomena.

VISIBLE, NEAR INFRARED, AiJD THERMAL INFRARED SFNSORS

The general classification scheme for sensors in the visible to ther-
mal IR portion of the spectrum is shown in Figure 2. The first divi sion is
determined by the detector's operational modes. In the case of the photo-
graphic instrument, the recording medium is film. The detectio~ process
involves molecular alterations on the film, hence is not reversible; i.e.,
once a film has been exposed, it cannot be used again. In the case of the
electro-optical sensors, the output of the detector is an electronic signal.
This signal may then be used to expose a f ilm  as is done by some thermal
detectors!, may be stored on magnetic storage devices, or displayed on a
cathode ray tube  CRT!. The detector is not destroyed in the process of
detection. Furthermore, the recorded signal is in an appropriate form for
transmission or digital processing. A second important difference between
photo raphic and eletro-optical sensors is that the former are restricted to
the visible and near infrared  up to about 1.2 Um! portion of the spectrum,
while the latter can be made to cover any part of the visible to thermal IR
region. Furthermore, the dynamic range available to electro-optical detec-
tors is in general significantly greaLer than what is available to photo-
graphic ones. For many applications, probably the most important feature is
that multispectral data  electromagnetic intensity separated into a number
of dif ferent wavelength regions! is available simultaneously at each of the
ground elements imaged by the sensor..fultispectral information is avail-
able from photographic devices-~.g., clusters of cameras or a number of
lenses for the same frame � but registration of the resulting images is not
easy. For the electro-optical device, on the other hand, registration is
often inherent in the treatment of radiation by the instrument. A compari-
son of electro~ptical detection and photographic detection is presented in
Table 2. Understanding of photographic equipment by the reader is assumed
 at least to the level required for an appreciation of Section. II! and will
not be dealt with further. The rest of this section will be devoted to
electro-optical sensors, which are subdivided into imaging and nonimaging.
Because the imaging device has as its basis the nonimaging sensor, the non-
imaging sensor will be presented firsts
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TABLE Z. Electro-Optical Detection Versus Photographic Detection

Electro-Optical Disadvanta esElectro~ptical Advantages

In general, substantially more
complex than a camera

� Coarser spatial resolution

� Has a greater dynamic range

� Can image beyond. approxi-
mately l. 2 pm, the limit for
photographic sensors

- Output signal in electron.ic
form may be: transmitted

recorded

digitally
analyzed

� Capable of internal calibration

� Nultispectral data is coregistered

Data storage is not as ef f i.�
cient on magnetic tape as on
f ilm



Nonima in Sensors

Radiometer/Photometer. The simplest of the nonimaging devices are
radiometers or photometers. These instruments measure the intensity of all
the electromagnetic radiation within their field-of � view and wavelength
range. The field-of-view depends on the optics of the collector  mirror or
lens!, the field stop, and/or the geometry of the detector. There may, of
course, be additional optical elements within the system which also act to
determine the fieldmf-view. The wavelength range to which the sensor is
responsive depends primarily on the optical elements through which the
radiation. must pass and on the design characteristics of the detector.

The distinction between the radiometer and photometer is based on the
wavelength range over which they are sensitive. The radiometer operates at
and beyond wavelengths in the infrared; i.e., at wavelengths greater than
about one micrometer. The photometer operates at shorter wavelengths, the
region of sensitivity corresponding approximately to that of photographic
f ilm.

Although the term radiometer is used in this section for detectors
operating fr om l ~ to rad io wavelengths  meters !, the primary emphasis is
on. detection in the thermal infrared. As mentioned previously, eletromag-
netic energy in the thermal infrared portion of the spectrum is emitted
primarily by objects in the 300 K �7 C or ouoF! range. This means
that great care must be taken to cool the instrument so that the radiation
observed is not that emitted by the sensor itself. In general, this re-
quires that the instrument be equipped witn an internal reference to cali-
brate the observed signal. Internal calibration is not required  although
it may be used! for the photometer.

Spectometer. A spectrometer is a photometer or radiometer with a dispersing
element. The dispersing element-m.g., a prism or ruled grating-spreads the
incoming radiation spatially as a f unction of wavelength. The dispersed
radiation is then detected either by a number of radiometers at dif ferent
locations or by sweeping the dispersed beam past the same radiometer. The
former method provides poorer spectral resolution but greater sensitivity by
integrating longer in time. In the laboratory, this results in only a small
advantage . In the f i eld, where the incoming energy may be a f unct ion of
time, this time constraint. can be crucial.

covered in any detail here. The primary points have already been mentioned
in the summary of Table 2.

Return Beam Vidicon Camera. The Return Beam Vidicon Camera, or RBV, is a
television system which lies generically between photographic equipment and
multispectral scanners, discussed in the next section. The device is
similar to photographic equipment in that it images an entire scene at one
instant. It is, however, similar to the electro-optical sensors in that the



detected radiance is converted to an electronic signal. The RSV, therefore,
has some of the disadvantages of photographic equipment  two dimensional
distortion, lack of multispectral registration! and some of the advantages
of the electro-optical sensors  electronic output, nondestructive detection,
etc.!. LANDSAT is currently the only environmental satellite with a
television sensor aboard.

Scanners. Electro-optical scanners are devices which generate an image by
scanning the scene of interest. This is generally done using a rotating
mirror which reflects radiation fram different parts of an area into the
detection system. Usually the sensor is constructed so that the rotation of
the mirror provides radiance data along a straight line. The second dimen-
sion of the image is then obtained by advancing the sensor perpendicular to
the scanning direction. Fromm the mirror back to the detectar, the sensor
resembles at least conceptually the simple radiometer or spectrometer
discussed above.

All multispectral scanners on the various satelli tes  iISS on. LANDSAT,
CZCS on NLLBUS-7, VHRR and AVHRR on the TIROS-NOAA series, for instance!
operate ba s ical ly as de scribed above, us ing the scanning mat ion of the
mirror ta provide the across track information and the motion of the
satellite ta provide the along track information. The only exception to
this method of operation is the Visible Infrared Spin Scan Radiometer
 VISSR! on GOES.

The VISSR operates dif ferently because the GOES satelli te on which it
is flown does nat advance relative to the ground. It is in what is referred
to as a geost.ationary orbit, discussed in Chapter 3. For VISSR the scanning
motion is achieved by rotating the entire satellite about an axis approxi-
mately perpendicular to the plane described by its orbit. The mirror inside
the satellite is then stepped about the axis perpendicular to the earth-sat-
ellite vector and lying in the orbital plane or the satellite. One step is
taken far each rotation of the satellite. The rotation of the satellite
then provides the east-west i~formation., while the stepping mirror provides
the north-south information.

All of the visible/IR scanners on environmental satellites have at
least two spectral channels.

.MICROWAVE SENSORS

Because the intensity of emitted terrestrial radiation and reflected
solar radiation is down several orders of magnitude in the microwave portion
of the spectrum fram what it is in the visible to IR portion. of the spec-
trum, passive reception of such energy is quite dif ficult. Because of
this--and because of their expected usefulness � active microwave sensors
have received significant attention in the past several years. The ability
to control the saurce of radiation in an active sensor permits the measure-
ment of variables other than just the received radiance. In particular,
active microwave sensors make use of the travel time of the emitted pulse to
measure distance and the frequency of the returned pulse ta measure the
speed of the target relat.ive to that of the sensor platform. The change in



frequency due to relative motion is referred to as the doppler shift. These
two variables, round trip travel time and doppler shif t, may also be used to
locate a signal geometrically. An active device can use any or all of the
three variables outlined above as well as a fourth, polarization. The pol-
arization is a measure of the plane in which the measured electromagnetic
vector oscillates. Both active and passive devices measure the polariza-
tion. The emitted pulse of active devices may also be polarized.

Nonima in Ai cr owave Sensors

Radar Altimeter. A radar altimeter is an active device used to measure the

distance from the spacecraft to the reflecting surface below with a high de-
gree of accuracy. The primary variable observed, therefore, is the round
trip travel time between the spacecraft and the sea surface. The sensor
emits a traveling pulse straight down  it looks at nadir! and then looks
for the return pulse. Altimeters have orbited on three spacecraft: Skylab,
GEOS-3, and SEASAT-1. The vertical resolution of the instruments went from
approximately one ~eter for Skylab to 30 cm for GEOS-3 and 10 cm for
SEASAT-1. These resolutions were those obtained by averaging all returned
pulses for one second  between 10 and 100 pulses! and correcting for
atmospheric effects.

The radar altimeter has also been used quite successfully to determine
sea state. This is done by comparing the shape of the returned pulse with
that of the emitted pulse.

Scattermometer. Oceanographic applications of the scatterometer have been
primarily directed toward the measurement of wind induced surface stress.
This ins trument res ponds to the int ens i ty of ref lect ed radiation at mode r-
ately large angles, 10 to UU . The instrument is active and uses
ranging, round trip travel time, to locate the ref lected pulse spatially.
In order to obtain directional information regarding wind stress, two
antennae were used on SEASAT-1 to view the same location f r om di f f e rent

angles. One beam was emitted 45o f rom the forward direction and the
second 45 f rom the af t direction. As the satelli te advanced, the area
covered by the af t-looking beam would cross whatever had been observed by
the forward-looking beam. By this method, the direction of the wind stress
was determined to point within 20o of one of f our directions. In some
cases, the directional ambiguity was partially resolved, the stress being
determined to lie within 20o of one of two directions.

The electromagnetic pulses emitted by the spacecraf t have wavelengths
on the order of 3 cm. At this wavele ng th, cap illa ry waves act as Brag g
scatterers, hence the ability to measure wind stress, magnitude and direc-
tionn. In order to meet the resolution requirements speci f ied for wind
stress, the area over which the reflected pulse must be averaged is large
since cap illa ry waves are weak sca tterers. The sca t ter ome ter uses ranging
to divide the region viewed into a number of large cells with length scales
on the order of 50 km



Scannin ihicrowave Radiometers. A number of scanning microwave radiome ters
have been orbited in recent years on various satellites; primarily, the S~i
on NDiBUS-7 and SEASAT-l, ESMR on NIMBUS-5 and N LOBUS-6, and S CAMS on
iVLNBUS-6. Two dif ferent techniques are used to scan the beam. The beam of
electrically scanned radiometers  EMIR! is steered electrically using a
phased array. There are no moving parts and the angle of the antenna is
stepped across a scan line in discrete intervals. The second technique is
to rotate a reflector in front. af the antenna in much the same fashion as
the visible/IR multispectral scanners described earlier. The primary
difference is that the reflector is a metal sheet rather than a mirror. The
SiNR reflector is rotated continuously, while the SCAtlS ref lector is rotated
in discrete steps similar to the VISSR an GOES. In all cases, the scan
direction provides spatial inf ormation normal to the satellite's suborbi tal
track. All of these devices measure two polarizations as well as radiance
in a number of channels.

Because the emitted terrestrial radiance or reflected solar radiance is
many orders of magnitude lower at microwave freque'ncies than in the visible
or thermal, the sensors must again average aver a much urger area. This
constraint is also imposed by the size and shape requirements for microwave
antennae. For these reasons, the scanning microwave radiometers are includ-
ed here as nonimaging devices all having resolutions coarser than 25 kilome-
ters.

Imaging i' crowave Sensors

Synthetic Aperature Radar. The only microwave imaging sensor orbited to
date is the Synthetic Aperature Radar, or SAR, on SEASAT-l. The SAR is an
active side-looking device which makes use of both ranging and doppler
inf orma tion to cons truct an image of the surface with a resolution on the
order of 25 meters.

The term "synthetic" refers to the fact that the motion of the space-
craft allows the sensor to "synthesize" the signal normally seen with a much
larger antenna system. This is accomplished by making use oi all the infor-
mation available from each target to generate the image. The radar emits
many pulses each second, each pulse illuminating a fairly large area. Thus,
each el ment. of the sea surface is illuminated by the radar and reflects
energy back to the spacecraft a number of times as the spacecraft passes.
These multiple views of each target may be used to resolve features not
visible to the radar using just ranging and doppler information.



CHAPTER 3. SATELLITE OVERVIEW

HISTORICAL PERSPECTIVE

In April 1960, only three and a half years af ter the f irs t man~de
satellite orbited the Earth, the United States began its environmental sat-
ellite program with the launch of TIROS-I   Television and Infrared Observa-
tion Satellite!, the first in a series of ten satellites launched for the
purpose af meteorological research. The TIROS satellites fallow a near
polar orbit. Such an orbit is generally circular, carrying the satellite to
within ten degrees or so of the poles and allowing coverage of almost all
the Earth. These orbits are further constrained in that the satellite pass-
es overhead at approximately the same Local sun time everywhere on the sur-
face of the Earth. Such orbits are called sun-synchronous. The objective
af the TIROS series was to determine through experimentation an acceptable
configuration for a United States operational series of meteorological sa-
tellites. This task involved experimentation with the spacecraft, its sen-
sors, and the satellite-to-ground communications link  called the "down-
link" !.

TIROS-X, although included in most historical descriptions as the last
research satellite in the TIROS series, actually served as the prototype for
the first generation of aperational, polar orbiting, meteorological satel-
lites referred to as ESSA*. This series was inaugurated in February 1966
with the launch of ESSA l. The ESSA series consisted of two satellites
which collected data simultaneously. The odd~umbered satellites stored
data which was then sent to the Mallaps Island, Virginia, and the Fairbanks,
Alaska, Command and Data Acquisition stations. The even-numbered satellites
relayed the received data directly to ground via the Automatic Picture
Transmission capability. The second ESSA satellite was launched in late
February of 1966, and the last in the series, ESSA-9, was launched in
February 1969. See Figure 3 for a chronological arrangement of United
States meteorological satellites. It is of interest to note that ESSA-3,
launched in October 1966, was also called TOS-1  TIROS Operational Satellite
or System!. This alias is used interchangeably with the remainder of the
ESSA series, ESSA-9 being TOS-7.

The NI'ABUS  ' cloud" in Latin! series, designed to carry on the re-
search and development  RGD! function for the polar orbiting, meteorological
satellites, was initiated with the launch of Nli'[BUS-I in August 1964.  Note
the overlap with the last R6D TIROS sateLlite.! In addition to the develop-
ment and flight testing of advanced meteorological sensors, iVIHBUS also
played a research role in the exploration of natural resources and geophys-
ical phenomena. This necessitated sensors capable of detecting various
f orms of air po llut ion, pr ovi ding da ta on various oceanogr ap hie variables,
etc. In particular, some of the more recent NIMBUS satellites have been

*From TIROS-X on, the prototype for each generation of operational, polar-
orbi ting, me teorological satellites has been called TIROS--TIROS-H. for the
second generation and TIROS-N for the third generation.
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equi pped wi th senso rs dedicated to oceanog r ap hie s tudies. The last sa tel-
lite in the series  NIMBUS-7! was launched in October 1978, and was still
perf orning reliably at the tine of this writing.

Advances made early in the NIMBUS program were incorporated on TIROS-M
  launched i n January, 1970!, the pro to type for the second genera t ion o f
po la r or bi ting, meteor o logical series. TIROSM was also known as ITOS-1,
the Improved Tiros Operational Satellite. The f irst operational satellite
in this series was designated NOAA-I and launched in December 1970. This
series included high resolution thermal IR sensors as well as visible sen.�
sors, and is discussed in more detail in Section II. The last satellite in
this series, NOAA-5, was launched in July 1976.

TIROS-N, the prototype of the third generation, was launched in October
1978, and the first operational satellite in the third generation, NOAA-6,
was orbited in June 1979. NOAA-6 was operational and providing useful
oceanographic data at the writing of this report, TIROS-N having failed in
the fall of 1980. NOAA-7 was launched in June 1981

Parallel to the development of the polar orbiting series, two other
series also evolved. One of these, the Defense Meteorological Satellite
Program  DMSP!, developed by the military, is polar orbiting and collects
much the same data as the NOAA satellites. The early development of the
systen was secret, hence little inlornation is available from this period.
The Air Force announced the existence of the series in February 1973, at
which time DMSP data was made available to the public. Since the public
announcement of the series, the early Block 5B/C satellites have been
replaced with a newer generation called the Block 5D.

The other meteorological satellite series developed parallel to TIROS/
ESSA/NIMBUS/NQAA was ATS/SMS/GOES. These satellites fly in a geosynchronous
orbit rather than a polar orbit. A geosynchronous satellite orbits the
Earth about the equator, one revolution taking 24 hours. In this fashion,
the satellite will renain above the same point on the equator at all ti~es.
The advantage of such an orbit is that continuous coverage of an area is
provided. However, the resolution is coarse, since a geosynchronous orbit
requires the satellite to be much higher than the polar orbi ters, 35,000 Km
as opposed to I, 000 Kn. Also, the satellites cannot noni tor the poles
because they are always over the equator; and they see only one section of
the Earth. In order to capitalize on the advantages of both systems, the
United States decided to deploy an operational geosynchronous series in
addition to the polar orbiting series.

The Applications Technology Satellites  ATS!, first launched in
December 1966, served as the RkD series for the geosynchronous system, al-
though this was not their primary mission. A number of spacecraft and sen-
sor experiments were carried out on the early ATS satellites. SMS-1  Syn-
chronous Meteorological Satellites!, the prototype of the operational geo-
synchronous neteorological series, was launched in 'May 1974. The third
satellite in the series, SMS-G, was renamed GOES-1  Geosynchronous Opera-
tional Environmental Satellite!, and launched in October 1975. Two geo-
synchronous satellites are needed to cover the United States; hence GOES-2
was also launched. In addition to the GOES satellites, the Europeans have
orbited a similar satellite, called METEOSAT, and the Japanese have one
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called GMS Geosynchronous Meterological Satellite. These two satelli tes
cover those sections of the Earth of interest to the associated countries.
 Coverage of these satellites is shown in 1igure 6.3a of Section II.!

Following the early sue ces s of the meteorological sa tel li tes, as well
as the promising results of numerous airborne missions, the United States
embarked on its Land~riented satellite research program in July 1972. The
f i rst satellite in the series, ERT S-I  Far th Resources Technology Sate 1-
lite!, carried two sensors spanning the visible and near inf rared portion of
the s pectrum. The primary sensor was the Return Beam Vidicon  RBV! camera,
actually a set of three television cameras sensing in the green, red, and
near infrared. The secondary sensor was the multis pectral scanner  MSS!, an
electro-optical sensor sensitive to radiation in four spectral bands.
Shor tly after the launch of ERTS-L, the RB V failed, and although it was
included on ERTS-2, the second satellite in the series, it never saw much
use. The MS 5, however, included on ERTS-1 "at the last minute," has
pr ovid ed exceptional gr ound~ over da ta, and although ERTS was conceived as
an IQ D series, data dissemination as well as sensor continui ty has been
treated in an operational fashion. In 1975, af ter the launch of ERTS-2,
the satellites were renamed LANDSAT-l and 2. Since then. LANDSAT-3 has been
launched, with an improved RBV system and a thermal infrared channel on the
MSS. A IANDSAT-D and D2 are planned for launch in the near future.

A second research satellite  manned in this case!, from which a number
of ground cover, oceanographic and meteorological experiments were carried
out, was SKYLAB, launched in May 1973. Many of the experiments carried out
on SKYLAB laid the groundwork for sensors launched on later satellites. For
example, the results of the radar altimeter experiment were utilized in the
d,esign of the GEOS-3  Geodetic Experimental Oceanographic Satellite! satel-
lite  April 1975!, whose primary sensor was a radar altimeter. GEOS 3 is
included in most summaries as an oceanographic satellite because the radar
altimeter, its primary instrument, collected data only over the oceans,
providing data such as ocean topography and significant wave heights. There
were two other satellites in the GEOS series, but their sensors provided
data of little interest to oceanographic phenomena and will not be discussed
here.

The last satellite launched to date with oceanographic data colLection
as its primary mission was SEASAT-1. Most of its sensors became operational
on June 27, 1978, but after 99 days  October 10, 1978! of near flawless op-
eration a major power failure incapacitated the spacecraft, terminating all
data collection. This spacecraft and its sensors are discussed in detail in
Section II. There was to be a SEASAT-2, but this project was dropped in
favor af the proposed NOSS  National Oceanic Satellite System!, which was
scheduled for a 1986 launch. In the interim, no other civilian United
States oceanographic satellites are planned. NOSS now also appears to have
been dropped.

The only other satellite with potential application to remote sensing
of the oceans that will be discussed is HCMM  Heat Capacity Mapping Mis-
sion!, launched in April 1978. The mission of HCMM was to provide compre-
hensive, accurate, high-spatial-resolution thermal surveys of the Earth' s
surface. The objective of these measurements was to determine, from the
observed thermal differences between day and night, the thermal inertia of
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the ground and thereby the geological structure. High-resolution thermal
imagery is, however, also of interest in oceanographic studies.

SATELLITE CLASSIFICATION SCH&jES

Satellites can be classsifed in a variety of ways. An outline is
therefore presented of some of the attributes of a satellite or satellite
systera that might be used for classification. Probably the nost important
is the satellite mission.

A plication Areas � Satellite Mission

For simplicity, we reduce the various application areas outlined above
to the following three categories: meteorological  weather!, oceanographic,
and terrestrial  land oriented!. Although our primary area of interest is
the ocean, data from satellites in all three application groups have proven
useful in oceanographic research.

Operational Mode

The second characteristic of a satellite or satellite system that can
be used to classify it is its node of operation. There exist in general
three nodes, although the distinction between them is sometimes nebulous.
These operational modes are:

a. Research. The satellite is launched to study sensor characteris-
tics, orbit alternatives, etc., and there is no guarantee that in
the future the nation will support a similar satellite. Civilian
research satellites are launched and operated by the National
Atmospheric and Space Administration  NASA!.

satellite in a

 civilian! is
is eventually

Administration

b. Prototype. This designation is used for the first
series of operational satellites. The satellite
launched and operated at f irs t by NASA. Control
turned over to the National Oceanic and Atmospheric
 NOAA! .

To date, satellites have been launched by the United States to address
meteorological questions, observe the oceans, classify geological struc-
tur es, de termi ne the shape of the globe, and classify land cove r, part icu-
larly agricultural cover. Future satellites are planned which will allow
surf ace mapping, topographic feature extract ion, ice cover analysis, and
magnetic field strength determination. There also exist a variety of satel-
lites with planetary, solar, and other astronomical missions; military sa-
tellites with classified missions; communications satellites; and naviga-
tional satellites. These, however, will not be discussed here as they do
not fall within the group of environmental satellites and have no utility in
remote sensing of the oceans.



c. Operational. Such satelli tes come in series. The civilian ones
are launched by NASA and operated by NOAA. In general, the coun-
try has made a commitment that the series as well as subsequent
series will continue the observation program. for a number of years
into the future.

The word "civilian" has been used a nu~ber of times. These satellites
are to be compared with a series of meteorological satellites, launched and
operated by the military, the data of which is in the public domain. There
is no commitment on the part of the military to supply meteorological data
to the public in the future. Indeed, the military reserves the right to re-
strict their satellites to military use at any time. This military/non-
military dichotomy indicates another manner in which satellites may be cate-
gorized. This categorization. will not be used here.

Satellite Orbit

The last characteristic to be considered is the satellite's orbit. It
is convenient to cons ider three different types of orbits:

a. Sun-synchronous  sometimes called polar orbiting!. The local sun
time at the nadir point  the point directly beneath the satel-
lite!, on the sunlit side of the Earth, is approximately the same
independent of latitude. Such orbits are important when reflected
solar radiation dominates the observed radiance and of lit tie
cansequence if the satellite's sensors are active, providing their
awn source of radiation. Such orbits are about 1,000 km above the
Earth's surface.

b. Geostationary  Geosynchronous ! . These satel li tes a r bit the equa-
tar at the rate at which the Earth rotates; hence, they always
remain over the same point on the equator. These orbits are
useful where repeat coverage at short time intervals is desired
and spatial resolution is not as important. Their orbits are
about 36, 000 km above the Earth' s sur f ace.

c. General. This de f ines al 1 pos sible or bi t s. Cases a and b above
are special cases of the general or nonspecific orbit but are
separated here because of their importance. The general orbit
shall be used to define all orbits that are neither sun-synchro-
nous nor geostationary.

In Table 3, existing satellite systems are categorized using the vari-
ous categories outlined above. Across the top of the table is the mode of
operation-research, prototype, and operational � while the columns are di-
vided inta application areas. Each application area is further subdivided
by orbit where applicable.

Some peculiarities are evident in Table 3. NIMBUS appears in both the
meteorology and oceanography application areas. The NIMBUS series was orig-
inally conceived as the research series for sun-synchronous, meteorological
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applications. Recently, however, the NIMBUS platform has been. used to test
sensors, e.g.--the Coastal Zone Color Scanner  CZCS! � which have oceano-
graphic applications.

A second point of confusion is the designation of TIROS as the proto-
type for the sun-synchronous meteorological satellites. This is only true
for the more recent TIROS satellites. For example, TIROS-N is the prototype
for the third generation, meteorological, polar~rbiting satellites. The
confusion. arises from the fact that the early TIROS satellites  from TIROS-I
launched in 1960 to TIROS-X launched in. 1965! served as research satellites,
while the later ones are prototypes.

The designations of the various series of sun-synchronous, meteorologi-
cal satellites can also be confusing. For example, the third satellite in
the ESSA series was also named TOS-A  TIROS Operational Satellite!. TIROS-M,
the prototype of the second-generation, sun-synchronous series, is also
known as ITOS-1  Improved TIROS Operational Satellite!. The number of
aliases associated with a series often leads the casual observer to the
conclusion that there are zany more satellites than in fact exist. A final
point to note here is that a satellite in a series generally has a letter
designation prior to launch. If the launch is successful, the letter is
converted to a number. For example, prior to launch, SEASAT-1 was referred
to as SEASAT-A; after the launch its name was changed to SEASAT-1. This
procedure, however, is not followed for the TIROS prototypes. TIROS-iV
remains TIROS-iV. To add to the confusion, the first operational satellite
in the third generation was designated NOAA-A prior to launch and NOAA-6
after launch. Because NOAA-B failed at launch, Vi OAA-C became iVOAA-7.

There are several points concerning LANDSAT worth noting. First, the
name of the series, originally ERTS, was changed to LANDSAT in 1975; hence,
documents written prior to 1975 often use the acronym ERTS ~ Second, LANDSAT
is incLuded in both the research and operational categories. Although it
has been quasi-operational for a number of years, it was not until late 1979
that control was transferred from NASA to iVOAA, along with a long-term fed-
eral commitment to maintain such a satellite system. It is in this sense
that it is included as an operational series.

The discussion of the satellites in Section II is organized by appli-
cation area, as indicated in Tables 3, 4, and 5. The last two tables sum-
marize the payloads of interest to coastal and oceanographic problems as
well as the orbital characteristics.

Note that not all environmental satellites are discussed in Section
II. Only those that have orbited or are currently active are included.
Furthermore, some of the older satellites, the data of which are not avail-
able or are of very poor quali ty, are not discussed.
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Section II

Details of U. S. Environmental

Satellites and Iheir Sensors
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INTRODUCTION

This section represents the details associated with the satellites

listed in Table 3 of Chapter I II. The organization of the appendix will

follow that of Table 3. Specifically, meteorological satellites are

discussed f irst beginning with the civilian research meteorological satel-

lites, then the civilian operational polarmrbiting series, the military

operational po lar-orbi ting series, and the operational geosynchronous se r-

ies. Following the discussion of the meteorological satellites, the ocean-

ographic satellites are covered. Satellites in the third application area,

"terrestrial orientation," are discussed last.

The descriptions for each of the series follows the same basic format.

First the objective of the series as abstracted from NOAA or NASA literature

is presented. Following the objectives is a general descriptio~ of the ser-

ies. The third section covers some of the details associated with the orbi-

tal characteristics of the various platforms as well as their attitudinal

control. For most series, there is little change from one satellite to

another in the general nature of the orbit. Where the changes are signifi-

cant, they will be noted.

The orbital description completes the introductory remarks associated

with a series. The sections following the introductory remarks deal with

those satellites thought to be of interest in oceanographic research. The

discussion of each satellite follows the same format beginning with general

remarks, followed by detailed descriptions of sensors of potential interest

in oceanography and ending with a summary of documentation and data availa-

bility. The data availability section includes the instructions required to
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order data. The user is, however, cautioned that both the availability and

the ordering information may change with time. This document should be

current as of January, 1981

The reader will note that many of the pages describing sensors are

largely blank. This is done in keeping with the preparation of this as a

reference document, easy to use and easy to update.

Description of Tables

There are two basic tables that occur in this chapter, one describing

satellite orbital parameters, the other outlining the characteristics of

those sensors discussed. An attempt has been made to force all satellites

and sensors into the format of these tables. Tn most cases, this provides

an adequate description, thus, given the uniformity, a handy reference,

especially in the case of the orbital parameters. For the tables outlining

the sensors, cases do arise in which the tabulation is somewhat contrived.

The user is, therefore, encouraged to read the accompanying descriptions.

This is especially true of the microwave sensors. Finally, the included

material only touches on each sensor and is meant as a brief guide to what

is available. When actually using the data from a sensor, the reader is

encouraged to seek out the original source for a description of the instru-

ment. and its operation.

Now both of the table types are described.

Satelli te Orbi tal Parame ters

This table is divided into eight columns. The first gives the satel-

lite name as well as its most common alias, the latter in parenthesis. The

next two columns contain the satellites launch date and in most cases the
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date of the last data included in the archive.~ The fourth column is the

orbital period in minutes. This is followed by the periapsis  distance from

the satellite to the earth's surface at the point of nearest approach! and

the apoapsis  the greatest distance between the satellite and the earth' s

surface!, both in kilometers. The inclination  in degrees! of the orbit

occupies the seventh column. This is the angle that the satellite's orbital

plane makes with the equatorial plane. This angle is measured from the east

counterclockwise to the orbital plane at the ascending crossing. The last

column gives the Local sun time for the equatorial crossing of the

descending node  north to south!. The local sun time is defi~ed such that

local noon occurs at the instant that the sun reaches its highest point in

the sky for that day.

* This date was selected as being the most useful one to the reader of this
guide. There are actually a number of different criteria used to describe
the "end" of a satellite, these criteria depending on the interests of the
organization providing the information. Often documents present a termin-
ation date without specifying what it refers to, so different documents
List different dates for what is apparently the same occurrence. The pri-
mary occurrences associated with the termination of satelite activities
are:

a! ?ast date for which data was collected. This could be from all
sensors or from the primary sensors.

b! Formal deactivation by 'RASA. In general this date is followed by
a month or so of engineering analysis often leading to the destruction of
components of the spacecraft. Environmental data may continue to be col-
lected during this period.

c! Termination of tracking. This means that communication with the
satellite has been terminated and no more environmental data will be col-
lected af ter this.

d! Reentry of the spacecraft into the atmosphere. This involves the
physical destruction of the satellite.
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Sensor Parameters

The tables of sensor characteristics will in general contain redundant

information. For example, the sample rate and the satellite altitude define

the pixel separation at nadir. When available, both descriptions will be

included but under no circumstances does the author make the indicated cal-

culations if the information does not exist in the source material � the

corresponding entry is sirrrply left blank. The reader is, of course, free to

make the calculation.

The various parameters in the table have been grouped into classes cov-

ering similar material. The first group has just one element. The spectral

range of the various channels. For sensors operating in the visible and in-

frared portions of the spectrum, the units of this entry are micrometers

 N m!. For channels in the microwave, the units are gigahertz  GHz!. The

second group consists of those variables related to the spatial resolution

of each channel of the sensor. The first of these, IFOV defines the instan-

taneous field of view. It is generally assumed to be square and for the

visible and most IR channels is given in ~lliradians  mr!. For some IR

channels and most microwave channels, the units are degrees. The altitude

of the satellite and IFOV define the size of a ground resolution element.

This size will, of course, vary with the nadir angle. The symbol '9 nadir'

in the third row refers to the pixel directly beneath the satellite while

swath edge', the fourth entry, refers to the size of a pixel at the

furthest extreme at which the sensor coIlects data.

The rrext group of variables relates to the spacing of the scan lines.

Since most scanners make use of a rotating reflector, the rotation rate in

revolutions per minute  rpm! is given. This is followed by the separation

in kilometers of scan lines at nadir. In some cases, the reference material
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s tates that ad jac ent pixels were cont iguous ra ther than gi ving an actual

separation. They are reported. that way here also. Neglecting the curvature

o f the earth which introduces only very small deviations, the scan lines

will be separated by the same amount along their entire length. This is, of

course, only true for sensors that scan through the nadir position.

The sample rate def ines the separation of ad jacent pixels along the

scan. line. This is given. either in i~verse seconds  so many samples per

second! or in angular units, a sample every so many milliradians of scanner

rotation.

The last group deals with the width over which the sensor coLlects data

for one pass. The total field of view in degrees defines this swath width.

Numberin Scheme for Section II

The sections describing the various satellites are numbered in the

rather sterile but easily interpreted fashion of nested numbers  e.g.,

3.1.6 ' 4.!. The first number defines the satellite series.

This number assumes the following meaning:

L. %LOBUS - 2nd generation, civilian, polar orbiting, research

meteorological satellites.

2. TIROSW � 2nd generation, civilian, polar orbiting, operational

me teorological sa telli tes.

3. TIROS-'A � 3rd gneration, civilian, polar orbiting, operatio~al

me teorologi cal sa telli tes.

4. DMSP � Block 58/C military, polar orbi ting, operational

meteorological satelli tes.

5. DMSP � Block 5D the next generation, military, polar orbiting,

operational meteorological satelli tes.
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6. Si!S/GOES � 1st generation, civilian, geosynchronous, operational

meteorological satellites.

7. GEOS - Geodynamics Experimental Ocean Satellites.

8. SEASAT � 1st generation, research oceanographic satellite.

9. LANDSAT � 1st generation, research  and now operational!

terrestrial satellites.

10. Applications Explorer Mission � a series of small mission,

oriented satellites ~

The second number separates the satellites within the series as well as

some of the series related discussions. The numbers have the following

meaning.

series objectives

2. general overview oi series

3. orbital characteristics

4. first satellite dealt with in this report

second satellite dealt with in this report

� etc.

The third number repeats as follows for each satellite:

1. for the sensors

2. for the documentation

3. for data availability

Finally the fourth Level is used for the individual sensors, each sen-

sor being assigned a number.

Putting all this together, the description of, for example, the Selec-

tive Chopper Radiometer of 'AZMBUS-5, the f'irst satellite in the NL1BUS ser-

ies discussed in this document would occur in section 1.4. L.5.
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The tables in a given section are given the sane number as the section

prefixed with a "T" and followed with an "a' for the first table, a "b" for

the second one, etc ~  e.g., T.l.4.1.5.a! ~ The figures are numbered the same

way except they are prefixed with an F.
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CIVILIAV RESEARCH NETEOROLOGICAL SATELLITES

As outlined in Chapter. ZII, there have been. three series of Research

and Development  RhD! satellites devoted to meteorology, two for the polar

orbiting platforms and one for the geosynchronous platforms. The satellites

in each of these series along with their orbital parameters are presented in

Table II,l. These orbital parameters are only approximate values, not to be

used for detailed satellite navigation, but rather as a general indication

of the orbit. Only the NIMBUS series will be discussed in this report, the

others being omitted because their data is old, of poor quality or difficult

to obtain, hence, in general only of historical interest.
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1. NIMBUS Series

i. To develop and flight-test advanced sensors and general

technology for the study of the atmosphere and other appli-

cation areas.

ii. To provide data for meteorological research.

1.2 General

The NIMBUS series was conceived primarily as the second generation RhD

polar orbiting series for meteorological research. There were, however,

research missions in other areas of the earth sciences planned and carried

out on the series' seven satellites. Data from the Coastal Zone Color Scan-

ner  CZCS! and the Scanning Multichannel Microwave Radiometer  Si~1MR!, two of

the most promising for oceanographic applications of these "other" sensors

are just now becoming available. These two sensors along with a number of

others are discussed in more detail below. These discussions will, however,

be limited to NIMBUS-5 to NIMBUS-7.

1.3 Orbital Characterised.ics

All of the NQIBUS satellites were launched into sun-synchronous orbi ts.

The NIMBUS satellites of interest here, 5 to 7, orbited at altitudes ranging

from about 950 km to about 1100 km.  See Table II.l!. As described ear-

lier, the defining characteristic of the sun-synchronous orbit is that it

passes over every point on the sunlit side of the earth at approximately the

same local sun tine. In the case of NIMBUS-5 to 7 the ascending node of the

satellite occurs at local noon. This means that the satellite crosses the

equator moving from south to north when the sun has reached its highest

point in the sky. The descending node, equatorial crossing from north to



south, occurs at local midnight. Two points worth underscoring with respect

to VIMBUS sun-synchronous orbits are-

i. the importance of solar elevation in determining reflectance,

solar elevation being a function of the local sun time, the

latitude and the time of year;

ii. the satellite passes overhead at the same local sun time only

for. the nadir point. There is a difference of about one half

of an hour in local sun time between the nadir point and a

point on the edge of the swath for some of the sensors. This

means that those sensors which see the same ground point more

than twice during daylight hours do not see these points at the

same local sun time.

Successive equatorial crossings of the Vi.'iBUS satellites range from

26 to 27 longitude; i.e., if the satellite crosses the equator south

to north at 70o west, its next south to north equatorial crossing will be

at about 97 west. This 26o to 27o separation corresponds to between

2300 km and 2900 km  lo longitude at the equator corresponding to about

110 km!. At higher. latitudes the separation of successive orbits is, of

course, smaller.

The satellites take approximately 105 minutes for one revolution of the

Earth or about 14 revolutions per day. It is important to note that there

are not exactly 14 revolutions per day, i.e., the nadir track of the satel-

lite does not repeat every day. This is also apparent from the fact that

successive equatorial crossings are separated by between 26 and 27

The attitude control on iVIIiBUS-5 stabilized the spacecraft to + 0. 5o

in roll and yaw and + 1.0 in pitch. NDfBUS-6 provided stabilization to +

1.0 in yaw and + 0.5o in. roll and. pitch although there. existed for this



spacecraf t a permanent bias of + 0. 6 in pitch to reduce contol systems

pneumatic consumption. Finally, iVL'%BUS-7 is stabilized to + . 7o in pitch

and + l. 0 in yaw and roll.
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1.4 NIMBUS-5 Satellite

NLMBUS-5 was the fifth io a series of R&D satellites directed primarily

at meteorological applications. In addition to improved and additional sen-

sors this spacecraft was equipped with an improved attitude control system

maintaining the pitch to within + 1.0o and the roll and yaw to within +

~ 5o. This improvement provided better pointing accuracy for. the satel-

lite's sensors compared to previous NIMBUS satellites. The specific ob-

jectives of this satellite were:

i. To observe atmospheric conditions and processes whose bearing

on weather prediction was at the time of the launch of the

satellite not fully understood.

ii. To develop techniques for measuring on a global scale those

parameters required for the mathematical modeling of atmos-

pheric circulation.
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1.4.1 N1%3US-5 Sensor Objectives

THIR  Temperature-tiumidity Infrared Radiometer! Section 1. 4.1.1

� To provide day/night cloud top or surface temperatures.

- To give i~formation on. the moisture content of the upper

troposphere and stratosphere and the location of jet streams

and frontal systems.

SC iR  Surface Composition itapping Radiometer! Section 1. 4. 1. 2

- To distinguish acidic from basic rock.

� To reap surface temperatures.

- To map surface features.

ESlfR  Electrically Scanning l4icrowave Radiometer! Section l. 4.1. 3

� To derive the liquid water content of clouds.

� To observe differences between sea ice and the open sea over'

the polar caps.

- To test the feasibility of inferx'ing surface composition and

soil moistuxe.

ITPR  Infrared Temperature Profile Radiometer! Section 1.4.1. 4

o test the :easibility and operational applications of a

remote sounding technique to determine temperature profiles

and total water vapor content in the troposphere and lower

stratosphere.

SCR  Selective Choppex Radiometer! Section 1.4.1.5

To observe the global temperature structure of the atmos-

phere up to 50 km.

� To make suppoxting observations of water vapox' distribution.

- To determine the density of ice particles in cirrus clouds'



VMS   Nimbu s-E Microwave Spectrometer! Section 1. 4. 1. 6

� To demonstrate the capabilities and limitations of micro-

wave sensors for measuring tropospheric temperature profiles,

water vapor abundances, cloud liquid water content, and

earth surface temperatures.
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1.4.1.1 The Temperature-Humidity Infrared Radiometer  THER!

The THIR was a two channel scanning radiometer  see Chapter EE for a

brief generic description of a scanning radiometer! designed to measure

cloud top and surface temperature day and night to provide information on

the location of water vapor in the atmosphere. The first objective was met

by the thermal channel in the 10.5 to 12.5 pm range with a nadir resolution

of 8 km. The second objective, water vapor measurement, was met by a

channel in the 6.5 to 7.0 pm range with a 22 km nadir resolution. Another

way of representing the resolution is by the channel's instantaneous field

of view  EFOV!. For the thermal channel this was 7 milliradians  mr! while

for the water vapor channeL it was about 21 mr.  See Table Tel.4.l.l.a and

Figure F. 1.4. I.l.a!

The scanning mirror of the instrument rotated at 48 rpm or 1.25 seconds

per revolution. In that time the satellite advanced approximately 8 km, thus

oversamp ling the 6. 5 ta 7.0 gm channel. The detector viewed the in. flight

black box calibration during part oi each scan., i. e., as the mirror rotated

it viewed the Earth, then outer space, then the in-flight calibration  built

into the ins trument housing!, outer space and then the Earth again., etc.

This provided a calibration signal on each scan.

Some data from the THER are available in digital form while all the

data are available in photo-facisimili form.
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10. 5 � 12. 56.5 - 7.0Spectxal Range
 micx'ometers!

7.21 ~IFOV

 milliradians!

Gr ound Re so lut ion

8 iVadir

 kilometers!

7.722. 6

93. 5 x 41.1 31.8 x 14.0Ground Resolution
i~ + 50o

 kilometers!

Scan Line

Sepaxat ion 3 Viadir
 me ters !

contiguous

Pixel Separation.
Vadi r

 metexs!

117117

Ror. ation Ra te

 xpm!

Sample Rate
 seconds!

FOV

 degrees!

Swath width

 kilometers!

Table T. 1.4. l.l.a Characteristics of the ilLRBUS-5

Temperature-Humidity Infrared Radiometer  THEIR!
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-10 ~

Z

10

6020 30 40

NADIR ANGLE  dagrees!

 b!

Figure F.1.4.1.1.z . Relationship between Nadir Angle and Ground Resolution for the
TH!R ]1.5 pm Channel at 1100 km  a! Pictorial  b! Graphical"

*F t om The fJ IHbU S-5 User ' s G u~ de, Page 20





1.4.1.2 Surface Composition Happin Radiometer  SCiIR!

This was a three channel instrument  see Table T. 1.4. 1.2.a!, operating

in the visible to thermal infrared region. Two of the channels were de-

signed to sense emitted terrestrial radiation between 8.3 and 9.3 pm and

between 10.2 to 11.2 pm. The third channel was designed to view the .8 to

1.1 pm interval. During night time only the two channels in the thermal

infrared region were used. During daylight hours any two of the three chan-

nels could be used, the actual selection being made in real time.

Two dimensional coverage of the ground was achieved by a rotating mir-

ror scanning across the satellite suborbital track as discussed in Chapter

II ' The spatial resolution of each channel of the insrrument was on the

order of 660 x 660 meters or .6 x .6 milliradians. The rotation rate of the

mirror was 600 rpm and the total useful field of view extended approximately

400 km to each side of the nadir track for a total swath width of 800 km.

The 8.3 to 9.3 pm channel was selected for geological reasons primar-

ily to separate acidic from basic rocks.
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8. 3 � 9. 3 10. 2 � 11. 2.8 - 1.1Spectral Range
 micrometers!

IPOV

 milliradians!

660Ground Resolution

'Aadi r

 meters!

Ground Resolution

Swatch Edge
 meters !

600

Scan Line

Separation 9 Vadir
 me ters !

contiguous

Pixel Separation
8 'Aadir

 meters!

Rotation Rate

 rpm!

Sample Rate
 seconds!

FOV

 degrees!

Swath Width

 kilometers!

Table T.1.4.1.2.a Characteristics of the blNBUS-5
Surface Composition Mapping Radiometer  SCAR!



1.4.1.3 Electrically Scanning Microwave Radiometer  ESMR!

Most radiometers are mechanically scanned, a rotating reflector direc-

ting the received radiance onto the detectors. ESMR operated differently.

In this case, scanning was performed electronically. The rec eiving micro-

wave antenna consisted of 103 wave guide elements. The output of each wave

guide was phase shifted, thus altering the effective path length from the

source to t' he give~ antenna element. This had the effect of defining the

direction in which the antenna looked without altering the position of the

antenna. In the case of ESHR, the relative phase shifts were adjusted in

di.acrete steps by computer, thus steering the beam position. The beam was

steered in 78 discrete steps from 50 off nadir on one side of the space-

craft to 50 off nadir on the other side. One scan was repeated every 4

seconds. At nadir the beam spot was approximately 1.4o x 1.4 while at

the swath edge it was about 2. 2o x l. 4o, the longer dimension being

across track. These angular dimensions correspond to about 25 km x 25 km

at nadir and 160 km x 45 km at swath edge.  See Tables T.l. 4.1 ~ 3.a and

T. 1. 4. 1. 3. b ! .

The microwave receive r was sens itive to a center f req uency of about

19. 4 0Hz or a wavelength of about 1. b cm. The instrument was passive in

nature.
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19.225 - 19.475Spectral Range
 GHz!

Ground Resolution

'2 Vadir

 kilome ters !

160 x 45Ground Resolution

Swath Edge
 kiloDeters!

Time for one Scan

 seconds!

Scan Line

Separation i~ Nadir
 me ters !

.05

l. 2SPixel Separation
Nadir

 degrees!

1OOo

IFOV

 degrees!

Sample Rate
 seconds!

FOV

 degrees!

Swath Width

 kilometers!

Table T. 1.4.1.3.a Characteristics of the NIMSUS-5
Electrically Scanning 'microwave Radiometer  ESMR!
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Table T.l 4.1.3.b NIMBUS-5 ESHR Flight Nodel Parameters+

Antenna

Crass Polarization

Failsafe Angle  Von-Scanning
VSWR ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

'Aode !

Radiometer

19.35 GHz

50 � 150:1Hz

300 '3Hz

19. 35 GHz

... 6.5 db

1.5K
o ~ 2oK

5O � 330oK

338 +O. loK

Local ambient

Apertux'e Size  Linear Array Dimension!
Aperture Size  Feed Array Dimension!
'Aumber of Linear Elements.

Vumber of Slots per Element.
Amplitude Distribution  Linear Array!.

AmpLitude Distribution  Feed Axray!.

Braadside Half Power Beamwidt
Number ot Beam Positions

Antenna Beam Efficiency.
Beam Scan Angle.
Antenna Loss ~ ~ ~ ~ ~ ~ ~

Beam Squint Angle.
Polarization ~ ~ ~ ~ ~ ~ ~ ~

Center Frequency
Bandwidt h IF  Nominal!
Bandwidth RF  ~Uorrrinal!
Local Oscillator

.fixer 'Raise F igur e
T~s/47 ms ~ ~ ~ ~ ~ ~

Absolute Accuracy.

Dynamic Range
Calibration:

Dicke Load.

Ambient Load.

Sky Horn.

*From The MD1BUS-5 User's Guide, page 95

83.3 cm �2.80 in.!
85. 5 cm   33 ~ 66 in. !
103

81

-40 db sidelobe

Taylor distribution.
-35 db sidelobe

Taylor distribution
1.4o

78
90 to 92.7'i.'

+5uo

1.7 db

-3. 2o nomin.al

Linear E vector

 parallel to f light
direct ion!
-25 to -36 db

-13. 7o

�. 15
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1.4.1.4 The Infrared Temperature Profile Radiometer  ITPR!

ITPR was a scanning radiometer with seven spectral channels spread over

the infrared portion of the spectrum. The objective of this radiometer was

to provide three dimensional information on the earth's atmosphere. The

field of view, scanning 35. lo to each side of nadir with ground resolution

ranging upward from 35 km, provided coarse resolution of atmospheric radi-

ance on a global scale at least once every 24 hours. Scanning was achieved

by a stepping mirror, making 140 1.8 steps. The actual construction and

operation of the instrument was quite complex with six Cassagranian arc

telescopes operating on three different grids.

Tables T.1.4.1.4.a and T.1.4.1.4.b and Figure F.1.4.1.4.a summarize the

attributes of this sensor. The reader, however, is cautioned that these

numbers are presented here only to guide him in the approximate characteris-

tics of this complex instrument.

The ITPR was calibrated by an internal ref erence controlled at 37.8

+ 0.2 C. The spectral channels chosen to map the three dimensional temp-

erature distribution were comprised of two channels in two atmospheric win-

dows, one at 3.7 pm, the other at 11 pm, four channels in the carbon dioxide

band near IS gm and one channel in the rotational water vapor absorption

band near ZO pm.



Table T. l. 4. 1. 4. a Characteristics of the NIMBUS-

Infrared Temperature Prof ile Radiometer  ITPR!

. 321 � .44 10. 7 � 11.6 13.1 � 13. 7 13.7 � 14m 4Spectral Range
 micrometers!

1.45IFOV

 degrees!

Ground Resolution 34.8

Nad.i r

 kilometers!

Ground Resolution

Swath Edge
 meters!

Rotation Rate

 rpm!

39. 4Scan Line

Separation 8 Nadir
 kilometers !

Sample Rate
 seconds!

1.8Pixel Separation
 degrees!

70. 2FOV

 degrees!

1690Swath Width

 kilometers!
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lb. 9 � 23. 614. 2 � 14. 8 14. 8 � 15. 1Spectral Range
 micrometers!

1.45IFOV

 degrees!

34. 8Ground Resolution
'3 iVadir

 ki1ome ters !

Ground. Resolution

Swath Ed e

 meters!

Rotation Rate

 rpm!

39. 4Scan Line

Separation 3 Nadir
 kilometers!

Sample Rate
 second.s !

Pixel Separation
I iCadir

 kilometers!

70. 2FOV

Degrees!

16 90Swath Width

 kilometers!

Table T.1.4.1.4.a  Continued! Characteristics of the NLIBUS-5
Infrared Temperature Prof ile Radiometer  ITPR!
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Table T.1.4.1.4.b NIMBUS-5 ITPR Optical Unit Design Summary"

Multi-channel filter radiometer

Cassegrainian before optics and
refractive after optics.

Type of Instrument:

Circular half power 1. 45o, Circular
97K 1.84o; scans 35.1 each side
of nadir.

Field of View:

Programmed object scan mirror 25 Hz
cart h-chopper ref erence ref lect ive
chopper. Cassegrainian fore optics,
refractive aft optics. TGS pyro-
electric detectors. Approximately
19. 8 inches long, 10. 25 inches wide
and 10.75 inches high, not including
sun shields. Weight of 20 pounds.

Optical Design Summary:

Internal ambient blackbody reference
surfaces and space.

Calibration.

ITPR Spectral Characteristics

Central

Wave Vo.

 cm I!

Half

Bandwidth

 cm !

NEN

 mw/m2 sr cm I!Channel

4302683

899. 0 39. 5

17. 2747. 0

17. 0713. 8

689. 5 15. 2

5.3668. 3

507. 3

*From The NIMBUS-5 User 's Guide, page 109

0. 004

0. 192

0. 192

0. 192

0. 187

0. 500

0. 195
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1.4.1.5 The Selective Chopper Radiometer  SCR!

The Selective Chopper Radiometer was a nonimaging instrument with l6

spectral bands in the infrared. portion of the spectrum  See Tables

T.1.4.1.5.a and T.l.4.1.5.b!. The radiometer was, as are most radiometers

in the infrared, self calibrating, i.e., the instrument contained an intern-

al reference as well as being designed to permit views of deep space. Eight

of the channels were within the 15 pm carbon dioxide band, three channels

were situa ted in three window regions, 1 l. 6 ~, 3. 6 pm and 3. 3 ~. Of the

remaining 4 channels, 3 were at longer wave lengths ranging from about 18 pm

to 90 pm while one defined a spectral band at shorter wave lengths. The

thermal resolution of the detectors themselves were in the .l K range.

All 16 channels viewed the same vertical column of atmosphere but at

slightly different times. This was made possible by a reflecting mirror

which was tilted backward as each new radiometer recorded data and then the

mirror took a giant step forward and the process was repeated. Actually the

filter wheel included in the sensor made the action a little more compli-

cated than this. The time between successive "scans" was four seconds. The

sensor viewed the atmosphere only along the nadir track with a spa tial reso-

lution upwards of ZQ km.
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Table T.l.4.1.5.a Characteristics of the NIMBUS-5
Selective Chopper Radiometer  SCR!

Channel

1.5

.25

Spectral Range
 microme ters !

IFOV

 degrees!

Ground Resolution

Nadi r

 me ter s !

Ground Resolution

Swath Fdge
 meters!

Rotation Rate

 rpm!

Scan Line

Separation i~ Nadir
 meters!

Sample Rate

 seconds!

Pixel Separation
8 Nadir

 meters!

FOV

 degrees!

Swath Width

 kilometers!

14.8-15. 2 14. 3-14.7 14. 0-14. 3 13. 5-14. 0 14.9-15. 0

Approximately Nadir looking



Table T. 1.4. 1.5. a  continued! Characteristics of the XiXNBUS-5
Selective Chopper Radiometer

Channel

1210

 90. 9

1.5

Approximately iVadir looking

.25

Spectral Range
 micrometers!

IFOV

 degrees!

Ground Resolution

Nadir

 meters!

Gr ound Re. so lu t i on

9 Swath Edge
 meters!

Rotation Rate

 rpm!

Scan Line

Separation L~ 'Aadir
 meters!

Sample Rate
 seconds!

Pixel Separation
8 'Aadir

 meters!

FOV

 degrees!

Swath Width

 kilometers!

45. 5-54. 3 18. 2-19. l 10. 5-13. 0
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Table T.1.4.1. S.a  continued! Characteristics of the NIMBUS-5
Selective Chopper Radiometex'

Channel

14 16

2. 6-2. 7 2. 3>2. 6-2. 7 3. 5-3. 6

~ 25

Spectral Range
 mic rome ters !

IFOV

 degrees!

Ground Resolution

3 Nadir

 me ters !

Ground Resolution

8 Swath Edge
 mete.rs!

Rotation Rate

 rpm!

Scan Line

Separation 8 Nadir
 meters!

Sample Rate
 seconds!

Pixel Sepaxation
8 Nadir

 meters!

FOV

 degrees!

Swath Width

 kilometers!

Approximately Nadir looking ��



73

Ld l~ ~O

~ A
~ La1

0 Q I» dh 0 dl Cb
«S~ ~ ~ ~cc c Ld C«c CC

0 O

> 0
Cc

a
Cl »o CV

o

0 Cd cd
O 0 O

CI
LlC

8 Q~ 8
o

o4 8O,»

Oh CLC LCIO CLl

4

SOQ

0 0 Ed 0Oh

cs
A A

2

A A A A

Q 0 CI
3.

Q

C Q 4 Q CI

Q

o a 6
o

a
cl4

CI
C w

O Ld OO
Cd g

Q

Q o
O

0

Q Cl
A

CLC
U 0

Ld O c«l «LC CC cd W «D cc Ld
0 0 0 0 0 0 0 0 0 0 0 0 0

0» W «D l CLI CC 0 0 e ccc e 0 n clLd M Cl CLC W W «S Cd Cd DC Dc cl rt cl » cdl CD cd 'clc 'cC W CI «D Cl cd cc W ch H ccl

0 0 Cl cd Cl
LCC 0 0 0 CC 0

Cl Cl Cl Cl ~
«Q «s l «D Is «D «s 0 o cLl cD
«D «S O Di CD CD CD CD» O«D c c cD «d cd cd M cc id

4 P 8
JC

8

2 0 X E
Q Q

o 0
Q

c Q D

ks

O Q
o

al
Q bC

O 0g Ci

0
4O
Q

CQ ~

0 Q



74



75

1.4. l.6 NL'%BUS-E Microwave Spectrometer  NEAS!

iVZ4S was a nadir viewing, nonimaging microwave spectrometer with a

spatial resolutio~ of about 180 km. The objective of the sensor was to

provide inf o rmation about atmospheric humidi ty and cloud wa ter content over

oceans, snow cover, ice type, soil moisture, etc.

~ 1 gm/ cm and2measurements were made to an. accuracy of approximately

clouds with approximately .04 gm/cm

~VVMS integrated the radiation in each of 3 spectral band.s near the 5mm

oxygen re sonance and two bands near the l. 35 cm water vapo» resonance   See

Tables T. 1 ~ 4. 1.6. a and T. l. 4. 1.6. b!. The first set of three bands were

designed primarily to measure atmospheric temperature while the last two to

measure water vapor and liquid water. The location of the 5 mm bands was

such that each had an associated weighting function that peaked at a

dif ferent altitude in the atmosphere, thus allowing for some vertical

resolution of the temperature prof ile. The accuracy of the temperature

measur ement s af ter calibration was in the 1 iC r ange. The wa ter vapor
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Channel

58. 853. 6531. 422 ~ 235Spectral Range
 GHz !

10IFOV

 degr ees !

Ground Resolution
'Vadi r

 ki 1 ome te r s !

180

Nadir viewing onlyGround Resolution

Swath Edge
 meters !

Nadir viewing onlyRotation Rate

 rpm!

Scan Line

Separation 0 Nadir
 meters !

.5Sample Ra te
 seconds !

Pixel Separation
iVadi r

 me ters !

10FOV

 degrees!

Swath 'vJidth

 kilometers!

Table T.1.4.1.6.a Characteristics of the NIMBUS-5
VL'fBUS-E Microwave Spectrometer  VEIfS!
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l. 4. 2 Additional Information for NIMBUS-5

A user's guide for the NIMBUS-5 spacecraft is available from.'

National Space Sciences Data Center
Code 601

NASA/Goddard Space Flight Center
Greenbelt, Maryland 20771

The document is called;

l. 4. 3 Data Availability

The following description of NIMBUS-5 data archival and disse~ination

has been abstracted from the NIMBUS-5 USER'S GUIDE, pages 9 and 10. Xt

should be kept in mind that this description was written prior to the launch

of NIMBUS-5, hence may have been modified when the data actually became

available. Furthermore most of these data were collected in the mid 70's

and may no longer be stored in the same format or available in the same

fashio~. The primary reason for including this here is to provide a

starting point for the user who may be interested in these data.

Archival and Dissemination of NIMBUS-5 Data

The nature and format of the data to be available from each
experiment are explained in detail in the respective sections of this
guide. The data vill be archived and available as descri.bed below:

Photographic data from THIR and ESMR will be archived and
available through the National Space Science Data Center
 NSSDC!, Goddard Space Flight Center, Code 601, Greenbelt,
Maryland 20771.

THE NIMBUS 5 USER' S GUIDE ~

the ERTS/NIMBUS Project.
Greenbe lt, Maryland

Edited by Romeo R. Sabatini. Published by
Goddard Space Flight Center, NASA,
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Digi tal data tapes from THIR, SCR, ERROR and NB%5 will be
archived and available through the 1VSSDC.

Availability of photographic and digital SCMR data will be
through the experimenter, Dr. Warren Hovis, Code 652, Goddard

Space Flight Center, Greenbelt, !maryland 2077l.
ITPR digital data tapes will be available in three dif ferent
formats from three dif ferent agencies:

Archival tapes containing the calibrated, located
radiances, and a minimum of auxiliary information will be
available from NSSDC.

ii! Archival tapes containing atmospheric. temperature pro-
files and the corresponding radiances and earth loca-

tions will be at the National Oceanic and Atmospheric
Administration  NOAA!, National Environmental Satellite
Service  NESS!, FOB4, Suitland, 1aryland 20023.

Archival tapes containing the ITPR derived. temperature
profiles used in the National !1eterorological Center's
 Ni'1C! operational forecasts will be available from the
National Climatic Center  VCC!, NOAA, Federal Building,
Asheville, North Carolina 2880l.

ITPR data will be available from the NCC at cost ~ Limited

quantities of all other data will be furnished to qualified investi-
gators, by the ViSSDC, without charge. A charge for production and
dissemination costs may be established by NSSDC if a large volume of
data is reques ted. '«'henever i t is de termined that a charge is re-
quired, a cost estimate will be provided to the user prior to filling
his data request.

All requests from foreign researchers for Nimbus-5 data archived
and available through VSSDC must be specifically addressed to:

Director, World Data Center A for Rockets and Satellites
Code 60l, Goddard Space Flight Center
Greenbelt, "laryland 20771, U.S.A.

When ordering data from either the NSSDC or the World Data Center,
a user should specify why the data are needed, the subject of his work,
the name of the organization with which he is connected, and any gov-
ernment contracts he may have for performing his study.

When a user requests data on magnetic tapes, he should provide
additional information concerning his plans for using the data, e.g.,
what computers and operating systems will be used. In this context,
the NSSDC can provide data tapes with physical characteristics which
are appropriate for the user's computer. NSSDC will provide, upon
request, information concerning its services.



When requesting data on magnetic tape, the user aust specify
whether he will:

Supply new tapes prior to the processing, or
Return the original NSSDC tapes after the data have been
copied
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1.5 NIMBUS-6 Satellite

The objectives of the NIMBUS-6 mission are conveniently divided into

three primary groups: a! meteorological x'esearch; b! eax'th radiation budget

observations; and c! communications and tracking' The last two are of

little interest in xemote sensing of the oceans. The first group is of

interest in two azeas of research related to oceanography; a! the atmos-

phere/ocean relationship and b! the effect that the atmosphere has on

measurements of the oceans made from spacecraft. For these reasons those

sensors that have atmospheric applications will be discussed in more detail

here. It should be noted at the outset that the experimental nature of

these sensors means that a! their resolution is often quite coarse, b! there

y not be a similar sensor flown on a later spacecraft and c! the data may

be diffi<.ult to obtain or to read once obtained, if in digital form.

The specific objectives of this satel1ite were to:

i! Achieve a major milestone in the global atmospheric reseax'ch

pr ogr am.

ii! Develop and demonstx'ate techniques for environmental monitoring.

iii! Extend vertical sounding capability to the upper stxatosphere and

to develop new sounding techniques.

iv! Measure large scale atmospheric motion.

v! Measure sea ice, snow cover, surface roughness, moistux'e and

liquid water content of clouds.

vi! Measure the synoptic and planetary earth radiation budget.

vii! Develop new technology in the field of low-orbi ting satellite

communication and tracking.
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1.5.1 NUNBUS-6 Sensor Objectives

THIR  Temperature-Humidity Inf rared Radiometer! Section 1. 4. 1.1

ER1R {glectrically Scanning ~1icrowave Radiometer! Section 1.5.1.1

� To derive the liquid water content of clouds

� To observe difierences betwee~ sea ice and the open sea over the

polar caps.

HIRS   High Resolution Infrared Radiation Sounder! Section 1.5.1.2

� To provide vertical temperature profiLes twice daily on a global

basis to an altitude of 40 km.

To provide information on the water vapor distribution in the

troposphere

 Sounding Microwave Spectrometer! Section l. 5.1. 3

- To map topospheric temperature profiles, water vapor abundance and

cloud water content, to be used for weather prediction purposes.

SCMS

LRIR  Limb Radiance inversion Radiometer! Hot covered here

To provide calibrated radiance versus altitude profiles used to

calculate global temperature and water vapor profiles in the strato-

sphere and lower mesosphere.

{Pressure Modulated Radiometer! Not covered here

To determine the temperature structure of the upper stratosphere and

lower mesosphere

� To provide day/night cloud top or surface temperatures

� To give information on the moisture content of the upper troposphere

and stratosphere and the location of jet streams and frontal systems.
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 Earth Radiation Budget! Not covered here

� To measure reflected and emitted terrestrial radiation fluxes in

Not covered here

To ~asure upper atmospheric winds over Remote Regions

To study the relative air motion along isobaric surfaces

To provide direct measurements of various meteorological parameters

 Tracking and Data Relay! 'Hot covered here

To gain information on the use of a satellite, ATS, ground link for

range and rate communications.

T6DRE

conjunction with solar radiation. From these measurements the

following are deduced: Earth radiation budget

Angular dependence af terrestrial radiation

TWERLE  Tropical Wind Energy Conversion and Reference I.evel Experiment!
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1. 5 ~ 1.1 Electrically Scannin Microwave Radiometer  ESMR!

Most radiometers are mechanically scanned, a rotating reflector direct-

ing the received radiance onto the detectors. ESMR operated dif ferently.

In this case, scanning was done electronically. The receiving microwave

antenna consisted of 103 wave guide elements. The output of each wave guide

was phase shif ted, thus altering the ef fective path length from the source

to the given antenna element. This had the ef feet of defining the direction.

in which the antenna looked without altering the position of the antenna.

In the case of EQiR, the relative phase shif ts were ad justed in discrete

steps by computer, thus s teeri ng the beam posi t ion. The beam was s teered

along a conical surface making a 45" angle with nadir in 71 discrete

steps. This scan was performed io azimuth + 35o from the forward

direction from nadir. One scan was repeated every 5 /3 seconds. In1

azimuth the angular resolution varied from .95o where the beam crossed the

satel lite subtrack to 1. 17o at the end s of the scan. The angular

resolution in elevation ranged from 1.0 at the satellite subtrack to

.84o at the swath edge. These angular ranges gave a spatial resolution at

the surface of approximately 20x50 km  cross track and down track!.

The microwave receiver was sensitive to a center frequency of about 37

GHz or a wavelength of about 0.81 cm with a bandwidth of 250 NHz ~ The

instrument was passive.  See Table T.1.5.1.l.a!

One will note some similarities and several significant diferences

when comparing the NIMBUS-6 with the VZMBUS-5 ESMR  Section 1.4.1. 3!. The

primary difference was the frequency to which the sensor responded. The

change in frequency was designed to increase the sensitivity of the ER4R to

water droplets, the iVIMBUS-6 sensor being approximately three times as sen-

sitive as the one on NIMBUS-5. The scanning geometry was also quite differ-
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Channel

37.+. 125Spectral Range
GHz

ZFOV

 degrees!

Ground Resolution 20 x 50

along subtrack
 kilometers!

Ground Resolution 20 x 50

Swath Edge
 kilome ters !

11.3Scan Lines Per

i<i nu te

Scan Line

Separation 8 Nadir
 meters!

13.3Sample Rate
 seconds!

Pixel Separation
Nadir

 meters!

FOV

 degrees!

1200Swath Width

 kilometers!

Table T.L.S.L.L.a Characteristics of the NIMBUS-6
Electrically Scanning Microwave Radiometer  ES'AR!
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l.5. 1.2 Hi h Resolution Infrared Radiation Sounder  HIRS!

HIRS was an improved version of the NIMBUS-5 ITPR  see section

l. 4. l. 4! . The spectral channels of the HIRS were designed to obtain

vertical temperature profiles, surface temperatures, water vapor profiles

and cloud coverage. The channel wave Lengths, principal absorbing constit-

uents, and purpose of observation for each of the channels is summarized in

Tables T. l. 5. 1. 2.a to T. l. 5.1. 2.c. The spatial resolution in the horizontal

was on the order of 25 km at nadir. The instrument scanned in 42 discrete

steps perpendicular to the nadir track, 21 steps to each side of nadir.

Hach location was observed for 71 ms. As with most sensors viewing in the

infrared region, this sensor was calibrated in flight both with an internal

reference and views of space.
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Table T.l.5.1.2.a Characteristics of the ViLIBUS-6

High Resolution Infrared Radiation Sounder  HIRS!

Channel

1.24

Gr.ound Resolution 23. Bx23. 8

9 Vadir

 kilome t e r s !

Ground Resolution 31.3x44. 8

8 Swath Edge
 kilometers!

30.6

9.4

1.8

75. 3

1821

Spectral Range
 micrometers!

IFOV

 degrees!

Rotation Rate

{rpm!

Scan Line

Separation 3 'iadir
 kilometers!

Sample Rate
 seconds!

Pixel Separation
iVa dir

 degrees!

FOV

 degrees !

Swath Width

 ki1ome ters !

14.6-15.3 14.4-15.1 13.4-14.B 14.0-14.5 13.7-14.2



Table T.1.5.1.2.a  continued! Characteristics of the NI.'iBUS-6
High Resolution Infrared Radiation Sounder  HIRS!

Channel

10

1.24

Ground Resolution 23.8x23.8

Vadir

 kilometers!

Ground Resolution 31.3x44.8

Swath Edge
 kilometers!

30 6

9.4

1.8

75. 3

1821

Spectral Range
 micrometers!

IFOV

 degrees!

Rotation Rate

 rpm!

Scan l.ine

Separation 3 ;iadir
 kilometers!

Sample kate
 seconds!

Pixel Separation
8 iVadir

 de grees !

FOV

 degrees!

Swath Width

 kilometers!

13. 4-13. 9 13. 1-13. 6 11. 0-11. 2 S. 12-8. 23 6. 66-6. 71



Table T. l. 5. l.2.a  continued! Characteristics of the NIMBUS-6
High Resolution Infrared Radiation Sounder  HIRS!

Channel

14 151312

1.24

Ground Resolution 23. 8x23. 8

Vadir

 kilometers!

Ground Resolution 31. 3x44.8

Swath Edge
 kilometers!

30. 6

9.4

75.3

18? l

Spect ral Range
 mic rome ters !

IZOV

 degrees!

Rotation Rate

 rpm!

Scan Line

S cpa ra t ion. 3 Nadir
 kilometers!

Sample Ra t e
 seconds!

Pixel Separation
9 Nadir

 degrees !

FOV

 degrees!

Swath Width

 kilome ters !

4. 56-4. 58 v. 51-4. 5 3 4. 45-4. 47 4. 37-4. 40 4. 2 4-4. 25



Channel

17

3. 71-3. 72 . 6927-. 6 924Spectral Range
 micrometers!

1.24IFOV

 degrees!

Ground Reso lut ion Z3. 8x 23. 8

Nadir

 ki lome ters !

Ground Resolution 31. 3x44.8

Swath Edge
 kilometers!

Rotation Rate

 rpm!

30. 6Scan Line

Separation 'A Nadir
 kilometers!

Sample Rate
 seconds!

Pixel Separation
Nadir

 degrees!

75.3FOV

 degrees!

1821Swath Width

 kilometers!

Table T.1.5.1.2.a  continued! Characteristics of the NIMBUS-6
High Resolution Infrared Radiation Sounder  HIRS!



Table T.1.5.1.2.b

Ftttsctions of the HIHS Channels*

Principal
Absorbing
Constit-

uents

Level ot'

Peak Energy
Contri-

bution

Channel

Central
Wave-

nurnber

Central

Wavelength
 ium!

Purpose of the
Radiance Observation

Channel

Number

8 ! 900 110
I
I

SurfaceWindow

8. H�O9

10

900 mb

400 mb1496 l 6.7 ' H�O

N 0

N,O
CO�!'N�O
CO�N�O

CO

4.57
5 1

4.46

3190 950 mb Temperature Sounding. The 4,3

8SO mb I inn band channels provide better
;00 mb' ,sensitivity to the temperature of
600 mb relatively warm regions oi the

S mb I atmosphere than can be achieved
with the 15 atm band channels.
Also. the short-wavelength radi ~
ances are less sensitive to clouds

than those tor the 15 iim recon.

11

I:
13

l4

IS

7 i4'!

5
135 t

Surface j Surt'ace Temperature. iWuch less16 369" 3,71 Window

0.69 Window CIoud

From The NIMBUS-6 User 's t'uide, Page 39

1

3

5 6 7

668
679

690
'706

716
733

749

15.0
14.7

14,4
14,'

14.0
13.6

13.4

CQ~
CO�

CO�
COD
CO,

CO,/K,O
CO, /H�O

30 rnb
60 mb

100 mb

50 mb

500 mb
750 mb

900 mb

Temperaiure ~Soundirl . The 15
atm band channels provide better
sensitivity to the temperature ot'
relatively cold regions ot the at-
mosphere than can be achieved
with the 4.3 elm band channels.
Radiances in Channels 5, 6, and

7 are also used to calculate the

heights and amounts of cioud
within the HIRS field of view.

Surface Tern perature and cloud
detection.

Water Vapor Sounding, Provide
water vapor corrections for CO�
and window channels. The 6.7

pm channel is also used to detect.
thin cirrus cloud.

sensitive to ciouds and H�O than

11 iim window. Used with 11 iim

channei to detect cloud contami-
nation and derive surface tem-

perature under partly cloudy sky
conditions.

Cloud Detection. Used during the
day with 3.7 pm and 1 1 lim win-
dow channels to detine clear tields

oiview and to specify any reflected
solar contributions to the 3. ~ iim
channel,



Table T. l. 5. l. 2, c

Summary of HIRS Optical Parameters"

MultiWannel filter radiometer, Cassegrainian telescope before the filter
wheel/chopper assembly. Dichroic and refractive elements between this
point and the detectors,

Two cooled detectors at 120 K: LnSe for six short wave 1R charmels.
HgCdTe for ten long wave lR channels. One �00 K! Si detector for the
visible channel.

Type of Instrument

Detector summary

i Signal treatment The signal through each filter is sampled for an integral nuinber of cycles
 between I and 7 cycles depending on the fi1ter!. The rectified signal is
mtegrated over the integral number of cycles. beginning and ending at a
positive peak in signal amplitude. The output voltage is digitized to 12
bits, pius a sign bit and a parity bit. Thus the ma~timum digital range of
the output is +4095 bits in all channels.

There are 9 bits available for command status.I Commands
Field of View Circular, half amplitude separation 1.24 degrees. Scans to 36.9 degrees

from nadir across the point tract, with 21 steps along a scan line on each
side of nadir �2 total!.

Two Internal blackbody sources  at 270 K and 300 K!, and space, Cali-
bration approximately every 90 seconds  every twenty scan lines!,

Calibration

CharacteristicsChannel

Noise Equivalent
Temperature gV &T!

Source Temp. = 290'K

Noise Equivalent
Radiance

 mw/m-ster cm !

Interval Between
SOio Response

Points
fcm ' I

Channel
Number

TD = 124'K I TD = 118'K TD =124 KTD =118 K

0~0 0.12 0.1934.6 0. 19

l4

1496
0.24
0.19

0.23
031

63.4
87.6

0.15
0.13

0.14
0.21

9
10

0,06 0,062692

14,443

296.9

892.2

0.001 0.001

17

F rom The XIIfBUS-6 User ' s Guide, Page 40

I

3 4 5
6

11
12
13
14
15

Central
Vv'ave

Number
 cm '!

668
679
690
70'l

716
733
749

2190
2212
2242
2275
2357

2.8
13.7
!" 6

15.9
17,5
17.6
18.4

20.6
A
"1.6

35.2
23.0

3.0
0.66
0.45
0.27
0.52
0.23
0,.7

0,012
0.003
0.006
0.002
0,003

6,0
1,5
Q w5

0,44
0.85
0,38
0.42

0.01 2
0.003
0,006
0.002
0.003

1,90
0.41
0. 8
0.17
0.32
0.14
0.16

0.13
0.04
0,08
0.03
0.06

3.80
0.94
0.47
0 l7

0.52
0.23
026

0.13
0.04
0,08
0.03
0,06
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1.5.1. 3 The Scannin Microwave Spectrometer  SCA'4S!

SCANS was an advanced version of the NIMBUS-5 NEMS  Section l. 4. 1. 6!,

the main dif ference being that SCAMS scanned perpendicularly to the subor-

bital track while NIMS observed only at nadir. SCAMS provided global maps

of tropospheric temperature profiles and, over oceans, liquid water and

water vapor in the atmosphere every 12 hours. The spatial resolution for

such coverage was necessarily coarse, 144 km near nadir and 212@361 km at

the scan edge.  See Figure F.1.5.1.3.a!

The instruments ' five spectral channels were located near the water

vapor line at 22 GHz �.36 cm!, near the atmospheric window at 32 GHz � cm!

and near the oxygen band at 54 GHz � mm!.  See Tables T.l. 5.1. 3.a and

T.1.5.1. 3.b!. The scanning mechanism was similar to that of most other

scanners, a reflector in front of each antenna stepped across the scene as

the satellite advanced. Data were recorded fram 43 on one side of nadir

to 43 on the other side of nadir in 13 steps, each separated by 7 ' 2

The instrument was calibrated once for each scan line using an internal

reference and outer space.
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Channel

53.845 55. 44552.86322. 231 31.650Spectral Range
 GHz!

7.5TFOV

 degr ees !

Ground Resolution 144

i~ nadir

 kilometers!

Ground Resolution 211x3bl

Swat h Edge
 ki 1ome ters !

3.75Scan Lines per
Minute

Scan Line

Separation ~ nadir
 meters!

Sample Rate
 seconds!

Pixel Separation
 degrees!

7.2

93. 9FOV

 degrees!

Swath Width

 kilometers!
2618

Table T. 1 ~ 5. 1.3.a Characteristics oi the 'ALMBUS-6
Scanning iGcrowave Spectrometer  SCANS!
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Table 'C. 1. 5. 1. 3. b '3 INBUS-6
SCANS Flight Nodel Performance Characteristics*

Channel

ToleranceCharacteris tice

22.235 31.b50 52.350 53.850 55.450

22.231 31.b50 52.363 53.845 55.445

Frequency  GHz! +5

Neasured

RF Bandwi dth  NHz! 220+30, -10 220

Integration Time  ms! +5 950

L.5 1.5 1.5'.Mx

0.6 0.5 0.50.2':ieasured 0. 2

Dyn ani c Ran ge   ok! 0-350 0-350 0-3500-350+20

2 ~ 0 2.02.02.0 Z.ONax

10-110 10-110 LO-110 LO-L10 10-110+10IF Frequency Range
 NHz!

a-LIS 7-120 '-1226 -117 7-ll4:ieasured

Antenna Bea~width deg! M.Z 7.57.5 7.5 7.57 ~ 5

7.5 7.47.5 7.6.'ieasured 7.5

96- 9 97. 1 97. 497. 3 97. 3Neasur ed

*From The NINBUS-6 User's Guide, pages 60-61

Tr~s  lc/sec!
 including antenna

loss!

Absolute Accuracy

 oK res!
 Long Term!

Antenna Bee~

Efficiency
 ,:!! within 10 deg. of

center!

220 220 Z20

950 950 950
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1.5.2 Additional Information for NIMBUS-6

A user's guide for the NIMBUS-6 spacecraft is available from:

National Space Sciences Data Center
Code 601
NASA/Goddard Space Flight Center
Greenbelt, Maryland 20771

The document is called:

The ViIMBUS-6 USER' S GUIDE, Edi ted by John E. Si ssala, published by
the ERTS/NIMBUS Yroject, Goddard Space Flight Center, NASA

Greenbelt, Maryland

l. 5. 3 Data Availability

The following description of 'AIMHUS-6 data archival and dissemination

has 'oeen abstracted from the VIMBUS 6 USER'S GUIDE, pages 7 to 9. It should

be kept in mind that this description was mitten prior to the Launch of

VIMBUS-6, hence may have been modified when the data actually became avail-

able. Furthermore, most ot these data were coLlected in the mid 70's and

may no longer be stored in the same format or available in tne same fashion.

Archival and Dissemination of NL4BUS-6 Data

"ach experimenter is responsible for setting up a procedure to
process the data from his experiment and produce archival
products. As data are archived they are delivered to the
NSSDC where they are used as the source for generating Nimbus-
6 user products. Each iVimbus-6 Data Catalo will announce the
quantity of data from each experiment archived and available
at the NSSDC. This data availability list will be updated to
the time of each catalog's publication date.

The nature and format of the data to be available from each

experiment are explained in detail in the respective section of this
guide.* The data will be archived and available as described below:

*This guide refers to the NIMBUS-6 USER'S GUIDE.



Photographic data from ER'iR, HIRS, SCARS, and THIN will be
archived and available through the National Space Science
Data Center  NSSDC!, Code 601, Goddard Space Flight Center,
Green. belt, Maryland 20771.

Digital data tapes from ERB, ESMR, HIRS, LRIR, PMR, SCAMS,
and THIR will be archived and available through NSSDC.
Archival tapes of ERB and HIRS data also will be available
through the National Oceanic and Atmospheric Administration
 NOAA!, National Environmental Satellite Service  VESS!,
World Weather Building, 5200 Auth Road, Marlow Heights,
Maryland 20023, Attention Dr. W.L. Smith.

Archived LRIR tapes also will be available through the
National Center ior Atmospheric Research, P.O. Box 3000,
Boulder, Colorado 30303, Attention Dr. John C. Gille.

TWERLE balloon data will be available through the above
NCAR address, Attention Dr. Paul R. Julian. Users who
desire other T',KRL. information or data should write
directly to the appropriate experimenter listed in Table
9 � 2 of this guide".

Since T&DRE is not a data gathering experiment but an
experiment of a new method of relaying data, nothing is
archived at the NSSDC. The divisions of GSFC processing
and evaluating the data also store these data. Users who
desire more information or data from the T&DRE should write
to: 'ir. 3ernard J . Trudell, Tracking and Data Relay
experiment Manager, Code 953, Goddard Space Flight Center,
Greenbelt, Maryland 20771.

The NSSDC will furnish limited quantitites of da ta to qualified
investigators without charge. The NSSDC may establish a charge for
production and dissemination i= a large volume of data is requested.
Whenever a charge is required, a cost estimate will be provided to the
user prior to f illing his data request.

All requests from foreign researcners for NIMBUS-6 data archived
and available through NSSDC must be specif ically addressed to:

Director, World Data Center A for Rockets and Satellites
Code 601, Goddard Space Flight Center
Greenbelt, Maryland 20771, U. S. A.

When ordering data from either the NSSDC or the World Data Center,
a user should specify why the data are needed, the subject of his work,
the name of the organization with which he is connected, and any
government co~tracts he may have for performing his study. Of course,
each request should specify the experiment data desired, the day and
area of interest, plus any other information that would facilitate the
handling of the data request.

A user requesting data on magnetic tapes should provide additional
information concerning his plans for using the data, e.g., what compu-
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ters and operating systems will be used. In this context, the VSSDG
can provide data tapes with physical characteristics which are appro-
priate for the user's computer. ~VSSDC will provide, upon request,
information concerning its services.

When requesting data on magnetic tape, the user must specify
whether he will supply new tapes prior to the processing, or return the
ori inal NSSDC tapes after the data have been copied.
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ND1BUS-7 Satellite1.6

NIMBUS-7 is of particular interest to oceanographers because two of its

sensors, S~i and CZCS, are devoted to observing oceanographic parameters.

In particular, the CZCS, data of which is just now becoming available, is

the only satellite borne sensor designed to measure upwelling radiance from

the water in the visible portion of the spectrum. SH&t. is similarly design-

ed to measure upwelling radiance from the water, but in the microwave. The

SEASAT-I spacecraft carried an identical S1L~. Bath the SlL~S. and CZCS were

functional at the writing of this document.

NL'4BUS-7 is in a sixMay repeat cycle for world coverage.



106

1.6.1 NLKBUS-7 Sensor Ob 'ectives

 Temperature-Humidity Infrared Radiometer! Section 1.6.1.1

To measure the infrared radiation from the earth in two spectral

bands day and night for:

Cloud cover

THIR

3M maps of cloud cover

Temperature mappings of cloud, land and ocean surfaces

Cirrus cloud content, contamination and relative humidity.

CZCS  Coastal Zone Color Scanner! Section 1.6.1.2

To map chlorophyll concentrations, sedi~ent distribution, gelbstoffe

 as a salinity indicator! and temperature.

all-weather operational basis.

 Earth Radiation Budget! Vot covered here

To determine over a period of a year the earth. radiation budget on

ERB

both synoptic and planetary scales.

 Limb Infrared Monitor of the Stratosphere! iVot covered here

To survey on a global scale selected gases which may affect the

L L~iS

earth's environment.

 Stratospheric .Md Mesospheric Sounder! Vot covered here

To measure the vertical concentration of H20, N20, CHq, CO and

iVO in the stratosphere and mesosphere.

To measure the temperature to 9U km.

SAMS

 Scanning 4iultichannel I'1icrowave Radiometer! Section 1.6.1.3

- To obtain ocean momentum and energy transfer parameters on a nearly



SAN IL  Stratospheric Aerosol Neasurement IJ! iVot covered hexe

To map concentration and optical propexties of stratospheric

aerosols as a function of altitude, latitude and longitude.

SBUV/TONS  Solar Backscatter Ultxaviolet and Total Ozone Napping

Spectrometer.! Not c.overed hex'e

� To measure the incident solar' UV radiation and the UV radiation

backscatter fxom the earth.

� To examine the extraterrestrial solar spectrum and the earth radiance

s pe ct rum.
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1.6.1.1 The Temperature-Humidit Infrared Radiometer  THIR!

The NIMBUS-7 THIR is a two channel scanning radiometer  see Chapter II

for a brief generic description of a scanning radiometer! designed to mea-

sure cloud top and surface temperatures day and night and to provide infor-

mation on the location of water vapor in the atmosphere. The instrument

desig~ is identical to that of the iNIMBUS-5  Section l. 4. 1. 1! and Nli&3US-6

THIk. The discussion of the operation of this instrument is repeated here

because of additional information in. the iVDi88US-7 User's Guide. The

sensor's first objective is met by the thermal channel in the 10.5 to 12.5

range with a nadir resolution of 7 km. The second objective, water vapor

measurements, is met by a channel in the 6.5 to 7.0 Wm range with a 20 km

nadir resolution.  See Figure F.l.6.1.1.a!. Another way of representing

the resolution is by the channel's instantaneous field of view, IFOV. For

the thermal channel this is 7 milliradians  mr! while for the water vapor

channel it is about 20 mr.  See Tables T.1.6.1.1.a and T.1.6.l.l.b!.

The scanning mirror of the instrument rotates at 48 rpm or 1.25 seconds

per revolution. In that time the satellite advances approximately S km thus

oversampling the 6.5 to 7.0 gm channel. The detector views the in-flight

black box calibration during the back part of each scan, i.e., as the mirror

rotates it views the earth, then outer space, then the in-flight calibration

 built into the instrument housing!, outer space and then the earth again,

etc. This provides a calibration signal on each scan.

Some data from the THIR are available in digital form while all the

data are available in photo-facisimili form.



Channel

6. 5-7. 0 10. 5-12. 5Spectral Range
 micrometers!

IFOV

 milliradians!

6.7x6.7Ground Resolution 20x20

9 Nadir
 kilometers!

Gxound Resolution 36x75
8 50o

 kilometers!

12. 4x23. 9

4dRotation Rate

 rpm!

Scan Line
Separation '3 'Aadix

 kilometers!

Sample Rate
 seconds!

850

.34PixeL Separation.
 degxees!

118. 2118. 2FQV

 degrees!

2610Swath Width
i~ + 50'

 kilometers!

2610

Table T. 1. 6 ~ l. l.a Characeristics of the ilIRBUS-7
Temperature-Humidi ty Znf rared Radiometer  IHIR!



Table T,1.6.1.1.b

THIR Subsystem Specifications"

Channel 2Channel IDesign Parame ter

Wavelength Band of Operation  Half Power Points
 mino ns!!

10,5 to I .56.5 to 7.0

Fieldmf-View  mrad!

Cround Resolution  Subsatellite Point at 955 Km!
 Km!

6.720

Collecting Aperture  cm ! 110

02' x0
1.8

0.67 x 0.67
2.7

0.80.8Scan Rate  rps!

Dwell Time  rnsec!

In forrna tron Bandwidth  Hz!

Dynamic Range  Target Temperature!  'K!

345115

0 to 270 0 to 330

ChannelPerformance Characteristics Channel I

Voise Equivalent Irradiance  HEI!  watts/cm2!

Noise Equivalent Temperature
Differential  RETD! at Indicated
Scene Temperature

19: I 9< 185 K
375'I 8 330'K

3.8:I C~ 185 K
110: I % "70'K

S/N Ratio at Indicated Scene Temperature

Electronics ModulePhysical Characteristics Scanner

6,014.0Weight  Ibs!

Size  in.!
7.5 x /. I x 15,7

 Excludmg sunslueld!
7.0 x 6.8 x 6,0

ElectronicsPower Requirements

-24,5 vdc  watts!

100-Hz Two-Phase Square Wave 5.25 V  watts/phase!

Operating Temperature Range

Scanner

5.8

0.1

0 to 45'C

'I'rom The 'AIHBUS-7 User's Guide, Page 249

Detector  Immersed Bolometer!
Size  mm!
Time Constant  msec!

4.35 x 10-10

5,0 K;~~ 185'K

O. 6'K C~ 300'K

3.0 x 10-'O

1.5 K4 185'K

0.28'K C4 300'K
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 b!

Figure F. 1, 6. 1. 1.a Relationship Between Ground Resolution and a Scan Sample with a OAO' v OAO'
FOV for the THIR 11.5 pm Channel at 955 Km'"

From The Nl~ .iBUS-6 User's Guide, Page 256



1.6.1.2 Coastal Zone Color Scanner  CZCS!

The XII<BUS-7 Coastal Zone Color Scanner has as its primary mission the

quantif ication of the chlorophyll concentration in the neat-surface waters.

It is wi th this ma jor objective in mind that f ive visible spectral bands

were selected.  Tables T.1.6.1.2.a and T.1.6.1.2.b!. In additio~ to these

bands there is one thermal IR band coregistered with the visible bands,

i.e., the same optical system is used to collect the upwelling radiation.

chanically this scanner is qui te similar to scanners described previously,

making use of a rotating plane mirror at a 45 angle to the optical axis.

The total field of view is + 40 or 80, i.e., the mirror reflects radi-

ation onto the radiometer for angles less than 40 to either side of

nadir. This covers a ground swath of about 733 km on each side of the

satellite suborbit when. the tilt angle is set to 0o  Figure F.1.6.1. 2.a!.

Because Vi'L'iBUS-7 is an RBD satellite with many experiments aboard there

is not sufficient power to run all of these experiments simultaneously. For

this reason the CZCS operates approximately two hours per day in two minute

segments. The areas over which the scanner collects data is determined by

the VLMBUS Experiment Team  VET! and depends on the relevant importance of

the area, supporting ground truth measurements, etr . The visible channels

only collect data during daylight while the thermal IR channel is able to

collect data day and night.

Unlike mos t other multispectral scanners, the CZCS has the additional

f eat ure of a gr ound controlled ti lt of the instrument axis r clat i ve to

nadir. This tilt is possible only in the plane of the orbit, i.e., either

forward. or backward relative to the spacecraf t line of flight. The tilt

ang le can be as much as 20 in ei t her dir ect ion the increment being 2



The primary purpose of the tilt is to allow the sensor to avoid sun glint as

its objective is to "see" into the water column.

Each of the f i rs t f our spectral band s also has separa te  gr ound con-

trolled! gain settings, This feature is present to allow for the compen-

sation of varying solar illuminations as the satellite circles the globe.

Some of the other special features of the scanner worth noting ax'e:

i! The very narrow spectral range oi the visible channels

ii! Thermal resolution .25 C - this mainly because of the limited

thermal range

iii! DC offset control for the radiometers

iv! Change in swath from 1577 wm  full swath! to 700 km  narrow

swa th! .

Given the flexibility of the instrument and the fact that the para-

meters described in the previous two paragraphs are gx'ound controlled the

user must exercise great caution in dealing with these data. In addition to

the complications associated with these settings the user is also advised

that the numbers for tilt, for example, supplied with the data are only

approximations, i.e., a given tilt of 20o may have a bias associated with

it yielding a tilt actually corresponding to 0. 5



Table T.l.6.1.2.a Characteristics of the NL'%US-7
Coastal Zone Color Scanner  CZCS!

Channel

.433-. 453 . 510-. 530 . 540-. 560 .660-.680 . 700-.800Spectral Range
 mic rome ters !

IFOV

 mi 1 li radi ans !

Ground Resolution+ .825
Nadir,

 kilometers!

Ground Resolution

Swath Edge
 meters!

Rota t ion Rat e

 rpm!

.617Scan Line

Separation ~~ Nadir
 kilometers!

Sample Rate
 seconds!

Pixel Separation
La nadir

 meters !

EOV

 degrees!

1566Swath Width

 kilometers !

+ for zero tilt of the scan mirror



Channel

Spectral Range
 mlcrometers!

10. 5-12 ~ 5

.865IFOV

 milliradians

Ground Reso lut ion

L Nadir

 kilometers!

.825

Ground Resolution

Swath Edge
 meters!

Rotation Rate

 rpm!

.617Scan I.ine

Separation 8 Nadir
 kilometers!

Sample Rate
 seconds!

Pixel Separation
8 Nadir

 meters!

FOV

 degrees!

1566Swath Width

 kilometers!

Table T.l.6.1.2.a  continued! Characteristics of the CLAUS-7
Coastal Zone Color Scanner  CZCS!
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CZCS SCANNING ARRANGEMENT

0.825 Km

0,825 SWATH

~ OVERI.AP
�.209 Km!

IFOY
1566 Km

ACTIVE SCAN ANGLE = 78.68

F igure F. l. 6, l, 2. a CZCS Viewing Geometry and
Earth Scan Pattern+

*From The 'AINUS-7 User's Guide Page 22

8 = I.374 RADS �8.6B !

~= .865x10 RAGS  .0496 !

d = .825 Km

orbttai altttude = 955 km

0 = 1566 Km



1.6.1.3 Scannin Aultichannel Microwave Radiometer  SHMR!

The S~i1.R was designed. to provide sea surface temperature and near-

surface winds over the world's oceans on a daily basis. Because it is a

microwave instrument it is capable of sensing these parameters in all but

the most severe weather.

SHE has no direct spaceborne predecessor although in some respects it

resembles the AINBUS-6 SCANS. Also, an identical instrument was flown on

SMSAT-l. It is a 10 channel pas'sive microwave instrument, the ten channels

consisting of two polarization components at each of five wavelengths.

Scanning is achieved by rotating a microwave reflector in front of the re-

ceiving antenna. Unlike many other mechanical scanning instruments the axis

abo~t which the reflector is rotated is aligned with the vertical. In this

fashion the sensor "looks" at the earth's surface with approximately the

same angle of incidence, about 50o, at all points along the scan, i.e.,

the instrument scans along a conical sur ace. This means that the spatial

resolution of the scanner is roughly independent of position along the scan.

The spatial resolution of the SK4IR following processing into geophysi-

cal parameters ranges from squares about 150 km on a side for the 4 6 cm

�.6 GHz! channels to squares approximately 30 km on a side for the .Ul cm

�7 GHz! channels. The temperature resolution ranges from about .9 C for

the channels at 4.6 cm to about l. 5o C for the .81 cm channels'

There is an operational restriction on SN'.R similar to the one on the

CZCS, again resulting from spacecraft power limitations. In this case the

instrument is constrained to a 50X duty cycle, operating every other day.

This provides for global coverage every six days'
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Channel

6. 6+. 12 10. 69+. 12 21.0+ 12 37.U+ 1218.0+.12Spectral Range
 GHz!

1.44.2 1.6IFOV

 degrees!

97. 5Gr ound Reso lut ion.* 97. 5

 kilometers!

3060

Conical scan same everywhereGround Resolution

Swath Edge

14. 64Rotation. Rate

 rpm!

Scan Line overlap
Separation 9 Nadir

Sample Rate
 seconds!

Pixel Separation
Nadir

 me ters !

FOV

 degxees!

Swath Width

 kilome ters !

* Gx'ound Resolution af ter processing by NASA

Table T. 1.6. 1.3.a Characteristic s of the VIMHUS-7
Scanning Multichannel ilicrowave Radiometer  SiN14!
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1.6. 2 Additional Information for NIMBUS-7

As with the previous NL4BUS satellites, a user's guide for NISUS-7 has

been written. This user's guide is available from the:

National Space Sciences Data Center
Code 601

NASA/Goddard Space Flight Center
Greenbelt, Maryland 20771

The document is called:

The V&BUS-7 USERS' GUIDE, Edited by Charles R. Madrid, Published by
Landsat/Nimbus Project, Goddard Space Flight Center, NASA,
Greenbelt, Md.

1.6.3 Data Availability

The following description of data archival and dissemination of

NIMBUS-7 data has been abstracted from pages 15 to 17 of the NIMBUS-7 USERS'

GUIDE. The table numbering scheme has been altered to agree with that of

this document. Furthermore the user is advised that much of the data are

just now becoming available, well af ter the two to six months quoted below.

Data Archiving

The NLMBUS-7 archival data products distribution is accom-
plished af ter the individual Nimbus Experiment Teams have vali-
dated the data. [This validation process is expected to take
from two to six months after launch, depending on the experiment
and the type of anomalies that may arise during the initial
checkout phase.]

Listed in Table T.1.6. 3.a are the film data products avail-
able to all users. Table T.1.6. 3.b provides the same informa-
tion for tape data products. All products except for CZCS, are

* The expression in brackets has proven to be false but is included here as
part of the original quote ~
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Table T.l.6.3.a

Film Data Products Available Through EDIS and NSSDC.*

Archival

Data Center
User Copy Will Be:Reproducible Copy Is:Sensor

EDIS CZCS

ER3. SAM IIVSSDC

LIMS, SBLV/

TOMS. SARIS

TOMS

 monta e!

"nd generation 35 mm color
positive transparencv,

SMRR
 ail data!

 montage!

2nd generation '41 mrn  9.5"!
black and white negative
transparency.

'nd eneration 16 mm negative
 black background! transpar-
ency,

2nd generation 41 mm black
and white negative transpar-
ency.

nd generation 41 mm black
and white negative transpar-
ency.

From The NLMBVS-7 Vser's Guide, Page 16

a. 241 mm black and

white positive or
negative transparency.

b. 41 mm black and

w hite po si tive print.

a. 16 mm positive trans-
parency.

b. 241 rnm hard copy  in
limited quantity!,

~41 min black and

white positive or neg-
ative transparency.

b. '4l mm black and

white positive print.

a. 35 min color slide.
b, color prints � rnaxi-

muin size "03 mrn x
254 rnm  8" x 10"!.

a. 241 mm black and

white positive or neg-
ative transparency.



Table T. l. 6. 3. b

Tape Types Available Through EDIS and NSSDC

Tape Quantity
per Year

Archival
Data Center PDFC Tape Spec. No.Tape ViameSensor

T749021

T74903 1
ZB
ZC

5500
1 i

CRCST

CAT
CZCSED IS

T134031
T134081

T 134021
T 134091

1 '7

365
1

AA
AC
AD
AE

iVIATRLY
MAT
SEFDT
ZMT

ERBNSSDC

LLVIS

T884011
T884041180

HA

HC
MATRIX
RAT

SAMS

T4540 1
T454011
T454041
T454051

DA
DB
DC
DD

MATRLY
PROFILE
RDAT
BA VAT

4

12

SAW[ II

SBUV/

SMMR

T344011
T343031

T343041

ID
IE
lF

730
53

104

CLDT

CLE

CLT

THIR

17

MAT RIY-M

i%I AT R L W
PROFII E-R

PROFILE-I

RAT
IPAT

MAT
CAT

SMAT
SCAT

MAT RLY
MOiVTAGE
RUT-S
OZONE-S
OZONE-T

ZMT
RUT-T

'vIAP-30

MAP-LO
MAP-SS
P ARM-30
P ARM-LO
PAR%I-SS

TAT
C EL I.-AL L

*From The i"1IPIBUS-7 User's i Uide, Page

14

14
7

21
'10

105
70

70
7

5.
"6

12

180

120

12
12
12
60
30
30

183
61

EA
EB

EC
ED

EE

EF

EG
EH

EI
EiV

FA.
FC
FD

FE
FF
FH

BD
BE
BF
BG
BH
BI

BJ
BK

7 5 64041

T5 64081
T5 64111

T564071
T564011

T564021
T564051

T564091
T564101

T564121

T 634071

T634081

T634111
T634041

T634091
T634061
T6341 1

T"34051
T234101
T234111
T234041
T 34121

T234131
T234021
T234071
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CZCS, are archived by the National Space Science Data Center
 NSSDC!. CZCS data are ax chived by the Environmental Data and
Information Service  EDIS!. The addresses of these agencies
are:

Satellite Data Services Division/
Environmental Data and Information Service

World Weather Building
Room 100
Washington, D.C. 20233

National Space Science Data Center
Goddard Space Flight Center
Code 601

Greenbelt Maryland 20771

In addition to the film and tape data products, EDIS will
publish a CZCS catalog listing all available CZCS data. NSSDC
will publish a meteorological catalog li s ting data f x'om all
meteorological satellites including tape and f ilm output prod-
ucts from NLMBUS-7. To obtain copies of these catalogs, write
to VSSDC or EDIS.

All reques ts from f oreign reseax cher s for NIMBUS-7 data
archived and ava ilab le through 'AS SDC must be speci f ical ly
addressed to:

Director, World Data Center A. for Rockets and
and Satelli.tes

Code 6OI, Goddard Space Flight Center
Greenbelt, maryland 20771, U. S.A.

When ordering data from either the NSSDC or the World Data
Center, a user should specify why the data are needed, the sub-
ject of his work, the name of the organization with which he is
connected, and any government contracts he may have for perform-
ing his study. Of course, each request should specify the ex-
periment data desired, the day and area ot interest, plus any
other information that would facilitate the handling of the data
request. Requests for specific tape types, as listed in Table
T.1.6.3.b should specify the tape specification  last column in
Table T.1.6. 3. b! . This number ref erences a tape specif ication
doc~ment describing the record and f ile content and wox'd format
of each tape type. A user receives a tape specification docu-
ment for. each requested tape type.

A user requesting data on magnetic tapes should provide
additional information concerning his plans for using the data,
e.g., what computers and operating systems will be used. In
this context, the NSSDC can provide data tapes with physical
characteristics which are appropriate for the user's computer.
NSSDC will provide, upon. request, information concerning its
services.



l27

When requesting data on magnetic tape, the user must speci-
fy whether he will supply new tapes prior to the processing, or
return the original ASSDC tapes after the data have been
copied.
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CIVILIAN OPERATIONAL SUN-SYNCHRONOUS ~KTEOROLOGICAL SAT/X,LITES

The sun-synchronous or polar orbiting meteorological satellite has been

the mainstay of the United States ' satellite meteorological program since

the early 1960's. Currently the third generation operational series is in

use. In the early years of the program these were the only satellites used

routinely for weather prediction. In the early 1970's, however, it became

apparent that geostationary satellites could provide the increased temporal

resolution required for weather prediction while the polar orbiting space-

craf t could continue providing the higher resolution  both thermal and spa-

tial! data. For this reason the National Environmental Satellite System was

expanded in 1975 to include a second component, the operational geo-

stationary satellite series, GOES. The first component of this system was

the polar orbiting satellites. The ob jectives of the national environmental

sat elli te system are " to provide global da ta on the Earth' s envi ronment

regularly and reliably each day." The data consist primarily of cloud top

temperature information as well as thermal profiles of the atmosphere.

Oceanographic applications are aining importance, however, with channels

being added to the sensors to provide for better sea sur ace temperature

definition; e.g., the 3.Q nm window on the TIROS-N series. Indeed, the

NOAA's National >Jeather Service  NWS! and the National Earth Satellite

Service  NESS! provide oceanographic analysis charts off the northeastern

and western United States on a reglar basis using both polar orbiting and

geostationary satellite data.

The arbi tal parameters for all of the operational sun-synchronous

meteorological satellites flown to date are included in Table II.Z. These

orbital parameters are only approximate values not to be used for detailed
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satellite navigation, but rather as a general indication of the orbit.

Because their data are difficult to i~possible to use in. a quantitative

fashion and because they date back to the 1960's, the first generation sat-

ellites, ESSA-1 to ESSA-9 vill not be discussed. The TIROSHC or early NOAA

 ViOAA-I to Vi OAA-5! series, the second generation, and the TIROS-N series,

the third generation, will be discussed in detail.
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2. The ITOS/NOAA Satellite Series � Second Generation, Civilian, Opera-

tional, Sun-Synchronous Meteorological Sa tel li tes

2.1 i! To provide improved operational IR and visual observations
of Earth cloud cover for use in weather analysis and fore-

casting.

ii! To provide both solar proton and global heat data on a regular

daily basis.

2.2 General

The second generation, operational, sun-synchronous  polar-

orbiting! meteorological satellite series has a number of dif-

ferent aliases. The prototype for the series was called TIROS-M.

Therefore, some refer to the series as the TIROS-8 series, more so

recently with the launch of TIROS-N, the prototype of the third

generation. The official designation for the series was the

proved TIROS-Operational Series or ITOS. The most commonly used

names for the satellites in the series are, however, NOAA-I to

VOAA-5.

In addition to the various aliases, one is cautioned that not

all the satellites in the series are identical. Twice during its

approximate eight years of operational use, sensors were added,

removed or modif ied. In particular:

ITOS-l  TIROS-M! was the prototype for the second generation

operationa1 sun-synchronous meteorological spacecraf t.

NOAA-I, the second in the ITOS series.

NOAA-2, a reconf igured ITOS spacecraf t with additional sensors

as well as missing some of the sensors on ITOS-I and NOAA-I ~
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NOAA-3 to NOAA-5 are identical to NOAA-2 in term.s of the type

of instruments carried. Some of the instruments have been

modified or improved as shown in Table T.2.2.a.

The NOAA polar orbiting satellites form one component of the NOAA polar

satellite system. The components of this system are:

a single polar orbiting NOAA satellite.

an operating system that includes: Satellite Operations Control

Center  SOCC!, two Command and Data Acquisition  CDA! stations, a

communications network, and a Central Processing Facility  DAPAF!.

a direct broadcast service that transmits raw environmental data to

local users within radio range of the satellite, and

a ~

b.

C ~

d. a central service to transmit products derived from satellite data

to the users.

Although an understanding of all components and how they interrelate is

useful when ordering and dealing with the data, only the first, the satel-

lites and Lheir sensors, will be discussed here.

2.3 Orbital Characteristics for the ITOS/NOAA Series

placed in one of two different orbital configurations: one with an ascending

node  the time at which the satellite crosses the equator moving from south

to north! at 1500, i.e., 3:00 PN, the other with a descending node at 0900

local suntime. The orbital plane is inclined at 101 to the equatorial

plane in order to give the spacecraft the appropriate rate of precession

The ITOS/NOAA satellites are in a near-polar, sun-synchronous orbit. A

sun-synchronous orbit is one for which the orbit of the satellite "appears"

to rotate around the earth at the same rate as the sun. The satellites are



to maintain a sun~ynchronous orbit for an altitude of approximatley 1450

km. Each orbit crosses the equator approximately 28.8 in longitude

 about 3200 km! to the west of the previous orbit. At higher latitudes the

spacing between successive passes decreases hence providing more frequent

coverage from the same sensor.
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Instruments Flown On ITOS/NOAA SeriesTable T. 2. 2. a

Sensor Acronym

Satellite Name FPR «SR AVCS VTPR

2f

Definition

AVCS

APT

SPi4

*Sensor of potential application to oceanographic or coastal problems. Described

in greater detail in this paper.

tThe numbers in the table represent the version of the sensor. A 1 indicates

the first version flown on the TIROSM series, and a 2 indicates a modified

sensa r.

ITOS-1  TIROSM! Ii

NOAA 1  ITOS-A! 1

2  ITOS-D!

3  ITOS-F!

4  ITOS-G!

5  ITOS-H!

Flat Plate Radiometer

Scanning Radiometer

Advanced Vidicon Camera System

Automatic Picture Transmission

Solar Proton Monitor

Very High Resolution Radiometer

Vertical Temperature Profile Radiometer
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2.4 TIROS-N  YTOS-1!

TIROSM was the prototype for the second generation polar orbiting

series satelli,tes. Because it was operational in the early 70's, its data

have not been saved in digital form and its sensors were of coarse spatial

resolution. It will therefore not be discussed here.
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2.5 NOAA-1  ITOS-A!

This satellite was a duplicate of TIROSM launched approximately 12

months after the prototype. IE will not be discussed here for the same

reasons that TIROSM is not discussed.
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2. 6 NOAA-2   I'ZOS-D!

ViOAA-2, the third in the TIROS-N series, was made up of a substantially

different suite of sensors compared to its predecessors. To begin with, two

of the sensors flown on the first spacecraft were eliminated. But of more

importance the Very Eigh Resolution Radiometer  VHRR! was for the first time

included on ViOAA-2.

iVOAA-2 was launched into a sun-synchronous orbit with an ascending node

 south-tomorth! equatorial crossing of 2100 local sun time.
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2.6.1 NOAA-2 Instrument Ob ectives  see Table T.2.2.a!

SR  Scanning Radiometer! Section 2.6.1.1

� To determine surface temperatures of the ground, the sea and

cloud tops.

VHRR  Very High Resolution Radiometer! Section 2.6.1. 2

� To continuously measure surface temperatures of t.he earth, sea

and c1oud tops in daylight, as well as at night, and to transmit

the temperature data in real time to Command and Data Acquisi-

tion  CDA! stations throughout the world for use in local

weather forecasting.

VTPR  Vertical Temperataure Prof ile Radiometer! Section 2.6.1. 3

� To measure the radiated energy from atmospheric C02, gross

water content, and surface cloud top temperatures. These

measurments were to be used to compute the temperature�

pressure profiles in the atmosphere to altitudes of 30 km.

SPM  Solar Proton !ionitor! Not covered here

� To monitor the omnidirectional fluxes of solar protons and the

directional fluxes of protons and alpha particles.

APT  Automatic Picture Transmission! Not covered here

- To automatically take vide-angle, slow scan TV pictures of the

earth and its cloud cover.



2.6.1.1 NOAA-2 Scannin Radiometer  SR!

The NOAA-2 scanning radiometer was a two channel devi.ce, one channel

covering the visible portion of the specturm from .5 to .7 gm and the other

covering the thermal IR portion from 10.5 to 12.5 g m.  See Table

T.2.6.1.l.a!

The Instantaneous Field of View  IFOV! in the thermal IR was 5.3 milli-

radians  mr! which at a nominal altitude of 1470 km yielded for the resolu-

tion of a ground eLement' pixel! at nadir  directly below the spacecraft!

about 8.0 km. The separation at nadir of adjacent scan lines was approx-

imately 6.4 km leading to a slight overlap of the 8 km pixels. Pixels near

the swath edge  at 1450 km from nadir! measured 19.3 km by 12.9 km and

significantly overlapped corresponding pixels in adjacent scan lines.

The IFOV for the visible detector was 2.8 mr, i.e., a ground resolutian

of about 3.2 km at nadir. Nadir pixels of the visible channel on adjacent

scan lines were separated by 3.2 km. At approximately 1208 km from nadir

the pixels touched and further from nadir they overlapped.

The SR scanned from horizon to horizon yielding a total field of view

of approximately 120 or 2900 km. This provided for near continuous

coverage at the equator where consecutive passes of the satellite were

separated by 28.8o or about 3100 km. The sensor provided complete global

coverage twice daily in the thermal IR and once daily in the visible.



Table T.2.6.1.1.a Characteristics of the NOAA-2

Scanning Radiometer  SR!

Channel

.5-.7Spectral Range
 micrometers!

10. 5 � 12. 5

IFOV

 milli radians !
2.8 5. 3

Ground Resolution

8 Nadir

 Kilometers!

3.2 7.4

Ground Resolution
+ 60o

 Kilometers!

6.4 x 12.9 12.9 x 19.3

48Rotation Rate

 rpm!

6.4Scan Line

Separation. 8 Nadir
 Kilome ters !

contiguous

Sample Rate
 seconds!

Pixel Separation
Nadir

 meters!

FOV

 degrees!
120

2900Swath Width

 kilometers!
2900

Actually the FOV is somewhat greater than this. This range represents
that required for contiguous coverage by successive orbits at the equator.
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2.6.1.2 HOAA-2 Very Hi h Resolution Radiometer  VHRR!

The VHRR  Table T.2.6.1.2.a!, was a two channel scanning radiometer.

Channel 1, the visible channel, responded to radiance with wavelengths

ranging from ~ 6 to .7 pm. The thermal IR channel covered most of the

thermal IR window, 10.5 to 11.5 pm.

The instantaneous field of view, IFOV, was .6 mr in both channels

yielding a pixel resolution of .8 km at nadir. Like most other scanners,

the scanning mechanism was provided by a rotating mirro'r set at 45 to the

scan axis.

The scanning mirror rotated at 400 rpm, which at the satellite ground

speed of 5.8 km/sec, provided for a scan line separation of .8 km i.e.,

there was no overlap or underlip in the along track direction at nadir and

the ground coverage was complete.

The thermal channel was reset to zero on each scan while viewing outer

space. The output of this radiometer for the ground viewing portion of the

scan was then equal to the difference in energy received from outer space

and the scene below. The noise equivalent differential temperature of this

instrument was about .5o C at 27o C and degraded to 2 C at -88o C.

Calibration for the visible channel was provided once per orbit when

the satellite reached the polar region. At this point  on the sun-side

horizon! the visible detector viewed a solar illuminated target.

For users interested in using the visible and thermal channels together

it is important to note that the data from these detectors was 180o out of

phase. This results from the fact that data from one channel, say the IR,

was collected and sent to the ground while the other detector viewed the

ins trument housing. While the IR detect o r viewed the ins trument housing,

the visible detector viewed the ground.
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Table T.2.6.1.2.a Characteristics of the NOAA-2

Channel

.6 - .7Spectral Range
 micrometers!

10. 5 � 12. 5

IFOV

 milliradians!
.6 .6

Ground Resolution

 t Nadir
 Kilometers!

.87 .87

Ground Resolution
+ 60o

  tQ. 1 om.e t ers !

400 400Rotation Rate

 rpm!

Scan Line

Separation 9 Nadir
  Kilometers!

Sample Ra t e
 seconds!

Fixel Separation
8 Nadir

 me ters !

2S80 2580Swath Width

 kilometers!

FOV

 degrees!

Very High Resolution Radiometer  VBRR!



2 ' 6.1.3 NOAA-2 Vertical Temperature Profile Radi.ometer  VTPR!

The VTPR was a scanning radiometer providing estimates of atmospheric

temperature from the earth's surface to about 30,500 m. The instrument

measured energy in eight spectral channels in the infrared portion of the

spectrum. Six of these channels were clustered near the 15 g m carbon

dioxide absorption band, one at the ll gm water vapor window and one at the

18 W water vapor absorption band.

The sensor had one optical system and detector. Selection. of the spec-

tral regions was performed by a rotating filter wheel. Each channel viewed

the ground for 62. 5 milliseconds, a complete atmospheric profiLe being ob-

tained in .5 seconds.

Scanning was achieved by a stepping mirror, 23 equaL angle steps being

made over an angular distance of 62.9 centered on the nadir track in LI ~ 5

seconds. The mirror then took one second to return to the first element.

During this time the satellite advanced about 70 km. The i.nstrument's field

of view was 2.235 x 2.235 corresponding to a ground resolution of

about 60 x 60 km at nadir. This means that near conti.nuous ground coverage

was obtained along the nadir track.  see Table T ~ 2.6.1.3.a!

The instrument was calibrated using both an internal target at 285o

K, and outer space, at 4 K. Absolute accuracy of the sensor was designed

to be . 5K with a relative accuracy of .125'



Vertical Temperature Profile Radiometer  VTPR!

Channel

1 � 6

1815Spectral Range
 micrometers!

2.235ZF OV

 degr ees !

Ground Resolution

9 Nadir

  Kilome ters !

Ground Resolution

Swath Edge
 meters !

Scan lines per
 minute!

4.8

Scan Line

Separation 8 Nadir
 meters!

Sample Rate
 seconds!

2.73Pixel Separation
 degrees!

62.9FOV

 degrees!

1364Swath Width

 kilometers!

Table T.F 6.1.3.a Characteristics of the NOAA-3



2.6.2 Additional Information for NOAA-2

For more information on NOAA-2 see:

"The Operation of the NOAA Polar Satellite System," by
J.J. Fortuna and L.N. Hambrick, NOAA Technical Memorandum
NESS 60, 1974.

available from:

Environmental Science Information Center  D822!
Environmental Data Service
NOAA

Department af Commerce
6009 Executive Boulevard

Rockville, Maryland 20852

2.6.3 Data Availabilit for NOAA-2

The Satellite Data Services Division  SDSD! of the Environmental Data

and Information Service  EDIS/NOAA! has the responsibility for the archival

and dissemination of all civilian operational meteorological satellite data

products.  See Appendix II for instructions on ordering these data! A

~umber of derived data products from the Scanning Radiometer  SR! and the

Very High Resolution Radiometer  VHRR! are produced. Appendix III contains

a description of these as abstracted from the Satellite Data User's

Bulletin. For NOAA 2 some of these data products are available for the

period fram ll/l6/72 to 3/19/74. Unfortunately the VHRR data were not

retained from this spacecraft in full resolution digital form.
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2.7 NOAA-3  ITOS-F!

NOAA-3 was the fourth of the TIROS-N series. Except for slight modifi-

cation of the scanning radiometer, NOAA-3 was identical to NOAA-2. Like

NOAA 2 it also was placed in an orbit with a descending node at 900 local

sun time.
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2.7.1 NOAA-3 Instrument Ob 'ectives  see Table T.2.2.a!

SR  Scanning Radiometer! Section 2.7.1.1

- To determine surface temperatures of the ground, the sea and

cloud tops.

VHRR  Very High Resolution Radiometer! Section 2.6.1.2

� To continuously measure surface temperatures of the earth, sea

and cloud tops in daylight, as well as at night, and to transmit

the temperature data in real time to Command and Data Acquisi-

tion  GDA! stations throughout the world for use in local

~esther forecasting.

VTPR  Vertical Temperature Profile Radiometer! Section 2.6.1.3

- To make measurements of radiated energy from atmospheric C02,

gross water content and surface cloud top temperatures. These

measurements are used to compute the temperature-pressure

profiles in the atmosphere to altitudes of 30 km.

SPA  Solar Proton iionitor! Not covered here

� To monitor the omnidirectional fluxes of solar protons and the

directional fluxes of protons and alpha particles.

APT  Automatic Picture Transmission! Viot covered here

� To automatically take wide-angle, slow scan TV pictures of the

earth and its cloud cover.
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2. 7. 1. 1 NOAA-3 Scannin Radiometer  SR!

The NOAA-3 scanning radiometer  SR! was similar to that on NOAA-2, the

only difference being in the spectral range covered by the visible detector

 see Table T.2.7.l.l.a!. On NOAA-3 this detector responded to some ultra-

violet radiation as well as most of the near IR portion of the spectrum in

addition to the entire visible portion, specifically from .4 pm to 1.1 pm.

The Instantaneous Field of View  ZFOV! in the thermal IR was 5.3 milli-

radians  mr! which yielded for the resolution of a ground element  pixel! at

nadir  directly below the spacecraft! about 8.0 km at a nominal altitude of

1470 km. The separation at nadir of ad jacent scan lines was approximately

6. 4 km leading to a slight overlap of the 8 km pixels. Pixels near the

swa th edge  at 1450 km f rom nadir! measured 19. 3 km by 12 ~ 9 km and

significantly overlapped corresponding pixels in adjacent scan lines.

The IFOV for the visible detector was 2.8 mr, i.e., a ground resolution

of about 3. 2 km at nadir. Nadir pixels of the visible channel on ad jacent

scan lines were separated by 3. 2 km. At approximately 1208 km from nadir

the pixels touched and further from nadir they overlapped.

The SR scanned from horizon to horizon yielding a total field of view

of approximately 120o or 2900 km. This provided f or near contiguous

coverage at the equator where consecutive passes of the satelli te were

separated by 28 ~ 8 or about 3100 km. The sensor provided complete global

coverage twice daily in the thermal IR and once daily in the visible.
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Table T.2.7.1.l.a Characteristics of the NOAA-3

Scanning Radiometer  SR!

Channel

.4 � 1.1Spectral Range
 microme ters !

10. 5 � 12. 5

IFOV

 milli radians !
2.8 5.3

3.2Gr ound Re so lu t ion

Nadir

 Kilometers!

7.4

6.4 x 12.9Ground Resolution

Swath Edge
 Kil ome ters !

12.9 x 19.3

Rotation Rate

 rpm!

6.4Scan Line

Separation 8 Nadir
 meters!

contiguous

Sample Rate
 seconds!

Pixel Separation
8 Nadir

 me ters !

120120*FOV

 degrees !

2900 2900Swath Width

 tu.lometers!

+Actually the FOV is somewhat greater than this. This range represents
that required for contiguous coverage by successive orbits at the equator.



2.7.2 Additional Information for NQAA-3

For more information on NOAA-3 see:

"The Operation of the NOAA Polar Satellite System," by
J.J. Fortuna and L.N. Hambrick, NOAA Technical Memorandum
NESS 60, 1974.

available from:

Environmental Science Information Center  D822!
Environmental Data Service
NOAA

Department of Commerce
6009 Executive Boulevard

Rockville, Maryland 20852

2.7.3 Data Availabilit for NOAA-3

The Satellite Data Services Division  SDSD! of the Environmental Data

and information Service  EDIS/NOAA! has the responsibility for the archival

and dissemination of all civilian operational meteorological satellite data

products.  See Appendix II for instructions on ordering these data.! A

number of derived data products from the Scanning Radiometer  SR! and the

Very High Resolution Radiometer  VHRR! are available. Appendix III contains

a description of these as abstracted from the Satellite Data User's

Bulletin. For NOAA-3 some of these data products are available for the

period from 3/26/ 74 to 12/17/ 74. Unfortunately the VHRR data were not

retained from this spacecraft in full resolution digital form.
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2. 8 iVOAA-4   ITOS-G!

NOAA-4 was identical tq NOAA-3 in all respects so none of the discus-

sions will be repeated here. See Section 2.7 for detailed descriptions.

With regard to da ta availability al 1 of the comment s pertinent to

MOAA-3  Section 2. y. 3! apply here ~exce t for the period for which data are

available. For NOAA-4 this period is from 12/17/74 to 9/15/76.
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2.9 NOAA-5   ITOSM!

NOAA-5 was the last of the TIROS-M series  second generation, polar or-

biting, civilian meteorological satellite!. It dif fera from the previous

NOAA satellites in two x'espects: i.t carried an improved SPM, and some of the

VHRR digital data have been retained by EDIS.

NOAA-5 was launched on July 29, 1976. It was on opera tional s tatus

from September 5, 1976 to March 1, 1979 when. it was placed on standby. This

is the last date for which data was archived at the SDSD. One of the low

resolution scanning radiometers failed on February 24, 1918 and the second

one failed on March 16, 1975. The satellite was deactivated on July 16,

197 9.
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2.9.1. NOAA-5 Instrument Ob 'ectives  see Table T.2.2.a!

SR  Scanning Radiometer! Section 2.7.1.1

� To determine surface temperatures of the ground, the sea and

cloud tops.

VHRR  Very High Resolution Radiometer! Section 2.6.1.2

� To continuously measure surface temperatures of the earth, sea

and cloud tops in daylight, as well as at night, and to transmit

the temperature data in real time to Command and Data Acquisi.�

tion  CDA! stations throughout the world for use in local

weather forecasting.

VTPR  Vertical Temperature Profile Radiometer! Section 2.6.1.3

� Makes measurements of radiated energy from atmospheric C02,

gross water content and surface cloud top temperatures. These

measurements are used to compute the temperature-pressure

profiles in the atmosphere to altitudes of 3U km.

SPM  Solar Proton Monitor! Not covered here

� To monitor the omnidirectional fluxes of solar protons and the

directional fluxes of protons and alpha particles.

APT  Automatic Picture Transmission! Not covered here

� To automatically take wide-angle, slow scan TV pictures of the

earth and its cloud cover.
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2.9.2 Additional information for NOAA-5

Although written for NOAA-2 and NOAA-3, the NOAA publication NESS-60 is

still a useful document describing in general the spacecraft and its sen-

sors.

"The Operation of the NOAA Polar Satellite System," by
J.J. Fortuna and 1..N. Hambrick, NOAA Technical Nemorandum
NESS 60, 1974.

ava ilable f r om:

Environmental Science Information Center  DB22!
Environmental Data Service
NOAA

Department of Commerce
5009 Executive Boulevard
Rockville, Mi- ryland 20852

2.9.3 Data Availabilit for NOAA-5

The Satellite Data Services Division  SDSD! of the Environmental Data

and Information Service  EDIS/NOAA! has the responsiblity for the archival

and dissemination of all civilian operational meteorological satellite data

products.  See Appendix II for instructions on ordering these data.! A

number of derived data products from the Scanning Radiometer  SR! and the

Very High Resolution Radiometer  VHRR! are produced. Appendix III contains

a description of these as abstracted from the Satellite Data User's

Bulletin. For NOAA-5 some of these data products are available for the

period from 9/15/76 to 2/7/79.

As indicated in the introduction, some of the NOAA-5 VHRR digital data

exist in the SDSD archive. Starting on January 1, 1977, the SDSD main-

tained a 90 day rotating archive of VHRR digital data. That is, data was

retained for '90 days from the day of acquisition. After 90 days, they



were overwritten. The last 90 days of this archive were retained by the

SDSD; i.e., VHRR digital data from each of the three readout stations are

available for the period from about 12/15/77 to 3/16/78, with some gapa.

The three readout stations are:

i! Gilmore Creek near Fairbanks, Alaska

ii! Wallops Station, Virginia

iii! Redwood City, California

The Gilmore Creek station receives data covering most of the North Pacific

frora about 40 north. Redwood City receives data covering much of the

northwestern Pacific from Hawaii to the west coast of the U.S. Wallops

Island receives data covering the northwestern Atlantic from Cuba to New

Foundland. See Figure F. Z. 9. 3.a.



Figure F.2.9.3.a Coverage of the NESS Readout Stations, Northern Hemisphere
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3. The TIROS-N Satellite Series � Third Generation, Civilian, Operational,

Sun-Synchronous Meteorological Satellites.

i! Atmosphere

ii! Surface and cloud cover

iii! Near surface environment.

3.2 General

The third generation, sun-synchronous  polar-orbiting!, operational,

meteorological satellite series was introduced into the U.S. meteorological

program with the launch of TIROS-N in October of 1978. This generatio~ has

for all practical purposes the same objectives as the previous generation,

the TIROSW series. One major difference between the TIROS-N series and the

previous series is that provisions have been made to include two satellites

in orbit recording data simultaneously. One of these has a descending node

at 0330 local sun time  LST! while the second has a descending node of 0730

LST. Although this was the original intent, to date it has been rare that

two of the satellites have operated simultaneously.

All of the data acquired by the readout stations is to be put on

permanent archive.

3.3 Orbital Characteristics of the TIROS-N Series

The orbit of the TIROS-N series differs from that of the previous

TIROSM satellites in several important respects. Fixst the orbital alti-

tude is normally 850 km as opposed to the 1450 km TIROSM altitude. This

means the satellite moves faster, about 6.6 km/sec as opposed to 5.3 km/sec.

Also it means that the orbital inclination must be different to maintain a

sun-synchronous trajectory. For TIROS-N the ascending node is at 1500 local
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sun time while the descending node is at 0300 loca1 sun time. For NOAH'-6

the ascending and descending nodes occur at 1930 and 0730 respectively.

Finally, the attitude stabilization system on the TIROS-N satellites is

designed. to maintain the pointing accuracy of' the sensors to within + .2o

of the local geographic reference. In general, the point.ing accuracy is

thought to rarely deviate by more than .1So in any direction  roLL or

pitch!. Furthermore, data provided by the satellite allows for roll, pitch

and yaw estimates to within . 1



3. 4 TIROS-N

TIROS-N was the prototype for the third generation polar orbiting

series satellites. Its sensors showed marked improvements over those of the

second generation. But of more importance from the oceanographic per-

spective, this series marked the first of the polar orbiting meteoroLogical

satellites for which the high resolution infrared digital data has been

archived continuously. This satellite was launched in October of l978 but

archival of most of its data did not begin until January of 1979. TIROS-M

ceased collecting data in the falL of 1980. There also existed a period,

the spring of 1980, for which no data were archived.
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3.4.1 TIROS-N Instrument Ob 'ectives

AVHRR  Advanced Very High Resolution Radiometer! Section 3.4.1.l

� to measure cloud top and sea surface temperatures

TOUS  TIROS Operational Vertical Sounder! An instrument package with the

following components

a. High Resolution Infrared Sounder  HXRS/2! Section 3 4 l 2

To measure:

� the temperature profile from the surface to 10 millibar;

� water vapor content, in three layers;

� total ozone content.

b. Stratospheric Sounding Unit  SSU! Section 3.4.1.3

- to measure upper atmosphere weighting functions

c. Microwave Sounding Unit  MSU! Section 3.4.1.4

� to measure the temperature profile under cloud covered

conditions.

DCS  Data Collection ~S stem! Section 3. 4.1. 5

� to acquire data fxom fixed and free-floating terrestrial and atmos-

pheric platforms'

SEM  Space Environment Monitor! An instrument package with the following

components

a. Total Energy Detector  TED! Not covered here

- To measure energetic paxticles in the .3 to 20 Kev range.

be Medium Energy Proton and Electron Detectors  MEPED! Not

covered here

- To sense protons, electrons and iona with energies from 30 Kev to

several tens of Mev.

c. High Energy Proton Alpha Detector  HEPAD! Not covexed here

� To sense protons and alphas f rom a f ew hundred Mev to . 884 Gev.
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3.4.1.1 TIROS-N Advanced Ver Hi h Resolution Radiometer  AVHRR!

The AVHRR was a four channel instrument: two channels in the visible

and near infrared, .55 � .90 pm and .725 � 1.10 p m; one in the IR window

region at 4 gu, 3.55 � 3.93 ~; and one in the thermal IR window at 11 pm,

10.5-11.5 ~.  See Table T.3.4.l.l.a � T.3.4.1.1.c! On TIROS-N and NOAE

the thermal IR channels are redundant covering the same spectraL region. On

later versions of this series a second channel will be added in the 11 ~a

window, at 11.5-12.5 ya.

Scanning was accomplished by a mirror at 45o to the scan axis

rotating at 360 rpm. The IFQV of all channels was 1.4 + 0.1 milliradians

 mr! corresponding to a ground resolution of about 1 ~ 1 kilometers  km! at

nadir.  Notice the slightly coarser resolution than that of the earlier

NOAA high resolution scanners, VHRR!. This provided for continuous coverage

at nadir by adjacent scan lines which were separated by about 1,1 km. The

sample rate of about 40 kilohertz  kHz! per channeL yielded a pixel

separation of 1.03 mr or about .81 km at nadir. Given the approximate pixel

size of 1.1 km at nadir this corresponded to substantial oversampling in the

along scan direction.

The visible and near IR channels yielded a better than 3 1 signal to-

noise ratio. Both the 3.8 pm and 11 ga channeLs were to provide noise

equivalent temperature differences of about .12 K on a 300o K scene.

Unfortunately, however, the 3.8 pm channel on TIROS-N picked up electronic

noise from within the satellite which rendered this channel almost useless.

This problem was corrected for NOAA-6. As on the TIROS-8  ITOS! series

VHRR, each scan line was reset to zero using outer space as a reference.

The resulting output being the difference in detector response to the ground

scene and outer space. The thermal channels also viewed a calibration
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target in the instrument housing at Z90oK, thus providing the second point

required for calibration. The response of these sensors to incoming

radiation was approximately' linear.
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Channel

.55-.9 . 725-1.1 3. 55-3. 93 10. 5-11. 5Spectral Range
 micrometers !

IFOV

 milliradians!
1 ~ 39 1. 41 1. 51

Ground Resolution 1.1

Nadir

 kilome ters !

Gr ound Re so lut ion

8 Swath Edge
 meters!

360Rotation Rate

  rpm!

Scan U.ne

Separation 9 Nadir
 meters!

Sample Rate
 seconds!

39936

.81Pixel Separation
8 Nadir

 kilometers!

110.8FOV

 degrees!

Swath Width

 kilometers!

Table T. 3.4.1.3..a Characteristics of the TIROS-N

Advanced Very High Resolution Radiometer  AVHRR!
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Table T.3.4.1.1.b Spectral characteristics of the TIROS-N/NOAA AVHRRt
instruments

Four-channeL AVHRR, TIROS-N

Ch 4Ch 1 Ch 2 Ch 3 Ch 5

0. 725-1.1 pm 3.55-3.93 Wm 10.5-11.5 pm0.55-0.9 pm Data from
Ch 4

repeated

Four-channeL AVHRR � NCAA&

Ch 3 Ch 4Ch 2

10. 5-11. 5 Wra3.55-3.93 pm0. 725-1.1 pm Data from

Ch 4

repeated

0.58&.68 pm

Five-channel AVHRR, NOAA-7

Ch 3 Ch 4

0.725-1.1 gin 3.55-3.93 pn 10.3-11.3 pn 1 l. 5-1 2. 5 p m0.58-0.68 pm

Table T. 3.4.l.l.c AVHRR instrument parameterst

Parameter

Calibration

Value

Stable blackbody and space for IR
channels. No inflight visible
channel calibration other than

space.

Cross track scan

Line rate

1! Instantaneous field of view
2! NEAT � Noise equivalent differential temperature
3! Signal-to-noise ratio

Fran NESS 107, page 3

*The designation of the satellites has been changed from that of the NESS
publication 107 to correspond to the actual designation used for the
satellite today.

Optical field of view

Ground resolution  IFOV! ~ L

Infrared channel NEdT~

Visible channel S/N�

+55.4o from nadir

360 lines per minute

l. 3 milli. radians

1.1 km 8 nadir

�.12 K at 300'K

3:1 8 0.5X albedo
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3.4.1.2 TIROS-N Hi h Resolutf.on Infrared Radfatfon Sounder  HIRS/2!

EIRS/2 was a slightly modf.fied version of EIRS/1 flown on NIMBUS-6  see

section 1.5.1.2. This instrument measured upwellf,ng radiance in 20 spectral

bands as compared to the 17 of HIRS/1. All of the spectral bands were in

the visible and thermal infrared portion of the spectrum.  See Table

T.3.4.1.2.a � T.3.4.1 2.c!

The IFOV of l. 25o  identical in all channels!, about 20 km at

nadir, was scanned across the earth's surface by a stepping mirror.  Figure

F. 3. 4. 1. 2.a!. The mirror performed 56 steps each in l. 8 increments for a

total field of view of 99 or about 2240 km. Each scan line required 6.4

seconds. Ad jacent pixel centers were separated by about 30 km at nadir in

the across track direction and 42 km in the along track direction.

Calibration was perf armed on command. When in auto calibrate, a

calf.bration was made every 2S6 seconds. During calibration the mirror

alternately viewed outer space, a cold calibration targe t and a warm

calibration target. Each of the 20 channels viewed each of these three

calibration points.
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Table T.3.4.1.2.a Characteristics of the TIROS-N
High Resolution Infrared Radiation Sounder  HIRS/2!

Channel

1.25IFOV

 degrees!

Ground Resolution 17.4

8 Nadir

 kilome ters !

Ground Resolution 29. 9x58. 5

8 Swath Edge
 kilometers!

9.4Scan lines per
minute

42Scan Line

Separation 8 Nadir
 kilome ters !

Sample Rate
 seconds!

1.8Pixel Separation
 degrees!

FOV

 degrees!
99

2240Swath Width

 kilome ters !

Spectral Range 14.9-15.0 14.6-14.8 14.4-14.6 14.1"14.4 13.8-14.1
 micrometers!
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Table T. 3.4.1. 2.a  continued! Characteristics of the TIROS-N
High Resolution Infrared Radiation Soundex

Channel

10

1.25IFOV

 degrees!

Gxound Resolution 17.4

6 Nadir

 kilometers!

Ground Resolution 29.9x58.5

8 Swath Edge
 k i lome t e rs !

9.4Scan lines per
min.ute

42Scan Line

Separation 8 Nadix
 ki lome ters !

10Sample Rate
 seconds !

Pixel Separation
 degrees!

1.8

FOV

 degrees !
99

Swath Width

 ki1ome ters !
2240

Spectral Range 13. 5-13.8 13. 2-13.5 10.9-11.3 9. 59-9.83 7. 97-8.37
 micrometers!
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Table T. 3.4.1.2.a  continued! Characteristics of the TIROS-N
High Resolution Infrared Radiation Sounder

Channe1

1312 15

1. 25

Ground Resolution 17.4

8 Nadir

 ki lame ters !

Ground Resolution 29. 9x58. 5

8 Swath Edge
 kilometers!

10

99

2240

Spectral Range
 micrometers!

IFOV

 degrees!

Scan lines per
minute

Scan Line

Separation 8 Nadir
 kilometers!

Sample Rate
 seconds!

Pixel Separation
 degrees!

FOV

 degrees!

Swath Width

 kilometers !

7.22-7.43 6.54 6 ~ 91 4 ~ 54-4.59 4.50-4.55 4 44 4.49



Table T.3.4.1.2.a  continued! Characteri.sties of the TIROS-N
High Resolution Infrared Radiation Sounder

Channel

16 17 1918 20

1. 25

Ground Resolution 17.4

8 Nadir
 kilome ters !

Ground Resolution 29. 9x58.5

8 Swath Edge
 kilometers!

9.4

42

10

1.8

99

2240

Spectral Range
 micrometers!

IFOV

 degrees!

Scan lines per
minute

Scan Line

Separation 8 Nadir
 kilometers!

Sample Rate
 seconds!

Pixel Separation
 degrees!

FOV

 degrees!

Swath Width

 kilome ters !

4. 38-4. 43 4. 22-4. 26 3. 9 &4. 00 3. 69-3. 83 . 667-. 714



182

Table T.3.4.1,2.b HIRS/2 system parameters*

ValueParameter

Calibration

W9. 5o  +1120 km!

6 ~ 4 seconds

Cross-track scan

42 km along~rack

2880 bits/secondData rate

Scan time

Number of steps

Optical FOV

Step angle

Step tirae

Ground EFOV  nadir!

Ground IFOV  end of scan!

Di s t ance be tace n IF OV ' s

+ From' .iKSS 95, page 27

Stable blackbodies �! and space
background

l. 25o

l. 8o

100 rail li seconds

l7.4 km diameter

58.5 km cross-track by 29.9 km

along~rack
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Table 3.4.1.2.c HIRS/2 instrument specificationst

Half Power

Bandwidth
cu 1

Specified
HK N

mw/m2-sr cm-1
Central Wave No.t

cm 1
Wavelength

Channel

+1

3. 0-Ua 5 0. 80*668. UO 14.97

+4

10.0-1 0.27679.23 14.72

+6
12+U-O 0. 276 91. 12 14.46

+4

16. 0-2 14. 21 0.22703 ' 56

16.0-2 13.97 O. 22716.05

+4

16. 0-2 13.65 0.22732 ' 38

+4
16.0-2 13.36

ll. 14

748. 27

897.71

1027.87

0.22

O. 113 5. 0+5

25. 0+3 9.73 0. 16

+10

60. 0-3
L

1217. 10

136 3. 69

8.22 0. 1610

40. 0+5 7.33 0.22

+15
30. 0-4 6.7412

4.5713

4' 52

4. 46

4. 3916

4.2417

1484.35

2190.43

2212.65

2240.15

2276 ~ 27

2360.63

23. 0+3

23. o+3

23.0+3

23. 0+3

23.0+3

0.11

0. 002

0. 002

0.002

O.OO2

0 ~ 002



Table 3. 4. l. 2 ' c  continued!

Central Wave No.f

cm

Wavelength
lcmChannel

3.9818

3. 7419

0.6914367.020

*l. 70 most likely achievable

tFrom'. NESS 95, page 31

%These values have been updated with the values from Table 2. 4-1 of the NOAh.
Polar Orbiter Data  TIROS-N and NOAA-6! User's Guide.

2511m 95

2671. 18

Hal f Power

Bandwidth
cm-1

35. 0+5

100. 0+15

1000.  H.l 5

Specified
NE4N

mw/m2-sr cm

0 ' 002

0.001

0.1X Albedo
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3.4.1.3 TIROS-V~ Stratos heric Soundin Unit  SSU!

The SSU designed and built by the United Kingdom Aeteorological Office

was based on the Pressure Nodulator Radiometer of NIMBUS-6. It was a three

channel scanning instrument operating in the far infrared at the 15 pm

carbon dioxide emission peak.  See Tables T.3.4.1.3.a and T.3 ' 4.1.3.b!

The sensor used the pressure modulation technique to determine weight-

ing functions. The weighting function peaks occur near 29 km, 37 km and 45

km, hence, this instrument provided information primarily about the upper

atmosphere.

The IFOV of the instrument was 10 , providing a spatial resolution

at nadi,r of about 150 km.  See Figure F.3.4.1.3.a!. 4 mirror stepped

through 8 discrete values covering a total field of view af 80o centered

on the nadir track. One scan consumed about 32 seconds.

Calibration was performed synchronously with HIRS/2, every 250 seconds

when in the auto calibration mode. When calibrating, outer space and an

internal black body target were used.
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Channel

14. 925 14. 934Spectral Range
 micrometers!

14.940

IZOV

 degrees!
10

Ground Resolution 147

9 Nadir
 kilometers!

'Ground Resolution 186x244

Swath Edge
  kilome ters !

Scan lines per
minute

1.875

Scan Line

Separation 0 Nadir
 kilometers!

210

Sample Ra t e
 seconds!

.25

Pixel Separation
 degrees!

10

FOV

 degrees!

1473Swath Width

 kilometers!

Table T. 3 ~ 4.1.3. a Characteristics of the TIROS-V
Stratospheric Sounding Unit  SSU!
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Central t

Wave No.

 cm !

Pressure of weighting function
pe ak

Cell

Pressure

 mb!
Channel

Number

100 29

35 37

l.5 45

Calibration Stable blackbody and space

10o

Data rate

*From: NESS-95, page 36

7These values have been updated with those of Table 2. 4-1 of the NOAA

Polar Orbiter Data  Tiros-N and VOAA-6! User's Guide.

Table 3.4.1.3.b SSU characteristics+

669.998

669.628

669.357

Angular field-of~iew

Number of Earth views/line

Time interval between steps

Total scan angle

Scan time

4 seconds

+4Oo from nadj.r

32 seconds

480 bits/second
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3.4.1.4 TIROS-N Microwave Soundin Unit  MSU!

The MSU was a modified version of SCARUM flown on NIMBUS-6  Section

1.5.1 ~ 3!. It was a four channel passive microwave scanning Dicke

radiometer.  Tables T.3.4.1.4.a and T.3.4.1.4.b! The four channels made

measurements in the 5 ' 5 mm oxygen region at 50.3 gigahertz  GHz!, 53.74 GHz,

54.96 GHz and 57.05 GHZ. The NE ~T of these channels is less than .3 K.

The instrument operating in the microwave provided useful data under all but

the most severe weather conditions.

Scanning was achieved with this sensor by rotating reflectors in front

of the fixed corrugated horns. The total field of view of the sensor was

94.7" or about 2350 km.  See Figure F.3.4.1.4.a!. The reflectors made 10

equal angle steps over this distance, in "5.6 seconds, each st p being

9.4o and separated in time by 1.84 seconds. The IFOV  angular resolution

or angular separation of half power points! was 7.5o corresponding to a

gound resolution of about 110 km at nadir. Consecutive scan lines were sep-

arated by lag km.
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Table T. 3.4. l. 4.a Characteristics of the TIROS-N

~licrowave Sounding Unit  :- SU!

Channel

50. 3+. 1

7.5

2. 34

160. 1

.54

9. 47

94.7

2347.2

Spectral Range
 GHz!

IFOV

 degrees!

Gr ound Re so lut io n 1O9. 3

Nadir

 ki lone ters !

Ground Resolution 178. Sx323.1

Swath Edge
 kilometers!

Scan lines per
minute

Scan I ine

Separation t~ Vadir
 kilometers!

Sample Rate
 seconds !

Pixel Separation
 degrees!

FOV

 degrees!

Swath 'Aidth

 kilome ters !

53. 7 4+. 1 54. 96+. 1 57. 9 5+. 1
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Table T.3.4.1.4. b HSU ins trument parameters t'

V a 1 u eCharacteristics Tolerance

CH 2CH 1 CH 3 CH

50. 3 53.74 54.96 57.05

220 220 220 220

0.3 0.3 Naximum

Antenna Beam* Ef f iciency >90% >90% >90%

Dynamic Range oK 0-350 0-350 0-350

Calibration Hot ref erence body and space background
each scan cycle

Number of steps

9. 47o

1.84 sec

*>95% expected

tFrom: NESS 95, page 38

Fr equency  GHz!

RF Bandwi dt h  Miz !

NEXT os

Cross-track. scan angle

Scan time

Step angle

Step cime

Angular resolution

Data Rate

+47 35o

25.6 sec

7 So � db!

320 Bps

>90!

0-350

+20 NHz

Maximum
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3.4.1.5 TIROS-N Data Collection System  DCS!

The Data Collection and Location System, DCS, was designed as a means

of obtaining environmental data from remote, difficult to service or moving

platforms. The system is refexred to as ARGOS and was built and operated by

the French. It consisted of three par'ts: the data receiving and trans-

mitting segment on the satellite; the data collection platforms; and the

processing of the relayed data.

Platforms may be designed and built by the user as kong as they meet

certain interface criteria. The French also built oceanographic platforms

which may be purchased by the potential user.

The plattorm sent messages in lengths from 360 ms to 920 ms to the

TIROS spacecraft. The carrier frequency used was 401.650 megahertz  'AHz!.

The French will process the TIROS data using differential doppler techniques

if locational information is desired. Position determination was designed

for an accuracy of better than 5 kms. Velocity determination was to be

better than 1.5 meters per second.
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3. 4. 2 Additional Information for TIROS-N

There are several documents which describe the TIROS-N series, its

sensors and the form of its data. Three of these documents are listed below

in order of detail. The first provides a general overview of the series,

the second a slightly more technical description and the third a detailed

description of the digital data.

1. The TIROS-N/NOAA AW Satellite Series
Arthur Scbwalb 'Aar ch, 197B
NOAA Technical 'Aemorandum VESS 9S

Data Extraction and Calibration of TIROS-iV/NOAA Radiometer
Levin Lauisston, Gary J. Velson and Frank W. Porto
November, 1979
NQAA Technical 'memorandum VESS 107

2.

3. NOAA Polar. Orbiter Data

 TIROS-N and NOA X-6!
User 's Guide

Ratherine B. Kidwell

All three of the documents are available from.

NOAA/EDIS/SDSD
.'Room 100, World Weather. Bldg.
Washington, D.C. 20233

Telephone.' 301-763-8111

3.4.3 Data Availability for TIROS-N

ALL archived TIROS-N data is obtained from the Satellite Data Services

Division  SDSD! of VOAA/EDIS. Ordering procedures are outlined in Appendix

II and data product costs are summarized in Appendix I. ALL TIROS-N data

which arrived at EDIS in Washington has been archived in digital form on the

Tera-Bit i'1emory  TBH!. This includes most data collected by the three read-

out stations: Wallops Island, Va; Gilmore Creek, Alaska; and, Goldstone,

California, starting in January of 1979 with continuous coverage to January
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of 1930. At that time because of problems on TIROS-iV, 'AOAA-6 was made the

primary satellite in the series. 8ecause VESS was not prepared to send data

from both satellites to Washington from the readout stations, archival of

TIROS-N data ceased. TIROS-N data was, however, still received at the

readout station and may have been saved under special circumstances by

individual researchers. Archival of TIROS-N digital data resumed in i<lay of

1930 and continued until Vovember of 1980 when the satellite failed.

The user is cautioned that only data. received at the readout station

and relayed to EDKS was archived. This means that in general the only high

solution imagery  AVHRR! archived was that, collected by the satellite

while in view of the readout station. l'or gallops Island this means the

.western Atlantic from Greenland south to Cuba; for Gilmore Creek, most of

the north Pacific; and, for Goldstone, the north Pacific west of Hawaii. On

special occasions a maximum of 10 minutes per orbit of high resolution

imagery ~as tape recorded, readout by the stations and sent to EDIS.

Pinally, degraded resolution AVHRR data called GAC for Global Area Coverage

or GHRR  Global High Resolution Radiometry! is available for the entire

earth' s sur f ace.

All Argos related data is available from:

Service Argos
Centre Spatial De Toulouse
ld, Avenue Edward Beiin
31055 Toulouse Cedex

F RAVCE

All AVHRR and TOVS  HIRS/2, ASU and SSU! data are availabe from SDSD.
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3. 5 NOAA-6

NOAA-6 is the first operational satellite in the 3rd generation,

TIROS � N being the prototype for the series. This satellite is identical to

TIROS-N except that the problem giving rise to noise in the 3.5 pm channel

of the AVHRR was corrected prior to its launch and the .6 p m channel is

somewhat narrower than on TIROS-N. The satellite was launched and began

collecting good data in late June of 1979.
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3.5.1 NOAA"6 Instrument Ob 'ectives

AVHRR  Advanced Very High Resolution Radiometer! Section 3.5.1.1

� to measure cloud top temperatures

following components

a. High Resolution Infrared Sounder  HIRS/2! Section 3.4.1.2

To measure:

� the temperature profile from the surface to 10 mb

� water vapor content in three layers

� total o-one content

b. Stratospheric Sounding Unit  SSU! Section 3.4.1.3

To measure upper atmosphere weighting functions

c. Hicrowave Sounding Unit  ASU! -'ection 3.4.1.4

To measure the temperature profile under cloud covered

c ondi tions

 Data Collection System! Section 3.4.1.5

o acquire data from fixed and free-floating terrestrial and

atmospheric platforms.

 Space Environment 'fonitor! An ins trument package with the following

components.

a. Total Energy Detector  TED!

To measure energetic partic.les in the .3 to 2U Kev range

b. PIedium Energy Proton and Electron Detectors  PEEPED!

To sense protons, electrons and ions with energies from 30 Kev

DCS

to seve Yal tens of itev.

c. High Energy Proton Alpha Detector  HEPAD!

To sense protons and alphas from a few hundred;3ev to .g4 Gev.

TOVS  TIROS Operational Vertical Sounder! An instrument package with the
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3.5.1.1 NOAA-6 Advanced Very Hi h Resolution Radiometer  AVHPR!

The AVHRR is a four channel instrument: two channels in the visible

and near infrared, .58 � .68 pm and .725 � 1.10 gm; one in the IR window

region at 4 pm, 3.55 - 3.93 pm, and one Kn the thermal IR window at 11 gm,

10.5-11.5 gm.   See Table T.3.5.1.1.a and T.3.4.l.l.b!

Scanning is accomplished by a mirror at 45o to the scan axis rotating

a t 360 rpm. The IZOV of all channels is l. 4+ 0. 1 milliradians  mr!

correspo~ding to a ground. reso j ution of about 1. 1 kilometers  km! at nadir.

 :Jotice the slightly coarser resolution than that of the earlier NOAA high

r eso lu t ion scanners, V164%! . This provides f o r continuous coverage at nadir

by ad.'acent scan lines which are separated by about 1 ' 1 km. T'ne sample rate

of 40 kilohertz  kHz! per channel yields a pixel separation of 1.03 mr or

about..33. km at nadir. Given the approximate pixel size of 1.1 km at nadir

this corresponds to substantial oversampling in the along scan direction.

The vi sible and near IR channels vield a be t ter than 3:1 signal-to-

noise ratio. Both the 3.S pm and ll pm channels were to provide noise

equivalent temperature differ nces ot about .1" K on a 300 K scene.

As on the TIROS-.'l  ITOS! series VHRR, each scan line is reset to zero using

outer space as a reierence. The r esulting output being the dif terence in

detector response to the ground scene and outer space. The thermal channels

also view a calibration target in the instrument housing at 290o iC, thus

providing the second point required for calibration. The response of these

sensors to incoming radiation is approximately linear.
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Table T.3.5.1.1.a Characteristics of the NOAA-6

Advanced Very High Resolution Radiometex  AVHRR!

Channel

1.4

39936

.31

110 ~ 8

2240

Spectral Range
 mic rome ters!

!.F OV

 mil liradi ans !

Ground Resolution

Nadir

 kilome ters !

Ground Resolution

i~ Swath e.dge
 meters!

Rotation Hate

 xpm!

Scan Line

Separation L~ 'tadir
 meters !

Sample Rat
 seconds!

Pixel Separation
g 'Radix

 kilometex's!

FOV

 degrees!

Swath Width

 kilometers!

~ 58-. 68 .725-1.1 3. 55-3. 93 10. 5-11. 5
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3.5.2 Additional Information for NOAA-6

Information sources for iNOAA-6 regarding the satellites, its sensors

and resulting data is identical to that for TIROS-N. The reader is referred

to section 3.4.2.

3. 5. 3 Data Availability for NOAA-6

I.ike TIROS-iN all NOAA-6 data are archived at EDIS. See Appendix II for

instructions on ordering these data and Appendix I for costs.

Although launched in June of l979 NOAA-6 did not become the designated

operational satellite until January, 1930. Until then the satellite was

operated in the backup mode. In January or 1980 archival of data acquired

at the three readout stations  gallops Island, Virginia; Giimore Greek,

vaska; and Goldstone, California! began.

ror the availability or Argos data see section 3.4.3.
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3.6 NQAA.-7

� 8, etc. but rather to the new sequence NOAA-6, �, -7, etc.

In addition to this change, the four channel AVHRR originally scheduled

for NOAA-C was replaced with the five channel AVHRR originally scheduled for

See section 3.6.1.1 for a description of the fiveOAA D~ F and

channel instrument.

NOAA-7 is the second operational satellite in the TIROS-N series.

3etween the successful launch of NOAA-6  NOAA-A prior to launch! on June 27,

1979 and NOAA 7  NOAA C prior to launch! on June 23, 1981 there was an

attempt on iiay 29, 1980 to launch NOAA-8 ~ This launch failed and the NOAA-5

satellite that was to have become NOAA-7 was destroyed. It is for this

reason that the prelaunch designations NOAA-A, -8, -C, etc. no longer

correspond to the originally planned post launch designations NOAA-6, -7,
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3.6.1 ViOAA-7 Instrument Ob'ectives

AVHRR  Advanced Very High Resolution Radiometer! Section 3. 6.l. 1

� to measure cloud top temperatures

TOVS  TIROS Operational Vertical Sounder! An instrument package with the

following components

a. High Resolution Infrared Sounder  HIRS/2! Section 3.4.1.2

To measure;

� the temperature profile from the surface to 10 mb

� water vapor content in three layers

� "otal ozone content

b. Stratospheric Sounding Unit  SSU! Section 3.4.1.3

To measure upper atmosphere weighting functions

c. 'iicrowave Sounding Unit  :!SU! Section 3.4.1.4

To measure the temperature prof ile under cloud covered conditions

DCS  Data Collection System! Section 3.4.L.5

to acquire data from fixed and Cree-tloating terrestrial and

atmospheric platforms.

St i  Space Environment Monitor! An instrument package with the following

component s.

a. Total Energy Detector  TED!

To measure energetic particles in the .3 to 20 Kev range

b. Medium Energy Proton and Electron Detectors  AEPKD!

To sense protons, electrons and ions with ener ies from 30 Kev

to several tens of i~Iev ~

c. High Energy Proton Alpha Detector  HEPAD!

To sense protons and alphas from a few hundred '4ev to .84 Gev.
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3.6.1.1 NOAA-7 Advanced Very Hi h Resolution Radiometer  AVHRR!

The NOAA-7 AVHRR is a five channel instrument: two channel in the

visible and near infrared, .58 � .68 pm and . 725 � 1.10 ~; one in. the IR

window region at 4 ~m, 3.55 - 3.93 ya and two in the thermal 'IR window at

ll pm, 10.5-11.3 pm and 11.5-12.5 pm.  See Table 3.6.1.l.a and X.3.4.1 ~ l.b!

Scanning is accomplished by a mirror at 45 to the scan axis rotating

at 360 rpm. The IFOV of all channels is 1. 4+ 0.1 milliradians  mr!

corresponding to a ground resolution of about 1.1 kilometers  km! at nadir.

 Notice the slightly oarser resolution than that of the earlier iVOAA high

resolution scanners, VHRR!. This provides for continuous coverage at nadir

by adjacent scan lines which are separated by about 1.1 km. The sample rate

of 40 kilohertz  kHz! per channel yields a pixel separation of 1.03 mr or

about .31 km at nadir. Given the approximate pixel size of 1.1 km ar. nadir

this corresponds to substantial oversampling in the along scan direction.

The visi'ole and near IR channels yield a better than 3:1 signal-to-

noise ratio. Both the 3.8 gm and 11 1m channels were to provide noise

equivalent temperature differences of about .12 K on a 300 K scene. As

on the TIROS 8  ITOS! series VHRR, each scan Zine is reset to zero using

outer space as a reference. The resulting output is the difference in

detector response to the ground scene and outer space. The thermal channels

also view a calibration target in the instrument housing at 290 K, thus

providing the second point required for calibration. The response of these

sensors to incoming radiation is approximately linear.
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labia T.3.6.l.l.a Characteristics of the NOAA-6
Advanced Very High Resolution Radiome ter  AVHRR!

Channel

1.4

Ground Resolution 1.1

Nadir

 '.ci 1ome ters !

360

39936

110 ~ 8

2240

Spectral Range
 micrometers!

ZF OV

 milliradians!

Ground Resolution

Swath Edge

 meters !

Rotation Rate

 rpm!

Scan Line

Separation L~ Nadir
 meters!

Sample Rate
 seconds!

Pixel Separation
i~ Nadir

 ki 1 ome ters !

FOV

 degrees!

Swath '~width

 mlome ters !

. 58-. 63 . 725-1.1 3. 55-3. 93 10. 5-11. 3 11. 5-l.2. 5
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3.6.2 Additional Information for NOAA-7

Information sources for NOAA.-7 regarding the satellites, its sensors

and resulting data is identical, to that for TIROS-N. The reader is referred

to section 3 ~ 4. Z.

3. 6. 3 Data Availability for iVOAA-7

Like TIROS-N all NOAA-7 data are archived at EDIS. See Appendix II for

instructions on ordering these data and Appendix I for costs.

For the availability of Argos data see section 3.4. 3.
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MILITARY OPERATIONAL SUN-SYNCHRONOUS METEOROLOGICAL SATFLLITES

In 1973 the United States Air Force announced the existence of a

previously secret series of meteorological satellites. This was the Block

5 B/C series of the Defense Meteorological Satellite Program  DMSP!. This

series was upgraded by the Block 5D series in 1977. The orbital character-

istics of the satellites in these two series are shown in Table II.3.

The two series 58/C and 5D were similiar in nature and ob jectives to

the civilian run po la r or bi ting series I TOS/NOAA and TIROS-N. The main

dif ferences were in the capabilities of the primary sensors and, more

importantly, in the availability and format of their. data.
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4 The DMSP Block 3B/C Satellite Series

4.1 I. To provide globally recorded visual and infrared cloud
cover and other specialized environmental data to the

Air Force Global Weather Central  AFGWC!.

2. To provide real time direct readout of local area en-

vironmental data to mobile receiving terminals at key

locations throughout the world.

3. To continue the advancement of environmental satellite

technology to meet Department of Defense requirements.

4. 2 General

Until February, 1913, data from the DMSP  Defense Meteorological

Satellite Program previously referred to as DAPP, Data Acquisition and

Processing Program! satellites were not available to the publica The

series, announced in February, 1973, is known as the DMSP Block SB/C series.

The DMSP system is comprised of two polar orbiting spacecraft in sun-

synchronous orbits, much like the civilian polar orbiting meteorolgical

system. Also like the Vi OAA satellites the primary sensor of the DMSP is the

multispectral scanner with a channel in the thermal IR and one in the

visible. The primary differences between the two systems are. the actual

design of the primary sensor; the availability  or lack thereof! of the

data; and, the equatorial crossing times.

In general, each spacecraft in the Block 5B/C series also carried two

supplementary sensors measuring such quantities as rain rate, lightning,
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vertical temperature profile, etc. The two particular sensors were selected

from a suite of four associated with the series, the particular choice de-

pending on the time of orbi t of the spacecraft and the condition of the sup-

plementary sensors on previous spacecraft.

4.3 Orbital Characteristics of the D~NP Series

The DMSP satellites, like the NOAA satellites, were in a near-polar,

sunsynchronous orbi t  see Table I I 3!. They flew approximately 850 km

above the surface of the earth with an orbital period of about 102 minutes.

There were generally two satellites in the series collecting data simul-

taneously, one at about noon  ascending! and midnight  descending! and the

other at about dawn  ascending! and dusk  descending!. The sensors were

configured to collect data over the entire earth four times a day, at each

of the times li st ed above. The inclination of the or bi t req ui red to

maintain the sun-synchronous relationship was 96.7 . The inclination

defines the northerntlost and southernmost satellite subpoint, which for DHSP

was 01.3o V/S.

During the orbital period of 102 minutes the earth rotated under the

satellite and the orbit of the satellite precessed slightly. The result was

that each ascending node of the satellite was 25.4o west of; the previous

one. Since the satellite did not make an integer number of orbits in one

day, the ground tracks did not repeat from one day to the next. In the case

of D'ASP there were about 14.2 orbits per day. Another way of looking at

this is that consecutive sets of 14 orbi ts were of f set by 4.54o, each set

being this distance east of the previous set.



217

4. 4 D.ISP Block 5B/C Satellites  R, S, T and Y!

Because the author knows little about the individual satellites in the

Block 5B/C series they will all be considered together here. There were six

Block 5B/G satelli tes described to the public. The designation of these is

dif fexent from that of the civilian satellites in that each satellite was

given a Letter which it retained af ter Launch. In the 58/C series the

satelLites were P, g, R, S, T and Y ~ All have ceased to tunction.



4. 4. 1 ESP Block 5B/G Sensor Ob ectives

SAP � Sensor AVE  Aerospace Vehicle Electronics! Package
 Section 4.4.l.l!

To provide global day and night cloud cover information.

SEE � Special Sensor E  Not covered here!

To provide global radiance data, from which vertical

temperature profiles are obtained.

SSJ - Special Sensor J  Not covered here!

To detect energetic electrons over a range of energies

«ssociated with the visible aurora.

SSJ/2 � Special Sensor J, second generation  Not covered here!

To detect energetic electrons over a range of energies

associated with the visible aurora.

SSL � Special L  Not covered hera!

To detect lightning flashes during the night.
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4.4.1.1 DNSP 5B/C Series Sensor AVE Packa e  SAP!

The SAP consisted of two scanning radiometers  Table T. 4. 4. l. l. a! me-

chanically coupled, i.e., one scanning mirror was driven by the otner

through a geared assembly. One of the scanning radiometers was a high

resolution two channel device collecting data in the visible . 4 to 1.1 gm

and in the thermal IR 8 to 13 p m. The spatial resolution at nadir for the

visible band was about 3.7 km and for the thermal IR band was about 4. 4 km.

The resolution for both channels deteriorated with the off~adir angle.

The second scanning radiometer was a very high resolution two channel

device covering the same spectral ranges as the high resolution radiometer.

The ground resolution at nadir for both channels was about .6 ka. and deteri-

orated with of f-nadir angle.

The very high resolution visible channel is referred to as VHR, Very

High Re so lut ion., and the thermal IR very high resolution channel as WHR.

The high resolution visible channel is ref erred to as HR, High Resolution,

and the thermal IR channel referred to interchangeably as IR or AI  mode

infrared.!.

The high resolution visible channel was sufficiently sensitive to re-

spond to a moonlit scene and city lights at night, hence data from this band

as well as the high resolution thermal IR band were collected and trans-

mitted day and night.

The very high resolution radiometer collected more data than the satel-

lite could process and transmit. In addition the visible band was not suf-

ficiently sensitive to respond at night. For these reasons VHR data were

generally collected and transmitted during the day and WHR data during the

night. However, this schedule was altered under special conditions.
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Table T.4.4.l.l.a Characteristics of the DMSP Block 5B/C

Sensor AVE Package  SAP!

Channel

VHRMI

4. 56 .7665. 33 .766

.603.7 4.4 .60

106. 8 106. 3 320 4 320. 4

112 ~ 5

3025

Spectral Range
 micrometers!

IFOV

 milliradians !

Gr ound Res o lut ion

.'1adir

 kilometer.s !

Gr ound Re so lut ion

Swath Fdge
 kilometers!

Rotation Rate

 rpm!

Scan Line

Separat'on L~ .'1adir
 meters !

Sample Rate
 seconds!

Pixel Separation
9 lhadir

 meters!

FOV

 degrees!

Swath Width

 kilometers!

.4 � 1.1 8 � 13 .4 � 1.1 8 - 13
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The length of the scan line for both sensors, high resolution and very

high resolution, was about 1600 km.

HR sensor data proves difficult to interpret because the gain could be

and was varied along the scan line. The reason for adding this degree of

control was that as the satellite crossed the terminator  the line

separating the sunlit part of the Earth from the dark side!, the upwelling

radiation changed substantially. To compensate for this, the gain was

increased as the ground scene became progressively darker. Zn addition, the

gain along the entire scan line for the sensor could be i.ncreased to permit

data collection at night.

Finally the DIP system included a data processor called the DDS, Data

Display '3egment, for image generar.ion from the digital data output by the

two scanners that arrived at the ground station. This system corrected for

orbital anomalies and foreshortening, and provided the capability of

se1ecting segmenrs of the data for display. Thi system, which includes

several sets of enhancement modes, is described in detail in the DIISP User's

'manual. Data which have been archived may have been processed in any one of

the optional modes and will be available only in that mode.
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4.4.2 Additional Information for DNSP Block 5 B/C

Documentation:

The most descriptive document for DMSP is the user's guide written fox

the Block 58/C series.

Defense Meteorological Satellite Program  DMSP! User's
Guide, Dickinson, L. G., S ~ E. Hoselly, III, and W.S ~ Burgmann,
Air Weather Service,  MAC!, United States Aix Force, AWS-TR-
74-250, December, 1974.

This docume nt may be obtained f r om.

National Technical Information Service  NTIS!
Springfield, Virginia 22161
Order: No.: AD-A0 076 73

Cost: >6. 50

4. 4. 3 DNS P Block 5B/C Data Availability

DMS P da ta axe s to red in image f o xm at the Space Science Engineering

Cent r  SSEC! ot the University of Wisconsin under. contxact to NOAA/EDIS.

Digi tal DMSP data is in general not available. Several users have obtained

the raw data tapes by special arrangement with the Air Force while the

system was in operation.  None of the block 5 B/C DMSP satellites are

currently operational.! Figure F.4.4.3.a shows that data held in the SSEC

DMS P archive.

The SSEC receives positive transparent film from the Air Force in.

lengths varying from one to eight feet. The film is 9 1/2 inches wide. See

Appendix VII for a description of DNSP data products available from the

Space Science Engineering Center at the University of Wisconsin and a

description of the procedure by which such data are ordered.
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5 The DMSP Block 5D Satellite Series

5 ~ 1 To provide globally recorded visual and infrared cloud
cover and othex' specialized environmental data to the

Air Force Global Weather Central  AFGWC!.

To provide real time direct readout of local area en-

vironmental data to rrrobile receiving terminals at key

locations throughout the wox'ld.

To continue the advancement of environmental satellite

technology to meet Department of Defense requirements.

5.2 General

The Block 5D series was introduced in September, 1976, as a followmn

to the Block 5B/C series' As with the Block 5B/C satellites, the primax'y

sensor was a line scanner with visible and thermal IR channels. However the

operation of this sensor was quite di:ferent. Like the SB/C series this

series also flew supplementary sensox's designed to measure additional

a tmos pheric phenomena

5.3 Orbital Characteristics of the DMSP Series

Like the DMSP satellites, the NOAA series satellites are in a

near-polax', sun-synchronous orbit  see Table II.3!. They fly approximately

820 km above the surface of the earth with an orbital period of about 102

minutes. There were generally two satellites in the series collecting data

simultaneously, one at about noon  ascending! and midnight  descending! and
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the other at ab ou t dawn  ascending ! and dusk  descending ! . The F 4 space-

craft did not fit into this scheme, having a mid evening, 2200 local

suntime, ascending node and a mid morning, 1000 local sun time, descending

node. The sensors were conf igured to collect data over the entire earth

four times a day, at each of the ti~es listed above. The inclination of the

or bi t required to maintain the sun-synchronous relationship was 9S. 7o.

The inclination def ines the northernmost and southernmost satellite subpoint

which for DMSP was 31.3 Vi/S.

During the orbi tal period of 102 minutes the earth rotated under the

satellite and the orbit of the satellite precessed slightly. The result was

that each ascending node of the satellite was 25.4 west of the previous

one. Since the satellite did not make an integer number of orbits in one

day, the ground tracks did not repeat from one day to the next. In the case

of DMSP there were about 14.2 orbits per day. Another way of looking at

this is that consecutive sets of 14 orbi ts were of f set by 4. 54, each set

being this distance east of the previous set.

Three-axis attitude stabilization was achieved with automatic momentum

exchange between the three momentum i lywheels. The attitude determination

and control subsystem stabilized the spacecraf t to .01 � sigma! with a

maximum race of .03 /second � signa!. Should this system have failed, a

backup system existed which maintained spacecraft attitude to .1
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5.4 DNSP Block 5D Satellites Fl, F2, F3 and F4

As was done «ith the Block 5B/C series all spacecraft in the 5D series

are discussed collectiveiy. The distribution of Block 5D sensors is

indicated in Table T. 5. 4.a.



DMSP Block SD Sensor Distribution

Satellite

1 � Sensor present

0 � Se nso r a bsent.

230

Tab le T. 5. 4. a

Fl

F4

OLS SSH S Sill/ T SSC SSD



5.4.1 DMSP Block 5D Sensor Ob 'ectives

OLS � Operational Linescan System  Section 5.4.1.1!

� To provide global, day/night observations of cloud

cover and temperature to suppoxt Department of

Defense requirements for operational weather analysis

and forecasting.

SSH � Special Sensor H, also Vertical Temperature Profile

Radiometer  Section 5. 4.1.2!

� To obtain vertical temperatux'e, water vapors and

ozone profiles.

SSM/T � Microwave Temperature Sounder  'Hot covered here!

- To provide for vex'tical temperatures from the earth' s

surtace to above 30 km.

SSC � Special Sensor C also Snow/Cloud Discriminator

- To, in conjunction with the OLS, discriminate be-

tween snow cover and clouds.

SSD � Special Sensor D also Atmospheric Density Sensor

- To measure day~low emissions from Oxygen �! and

!Jitrogen  'A~!.

Plus other sensors designed to measure electrons, gamma xays, ion-

ospheric plasma, X-rays, etc'
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5.4.1.1 DitSP Block 5D 0 erational Linescan System  QLS!

This was an improved version of the SAP flown on the Block 58/C

series. See Table T. 5. 4. l.l.a for a listing of the sensor characteristics.

The operation of this scanner was somewhat different from that of the other

meteorological satellites in that the mirror oscillated rather than rotated.

This means that consecutive scans were performed in opposite directions.

Gne of the improvements was the near~onstant resolution across a scanline,

with optical compensation for. image motion. Another feature of the OLS was

compensation for large variations in the level of reflected light as the

satelli te crossed the terminator. The terminator is the circle around the

earth which separates night from day. Another way of stating this is that

i t is the circle defined by the intersection of the earth's surface and a

plane no rmal to the Ear t h-Sun ve c tor. As the ins trument scanned f rom one

side of the terminator to the other, the amount of reflected light changed

quite rapidly. The gain of the sensor was adjusted in steps along the scan

Line to compensate for this. The gain was also adjusted from one scan line

to the next to compensate fo» changes in received light as the satellite

a dva need .

Tne very high resolution data . 6 km were collected in. the thermal IR

day and night, and in the visible during the day. The da ta could be

s~oothed to 2.g km by an onboard processor for storage when the satellite

was out of range of a receiver. These data were then transmi tted when the

satellite flew over a receiving station.

A photomultiplier tube was used to colle ct ref lect ed and emi t ted

visible radiation during the night, down to an illumination corresponding to

a quarter moon.
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Table T.>.4.l.l.a Characteristics of the DMSP 31ock 5D

Channel

Pnotomultiplier

. 4 - 1. 1 8. 0-13. 0Spectral Range
 micrometers!

3. 33~ 66 ~ 66jFOV

 mi1 li r adians !

2. '3.60Gr ound Re so lu t. io n

i4 Vadir

 Kilometers!

.60Gr ound Re so lut io n

0 Swath Edge
 kilometers!

Scan Line
Separation '~ Nadir

 kilometers!

Pixel Separation
3 nadir

 meter s!

112. 5

3012

Scan lines per

mi nut e

Sample Rate
 seconds!

FOV

 degrees!

Swath Width

 kilometers!

Operational Linescan System  OLS!
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5.4.1 ~ 2 DASP Block 5D Special Sensor H  SSH!

This sensor also known as the Vertical Temperature Prof ile Radiometer

was a cross-track scanning, multi-channel filter radiometer similar to the

TIROS-N HERS/ 2 described in Section 3. 4. l. 2. The sensor was introduced on

the second Block 5D spacecraft, F2, and included on the remaining two, F3

and F4. The SSH provided 16 radiance measurements in the infrared region of

the electromagnetic spectrum. six in the 15 g m carbon dioxide band; one in

the 10 pm ozone band; one in the 12 pn window; and eight in the rotational

water vapor band between 18 n m and 30 g m. See Tables T. 5. 4. 1. 2.a and

T. 5. 4. 1. 2. b.

Like the TIROS-N HERS-2, scanning was achieved by stepping the field of

view across the scan line. For the SSH there were twenty-five 4 steps

over a 96 range centered on nadir. See Figure F. 5. 4. l. Z. a. The

instantaneous field of view ot 2.5 provided for approximately 3d km

r solution at nadir and b3x117 km resolution at the swath edge approximately

l000 km from nadir. The pixel separation was 60 km along the scan line at

nadir and 153 km at the swath edge. The along track separation of scan

lines  or pixels! was about 203 km.

In flight calibration was accomplished once every scan line  once every

32 seconds! by exposing all sixteen channels to a cold source  space! and a

warm source  an internal black body!. The calibration values were also

returned in the data stream.
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Table T. 5. 4.1. 2.a Characteristics of the D'ASP Block 50

Special Sensor H  SSH!

Channel

2 ~ 7

3o

Ground Resolution l17x63

Swath Edge
 kilometers!

l.g75

203

60

19 93

Spectral Range
 micrometers!

IFOV

 degrees!

Ground Resolution
'3 Nadir

 kil one ters !

Scan lines per
mlnutl

Scan Line

Separation ~ Nadir
 ki 1 ome t e r- !

Sample Ra te
 seconds!-1

Pixel Separation
Nadir

 kilome ters!

FOV

 degrees!

Swath Width

 kilometers!

9.67-9.91 11.9-12.1 13.2-13.6 13.6-14.0 13.9-14.3
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Table T.5.4.1.2.a  Cont'd! Characteristics of the D'ASP Slock 5D
Special Sensor 8  SSH!

Channel

2.7

33

Ground Resolution 117 x 63

3 Swath Edge
 ki lone ters !

1993

Spectral Range
 nic rove ters !

IFOV

 degr ees !

Ground Resolution

C~ iJadir

 kiloneters!

Scan lines per
ninut e

Scan Line

Separation 9 Aadir
 kiloneters!

Sample Rate
 seconds!

Pixel Separation
8 Aadir

 ki1 orle ters !

FOV

 degrees!

Swath Midth

 kil arne ters !

14.2-14.6 14.6-15.0 14.39-15.05 18.2-19. 3 23 ~ 8-25~2
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Table T.5.4.1.2.a  Cont'd! Characterics of the D"ESP Block SD
Special Sensor H  SSH!

Channel

2.7

Gr ound Re so lut ion 38
t'tadi r.

 kilometers!

Groun.d Resolution 117 z 63

Swath Edge
 ki1ome ters !

1.875

203

1993

Spectral Range
 microrneters!

IFOV

 degrees!

Scan lines per
minute

Scan Line

Separation '3 Vadir.
 kilometers!

Sample date
 seconds!

Pixel Separation
Vadir

 kilometers !

FOV

 degrees!

Swath Width

 kil ome ters !

21.8-23.6 22.7-25.0 25.9-27.6 24.5-25.8 27.0-29.4
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Channel

27.4-29.2Spectral Range
 mic rome ters !

2.7IFOV

 degrees!

Ground Resolution

8 Wadi r

 kilomete rs!

Ground Resolution 117 x 63

Swath Edge
 kilometers !

1.875Scan lines per
minute

203Scan Line

Separation  ~ 'Aadir
 kilometers!

Sample Rate
 seconds!-1

60Pixel Separation
8 'Aadir

 kilome ters !

96FOV

 degrees!

1993Swath Width

 kilome ters !

Table T.5.4.1.2.a  Cont'd! Characteristics of the DIISP Block 5D
S pe cia 1 Sensa r ii   S SA!
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Widt!
cm

Center
-I

cm Species Absorption NESR* Number

0312. 59.8 1022

Window83512,0

least74713. 4 CO10

CO13. 8 725 10

COZ1070814. I

COZ14.4 695

C02677

CO3.566815.0 mos t

leastHZO1653518.7

24.5 HZO12408.5

441.5 1822 7

H~O2
420 2023.9

H�O1237425.7

HZO10397.525.Z

0.25 FIHZO355 15

353.5 11 moSt 0.33 F8H 028.3

2 -1
*NFSR. = Noise Equivalent Spectral Radiance in ergs/sec - cm"-ster-cm

Table T. 5. 4. l. 2. b Spec ial Sensor H Parameters

From the ESP S ecial Sensor H  SSH! Vsers' Guide Page 2

0.05 ZI

0.11 E8

0.12 E6

0.11 E5

0.11 E4

0.11 E3

0.09 BZ

0.30 El

0.15 E7

0.14 F6

0.09 F4

0.12 F3

0.18 Fj

0.16 FZ
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5.4.2 Additional Information

An excellent general description of the DNSP system, with emphasis on

the 5D series, is available in a special issue of Optical Engineering, Vol.

14, <t4, July/August, 1975.

1. "The Defense Neteorological Satellite Program," by
David A. Nichols, pp. 273-278.

Z. "Primary Optical Subsystem for DMSP Block 5D," by
David A. iVichols, pp. 279-283.

3. "DHSP Block 5D Special ileteorological Sensor H, Opti-
cal Subsystem," by David A. Vichols, pp. 284-288.

The SDSD will send on request a copy of the SSH user's guide.

"D'ASP Special Sensor H Users' Guide"
Vational C1fmatic Center

Satellite Data Services Division
Applications Branch, June 1979

5.4 ' 3 Data Availability

As with the Block 5B/C series, all archived Block 5D linescan imagery

available to the public is stored at the DNSP library of the Space Sciences

Engineering Center  SSEC!, University of Misconsin. See section 4.4.3 and

Appendix VII for a description. of the type of imagery archived. To order

Block 5D imagery the user is also referred to Appendix VII. Figure

F. 5. 4. 3.a shows those periods for which Block 5D imagery has been archived

at the SSEC.

Special Sensor H  SSH!, digital data are available from the SDSD. See

Appendix I for c.ost information of digital data provided by the SDSD and

Appendix II for instructions on ordering from the SDSD.
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OPERATIONAL GEOSYNCHRONOUS iAETEOROLOGICAL SATELLITES

The SNS/GOES series forms the second ccxzponent of NOAA's two component

meteorological satellite system. These satellites being geostationary pro-

videe near conti nuous  every half hour ! coverage of t he weather over the

United States and adjacent waters. Of course, they also view much of the

southern hemisphere. Secause of the orbi tal altitude required to maintain a

geostationary orbit the data is of lower spatial and radiometric resolution

than that of the polar orbi ting satellites, the other component. Also be-

cause the satellites orbit the equator, coverage of the poles is not possi-

ble. In recent years other countries have launched. geos tationary me teor-

ologic al sat el li te s to cover other regions of t he world. thus complementing

the two United States satellites.  See Table II-4 and Figure F.6. 3.a.!

Geostationary satellites generally survive longer than their polar or-

biting counterparts for several reasons. First, the satellites are always

within range of data rer iviag stations, therefore, there is no need to

rely on on-board tape recorders  of ten the first piece of equipment to fail!

to save da ta col'ected when the satelli te is out of range. Second, the en-

vironment of the geostationar r satellite is less hostile, containing less

particles, lacking the dr amatic fluctuations on a daily basis of solar

diation, etc,, than that of the polar orbiters. Finally, geoidal perturba-

tions on the orbit, atmospheric drag, etc., are much less pronounced so

less f uel is required to maintain the proper orbit. For these reasons all

five of the United States launched geostationary satellites were still

partially operational as of the writing of this document.

The SiIS/GOES satellites were preceeded by a series of geostationay
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research satellites referred to as the Applications Technology Satellites

 ATS!. Although these satellites were used primarily to demons trate satel-

lite communications technology, they did carry high resolution cameras for

atmospheric observations.

The ATS series will not be discussed here, their data existing only on

imagery and being of comparatively low quali ty compared to the SNS/GOES

VISSR data.
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6 The SMS/GOES Satellite Series

6.1 1. To provide high quality day/night cloud cover data and to make
radiance temperature measurements of the earth/atmosphere system.

2. To relay weather information from a central facility to small APT

 automatic picture transmission! equipped regional stations.

3. To collect and retransmit data from remotely located Earth-based

platforms.

To measure proton, electron and solar x-ray fluxes as well as

magnetic fields.

o.2 General

See the introduction to this section on Operational Geosynchronous

Meteorological Satellites.

6.3 Orbital Characteristics for the SMS/GOES Series

The SMS/GOES satellites are in a geosynchronous equatorial orbit. This

is an orbit for which the satellite circles the earth's equator at the same

rate at which the earth rotates. In this fashion the satellite appears to

remain stationary above a given point on the earth. These orbits put the

satellite approximately 35,000 km above the earth's surface and thus permit

a view of a large portion of the earth's surface at one time. Data for the

edges of the image are, however, not useable because of foreshortening.

Tables in subsequent sections indicate the approximate location of the

various satellites as a function of time. These positions are changed from

time to time to meet specific objectives, i.e., a given satellite may be

moved forward or backward in its orbit to a new location to replace one that

is failing or to supplement the data collection effort of a given program.
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For example, SNS-I was s ta tioned at 45oW from the fall of 19 74 to early

1976 in support of the Global Atmospheric Research Program  GARP! Atlantic

Tropical Experiment  GATE! . In February of 1976 SNS-1 was moved to 1U5

and placed in standby mode as backup to either Si'IS-2 or GOES-1. Because the

various satellites are moved around in this fashion, the terms GOES-EAST and

GOES-WEST are now used for the satellites at 75 M and 135 W, respec-

tively, rather than the name of the specific satellite. The areas of cover-

age for the GOES satellites as well as the other geosynchronous meteorologi-

cal satellites in the global system ar shown in Figure F.6.3.a. The Soviet

satellite in the system has not yet been launched.
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Figure F,6.~.a POSJT1QNS OF GEOSTAT1ONARY SATELLlTES*

*From The Satellite Data User's Guide, Vol. !, 42, Page 34
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6. 4 SMS-1

Table T.6 ~ 4.a SMS-1 History

Commen tDate or period

5/17/74

6/7/74

6/2. /74 � 9/21/74

9/21/74 � 11/15/74

11/ 15/ 74 � 1! o/ 76

2/16/76 - 1/9/79

1/ 9/79 � 1/26/ 79

1/26/79 � 4/19/79

3/19/ S1

Launch

Arrives on station at 45 West

Operational at 45o West

Moved to 75o West

Operational at 75o West as GOES-FAST

On Standby at 92 West

Moved to 75o West

Operational at 75 West as GOES-EAST

Operational support terminated

SMS-1 was the first prototype for the geosynchronous series of meteoro-

1ogical satellites. It was launched on May 14, 1974 and until it was placed

in standby mode in January of 1976 it, occupied a number of positions. This

history is summarized in Table T.6.4.a. The alternate design. ation for SMS-].

during the period that i t occupied the location. at 75o West was GOES-EAST.

This was because of its position near the east coast of the continental U.S.
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6. 4.1 S>tS-1 Sensor Ob 'ectives

VISSR - Visible Infrared Spin Scan Radiometer  Section 6.4.1.1!

To provide day/night observations of cloud cover and Earth/cloud

radiance temperature measurements.

DCS - Data Collection System  Section 6. 4.1.. 2!

To receive, process and transmit meteorological data collected from

remotely located Earth-based collection platforms.

SVi � Space Environment ~monitor  iVot covered here!

To measure particle type and energy for protons, electrons and alpha

particles; to measure solar x-rays; and, to measure the earth' s

magnetic fields.
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6.4.1.1 The SNS-I Visible Infrared Spin Scan Radiometer  VISSR!

The VISSR  Table T.6. 4.1.l.a! consisted of a set of eight radiometers

in the visible  .55 to . 70 vm! which collected data along adjacent scan

lines as the satelli te rotated. For each revolution of the satellite the

collecting mirror was stepped one increment so that the data collected were

adjacent to the previous set of eight scan lines. The thermal IR channel

�0. 5 to 12.6 nm! had two redundant radiometers which covered the same area

for each scan. The fact that only one scan line was performed per revolu-

tion of the satellite covering the same width as the eight visible scan

lines means that the spatial resolution in the thermal IR was much lower, 7

km at nadir, compared to .3 ha by .3 km for the visible. The sampling rate

of the scanner was such that the width of a pixel for the IR channel was 4

Tne collecting mirror perf ormed 1821 steps from ~orth to south result-

ing in 1456g scan lines in the visible and 1821 in the thermal !R. Because

the satellite rotated at 100 rpm it took 13.2 minutes to collect these data.

3 complete .arth disk of data was collected and transmitted every 30 min-

utes.

If the data for one region North/South were desired more frequently,

e. o. to follow a hurricane, the mode could be changed to allow for this.

Ms s da ta would. then be collected, e. g. 910 scan lines but twice as of ten

 every 15 minutes!. The maximum rapid scan capability is every three

minutes.
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Table T.6.4.1.1.a Characteristics of the S:1S-l

Visible Infrared Spin Scan Radiorzeter

Channel

~ 55-.70 10.5-12.6

~ 02lx. 021 . 192x. 084

Ground Resolution . 78x. 78

Vadir

� iloneters!

7x3

100

.78

.78

Spectral Range
 ~icrometers!

IFOV

 ~illiradians!

Ground Reso lut ion

Swath Edge
 ae ters!

Rotation. Rate

 rpn!

Scan Line

Separation '~ Vadir
 kilone te rs !

Sample Rare
 seconds!

Pixel Separation
iVad ir

 kilometers!

FOV

 degrees!

Swath Width

 kilometers!
Earth

Disc
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6.4.1.2 The SNS/GOES Data Collection System

The Data Collection System was to used to

Collect and distribute environmentaL data measured on remotely

located, attended and unattended data collection platforms  DCP! located on

land, at sea, or in the atmosphere.

� Collect all data on a scheduled or on a request basis.

� Collect data from a minimum of 10,000 DCP's.

Tne DCP's were environmental sensing devices with radio transmission

and r ception capabilities. The uses of such platforms for the ocean

consisted of buoys that drifted with the current or that collected

environmentaL data which could be used for sea truth in other remote sensing

e~periments. iUOAA  VESS! operated these buoys in conjunction with other

organizations, agencies and institutions.
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6. 4.2 Additional Information

For more information. on the S>IS/GOES series see:

"The GOES/SNS User's Guide,"
R. P. Corbell, C.J. Callahan and W.J. Katsch
NOAA/NESS and NASA, 1976.

"VISSR Digital Arcive User's Guide,"
NOAA/EDIS/NCC, November 1978.

These documents may be ordered from.'

Satellite Data Services Division

National Oceanic and Atmospheric Administration
Room 100, World Weather Bldg.
Washington, D.C. 20233

A detailed desc.ription of the Data Collection System of GOES is

available in,'

"Geostationary Operational Environmental
Satellite/Data Collection System,"
Office of System Engineering,
NOAA I'echnical Report NESS 73, Julv 1979.

National Technical Information Service  VTSI!
U.S. Department of Commerce
Sills Bulding
5285 Port Royal Road

Spring f ield, VA 22161

6. 4. 3 Data Availability

Data from the SHS/GOES series are available from the Satellite Data

Service Division of NOAA. In some cases the digital data will be acquired

f rom the Space Science Engineering Center of the University of Wisconsin by

SDSD. The SDSD has archived all SMS/GOES imagery  film positives and

negatives!. Neither the SDSD nor the SSEC has archived all af the full

resolution digital data.

The cost of data available from SDSD is summarized in Appendix I. Of

course these costs are subject to changers Users should contact SDSD direc-

tion for current prices or quotations. In addition, special products such

as the 15 day coverage discussed above have their own costs.
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To order SOS or GOES data from SDSD the user is referred to Appendix

II. Appendix IV describes the form of data that is transf erred f rom the

Space Science and Engineering Center at the Univers I ty of Wise ons in. In

particular, Appendix IV provides added insight into the general organization

of GOES data at SSZC.

6.4.3.1 Holdin s of Satellite Data Services Division of iVOAA

The holdings of the SDSD are desc,ribed in the paragraph below,

abstracted from page 8 of the SDSD's Satellite Data User's Bulletin,

Volume 1, 'Vumber 2, August, 1979. The table numbers have been changed

to correspond to the numbering system used in this report.

Table T.6.4.3.1a lists the i nown positions of the various
S'tS/GOES satellites from launch to the present and the date of
data from each satellite on archive at SDSD. Table T.6. 4- 3. l.b

lists tne SHS/GOES still imagery products routinely available from
SDSD as prints, negatives, or positive transparencies. In addi-
tion to these data products, since August 9, 1976, one Visible and
five Infrared images from GOES-East and one Visible and five
Infrared images from GOES-West have been placed on CCT's in
digital format  9-track> 1600-bpi!. Resolution of both the
Infrared and Visible images is approximately 8 km at nadir. One
tape per day for, each satellite is archived. Only 89o of
1st''tude, starting at 50 V, and 99 longitude, centered at the
satellite sub-points, are included in each image. Some gaps in
the period of record are evident because of mechanical and
operational difficulties. Since September 6, 1978 3 CCT's per
day, data every three hours from each satelite have been archived.
The contents of these tapes are listed in Tables T. 6. 4. 3. l.c and
T. b. 4. 3. 1. d.

For those interested in imagery  as opposed to digital data! a

more complete description of the state of the SDSD archive in June,

1980, is contained in the paragraphs below, taken from pages 4 and 5 of

the SDSD's Satellite Data Users Bulletin, Volume 2, Vi umber 1, June

1980. References to figures showing the sectors and full disk images

have been removed in the interest of economy, as have been the figures.
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Previous to June 1979, a wet photographic process was used to
reproduce these sectors, and the originaL negatives were available
for archiving at the SDSD. However, commencing in June 1979 there
has been widespread conversion from wet process to a dry facsimile
process  Unifax!, producing only a single paper positive without
the intermediate negative. At this time, only a small. selection of
all available Sectors are being wet processed at the central Wash-
ington complex, with only these negatives being archived.  Ho
Sectors are being archived from the other SFSSs.!

The only complete imagery record now being archived each day is the
4~lie �-km! resolution Infrared, full disk image from both
sateLlites, the 2~lie �-km! Visible full disk image, and 1~lie
� km! WB-L Sector of iVorth and Central America. during daylight
hours. Potential users of Sectors should first contact the SDSD to

determine actual availability before placing an order. Also, the
sect ori zing proces s did not begin until the launch of S'AS-I in
mid-1974, and are not available for the previous ATS-series
satelli. t es.

To -overcome the problems of diminishi~g availability of
Sectors bv the conversion of the Satellite Field Service Stations

 SFSS! to dry process reproduction, it is planned in the future
that the SDSD will have a capability to produce Sectors upon
customer demand, on its own dedicated equipment. This would be
accomplished by the SDSD archiving the full resolution Visible and
Infrared full disk imagery on magnetic tape. Upon receiving a
customer request for a Sector at a given resolution and over a
particular area, this would be produced on a dedicated Sectorizer
from the archived full resolution tape. This capability will
bee ome ava ilab le in early 19 U2. Users will be kept inf o rmed
through this publication.

The positive paper prints from the Satellite Field Service Stations
are not included in the SDSD Archive because of the large nu~ber
invol.ved. However, after a mandatory retention period at the
Receiving Stations, the pictures are deposited at a local
university within the region covered by the images, where they are
available for use in a library mode. Present depositories are:

SFSS

San. Francisco

Kansas City
Washington
<i1 am i

Honolulu

COVERAGE

Western U.S.

Central. U.S.

Eastern U.ST

Florida, Gulf of
L4exico, Caribbean
Central Pacific,
Hawaii

UVIVERSITY

California State U. 8 San Jose

Texas A&A University
University of Maryland
'Aiami-Dade County Community
College

University of Hawaii
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SOS/GOES DATA

SATELLITE DATES OF DATA

6/27/74 � 9/Zl/74

9/Zl/74 � 1/ 7/76

3/10/75 - 12/ 9/75

12/ 9/75 � 12/19/75

12/19/75 � 7/13/78

1/ 8/76 � 8/15/77

3/15/77 � 7/9/vl

7/13/ 73 � 3/ 5/ 31

3/5/31 � present

7/9/ol � present

POSITIONS

45oWSi4S-I

75oWSiIS-1

115ow

  In Transi t!

135oW

SNS-2

Si~j S-2

S'.t S-2

75owGOE S-1

75oWGOES-2

135ow

135ow

GOES-3

GOL S-4

75owGOES-5

Si1S / GOES STI LL IiIAGERY P RODU CTS

RESOLUTIONPRODUCT AREA

16, 425

11,6i30

11,680

102,200

Full Disc

Full Disc

1/4 Disc

4 kmVIS

VIS

180VIS 6 2 km

TAJ3LE T. 6. 4. 3. l. a

TABLE T. 6. 4. 3. 1. b

Variable Sectors

 QUANTITY PER SATELLITE
PER DAY � PER YEAR
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TABLE T. 6. 4. 3. 1. c

CONTKViTS OF GOES-FAST DIGITAL ARCHIVE

TAPE ID IR/ VIS Wi[T! DATES ON ARCHIVETICKS

 VDBAR-1!

 VDBAR-3!

  VDBAR-4!

TABLE T. 6. 4. 3. 1. d
CONTENTS OF GOES+PEST DIGITAL ARCVHIVE

DATES ON ARCHIVETAPE ID 'r TI:IES IR VIS

  VDBAR-2!

 VDBAR-5!

  VDBAR-6!

0930

1000

1600

1600

2130

2200

0000

0000

0300

0600

0900
1200

1500
1500

l300
1 v'00

2100

2100

1015

1045

1515

1545

2145
2145

2345
2345

0245

0545

0345

1145

1445

1445

1745

1745

2045

2045

IR

!R

IR

VIS

IR

IR

IR

VIS

IR

IR

IR

IR

IR

VIS

!R

VIS
IR

VIS

IR

IR

IR

IR
V!S

IR
VIS

IR

IR
IR

IR

!R

VIS

IR

VIS

IR

VIS

August
August
August
August
August
August

September
September
September
September

September
September

Sep t ember
September
September

September
September
September

August
August
August
August
August
Augus t

Sep tern be r
Sep t embe r
September
September
September
September

Sep tember
Sept ember
Sep t embe r
September
September

September

9,
9,
9,
9,
9,

9,

6,

6,
6,
6,
67
6,

6>
6,
6,
6,
6,
6,

9,
9>
9

9,
9,
9,

6,
6>
6,
6,
6,
6,

6,

6,

6,
6,
6>

6,

1976

1976

1976
1976

1976

1976

1973

1973
1973

1973

1978

1973

1978

197 U

1.9 78
'973

1973

1978

1976

1.9 76

1976

1976

1976
1976

1973
1973

1973

1973

1.978

1978

i973

1978

1978
1973

1973

197U

to

to

to
to

to

to

to

to
to

to

to

to

to
to

to

to
to

to

to

to

to

to

to
to

to

to

to

to
to

to

to

to

to
to

to

to

Present

Present

Present
Present

Present

Present

Present

Present
Present

Present

Present

Present

Present
Present

Present

Present
Present

Pre sea.t

Present

Present

resent

Present

Present
Present

Present
Present

Present

Present
Present

Present

Present

Present

Present
Present

Present

Present
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MICROFILM ARCHIVE

The SDSD is currently in the process of reducing to microfilm
hourly full disk IR and Visible GOES/EAST imagery from the period
September 1974 to July 15, 1979. Fif teen days of data are con-
tained on a single 100-f oot 35mm f ilm reel. When this period is
complete, SDSD plans to continue with the reduction on a continu-
ing basis, and will also do this for the GOES/WEST Satellite. Cur-
rently GOES-WEST microfilm are available from Narch, 1975 through
July I, 1980. Each 15-day period is available in positive or neg-
ative 35mm copies for $23.50 each.

6.4.3.2 Holdin s of the Space Science and En ineerin Center,

University of Wisconsin

The digital archive at the SSEC of SNS/GOES data is shown in Table

T.6.4.3.2.a. The reader is referred to Appendix IV for a detailed di.scus-

sion of the two tape formats available. This information should aid the

user in determining what is required when placing an order. Remember these

data must be ordered through the SDSD. The SSEC is currently preparing a

manual describi ng the S'4S/GOES digital data tape format. This manual should

be available ln "late 1981."
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Table T. 6. 4. 3. 2. a

SSEC VISSk Holdings

Period of dataSatellite

rch, 1978 to present

November, 1978 to present

December 1, 1978 to November 30, 1979

December 1, 1978 to November 30, 1979

GOE S-EAS T

GOES-I<EST

GOES Indian Ocean

G.'fS   Japanese Satellite!

Vote: These data all exist at Cull resolution in digital form from when the
VISSR was operational.



268



269

6. 5 Si~IS-2

SHS-2 was the second prototype for the geosynchronous series of

meteorological satellites. It was launched on february 6, 1975 and, except

for its location, it was identical to SNS-1 in all respects. Table T.6. 5.a

summarizes its position as well as other important dates of its history.

The user is referred to the discussion of SNS-1 section 6. 4 for all other

particulars of the satellite and its sensors.

Table T.6.5.a SlIS-2 History

CommentsDate or Period

2/6/75

2/22/75

3/10/75 � 12/9/75

12/9/75 � 12/19/75

12/1 9/ 7 5 � 7/13/ 7 o

4/19/79

Launch

On station at 115 West

Operational at 115 West as GOES-WEST

'toved to 135o West

Operational at 135 West as GOES-WEST

Replaced SiiS-1 as GOES-EAST
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6.6 GOES-1

6.4 ~

Table T.6.6.a GOES-1 History

Comment sDate or Period

10/lo/75

12/LJ/75

1/8/75 � S/1 5/77

11/29/78

Launch

On station at 75o West

Operational at 75 West as GOES-EAST

Operational at 59 East operated by the

Eur op e an S p ac e Age ncy.

GOES-1 was the first operational satellite in the geosynchronous series

and it was designed and built as an exact duplicate of the two prototypes

SOS-I and S'AS-2. It was launched on October 16, 197 5 and operated as

GOES-EAST at 75 West  Table T.6.6.a!, replacing SHS-3.. In November of

1978, it was moved to 59 East. This is the approximate location that the

Soviet geosynchronous meteorological satellite was to have occupied. While

in this Location it was operated by the ESA, the European Space Agency.

For details regarding the satellite, its sensor or documentation. and

data availability, the user is referred to the discussion on S.'iS-i, section
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6.7 GOES-2

Table T. 6. 7.a GOES History

Date or Period Comments

6/16/77

3/15/77 � 1/26/79

Launch

Operational at 75 'Jest as GEOS-i?AST

CQES-?, identical in all respects except for satellite location to

S'AS-1, SMS-2 and GOES-1, replaced GOES-1 as GOES-EAST in August of 1977.

Tts history is summarized in Table T.6. 7.a.

For all other information the user is referred to section 6.4.
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6. B GOES-3

6. 4.

Table T.6. 3.a GOES-3 History

CommentsDate or Period

6/16/78

7/13/70

Launch

Operational at 135 Rest as GOES-WEST

Like GOES-1 and GOES-2, GOES-3 is a duplicate of the prototypes SiNS-1

and S~1S-2. GOES-3 replaced SAS-2 as GOES-REST in July of 1973 as summarized

in Table T.6.3.a.

For all details related to GOES-3 the reader is referred to section
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6. 9 GOES-4

The f irst f ive geosynchronous meteorological satellites  SM~S-1 to

GOES-3! were for all practical purposes identical in design and

construction. GOES-4, launched in September 1980, however, showed

substantial modifications. In particular, the primary sensor, VISSR,

included a numer of new channels  see Section 6.9.1.1!. Because of these

design changes, GOES-0 is viewed by some as the first satellite in the

second generation, operation, geosynchronous meteorological satellite

series. In this document GOES-4, with the same basic platform as the

previuos satellites and similar orbital characteristics, is considered as

the same generation but with an improved primary sensor.

Engineering checkout at 100oW longitude lasted through October 1980.

Problems at the Wallops Island ground station were rectified in this time

frame. Useful data gathering began October 11, 1980 and continued on and

off until GOES-4 replaced GOES-3 at 135 W longitude as the operational

VISSR on '.larch 5, 1981.
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6.9.1 GOES-4 Sensor Ob 'ectives

VAS � Visible Infrared Spin-Scan. Radiometer Atmospheric

Sounder  Section 6.9.1.1!.

To provide high~uality day/night cloud cover data.

To take radiance temperatures of the earth/atmos phere system.

To determine atmospheric temperature and water content at various

levels.

Meteorological Data Collection and Transmission System

 Section 6.4.1.2!.

To relay processed data from central weather facilities to small

Automatic Picture Transmission  APT! equipped regional stations.

To collect and retransmit data from remotely located earth-based

platforms.

SK'2 � Space ~nvironment ';genitor  not covered here!

To measure particle type and energy for protons, electrons and

alpha particles.

o measure solar. x-rays.

To measure the earth's magnetic field.
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6.9.1.1 Visible Infrared Spin-Scan Radiometer Atmospheric. Sounder  VAS!

The VAS is an improved version of the VISSR flown on the S"1S and

early GOES satellites. The improvements consist of the addition of

several infrared detectors, the addition of an infrared filter

wheel in. the optical train and the capability of operating the

instrument in several different modes. The filter wheel consists

of twelve filters  see Table T.6.9.1.1.b for a listing of the

spectral bands! anyone of which may be placed in the optical path.

A filter is selected fo» an entire scan line  one rotation of the

satellite!, i.e.- the wheel is not rotated while the earth is being

viewed. Scanning is achieved as for the earlier GOES satellites by

the rotation of the satellite. See section 6. 4.1.1 for a more

detailed description of this process. The filtered radiation is

then directed to one of the three pairs of infrared detectors. The

basic characteristics of the detectors are summarized in Figure

F. 6. 9. l. l.a and Table F .6. 9. l. l.a. The actual pair of detectors

used is a function of the mode in which the instrument is operating

as well as which f ilter on the filter. wheel is being used. For

example, the large indium antimonide  inSb! detectors are used only

with filters 6,11 and 12, the s~all mercury-cadmium-telluride

 HgDcTe! detectors are used only with filters 3,4,5,7,8,9 and 10,

while the large HgDcTe detectors are used with all but filters 6,11

and 12.   See table T. 6. 9. 1. l.b for the correspondence between. the

filter numbers used above and the filter characteristics.!

The instrument may be operated in one of three modes. For the

time being the mode in use most of the time is the VISSR mode. In

this mode the data collected is similar to that of the earlier GOES
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VISSR instruments. The visible data covers the same spectral range

and provides the same spatial resolution.  See section 6.4.1.1 for

more details.! For the infrared data the small HgCdTe detectors

are used with filter 8. The spatial resolution of this detector is

somewhat finer than with the previous GOES providing approximately

7 km resolution compared to 8 km.

The second mode, the multispectxal imaging  NSI! mode, is to

be the primary one in which the sensox' will operate, the VISSR mode

being a fall back one to be used when power becomes a problem  as

the satellites age.! As indicated above, this is not the mode in

current use now. This is because the down link for ASI mode data

is different than that fox VZSSR mode data and onl r Goddard and the

University of 'Aisconsin are capable of x'eceiving these data. In

the ASI mode every other scan line is used to provide the infrared

portion of the normal VISSR mode data, the two small HgCdTe detec-

tors scanning adjacent lines simultaneously. The alternate scan

lines are then used with the large detectors to provide data on

radiation at other wavelengths with a coarser resolution of 13. 8

km ~

The third mode in which the sensor may opexate is the sounding

mode, referred to as the dwell mode. In this mode of operation the

sensor may dwell on one scan line for a number of satellite revolu-

tions. During this time as many as 12 f ilr ers may view the scan

line with dif ferent combinations of detectors. In addition, any

tilter/detector combination may view the same scan li ne several

times to obtain a better signal-to~oise ratio. Typically, 50

scans  satellite rotations! of one line are required to obtain the
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desired sounding da ta. 'Aote that when using the sounding mode

complete earth coverage at 7 km is no longer possible.

Because the VAS is a new instrument with a number of options

in terms of its mode of operation, firm decisions have not yet been

made as to how it will operate in the future.
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Table T.6.9.1.1.a Charac.teristics of the GOES-0
Visible Infrared Spin-Scan Radiometer Atmospheric

Sounder  VAS!

Channel

1 2 3

Spectral Range*
 micrometers!

IFOV

 milliradians!

6. 9 x 6. 9 � � -! 13. 8xl3. 8

100Rotation Rate

 rpm!

Sample Rate
 seconds!

20FOV

 degrees!

Earth

Disc,

Swath Width

 kilometers!

«The spectral range given here denotes that of the detectors. As discussed
in the text a filter wheel which further restrict s the sspectral range is
included in the optical train. The spectral characteristics of the filters
on the wheel are summarized in Table T.6 ' 9. l.l.b.

Gr ound Resolution

3 i<adir

 kilome ters !

Ground Resolution

Swa th Ed ge
 meters!

Scan Line
Separation 8 'Aadir

 me ters!

Pixel Separation
l<adi r.

 meters !

. 55-. 72 6. 7-14. 7 6. 7-14 ~ 7 3. 9-4. 5 3. 9-4. 5

. 025x. 021 . 192x. 192 � � ! . 384x. 384
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Table T.6.9. l.l.a  Cont'd! Characteristics of the GOES-4
Visible Infrared Spin-Scan Radiometer Atmospheric
Sounder  VAS!

Channel

6. 7-14. 7 6. 7-14. 7

. 384x. 384

Groun.d Resolution 13. Bx13.8
3 iVadir

 kilometers!

100

20�

Spectral Range
 microme ters !

IFOV

 mi 1li radi ans !

Ground Resolution

8 Swath Edge
 me ters !

Rotation Hate

 rpm!

Scan Line

Separation 8 Vadir
 meters!

Sample Rate
 seconds!

Pixel Separation
8 Vadir

 me ters !

FOV

 degrees!

Swath Width

 kilometers!

Earth

Disc
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MIRROR ST
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0.384 iMR SOUNDER InSb
CHANNE LS 3.9-4.5 ~
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EIGHT VISfBLE CHANNELS
0 192 X 0.021 MR
EACH CH 0.021 X 0.021 N R
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6.9.2 Additional Information for GOES-4

The VAS system is discussed in Appendix A of:

Execution Phase Pro 'ect Plan
for

Operation Satellite Improvement

VISSR Atmos heric Sounder  VAS!
Demonstration

Goddard Space Flight Center
Gx eenbelt, 'maryland, 1980

For information regarding the current status of the VAS project the
reader is ref erred to:

Paul '.fenzel Tel: 608-262-6361
Space Science and Engineering Center
Unive rs ity of Wi sc ons in, Madison
1225 West Dayton St
:Ladi son, Wi.sc ons in ! 3706

6.9.3 Data Availability

Data from the SilS/GOES series are acquired from The Satellite Data

Services Division   SDSD! of NOAA. Cost of these data are summarized in

Appendix I awhile ins truct ions =or orde ring the da ta are contained in

Appendix II. Appendix IV describes the f orm of data that is transferred

from The Space Science and Engineering Center of The University of Wisconsin

to the SDSD.
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6.10 GOES-5

GOES-5 carrying VAS-E was launched in Nay 1981. Daily data gathering

f rom 85 W continued until August 5, 1981 at which time GOES-5 became the

operational eas t VISSR a t 75oW. During the late summer and f all of 1981

VAS data was intermittently received on a number of days in order to permit

coverage of hurricanes Emily, Floyd, Gert, Harvey, Irene, and Jose. On

these days everv sixth VISSR ima e was cancelled to enable a VAS dwell

sounding. The last two weeks of July are especially data rich over the

continental US, and the sounding coverage of Harvey is nearly complete.

GOES-5 is s imilar to GOES-4. T' he reader is theref ore ref err ed to

section 6.9 for more detailed discussion of the satellite and its sensors.
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OCEANOGKD'H IC SAT EL I ZTES

To date there have been only two satellite series  see Table II-5!, the

missions of which have been oceanographic in nature. These are GEOS  Geo-

dynamicss Expe rimental Ocean Sat elli tes, not to be conf used wi th GOES! and

SEASAT. The GKOS series included three satellites which were designed pri-

marily f o r mi s s ions relating to geoidal measurement s. The only ins tr ume nt

of interest here is the altimeter flown on GEOS-3. This instrument provided

much useful scientific data as well as engineering data used for the design

of the SEASAT altimeter. The other oceanographic series, SEASAT, consisted.

of only one satellite. Origially there was to be a second satellite in the

series, SEASAT-B, but it was dropped in favor of 'JOSS  Vational Oceanic

Satellite System! which has also recently been dropped. SEASAT-l, incapaci-

tated after about 100 days of operation, provided a wealth of useful data.
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7 Geodynamics Ex erimental Ocean Satellites

7.1

i ty.

b. To further support the calibration of iVASA and other agencies'

ground C-band radax systems.

c. To perform a satellite-to-satellite tracking expeximent with the

ATS-6 satellite.

d. To further support the intercomparison of new and established geo-

detic and geophysical measuring systems.

To investigate solid~arth dynamic phenomena such as polax' motion,e.

fault motion, Earth rotation, Earth tides, and continental dx'ift
theory.

To furthex refine orbit-determination techniques.

To support the calibration of the Unified S-Hand  USB! sites in the
STDN.

O ~C!

7.2 General

The GEOS series was part of the ilational Geodetic Satellite Program

 IVGSP! which had as its major objectives:

- To generate a unified world datum wi.th an accuracy of 10 m.

a. To perform an. in~rbit satellite altimetex' experiment to determine

the feasibility and utility of a spaceborne radar altimeter to map the top-

ography of the ocean surface, measure the deflection of the vertical at sea,

measure wave height, and contribute to the technology leading to a f uture

operational altimeter-satellite system with a 10~m measurement capabil-
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� To establish the coef ficients required for mathematically

describing the gravitational field of the earth in spherical

harmonics of a prescribed accuracy through fif teen degxees

and ox'der.

In order to achieve these ab jectives a number of other satellites  Ex-

plorer 22, Explarex' 27, etc.! wexe also used. These other satellites, as

well as GEOS-1 and GEOS-2, are of Little interest in remote sensing ocean-

ography and are not discussed in this notebook. Because only GEOS-3 is

covered here the objectives outlined above  section 7.L! are those specific

to GEOS-3 and not to the three satellite GEOS project. It is impartant to

note that GEOS-3 was viewed as an interim step between the nearly completed

iVGS P and the beginning VISA Earth and Ocean Phys ic s Ap plica tians Pr ogr am

 EOPm!.

7.3 Orbital Characteristics of GEOS-3

Because none of the sensors on GEOS-3 depended on solar illumination or

earth radiation, a sun-synchxonous orbit was not required. For this reason

the orbit followed by this satellite falls inta the categoxy labeled "gener-

al orbi t" in Chapter III, i.e., neither sun-svnchronaus nor geostationary.

The orbit, was nearly circular at 843 km with an inclination of 115o and a

period of 101.8 minutes. The graund coverage of such an axbit is dif ficult

to describe as it criss~rosses any given area, very rarely repeating the

same path. The radar altimeter provided fairly uniform coverage of a 1 x

lo square in about ane month.

The spacecxaft's gravity gradient boom with accompanying angular

momentum wheels kept the spacecraft, hence the altimeter, aLigned to within

+ . 5a of nadir 98/ of the time. The various tracking systems used were
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capable of locating the satellite to + 5 m in the vertical, + 10 m in the

along-track direction and + 50 m in. the across-track direction..
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7.4 GEOS-3

The specific objectives of GROS-3 ax'e outlined in section 7.1 while its

orbital characteristics are discussed in section 7.3. The primary sensor on

the satellite, the radar altimeter  section 7. 4. 1. 1! performed very well for.

approximately four years fx'om April, 1975, to July of 1979, Its operation

was terminated on July 1, 1979, because of serious degradation of the High

Intensity Node �.8 km resolution! in late 1978. Prom late 1978 to July,

1979, the altimeter operated primarily in Global iNode �4.3 km resolution!.
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7.4.L GEOS-3 Sensor Ob'ectives

l. Radar Altimeter System  Section 7.4.l. 1!

to determine the feasibility and utility of a spaceborne radar

altimeter for mapping the topography of the ocean surface.

2. U. S. Navy Doppler System  Not cover'ed here!

to aid in determining the structure of the Earth's magnetic

field.

3. Satellite-to-Satellite Tracking  Not covered here!

- to determine the accuracy of the method and the application of

the data to gravity field refinement.

4. C-Hand System  Not covered 'nere!

- range, range-rate and angle measurements.

5. S-Band Tracking System  '.<ot covered here!

to provide metric range and range-rate tracking, both satellite-

tomatellite and satellit.e-to-ground.

6. user Cube System  Not covered here!

to obtain precise satellite tracking information.



301

7.4.1.1 GEOS-3 Radar Altimeter System

A radar altimeter is an active device  i.e., provides the source of

radiation as well as the detection of the returned signal! used to measure

the height of the sensor above the underlying surface. This is done by

measuring the round trip travel time for a signal sent from the spacecraft

to the earth below. The GEOS-3 radar altimeter operated in one of two data

gathering modes. In the short pulse mode or High Intensity 'Aode, si» pulses

per second were read by the altimeter. The input power of the altimeter was

100 watts for this mode. In the global or long pulse mode two pulses per

second were read and the input power was 50 watts. In both cases the same

antenna was used and the pulse carrier frequency was 13.9 GHz. The pulse

was 12 5 ns wide. In the short pulse mode the range precision for a one

second average �00 pulses} was + 30 cm. This average is performed over. an

area on the ground or ocean approximately 3.6 km wide and 11 km long. The

actual area viewed depended in general on sea state, i~creasing as the sea

state increased.

In addition to knowing the width of the pulse, the slope of the front

edge  rise tive! was also known. Distortions of the front edge provided

information regarding sea state, which was provided to shipping interests on

an operational basis during the last years of its life.
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dar Altimeter

LongShort

13. 913. 9

3.63.6

nadir looking

not relevant

10100

3e 63.6

Table T. 7. 4. l. l. a

Spectral Range
 GHz!

IFOV

 milliradians!

Ground Resolution

Vadi r.

 kilometers!

Gr ound Re so lut ion

Swatch idge

 me ters !

Rotation Rate

  rpm!

Scan Line

Separation 8 Vadir.
 meters !

Sample Rate
 seconds!

Pixel Separation
Vadir

 me tes!

FOV

 degrees!

Swath Width

 kilometers!

Characteristics of the GKOS-3
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7.4.2 Additional Information

Descriptions of the mission plan and the spacecraft are available in:

GEOS-C 'Aission Plan, NASA, Wallops Flight Center Report TK-6349-001

an.d

GEOS-C Spacecraft Description, 1975, APL/JHU Report SDO-4156

An excellent review of the mission and its application is available in a

special issue of the Journal of Geophysical Research:

Journal of Geophysical Research, July 30, 1979, Volume 84,

Number Bg.

7. 4.3 Data availability:

All GEQS altimeter data tapes have recently been transferred from

NASA to the Satellite Data Services Division  SDSD! of NOAA. Included below

are paragraphs extracted from the Satellite Data User's Bulletin describing

GEOS-3 data as it exists at SDSD:

Hission data collection began. on April 21, 1975, and

continued through December 8, 1978.

The "G-Tape" contains only products of the mission  i.e.,

smoothed seamurface height at once per 1.024 seconds and all

oceanographic parameters derived during the mission!.

The "I-Tape" contains all the "G-Tape" information plus

the calibrated data used to produce the cited products. In

addition, the "I-Tape" contains smoothed sea-surface height at

a rate of ten per 1.024 seconds.

The "H-Tape" contai.ns addi.tional data such as system

temperatures that were used to calibrate functional parameters

and, in high data rate records, instantaneous samples of the
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Altimeter PRF rate records, instantaneous samples of the

Altimeter PRF rate of 16 waveform gates, the platea~ gate,

and the range serve error signal.

Only the "G-" and "I-Tapes" are archived at SDSD. The

"N-Tapes" will be retained by 'LHASA/gallops.

For additional information on ordering data from SDSD, see Appendix II.
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8 SEASAT Satellite

8.1 To provide an evaluation of sensor capabilities to measure.
Wave heights

Wave length and direction

Surface wind speed and direction

Ocean surface temperature

Atmosphex'ic water content

Sea ice morphology and dynamics

Icebergs

8.2 General

SEASAT-1 was the first satellite devoted entirely to sensing the ocean.

It is what is generally known as a "proof-of-concept mission," one whose

majox objective is to acceess the merit of a new concept, in this case

microwave sensing of the ocean. The 1iCNM is also a px'oof mfmoncept mission

as was ERTS-1, since renamed LANDSAT-i. SEASAT-1 was launched on 6/6/78 and

began co lie ct ing da ta almost immedia tely. Unf or'tua t tlyy, the main power

supply on the satellite failed on October 10, 1978, af ter about 100 days of

operation and no further data was collected. All of the sensors operated

within specifications during the 100 days except for the visible and

inf r ared radiome ter.

Originally thexe was to be a SEASAT-8  or 2! to follow SEASAT-1. It

was decided, howevex, to drop SEASAT-B in favor of the planned NOSS

 National Oceanic Sa tel li te Sys tern! . At the wri ting of thi s document i t

appears that NOSS has also been abandoned.
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8. 3 Orbital Characteristics of SEASAT

Because SEASAT-1 was the only satellite in the series, its orbit is

described here. SEASAT-1 was launched into a near-circular orbit of

altitude approximately 800 km on June 27, 1978.  See Table II 5! This

orbit was inclined at 108 to the equator, hence, not sun-synchronous. As

in the case of GEOS-3, most of SEASAT-1's sensors were active, not depending

on reflected solar radiation, hence, the orbit was optimized with other pa-

rameters in mind. One complete SKASAT orbit took approximately 100 minutes

and crossed the equator south to north about 25 to the west of the

previous orbit. The orbit was designed to precess through a day/night cycle

in approximately four and one-half months. This was the orbit used for the

first two months. During the last month, September and early October of

1978, the satellite was in a "temporary" orbit for engineering evaluation.

This orbit repeated itself precisely once every three days and was designed

to pass over the Bermuda tracking station. Consecutive ascending nodes were

separared by 50 during this phase.

Sa tel lite stabilization was achieved by gr avi ty gr adient momentum bias

and maintained the roll, pitch and yaw to within . 5o.
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8. 4 SEASAT-1

8.4.1 SEASAT-1 Sensor. Objectives

ALT � Radar. Altimetex'  Section 8 ~ 4.1.1!

� To measure altitude to +10 cm Rl4S from which the geoid is to

be ref ined and curx'ents, tides, wi.nd speed, etc., to be

de termined.

To measur e s igni f icant wave height to + ~ 5 meters or 10i' in

the 1 to 20 meter. range.

SASS � SEASAT-A Scat terometer Sensor  Section 8. 4. L. 2!

� To measure ocean sux'face wind velocity from 4 m/s to 26 m/s

to within +2 m/s or 10Z and to within 20 .

SIKR � Scanning Multispectral ,'1icrowave Radiometer  Section 8.4.1.3!

� To determine sea surface temperature to +2oC.

- To de termine ocean surface wind speed to + 2 m/s in the 0 to

50 m/s range.

- To measure integrated liquid water content and water vapor

content in the atmospher

To determine the r ain rate.

� To de tect ice coverage, extent, concentx'ation and dynamics.

VIRR - Visible and Infx'aRed Radiometer  Section 8.4.1.4!

� To image acean and coastal features and clouds and to measure

the sea surface temperature.

SAR - Synthetic Aperture Radar  Section 8.4.1.5!

� To measure ocean wave spectra  direction and wavelength!

� To detect slicks, icebergs, ice coverage, etc.
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8.4.1.1 SEASAT-1 Radar Altimeter

The SEASAT 1 radax' altimeter operated in much the same fashion. as the

GEOS-3 altimeter  Section 7.4.1.1! except that it was significantly more

accurate. As for the GEOS-3 altimeter, the SKASAT-1 device sent a narrow

pulse � p sec in this case! to the sea surface and measured the time for

the pulse to return. The frequency used was the same as that for GKOS-3,

13.5 GHz. From knowledge of the satellite location relative to the local

geoid and the time of flight measurement of the pulse, the level of the sea

surface relative to the local geoid was determined.

The spot size of a radar altimeter pulse on the water surface depends

on sea state. This is due to the fact that at a given distance from nadir

the probability of a wave having facets which reflect radiation back to the

satellite increases with sea state. The area acrually illuminated by the

altimeter is the same, it is the area from which reflected radiation is

returned to the device that varies with sea state. In addition the shape of

the leading edge of the pulse varies with sea, the slope decreasing as sea

state increases. Again this is simply a co~sequence of the change in the

xeflecting geometry of the sea surface. For a low sea state the spot size

for the SEASAT altimeter. was about 1.6 km. For larger sea states the pulse

was broader and the spot size increased up to 12 km. The ability to measure

the change in pulse shape was expected to provide an estimate of sea state

to + 5 meters or +10X in the 1 to 20 meter range. The rms erx'or on the

altitude detexmination for the SEASAT-1 radar altimeter is better than

+ 10 cm. It should be stressed that this is the accuracy of the measure-

ment of the satellite to sea surface distance, and not of the sea surface

relative to an arbitrary datum. The difficulty is that the location of the

satellite relative to a xeference ellipsoid is not known to better than one
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me ter. Zn addi tion the geoid required to derive dynamic oceanographic

parameters from the altimeter measurements is of ten in error by several tens

of centimeters.
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3.4.1.2 SEASAT-A Scatterometer Sensor  SASS!

radiating +45o af t of the spacecraf t and two radiating +45o forward.

Two separate antennae are needed to resolve the wind into u and v com-

ponents. Actually, these measurements are not sufficient to completely

resolve the wind vector. A foux'fold ambiguity x'emains in most cases, while

under special conditions a twofold ambiguity remains following the SASS

measurement. Because the technique requires back scattering from a grazing

beam  centered at 42o to the vertical for SASS! one pair of antennae =over

only one side of the spacecxaf t  in the band between 200 km and 700 km from

nadir!. For this reason a second pair of antennae was used to obtain these

measurements for. the other side. There was a 400 km wide swa th directly

below the spacecraxt where no measurements were made.

Global measurements of the sux face wind velocity over the seas were ob-

tained from this sensor. at least once every 3b hours with the high latitudes

being covered more frequently. The resolution of the instrument was 50 km

and the grid spacing of the output data product, 100 1 m.

The SEASAT scatterometer was an active radar system that operated in

the 14.595 GHz range. As with all radar devices it was the reflected signal

that was important for the SASS device. In this case the reflected signal

of intex'est was that from capillary waves' There were foux' antennae, two
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8. 4.1. 3 Scannin Multi frequency Microwave Radiometer  SMMR!

This was a passive device with a scanning dish antenna similar in. prin-

ciple to the multispectral scanner with a rotating mirror. The device had 5

spectral bands of varying spot size  from 16 x 25 km to 37 x 144 km!.  See

Table T. B. 4. l. 3.a! Its main function was to obtain information regarding

the atmosphere above the ocean. In addition to atmospheric inf ormation, sea

surface temperature was also determined in oarse cells. The advantage ot

this measurement over the thermal ER sea sur face temper ature measurements is

that they iver e obtained under all weather conditions.

The swath width was 600 km of f nadir, i.e., 560 km to one side of nadir

and 40 km to the other. This instrument made use of a conical scan 45

forward of the spacecraf t. As for the SASS the repeat coverage time was at

mos t 36 hours.

The SEASAT R4'1R was identical to the SiL'tR flown on i1LtBUS- 7  see

Section l. 6. l. 3! .
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Table T.8.4.1. 3.a Characteristics of the SEASAT-1

Channel

Spectral Range
 GHz!

6.6 10. 7 21. 0 37. 0

I.FQV

 milli radi ans !

Ground Resolution 87 x 144 5d x S9 31 x 53 27 x 42 16 x 25
3 Nadir

 'ci 1ome t e r !

Gr ound Reso lu t io n

Swath Edge
 meters!

Scan. Line

Separation l~ Nadir
 meters!

Pixel Separation
Nadir

 me ters !

600

Rotation Rate

 rpm!

Sampl» Ra te
 seconds!

FOV

 degr ees !

Swath <<idth

 k.ilome ter.s !

Scanning Hultifr equency '.<icrowave Radiometer  Sli'lR!
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S. 4.L. 4 SEASAT-I Visible/Infrared Radiometer  VIRR!

This scanner was similar to that flown on the ITOS/VQAA series satel-

li tes  see Section 2. 6. l. 2! . Its characteristics are summarized in Table

T.8.4.1.4.a. The entire globe was covered at least every 36 hours with this

instrument. The sensor had fairly coarse spatial and temporal resolution

when compared. wi th many of the other satellies listed in this manual. The

primary reason for including it on SEASAT was to collect data in conjunction

with the other sensors. Also when comparing the SEASAT-I VIER with the ITOS

scanner   the save instrument ! the lower SEASAT alti tude zus t be kept in

mind. A lower «ltitude res~Its in improved spatial resolution on the

SEASAT-I device but a smaller swath width. The instrument operated poorly

during the mission and most of its data are useless.
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Tab le T. 8. 4. 1. 4. a C'naracteristics or the SNASAT-1

Vi sible/Infrared Radiometer

Channel

.49 � .94 10.5 � 12.5Spectral Range
 'Aic rome ters !

IFOV

 milli radians !

Ground Resolution

Nadir

 '~ilometerj!

Ground Resolution

9 Swath Edge
 dieters!

Rotation Rate

 rpm!

Scan 'ine

Separation '! Nadir.
 meters� !

Sample Rate
 seconds!

Pixel Separation
Nadi r

 me ters !

FOV

 degrees!

1500Swath Width

 kilcnae ters!
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8.4.1. 5 SEASAT-1 Synthetic Aperture Radar  SAi<!

The SAR was an active device capable of Z5 m resolution  see Chapter EI

for a description of the synthetic aperture radar!. The high resolution

resulted from the fashion in which the collected data is processed. Like

other radar devices, the SAR data recorded the reflected signal as a

function of time. Because of the width of the beam and the pulse rate a

given object on the gound was seen in several consecutive radar. pulses.

This fact is used when processing the data to artificially improve the

r solution of the sensor.

The SAR swath width was 100 km centered 300 km off nadir. The very

high resolution over. this 100 km wide region means that large quantities of

data were collected. Tnexe was not sufficient storage capability to store

these data for an entire orbit. For this reason the sensor. was only oper.�

ated in real time, when in range of a high-data-rate ground station. Even

when in range of such stations the sensor was not necessarily turned on.
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8.4.2 Additional Information

A number of documents describing SEASAT-1 are available. A fairly

nontechnical description of the satellite, its mission and its sensors is:

SKASAT'. Global Ocean i'Ionitoring System, RASA, 1978

This document is available from:

Office of Application: Special Programs
National Aeronautics and Space Administration
Washington, DC 20546

.'fore technical information such as Project Plan for SEASAT-A 1978

.Iission is available from-

The Jet Propulsion Laboratory
California Institute of Technology
Pasadena, CA 91103

Finally, NOAA/EDIS distributes documentation describing the sensor and

data format with data orders.

8.4.3 Data Availability

All SKASAT data are eventually to be archived by the Satellite Data

Services Division  SDSD! of NOAA/EDIS ~ Instructions on ordering data from

SDSD are included in Appendix II. Below, several paragraphs describing the

SDSD SEKSAT-I holdings as of June, 1981> are included. These paragraphs

were provided by Bruce Needham of SDSU.

During the period since the distribution of our last issue of the
Bulletin. in June 1980, our archive of SEASAT data has increased
dramatically. Table T.8.4.3.a lists the contents of each type of
File/Record, and Table T.8.4.3.b summarizes the sensors and dates of
data availability.

ALT IAE TER   ALT!

The Final Geophysical Data Records  GDRs! from the Altimeter are
completed. Those files are divided into two types: The Geophysical
File  G.F.! and the Sensor File  S.F.!. Data tapes are currently
available for the periods listed below. Each ALT GDR-GF tape contains
global data for approximately six days. Each ALT GDR-SF tape contains
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TABLE T.8.4.3.b

SEASAT DATA PRODUCTS

GEOGRAPHIC AREA

AVD

DATES OF DATASENSOR PRODUCT DESCRIPTION

Scanning Aulti-Channel
Microwave Radiometer

 S~t;e!

Global Coverage
7/7/73 � 10/jo/73

SEASA. Scatterme ter

System  SASS!
Computer Tapes containing latitude,
longitude, and time located geophysical
data of surface wind velocity and fully
corrected backscatter coefficient.

Global Coverage
7/7/78 - 10/10/78

Radar Altimeter  ALT!

JASIN

7/15/78 � 3/27/78

Synthetic Aperture
Radar  SAR!

* NOTE: Si&K data products are not currently available through SDSD, but should be soon

Computer Tapes containing latitude
longitude and time located data of
surrace wind-speed  no direction!,
sea surface temperatures, integrated
air column liquid water and water
vapor, rain rate, atmospheric path
1eng t h correct ion, and individual
channel brightness temperatures.

Computer Tapes containing latitude,
longitude, and time located geophysical
data eve ry 13km along the spacecra f t
track of tne displacement of the space-
craf t from the ocean surf ace, signif-
icant wave heights, atmospheric pressure
effect, ionospheric correction., and
surface pressure.

Visible and Infrared A limited number of photographic
Radiometer   VIRR! imagery containing oceanic radiance

values.

Approximately 478 passes of optically
correlated radar imagery are available
as 70mm f ilm products. A more limited
amount �50! of digital correlated film
products and tapes are also available.

Global Coverage
7/7/78 - 7/17/78;
7/24/78 � 8/28/73;
9/1/78; 9/6 � 7/78;
9/1O/78; a/13/78;
3/15/ 78 � Lu/I O/ 73

North & Central

America, and Western
Europe
7/7/78 � 1O/LO/78
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global data for approximately three days. SDSD has the capability to
selectively extract specific geographic regions and/or time periods
from these tapes, thereby providing the user with only those data
points required at a. considerable cost savings.

DATA TYPE PERIOD COVERED

Geophysical File 7/7-7/17, 7/24-8/23, 9/1, 9/6, 9/7, 9/10, 9/13, and
9/15 through 10.10/78

7/7-7/17, 7/24 8/28, 9/1, 9/6, 9/7, 9/10, 9/13, and
9/15 through 10/10/78

Sensor File

NOTE: No ALT data are available for the periods 7/ 4-7/6, 7/18-7/23,
8/29-8/31, 9/2-9/5, 9/8-9/9, 9/11-9/12, and 9/14/78. The
sensor was not turned on to collect data for these periods.

S CATTE ROME TER   SASS!

The final SASS GDRs are nearly completed. These data are contained
in three da ta sets. The first contains both the complete Geophysical
and Sensor Files on the same tape. Each tape contains approximately
six hours of continuous global SASS data and cover the time periods
from 7/7-10/10/78. The second se t contains only the Basic Geophysical
Record. =ach tape contains approximately 48 hours of conti~uous,
global SASS data and cover the two periods from 7/7-10/10/78. The
third and last set af SASS data contains both the 8asic and Supplemen-
tal Geophysical Records, contains 24 hours oi lobal SASS data per tape
and covers the period from 7/7-10/10/78.

'MICROWAVE RADIOi'lETER  SHMR!

SDSD has finally started to receive the final SlL'K GDR data tapes ~
These data products contains 6 hr of global SASS data per tape for the
entir e mi ss ion.

NEW SAR PRODUCTS AVAILASLE

The SAR digitally correlated data now available have been produced
by J PL t hr ough f undi ng provided by the NOAA/'LHASA SEASAT Pro jec t. Ef-
fective recently, SDSD has entered into a working agreement with JPL to
produce, on request, SAR digitally-correlated data for users throughout
the world for areas not being processed by the SKASAT Project. This
agreement between SDSD and JPL will continue through September 30, 1982
and will provide for up to 65 additional scenes of 100 x 100-km areas
to be processed.

SDSD is still receiving both the optically-correlated 70 mm SAR
imagery, and the more limited number of digitally-correlated tapes and
f ilm. Cur r ently, SDSD has 432 se ts of 70mm data and 270 digitally
processed images ~ Since SDSD continues to receive additional SAR data
every month, users shou1d. contact SDSD directly for up to date
listings.
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Users interested in such data should contact SDSD to first verify
that such digitally processed data coverage does not already exist, and
second to verify that the instrument collected data for the area and/or
time of interest. Users should provide SDSD with geographic coordin-
ates, time period, and specific look angle  ascending or descending
pass, if important!. SDSD personnel will verify existence of already
processed digital data, or existence of coverage by SAR.

If approved, SDSD will initiate a Work Request through JPL to have
a special data set produced. Because of the price associated with
processing each 100 x 100-km scene, SDSD will require paint in
advance for each order. Each user will be supplied with one 9-track/
1600 BPI tape, one l0 x 10 inch duplicate negative, and one 10 x 10
inch print of the area processed. Each order will cost the user
gl, 6 50. 00. Othe r SAR digi tal tapes air eady in the archive at SDSD
still, only cost �2 per copy.
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TERRESTRIAL SATELI,ITES

In this notebook we consider. two different satellites dedicated to the

study of terrestrial resources  see Table 11-6!. The first is a series, the

LANDSATs, which has been providing high resolution  spatial!, multispectral

data since 1972. These data have been used for a number of resource manage-

ment tasks and there is every indication that, due to the success of the

series, it or similar satellites will continue collecting data indefinitely.

In addition to U ~ S ~ plans for new LAilDSATS, the French and the Japanese also

plan L.KIDSAT-like satellites for. the mid-'80's.

The second satellite included in the I'.arth Resources category is HC'.IM,

t'h e Heat Capacity lIapping Iission. HCII!I was a member of a series of satel-

lites each dedicated to a specific mission. The missions from one satellite

to the next in this series differ markedly, HC'.LM being the only one of in.�

terest to ocean or coastal problems. HC:I.'I was used to investigate the geol-

ogy of the earth's sur=ace by measuring the heat capacity of terrestrial re-

gj ons..ts high resolution  spatial and radiometric! sensor. does, however,

provide data of sig~ificant interest to o. eanography especially given the

f act that it was the only U.S. satellite tnat ollected high resolution

thermal data during the SKASAT mission.
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9 LAND SAT Sa te1li t es

9. 1 Ob j ective

To provide for the repetitive acquisition of high resolution multispec-

tral data of the earth's surface on a global basis.

9.2 General

Thus far there have been three satellites launched in the series with

nearly identical sensors., the HultiSpectral Scanner  MSS! and the Return

Beam Vidicon  RBV!, providing continuous coverage of the United States and

coastal waters since 1975. The next LANDSAT satellites, -D and -Dl will, in

addition to the NSS, carry some new sensors. LANDSAT-D is scheduled for

launch in. Mrch of 1982 and LANDSAT-Dl for 1983.

LANDSAT, like many other polar orbiting spacecraft includes high

density tape recorders to permit the storage of information gathered over

parts of the earth for which direct transmission of the received data is not

possible. Originally only ground stations capable of direct readout existed

in. the United States. Over the years, however, a number of other countries

have installed ground receiving stations, greatly increasing the coverage as

dependence on onboard tape recorders decreased.

In the fall of 1979 operational control of the LANDSAT series was

transferred from iMSA to NOAA/NESS. In 1902 NOAA expects to assume full

control of data dissemination for the LANDSAT series.

9.3 Orbital Characteristics of the LANDSAT Series

The LANDSAT satellites have been launched into near-polar, sun-synchro-

nous, circular orbits 920 km above the earth's surface. The orbi ts have

been adjusted. so that they repeat exactly once every 18 days. LANDSAT-2 was

launched into an orbi t nine days out-of-sync wi th LANDSAT-1. This ~cans
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that while both were operating properly the entire earth was covered every

nine days. Slight differences between the LXVDSAT-1 and two orbits, how-

ever, led to a continuous drift of one relative to the other. By July,

1977, this drift led to a six-day lag of LANDSAT-1 behind LANDSAT-2 rather

Several months after. LAVDSAT-1 becamethan the planned nine days.

inoperable, LANDSAT-3 was launched into an orbit similar. to that of

LAVDSAT-1 continuing the approximate nine day coverage of the Earth. The

local sun time for. the descending equatorial crossing of LANDSAT-l is 3:50

.4.1, of LAiVDSAT-2 is 9:08 A'I and of LANDSAT-3 is 9:31 Ail

Successive orbi s are separated by 25. 5o at the equator, each orbit

being to the west of the previous one. Each orbit is 1.43o�59 km! to the

west of the same orbi t on the previous day. This separation result s in a

14i; overlap at the equator of images resulting trom the same orbit on suc-

cessive days. This over.lap increases to 19. 1/ at 20, 34. 1".' at 40 . 57",.

AE o0 and 85/ at 80

The satellite nadir velocity is 6.456 km/sec.
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9.4 LANDSAT-1

LAVDSAT-l, originally named ERTS-1, was launched on July 23, l97Z, and

collected useful data for over four years, well beyond its designed one year

lif e. The sa tel li te included two sensors, the Return Beam Vidicon  RBV, a

TV system! and the 'Aultispectral Scanner  ASS, an electro-optical scanner!.

The RBV was to be the primary ins trument, the NS S being included at the

"last mi nute." Very quickly, however, it became apparent that the real

senso x af value was the i'fS 5 which has become a mains tay of the LANDSAT

series.
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9. 4.1 I.ANDSAT-1 instrument Objectives

NSS � lfultiSpectral Scannex  Section 9.4.1.1!

To provide for the repetitive acquisition of high resolution

multispectral data of the earth's surface on a global basis.

RBV � Return Beam Vidicon camera  Section 9.4.1.2!

To obtain high resolution television pictures of the earth.

DCS � Da ta Collect ion System  Section 9.4. 1. 3!

To collect and disseminate data from x'emot ly located

earth sensors.
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9.4.1.1 LANDSAT-1 Multis ectral Scanner  MSS!

The LANDS'-1 mulrispectral scanner. was a high resolution four channel

 two visible and two near IR! instrument. It consisted of six adjacent rad-

iometers for each of the four spectral bands. The scan lines were adjacent

at nadir and overlapped slightly on the edges of the image  see Table

T.9.4.1.1.a!. The swath width was 185 km for a total FOV  field of view! of

about 11 . This small FOV, compared to the 110 FOV of the DMSP series

satellites, for example, lead to little foreshortening  distortion on the

edges!. The pixel size on the swath edge was about 6i! larger than at

nadi r.

The sensor. in the vis ible bands collected radiation from a 79 x 79

meter area. The pixels over lapped, howe ver, along the scan line, their

centers separated by 56 m. This leads to what is ref erred. to as an

"ef fective" resolution of 56 x 79 m.

Swaths on successive days o ver lapped by about 30/ a t 40o V~o r th wi th

this overlap increasing as the poles were approached and decreasing as the

equator was approached. The overlap at the equator was ap proximately 15i.'.

This overlap  cove rage on two cons ecutive days! may be used to advantage

when studying short term phenomena, such as oil spills.

The visible data from the MSS was collected only during the day.
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Channel

.7 � .8.5 � .6 .6 � .7

79 x 79

317. 2

100422

5o

185. 3

Table T.9.4.1.l.a

Spectral Range
 mic rome ters!

IFOV

 mi1 li radians !

Ground Resolution

.Uadi r

 meters!

Ground Resolution

:3 Swath E.dge
 meters!

RoLation Rate

 rpm!

Scan Line

Separation '3 Uadir
 meters!

Sample Rate
 seconds!

Pixel Separatio~
:nadir

 me ters!

FOV

 degrees !

Swath width

 kilome ters !

Characteristics of the L.QlDSAT-1

'1ultispectral Scanner  'ASS!
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9.4.1.2 LAiVDSAT-L Return Beam Vidicon Camera  RBV!

Qn LAADSAT-1 there were three RBV cameras' .one to measure in the blue-

green, . 475 to .575 pm; one in the orange red, . 580 - .680 gm, and, one in.

the «ed~ear IR, .690 to . 830 ~  Table T. 9. 4.1. 2a and T. 9. 4.1. Z. b!. These

three cameras were aligned to view the same region on the ground, a 185 x

185 km square.

As indicated earlier, the RBV was to be the primary instrument on the

LANDSAT series, but it proved not as valuable as the i'ISS  Section 9 4 1 1!

and has been used rarely. Some of the problems with the RBV have to do with

its mode of operation  see Chapter II!. First, the various spectral

channels are not coregistered, the data being ollected by three separate

cameras. Second, the RBV collected data i n two dimensions. The scene was

imaged on a photosensitive surface when the camera was shur tered, then the

photosensitive surface was read out, the readout taking 3.3 seconds per

camera  or hannel!. This means that the optical system focused the up-

welling radiation in two dimensions rather than along a Aine as with the.

.'<SS. This r esulted in two dimensional distortion, much more di f icult to

correct than the linear distortion of the 'ISS.
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Channel

'30 z 30

V 0

lo5

Tab le T. 9. 4. l. 2. a

Spectral Range
 GHz!

IFOV

 milliradians!

Gr ound Re so lut ion

9 Vadir

  ki lame t ers !

Gr ound Re so lut io n

3 Swath Edge
 meters!

Rot dtio n

 cpm!

Scan Line

Separation 8 l!adir
 merers!

Sample Rate
 seconds!

Pi:<el Separation
8 Vadir

 meters!

FOV

 degx'ees!

Swath Uidth

 kilometers!

Characteristics of the LA'<USE-l

Return Beam Vidicon Camera  RBV!

. 475-. 575 . 580-. 680 . 790-. 830

R E L L V A Vl T



339

Table 9.4.1.2.b Landsats 1 and 2 RBV Camera Parameters*

Performance Requirements
CameraCamera 1 Camera 3Parame ter

475 to 575

blue-green
Spectral Bandpass  nm! 580 to 680

or ange -r ed
690 to 830

red-near IR

3.23.2 3. 2

33

f/2.66f/2.66f/2.66

16.2 16. 216. 2

125. 98+0. 27

-0. 98

125. 98+0. 27

-0. 98
125. 98+0. 27

-0. 98

! ighlighr Brightnes s  .'1J/cm2! 0. 78 0. 78 1.2

<15%

<25%

<15%

<25%
<15%

< 25%

Shading � inside 1 in. circle
Shading � outside 1 in. circle

:dge Resolution  % of center! 80%80%

l%%d1%image Distortion

<+0 ~ 5% <+0. 5%Skew <+0. 5%

<+2%<+2% <+2%S i ze and Cent.e ri ng

Read. Horizontal Rate

  lines / sec ! 1,250

4,12

1,25017250

4, 1254! 125Active Horizontal Lines

Readout Frame Time  sec! 3.5 �. 3 active! 3.5 �.3 active! 3. 5 �.3 active!

Readout Seq uence

255Thr ee-Came ra Cycle
Rate  sec!

*From The LAiVDSAT Data User 's Handbook, pages 4-8.

Video Bandwidth  ~lHz!

Peak Signal/rms Noise  dB!

Relative Aperture

Full Field Angle  deg!

F f f ect ive Focal Length  mm!

Exposure Time Matrix  msec!
Expose 1
Expose 2
Fxpose 3
Expose 4
Expose 5

4.0

5.6

8.0

12. 0

16. 0

4.8

6.4

8.8
12. 0

16 ~ 0

6.4

7.2

8.8

12. 0

16 ~ 0
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9.4.1.3 LAiVDSAT Data Collection System

The DCS received and re transmi t ted da ta fr om remot ely located en-

vironmental data collection platforms. The satellite interrogated every

platform at le as t once every twelve hour s. The pla t forms sent a burs t of

data every three minutes ~ It was therefore possible to see a platform as

many as thr ee times duri ng the nine minut e in terval dur i ng which the

satellite was within range during a pass.

Each data collection platform sampled up to eight analog 64 bit words.
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9.4.2 Additional Information

Detailed information on LAVDSAT and how to make use of LAVDSAT data

products are available in:

LAVDSAT Data Users Handbook

Published by the General Electric Company

This book may be purchased for $11.00 from'.

Branch of Distribution

U.S. Geological Survey
1200 South Eads Street

Arlington, VA 22202

Along with the User's Handbook «omes a subscription to the "LAVDSAT

Data User's Votes," a bimonthly publication dealing with the LANDSAT satel-

lites, their data, other satellites or interest, meetings, etc.

A second newsletter dealing with L VDSAT related issues is the:

L.C<DSAT Newsletter

put out when needed by the :kissians Utilization Office of the Goddard Space

Flight Center. This newsletter deals more with the operational aspects of

LANDSAT than its data. It also contains useful information on other satel-

lites. Information regarding the newsletter. is available from:

LANDSAT Newslett=r

iiissj ons Utilization Office

Cade 902, VASA-GSFC
Greenbelt, ~iD 20771
301/ 344-3826

9. 4.3 Data Availability

All digital and photographic LANDSAT data of the Unites States are ar-

chived at the EROS Data Center in Sioux Falls, South Dakota. This facility

was run by the United States Geological Survey of the Department of the In-

terior while the satellites were operated by VASA. In late 1979, control of

LAVDSAT was turned over to NOAA/NESS. Plans are to retain the data archive

at Sioux Falls and until 1982, products will be ordered from Sioux Falls
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as they have been in the past. Appendix V provides the xequisite details to

or der. these data px'o duct s. In addi t ion to the e xt ens i ve da ta ar chi ve, the

EROS da ta center will also per f orm «omputer searches of their holdings on

request. The information required to initiate such a search is also includ-

ed in. Appendix V.

Because of the large volumes of data available from ~DSAT the ASS is

not turned on automatically when over the United States. Instead a decision

is made a day in advance whether or not to turn the sensor. on, the criteria

be! ng re lated to the f orecas t cloud co vex'. In general, if a region is

forecast to be cloud covered the sensor vill not be turned on. The user is

also cautioned t hat. due to deterioration of the high density digital tapes

ny of the early scenes, although recorded, are now irretrievable.

LAiVDSAT-I began collecting good da ta shortly af ter. its launch in July

of 1972. Except for short periods it collected multispectral scanner data

fairly routinely until i'iarch 3, 1977, when the . 5 to .6 pm band failed. The

'.ASS operated with the remaining three channels until a variety of proolems

led to the termination of operations on January 6, 1978.

The "RQS ar chive contains da ta from other. regions of the eaxth, data

that have been r. coxded on board and transmitted later when over a receiving

s ration. Recently a number. of receiving stations have been set up and are

being run by other «ountries around the earth. These stations may archive

data for their. area.  All such scenes are listed in the EROS Main Image

File. ! The interested user is advised to write directly to these stations

f or mo re inf orma tion:

Brazil: Instituto de Pesquisas Espaciais
Rodovia Presidente Dutra K'L. 210

Caixa Postal 01

CEP 127630
Cochoeira Paulista

Sao Paulo, Brazil
Telefone: �125�1-1377
Telex. 0122160
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European Space Agency  KSA!
E SRIiV

Via Galileo Galilei

00044 Prascati

It aly
Tel: 06-9424116

TWX:

Italy:

Canada Centre for Remote Sensing
 CCRS!
2464 Sheffield Rad

Ottawa

Ontario KIA OY7

Can.ada

Telephone: �13! 993-01 'I

Canada:

Japan: Remote Sensing Technology Center of Japan
 RES TEC!

Uni-Roppongi 31dg.
7-15-17, .<oppongi, .'linatoku
Tokyo 10o

Japan
Tel: Tokyo �03! 1761
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9. 5 LAVDSAT � 2

The LANOSAT-2 satellite is identical to the LAiMDSAT-1 satellite in most

respects. The user, is referred to Section 9 4 for. a description of

LAN DSAT-l.
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9.5.1 LAVDSAT-2 Sensor Ob ects

'ASS � Nultispectzal Scanner  Section 9. 4.1.1!

To provide for the repetitive acquisition of high resolution

multispectral data of the earth's surface on a global basis.

K5V - Return Beam Vidicon camera  Section 9.4.2!

To obtain high resolution television pictures of the earth.

DCS � Data Collection System  Section 9. 4. l. 3!

To collect and disseminate data from remotely located

earth sensors.
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9.5.2 Additional Information

The document aion f o r. LANDS AT-2 i s the same as that of LAVDSAT-1. See

Section 9. 4. 2.

9.5.3 Data Availability

The source, ordering inf orma tion, prices, etc., for LAVDSAT-2 data are

the same as for. LAVDSAT-1. See Section 9. 4. 3

LXVDSAT-2 data collection began shortly after its launch in January of

l975 and =ontinued on a fa.irly regular basis until iVovember 5, 1979. At

that time data acquisition was reduced to five or. six orbits per day rather

than the regular. 14, this to conserve the 'as used in the attitude control

system. The satellite was officiallv retired on January 22, 1980, iollowing

the failure of the fly wheel used to < ontrol satellite yaw. This flywheel

began working again on Hay 27, 1980 and. the satellite was reactivated at

that time.
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9. 6 LAi~JD SAT-3

The LANDSAT-3 satellite included some modif icati ons which makes it

different from I.ANDSAT's-L and 2. Both the RBV and MS systems have 3een

modified, the RBV consisting of four monochromatic cameras providing 40 m

resolution, and the "iSS including a thermal IR channel.
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9.6.1 LA'JDSAT-3 Sensor Objectives

NHS - MultiSpectral Scanner.  Section 9.6.1.1!

To provide for the repetitive acquisition of high resolution

multispectxal data of the earth's surface on a global basis.

RBV � Return Beam Vidicon camexa  Section 9.6.1.2!

To obtain high resolution television pictures of the Earth.

DCS � Data Collection System  Section 9. A. 1. 3!

To collect and disseminare data from remotely located earth

senso rs .
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9.6.1.1 LAVDSAT-3 i~fultispectral Scanner 'ASS!

The LANDSAT-3 multispectral scanner, is a high resolution five channel

 two visible, two near. IR and one thermal IR! instrument. It consists of

six adjacent radiometers for each of the four spectral bands and two

radiometers for the thermal ZR band. The scan lines are adjacent at nadir.

overlapping slightly on the edges of the image  see Table T.9.6.l.l.a!. The

swath width is 185 km for a total FOV  field of view! af about ll . This

small FOV, compared to the llU FOV of the D'AS? series satellites, for

example, leads to little foreshortening  distortion on the edges!. The

pixel size on the swath edge is about 6/ larger than at nadir.

The sensor in the visible bands collects radiation from a 79 x 79 meter

area. The pixels overlap, however, along the s "an line with their centers

separated by 56 m. This leads to what is referred to as an "ef fective" res-

olution of 56 x 79 m.

Swaths on successive days overlap by about 30! at 40o iVorth with rhis

overlap increasing as the poles are approached and decreasing as the equator

is approached. The overlap at the equator is approximately 15/. This over-

lap  coverage on two < onse.utive days! may be used to advantage when study-

ing short rerm phenomena, such as oil spills.

The visible data from the .'ASS is collected only during the day. The

thermal IR data were collected for both the day and the night thus covering

every point on the globe ar least twice wirhin 18 days, once during the day

and once at night.

The thermal IR channel proved to be very noisy and has seen little use.



Characteristics of the LAi<DSAT-3

Channel

7 � 8.5 � .6 ,6 � .7

Gr ound Re so lut ion 7 9 x 79

~~ Vadir
 me ters !

237 x 237

g17. 2 272. 40

'37

100422 33000

Pixel Separation 56
.<adi r

 meters!

185. 3

Tab le T. 9. 6. l. l. a

Spectral Range
 micr. ome ter s !

IFOV

 milliradians!

Gr ound Resolution

'3 Swath Edge
 meters!

Rotation Rate

  rpm!

Scan Line

Separation 3 Vadir
 me ters !

Sample late
 seconds!

FOV

 degrees!

Swath width

 kilometers!

i~lultispectral Scanner   ISS!

.S � 1 ~ 1 10. 0 � 12.6
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9.6.1.2 LANDSAT-3 Return Beam Vidicon Camera  RBV!

The LANDSAT 3 Return Beam Vidicon camera system is quj te different from

the RBV systems on LAVDSAT-I and Z. Two cameras were used to i~age an 'ASS

scene defined as a 185 x 185 km region.. Note that for the ASS this defini-

tion is somewhat arbitrary because the MSS collects data in a continuous

stx'ip. In the case of the RBV the concept of a scene is well-defined be-

cause the sensor images the entire area oi one instant in time L'ach riBV

camera on LAVDSAT-3 images a square area 99 x 99 km. Each RBV camera over-

laps a small portion oi the area imaged by the other. For the adjacent

camera this overlap corx'esponds to a strip approximately 17 M wide  l7.!.

The spatial resolution of this RBV is approximately 40 x 40 rrreters. These

data are summarized in Tables T.9.6.1.2.a and T.9.6.1.2.b.

Tire two camera system on. LANDSAT-3 images the scene in one quite broad

spectral band, 505 to 750 nanometers, covering most of the visible portion

of the spectxum.
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Return Beam Vidicon Ca~era

Channel

.505-.750Spectral Range
 micrometers!

IFOV

 milliradians!

Ground Reso lut ion 40

Vadi r

 me ters !

Ground Resolution

Swath Edge
 met rs!

Scan Lines per
minute

 rpm!
REL "VZi7

Scan Line

Separation '3 Nadir
 meters!

Sample Rate
 seconds!-L

PixeL Separation
8 Nadir

 me ters !

FOV

 degrees!

Swath Width

 kilometers!

Table T. 9.6. l. 2.a Characteristics or the LANDSAT-3
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Landsat 3 RSV Camera parameters~Table T. 9. 6. l. 2. b

Per formance Ob jectiveParameter

Spectral Sandpass

Video Bandwith

<15' within 1 in circle

<25'.' elsewhere

Image Distortion

<+0. 5Skew

<+Zi.'Size and Centering

1, 250 lines / sec.

4,125 per fr.arne

Read Horizontal Rat=

Active Horizontal Lines

3.5 sec �.3 active!H.eadout 1 rame Time

12.5 sec*Two-Camera Cycle Rat

*Denotes change from Landsat 1 and 2

7 From The LANDSAT Data User ' s Handbook, page 4-13

Peak Signal/rms Noise

Lens, Ef fective Focal Length

Highlight Irradiance

Shading

505 to 7 50 nanometers*

3.2 MHz

33 dS

236mm  nominal! ~

2. 013m'/ cm2-SR+
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9.6.2 Additional In ormation

LAUDSAT-3 documentation is available irom the same sour e as that for

LAUDSAT-1 and 2. See section 9.4.2.

9.6.3 Data Availability

LAVDSAT-3 data are available from the same source as LANDSAT-I and 2.

See section 9.4.3 for. a description of this.

LAVDSAT-3 data collection began on March 13, 1978, for. all sensors ex-

ceptt the MS S thermal band whi«h r eq ui r ed time for outgas sing. Routine

collection of thexmal data began on April 4. These data were, however,

quite noisy. Qn July 11, 1978, one of the two channels of the thermal band

failed. Data collection continued with the other. channel but the signal-to-

noise ratio in this channel decreased steadily with time. Thermal data col-

lection was terminated several months later. The processing of MSS thermal

data was qui te erratic and the interes ted user is advt. sed to consult the

LANDSAT Vewsletter., No. 25 ar, the EROS data center for. a more detailed dis-

«ussion.

Dn August 27, 197', the ,'fS S began expe rienci ng i ate rmi t tent line start

problems. This x e suited in t'h e loss of the first quar ter of the ef f ected

scan lines. This pxoblem continued on and of ' into 1980. Most of the data

collected during this period does not shaw the px'oblem.

LANDSAT-3 was still operational at the writing of this document.
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10 Applications Explorer Missions  AEM!

HCNM � to provide comprehensive, accurate, high spatial

resolution thermal surveys of the surface of the earth.

SAGE � to determine the spatial distribution of stratospheric

aerosols and ozone on a global scale.

MAGSAT � to measure near-Earth magnetic fields on a global

basis.

10. 2 General

The Applica t iona Explorer. l lis sions is a seri es of low-c os t, modular

designed spacecraf t in special orbi ts designed to satis fy mission-unique

data acquisition requirements. In keeping with this philosophy each of the

KEN satellites launched to date  Table II-6!: HCi04  Heat Capacity Rapping

Xi.ssion!; SAGE  the Stratospheric Aerosol and Gas Experiment!; and MAGSAT,

has carried only one sensor designed for a specif ic purpose. The only

satellite that will be discussed here, however, is the Heat Capacity Mapping

Kission  HClM! as it is the only one judged to have direct application to

the marine related sciences.

10.3 Orbital Characteristics of HC.'Ql

Because HCMM is the only AF f satellite in the series to be dealt with

in any detail in this document, and because the orbits of each of the satel-

lites is so different, only the HCMM orbit will be discussed here.

In order to study the thermal inertia of various parts of the globe in

a consistent, meaningful fashion the obvious orbit for this satellite is a

sun-synchronous one. Furthermore, the orbit should be one which views the

earth's surface at the time when it is the warmest and the coolest. To
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satisfy these requirements the satellite was launched into an orbit with an

inclination of 97.8 at an altitude of 620 km and a period of 96.G minutes

 a sun-synchronous orbit!. The ascending  south to north! equatorial cross-

ing time was 2:00 P'I. This provided for 1: 30 P'A and 2:30 A'1 local time cov-

erage of the northern mid-latitudes. The repeat time for this satellite was

1 6 days but mid-lati. tudes will rece i ve co ve rage appr oxima t ley ever y f ive

days.

The at ti tude control system provided for three axis stabilization via

momentum wheels. The s pecif ica tions f or a t ti tude con trol required roll to

within + 0. 7 . pitch to within + 0. 5" and yaw to within + 2 . Angular

velocities of the satellite about its center of gravity were to be +

0.01o/second. All of these specifications ~ere met by the satellite.
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10 ~ 4 Heat Capacity '.lapping i41ission  HC'Li!

HCM was the first sa telli te launched in the AEA series. Zt was

designed to estimate the feasibility of acquiring thermal infrared

remote-sensor derived temperature measurements of the Earth's surface with a

12 hour interval at times when the temperature variation is at its maximum.

These measurements are then used to de t ermine the thermal inert ia, that

proper ty of material which resists temperature changes, as incident energy

vari es.

Satellite operations were officially terminated on September 30, 1980,

due to increasing operational difficulties. The primary source of these

difficulties resulted from a deterioration of the batteries. This condition

was "worked~round" for over a year by taking po~er conservation measures,

including a reduction in data passes over several ground stations.



366



10. 4. 1 IlC~U1 Sensors

10.4.1.1 HCXi � Scannin Radiometer

betwee~ 85 North and 95 South. For regions between 20 N to 20 S;

32 5 to 95 V and 32 S to 35" S a nighttime pass followed a daytime

from 20 '3 to 32o'l and 20 S to 32 S1 hours. For the regionpass by

a nighttime pass followed the daytime pass by 36 hours.

The two channel scanning radiometer, Tables T. 10. 4 ~ 1. 1. a and T. 10. 4. 1.

1. b, was the on ly data co 1 le ction i n st rument aboard the HC'8".f. One channe 1

was in the visible and near IR between . 5 to 1.1 gm and was used primarily

to align the thermal data. The thermal infrared channel sensed radiation in

the 10. 5 to 12.5 lcm range. The nominal thermal accuracy of the 10. 5 to 12.5

I> m channe1 was . 5 C at 8 C and the spatial resolution i n both channels

was 600 x 600 m at nadir. The registration between channels was .2 resolu-

tion elements at nadir, i.e., the separation between the centers of a given

pixel in the thermal and the corresponding pixel in the visible was at most

. 2 pixels. Tne gr ound swath was 700 ~m with a r epeat time of 16 days
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Characteristics of the HC.'PL

Channel

.5 � 1.1 10.5 � 12.5

.83.A3

Ground Resolution ~ 5 x . 5

Vadir

 kilone ters!

.6 x.6

340 840

103696 103686

.5

606U

716 716

Tab le T. 10. 4. 1. 1. a

Spectral Range
 nicroneters!

IFQV

 m il li r a di an s !

Ground. Resolution

C~ Swath Edge
 Ville ters!

Rotation Rate

 rpn!

Scan Line

Separation. <~ Vadir
 me ters!

Sample Rate
 seconds!

Pixel Separation
8 Vadir

 kiloraeters!

FOV

 degrees!

Swath Width

 kilome ter s!

Sea~ning Radiometer
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Table T. 10.4. 1. l. b Heat Capaci ty ~lapping Radiometer

Summary Data Sheet*

Orbital altitude 620 kilometers

Angular resolution = 0.83 milliradians

Resolution = 0.6 km x 0.6 km at nadir  infrared!

0.5 km x 0.5 km at nadir  visible!

Scan angle = 50 degrees  full angle!

Scan rate = 14 revolutions/second

Sample rate = 1.19 samples/resolution element at nadir

Sampling interval = 9.2 microseconds

Swath width 715 kilometers

Information bandwidth 53 KHz/channel

Thermal channel = 10.5 to 12.5 micrometers; NEDT 0.4 K at 250oK,

Usable range ~ 260o to 340oK

Visible channel = 0.55 to 1.1 micrometers; SNR 10 at 1/ albedo

Dynamic range = 0 to 100'". albedo

Scan mirror 45 degree elliptical flat

'Nominal telescope optics diameter = 20 cm

Calibration = Infrared: View of space, seven-step staircase
electronic calibration, and blackbody
calibration once each scan.

Visible: Pre-flight calibration assumed valid.

*from the Heat Ca acity Nappin i'iission User's Guide, page 18
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10.4.2 Additional Information

A manual f or. the use of HCi~L~1 da ta de scr.ibi ng the sa tel li t e, sensor,

etc., has been prepared by the NASA Goddar:d Space Flight Center:

Heat Capacity Zapping M.ssion User 's Guide

and is available from;

National Space Science Data Center
Code 601

NASA/Goddard Space Flight Center
Greenbelt, HD 20771
Tel: 301-344-6695

The 'fissions Utilization Office of the NASA/Goddard Space Flight

Center also issued a Heat Capacity Napping 'Aission Data User's Bulletin

during the operation of the satellite. Information regarding this bulletin

may be obt ained f r om:

HCL% Data User's Bulletin

:iissions Utilization Of f ice

Code 902

NASA/Goddard Space Flight Cente r
Gr eenbelt, i~ID 20771
Tel: 301-344-B826

10. 4. 3 Data Availability

All HCAVY data have been. archived at the National Space Science Data

Center  NSSDC!. A catalog of these data are available on,"microfiche from

NSSDC at the address listed above. Appendix Vl is a opy of Section V! of

the HC:1H User. ' s Gui de derailing the steps involved in or dering data from.

this sour c e . Data e xi s t s f o r mo s t o f t he pe r i od f r om 4/ 2 7 / 7 8 to 9/ 3 0/ 80.

The user is cautioned that the availability of data decreases during the

last year of the mi s sion due to the increas ing operational pr oblems

discussed in Section 10.4.
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Appendix I. Satellite Data Services Division  SDSD! of NOAA/EDIS

Data Product Costs

Satellite data come either as imagery  photographs, negatives, etc.! or

i,n digital form  computer tapes-CCT's!. The price of imagery and digital

data are indicated in Table A-I-1  Current as of July 1981!.

Note that the cost of digital data is a function of the number of dig-

ital data tapes handled. The cost of an order is calculated in two fashions

and the maximum is selected. One method charges $50.00 per input tape, SDSD

tapes from which the. data are copied. The other method charges $12.00 per 9

trk 1600 BPI output tape, the tape sent to the customer. For example, an

order with many smal1 scenes, say 10, from a number of different orbits

and/or satellites, might only occupy one output tape. It would cost $500.00

�0 input tapes x $50./tape!. A second order might consist of all the

TIROS-N data from a 20 minute period. These data might be contained on one

input tape and two output tapes hence cost $144.00. Therefore it is

required that the user know about how much data  how many minutes of

satellite data! can fit on a tape or that s/he contact SDSD to arrive at an

estimate of the approximate cost. Tabl,e A-I-2 taken from the NOAA Polar

Orbit Data  TIROS-N and NOAA-6 Users Guide pages 3.1-5 to 3.1-9!, provides

such information for the TIROS-N series.

The user is advised that all of these prices can change with time

 unfortunately, increasing in most cases!. Also, special products will have

special prices. The costs presented in this section are included to serve

as a



376

Table A-I-1

T PRICE

II. SPECIAL PHOTOGRAPHIC PRODUCTS  BLACK 6 WHITE!
A. SEASAT SYNTHETIC APERATURE RADAR  SAR! DIGITALLY PROCESSED DATA

ITEMS DESCRIPTION UNIT PRI CE

23 10 In. x 10 In. Paper Print Enlargement $
24 10 In. x 10 In. Positive Transparency Enlargement $
25 10 In. x 10 In. Duplicate Negative Enlargement $

14.00

25.00

30. 00

B ~ SAR 70 mm OPTICALLY PROCESSED DATA  Reproduced from original 70 mm
negative strips of various lengths up to 200 feet. Requires four
sub-swaths for entire 100 km swath width. Sample prices for one
5-Ft. I/4 swath image are shown below. Contact SDSD directly for
specific price quotations!.

UNITED STATES DEPARTMENT OF COMMERCE

NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION

ENVIRONMENTAL DATA AND INFORMATION SERVICE

NATIONAL CLIMATIC CENTER

SATELLITE DATA SERVICES DIVISION

WORLD WEATHER BUILDING, ROOM LOO
WASHINGTON, D.C. 20233

�01! 763-8111 Commercial or FTS 763-8111

SATELLITE DATA PRODUCT PRICK LIST FY82

 subject to change without notice!

I. STANDARD PHOTOGRAPHIC PRODUCTS  BLACK 6 WHITE!
ITEMP DESCRIPTION UNI

1 8 In. x 10 In. Contact Paper Print
2 10 In. x 10 In. Contact Paper Print
3 10 In. x 10 In. Paper Print Enlargement

16 In. x 20 In. Paper Print Enlargement
5 20 In. x 20 In. Paper Print Enlargement
6 30 In. x 30 In. Paper Print Enlargement
7 10 In. x 10 In. Contact Dupe Negative from Positive
8 10 In. x 10 In. Contact Positive Transparency from Negative
9 10 In, x 10 In. Contact Negative from Negative

10 Duplicate 35mm Slide from a Slide
11 35mm Slide from Transparency, Print or Art
12 35mm Slide from Negative
13 Duplicate 16mm Operation Film Loop  Positive or Negative!
14 Duplicate 16mm TV Movie �0 Ft.strip! Positive or Negative!
15 Duplicate 16 mm Huricane/Seasonal Movie
16 Construct Original 16mm Movie Loop � Hrs. of Data!
17 Construct Original 16mm Movie Loop �2 Hrs. of Data!
18 Construct Original 16mm Movie Loop �4 Hrs. of Data!
19 Duplicate 35mm microfilm, 100-Ft.  Positive or Negative!
20 Duplicate Transparent Grid Overlays  GOES!
21 Duplicate Transparent Grid Overlay  AVHRR!
22 Geographic Gridding on GOES Imagery

8.50

$ 8.50
$ 14.00
$15. 00
$ 16.OO
$ 18 F 00
$ 10.75
$10. 75

14.50

$ 2.75
$ 11.00
$ 13.50
$ 14.75
$14. 75
$ 75.00
$55. 00
$ 76.00
$147.00
$ 23.50
$10 ~ 75
$ 10.75
$ 1.00
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ITB41/ DESCRIPTION
26 70mm Contact Paper Pring �-Ft. length, 1/4 swath!
27 70mm Positive Transparency �-Ft. Length, 1/4 swath!
28 70mm Duplicate Negative   5-Ft. length, 1/4 swath!

UNIT PRICE

$30. 00
$35. 00
$60. 00

C BRIEFING AIDS

ENVIRONMENTAL SATELLITES: Systems, Data Inter retation and
A lication. October 1976, 66 a es.

ITEM/k DESCRIPTION

29 Illustrated Document plus set of 43 slides �5mm!
30 Document plus B/W Film Strip of Illustrations
31 Document Only

$20.00
$9. 50
$2.00

PRICE

3. 50
12 50

3. 50

12. 50

1.75

3. 00

7 00

12. 00

21 00

37 50

7.00

12.50

.30

.30

.30

.30

 NOTE: MINIMUM CHARGE FOR ANY NON-SUBSCRIPTION ORDER IS $5 00!

III. DIGITAL TAPE PRODUCTS

A. DIRECT ONE-FORMNE TAPE COPY  CCT TO CCT!
ITEM// DESCRIPTION

48 7-track, 200, 566 or 800 bpi
49 9~rack, 800 ox' 1600 bpi
50 9-track, 6250 bpi

UNIT PRICE

72.00  per output tape!
$ 72.00  per output tape!
$112.00  per output tape!

B. SELECTIVE EXTRACTION  CCT TO CCT!
ITEM// DESCRIPTION

51 9-track, 800 or 1600 bpi
UNIT PRICE

20.00 per input tape
plus $72 per output tape
$ 20.00 per input tape
plus $112 per output tape

52 9-track, 6250 bpi

D. SATELLITE DATA ANALYSIS CHARTS   a er co !
ITEMt DESCRIPTION UNIT

32 Weekly GOSSTCOMP  I of 24!  Quarterly Subscription! $
33 Weekly GOSSTCOMP � of 24!  Annual Subscription!
34 WeekLy Regional SST � of 10!  Quarterly Subscription! $
35 Weekly Regional SST � of 10!  Annual Subscription! $
36 Monthly Mean GOSSTCOMP � of 18!  Semi-Annual Subscription! $
37 Monthly Mean GOSSTCOMP � of 18!  Annual Subscription! $
38 Gulf Stream  Oceanographic! Analysis � Noxth 6 1 South/

Week!  Semi-Annual!
39 Gulf Stream  Oceanographic! Analysis  I North 6 1 South/

Week!  Annual! $
40 Gulf Stream  Oceanographic! Analysis � North 6 2 South/

Week!  Semi-Annual! $
4l Gulf Stream  Oceanographic! Analysis � North 6 2 South/

Week!  Annual!
42 Great Lakes Ice 6 SST Charts � Charts/Meek!  Semi-Annual! $
43 Great Lakes Ice h SST Charts � Charts/Week!  Annual! $
44 Northern Hemisphere Snow 5 Ice Charts � per week! $
45 NAVY-NOAA Joint Ice Boundary Charts � per week! $
46 River Basin Snow Coverage Charts � of 23! � per week! $
47 Single Copy of any of above  not subscription! $
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TO CCT!

CD AVHRR DATA SETS  TM TO CCT!
ITEMS DESCRIPTION

53 9~rack, 800 or 1600 bpi

54 9-track, 6250 bpi

D. TOVS DATA SETS  TBM TO CCT!
ITEMS DESCRIPTION

55 9~rack, 800 or 1600 bpi

56 9Wrack, 6250 bpi

E. GOES FULL RESOLUTION DATA SETS  CASSETTE
IT&44 DESCRIPTION

57 9Wrack, 800 or 1600 bpi  ODIS TAPE
FORMAT!

58 9-track, 800 or 1600 bpi  SAVE TAPE
FORMAT!

UNIT PRICE

$50.00 per input data set
or $72 per output tape
whichever is greater.
$ 50.00 per input data set
or $112 per output tape,
whichever is greater.

UNIT PRICE

$ 10.00 per input data set
ox $72, per output tape,
whichever is greater.
$10.00 per input data set
or $112 per output tape
whichever is greater.

UNIT PRICK

$30.00 per sector or $75
per output tape whichever
is greater.
$ 35.00 per sector or $75
per output tape whichever

is greater.
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Table A-I-2.a GAC DATA VOLUND*

� scans/record, 120 scans/minute!

Documentation bytes
including spares per scan

Data bytes/scan 1636820 2728

Total  bytes/scan! 1268 2084 3220

41682536 6440

Physical record length
 inches!  t 1600 BPI

2. 60 4. 02I. 58

.60Record Gap .60 .60

Total  inches/record! 3,20 4.622. 18

Total feet/sean

Feet/minute

Minutes/2200 foot tape

~ 13.09 .19

10 ~ 92 16.2 23. 1

201. 4 135. 8 95. 2

*From: NOAA PoLar Orbiter Data  TIROSW and NOAAW! User's Guide

Rec ord le ng t h  by t es !

Records needed

Number of Channels Selected

1 2 Full Copy � ch.!
448 448 492
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Table A-l-2.b LAC/HRPT DATA VOLUME
�60 scans/minute, 2 records/scan!

1144448Documentation and Spare
bytes/scan

13656Data bytes/scan 81924096

Total  bytes/scan! 1480086404544

4320 74002272

4.622.70l. 42Physical record length
 inches! 8 1600 BPI

.60.60.60Record Gap

Total  inches/record! 3. 30 5. 222. 02

10. 44Total inches/scan

Total feet/sean

Feet/minute

.'finutes/2200 foot tape

6. 604. 04

.87.55.33

313. 2l98. 0118. 82

11. 1 7.018. 5

Records needed

Record 1ength  bytes!

Number of Channels Selected

2 Full Copy � ch.!



Table A-I-2.c HIRS/2 DATA VOLUME
� record/scan, 9.4 scans/minute!

1012 1440996 980Documentation and spare
bytes/scan

480 608 736 2816Data bytes/scan

1604 4256Total  bytes/scan! 1492 1716

42561604 17161492

l.07 2.66l. 00.93

.60 .60.60 .60

Total  inches/record! 1.53 1.67 3. 261. 60

.14 .27.13.13

2. 44l. 25 l. 311. 20

1835. 6 17 55. 3 1681. 7 861. 5

Records needed.

Record length  bytes!

Physical record length
 inches! 8 1600 BPI

Record gap  inches!

Tot al f ee t/scan

Feet/minute

Minutes/2200 foot tape

Number of Channels Selected

3 Full Copy �0 Ch.!
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Table A-I-2.d SSU DATA V01.UME

� record/scan, 1.9 scans/minute!

580180Documentation and Spare
bytes/scan

180

1920128 256

2500308

.27 l. 56.19Physical record length
 inches! 8 1600 BPI

.60.60 .60

2. 16.87.79Total

Total feet/scan

Feet/minute

Minutes/2200 foot tape

.18.06 .07

.34.14.12

Data bytes/scan

Total

Record Gap  inches!

Number of Channels Selected

2 Full Copy � ch.!

17, 532. 8 15, 925. 2 6, 425. 3
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Table A-I-2.e NSU DATA VOLUME
� record/scan, 2 ' 3 scans/minute!

176178Documentation and spare
bytes/sean

216178

Data bytes/scan 5226 22478

Total  bytes/scan! 440256204 228

256228204 440

.13 .27.14

.60.60.60 .60

Total  inches/record! .73 .87.74 .76

.06.06 .07.06

.16.14 .14.14

Minutes/2200 foot tape 15,777. 7

Rec or ds needed

Record length  bytes!

Physical record length
 inches! 9 1600 BPI

Record gap  inches!

Total feet/scan

Feet/minute

Number. of Channels Selected

3 Pull Copy � Ch.!

15, 458. 9 15, 103. 0 13, 118. 0
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Appendix II. Orderin Data from the Satellite Data Services Division of

NOAA/EDIS

The following is taken directly from the "Satellite Data User's

Bulletin", Volume 2, Number 1, June 1980, Pages 8 and 9. This document is

prepared and distributed by the Satellite Data Services Division of

NOAA/ ED IS.

"Users requesting satellite data from the Satelli te Data Services
Division  SDSD! should make every effort to supply as complete infor-
mation as possible concerning their needs. Frequently orders contain
incomplete or ambiguous information which results in delays or improper
filling of orders. The following points should be considered and in-
formation furnished in preparing orders for data to assure timely,
correct completion.

PHOTOGRAPHIC PRODUCTS

After identifying a particular image or set of images, the fina1
product supplied to the requester can be in several forms. Specify as
much as possible of the following-

-Date s! of Interest
-Time s! in GNT
-Type of Product: HRPT Frame, Mercator Mosaic, Pass-by-Pass

Swath, etc.
-Geographic Area
-Satellite  if known!
-Orbit Number  if known!
-Visual and/or Infrared Sensor
-Special Physical Features to be shown in Imagery
-Geographical Gridding Desired or Not
-Final Product Format: Print, Transparency, Negative, Slide,

Microfilm, etc.
-Final Product Size

-Finish of Photographic Prints: Matte or Glossy
-Minimum Acceptable Size or Resolution

COMPUTER TAPE PRODUCTS

Proper identification of desired data on magnetic tapes becomes
even more important because of the high data densities frequently en-
countered and large tape volumes. Specify as much as possible of the
following:

-Date s! of Interest
-Time s! in GMT
-Geographic Area and Coordinates
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-Type of Data Products: HRPT, Sea Surface Temperature, TOVS, etc.
-Satellite  if known!
-Orbit Number  if known!
-Sensor Instrument

-Channel Type or Numbers, if Channel Select Option is Available or
Desired

ORDERING PROCEDURES SHIPMENTS AND PAYMENTS

Mail orders for data should be addressed:

EDIS/SDSD
Room 100 World Weather Building
Washington, D.C. 20233

Telephone orders and inquiries can be taken by a Data Service
representative from approximately 0730 to 1700 Eastern Time Monday
through Friday  except holidays! at �01! 763-8111 or FTS 763-8111.
International inquiries, where time is critical, can be sent via
International Telex specifying delivery to "Satellite Data Services
Division, Room 100, World Weather Building". Our cable address is
"NOAA, Washington, D.C."; the International Telex numbers are RCA
248376 or ITT 440108.

Telephone orders will not be accepted for photographic products
totalling more than $100 or digital products totalling more than $250
wi thout writ ten conf irmation speci f ying the exact content s of the
order. Any order regardless of price which is particularly lengthy or
very detailed should be submitted originally or followed up in writing.

Users associated with colleges and universitites are required to
furnish a Purchase Order with each request. U.S. Federal agencies and
contractors must also supply a Purchase Order or MIPR. Industrial
buyers should follow their usual purchasing procedures. Cost estimates
will be provided upon request ~

Prepaid orders should have checks made payable to "GOMMERCE/NOAA/
NCG" ~

Specify if shipping and billing addresses are different.

Completed orders are sent via regular mail and via Air Mail to
overseas customers; orders valued more than �50 are sent Registered or
Certified. We also have the capability to deliver orders to most areas
of the U.S.  and some Canadian locations! overnight by private air
courier  Federal Express, Inc.! or by United Parcel Service  UPS!. If
Federal Express, UPS, or Special Delivery is requrested, the customer
will assume all delivery charges.

DELIVERY TO FOREIGN NATIONS

In the past, SDSD has experienced difficulties in delivering data
packages to non-US users. Although we make every effort to conform to
U.S. and any local customs requirements, some shipments have been
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delayed f or ex t ended periods at their des tina t ion or have been com-
pletely lost. Attempts to trace such lost deliveries can take several
months.

SDSD will fill out appropriate customs forms for any nation, if
provided by the user, along with a sample appropriately completed.
Deliveries can also be sent via Air Freight Collect with the user pay-
ing all shipping fees. SDSD has, for several nations, been able to
forward data shipments to the destination through each nation's Scien-
tific Attache located at their Embassy in Washington, D.C. Such formal
arrangements should be requested by the user directly through the Sci-
entific Attache. With their approval, all future shipments can be
delivered in such a manner.

CANCELLATIONS OR ALTERATIONS TO ORDERS

Once a request for data has been received at SDSD, all attempts
will be made to complete it, and mail it to the user as quickly as pos-
sible. Such orders, once initiated, cannot be routinely cancelled or
changed. If a user, prior to receipt of the data he has requested,
decides to cancel that particuLar order or to change the contents, all
attempts will be made to comply. However, if the order has already
been maiLed, the user must accept and pay all fees' If the order has
not been completely finished, but processing has started, the user is
responsible for all fees associated up to that point in the processing.

CERTIFIED SATELLITE PHOTOPRINTS

Under certain circumstances, particularly in legal proceedings, it
is desirable that satellite photoghraphs depicting certain meteorologi-
cs1 events be certified as "True Copies" of materials held by the Sa-
tellite Data Services Division. There are three types of certifica-
tions provided:

l. Individual Certification. Copies of photographs can be indi-
vidually certified as true copies of originals on file at SDSD. This
type of certification consists of the appropriate statement stamped on
each photograph and signed by the Certifying Officer. A charge of $5
is made for each signature, in addition to the actual cost of the
image  s ! .

2. Grou Certification  Attached Certification Statement!. A
certificate without sea1 can be provided as a cover to multiple numbers
of photographs  Group Certification!. This consists of an appropriate
statement signed by the Certifying Officer and affixed to manageable
collections of assembled photographs. There is a charge of $5 per
group of records, plus the price of the image s!.

3. DOC Certification  Authenticated Certification Under the Seal
of the De artment of Commerce!. This two-part certificate  certifica-
tion and authentication! can be furnished when required. Authenticated
Certification can be applied to individual items or groups of items.
For DOC certification and authentication, the charge is S9 per certifi-
cation, plus the price of the image s! ~
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Some entries on the legends of satellite photographs may be in
code form  digits and letters! not known to non-meteorologists. Quali-
fied SDSD employees will prepare a plain language description of the
codes if necessary and have it certified.

SDSD personnel cannot provide a description and interpretation of
what a particular photograph depicts which may be certified and/or en-
tered into litigation. Such requests will be referred to an appropri-
ate official in. NESS on a case-bymase basis or, if desired, the user
may request the services of a private Consulting Meteorologist. Lists
of such individuals may be obtained from'.

American Meteorological Society
45 Beacon Street

Boston, MA 02108
�17! 227-2425

GOES DIGITAL DATA

Although GOES digital data is now ordered from the SDSD it should
be considered somewhat separately from other SDSD digital data orders
 TIROS-N, NOAA-5, SEASAT, etc! because in some instances it is actually
filled by the Space Science and Engineering Center  SSEC! of the Uni-
versity of Wisconsin. All of the digital data collected by the GOES
satellite series after 1978 has been archived by the SSEC. When the
SDSD receives an order for GOES digital data this order is forwarded to
the SSEC. For this reason a description. of the GOES data tapes produc-
ed by the SSEC as well as the information they require is included
here. First, the mi~imum information required in an order is as fol-
lows:

l. Time and Date: GOES East records, an image every half hour
starting on the hour and half hour. GOESMest also records one
every half hour starting 15 minutes after the hour and 45
minutes after the hour. The time should be specified as
Greenwich Mean Time to avoid confusion arising from local time
changes.

2. The Satellite: GOES-East centered at 75 W or GOES~est

centered at 135 W.

3. The resolution: the data available from SSEC are produced at a
number, of different resolutions. Actually this means that the
visible data are averaged to degrade their spatial resolution
or IR data pixels are doubled to give an apparent increase in
resolution. See Appendix IV for a description of the SSEC GOES
data types.

4. The area of interest: the user may specify an area by
longitude and latitude or by scan line and element. When using
the former method caution is advised because of curvature of
longitude and latitude which can be quite deceptive in the .�
geostationary satellite projection. When specifying these the
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minimum and maximum position of the scan elements corresponding
to the lef t~ost and rightmost longitudes respectively will be
calculated at the reference latitudes.

The time required to fill an order will in general depend on its
size. For example an order of 20 sectors in ODIS format  requiring 3
ODIS tapes! made by mail directly to the SSEC prior to the switch of f
to the SDSD on July 31, 1980 was received on August 25, 1980. This
order is included with other sample orders in the next section.

The meaning of some of the required parameters outlined above will
become more clear with the following description of the GOES digital
data tapes produced at the SSEC. This description was provided on re-
quest by the SSEC and is included in Appendix IV.
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Appendix III. NOAA Serie s Standard Products Available
STANDARD PRODUCTS . . . . . . . . ~

I. ORBITAL SWATM IMAGES.

2. MAPPED MOSAICS.
3. SEA-SURFACE TEMPERATURE PRODUCTS.

from SDSD .. 395

~ ~ ~ ~ ~ ~ ~ 39 5

~ ~ ~ ~ ~ ~ ~ 39 5

~ ~ ~ ~ ~ ~ ~ 39 5
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Appendix III. NOAA Series Standard Products Available from SDSD

The material in this appendix describes standard products for the NOAA

satellites available from the Satellite Data Services Division  SDSD! of

NOAA. Instructions on ordering these products is available in Appendix II.

This material has been abstracted from the Satellite Data User's Bulletin

Volume 1 Number 2 August 1979, pages 11 and 12.

STANDARD PRODUCTS

1,. ORBITAL SWATH IMAGES. Orbital swath images are available in
the form of 35rnrn microfilm or photographic. prints. Data coverage is
essentially from November 1972 to March 15, 1978 and January 15, 1979
to present.

2. MAPPED MOSAICS. Northern and Southern Hemispheric Polax'-
Stereogx'aphic Projections and a Tropical   4O N-4OaS! Mercator
Projection of SR Visible, SR Daytime IR, and SR Nighttime IR data are
archived for each day on. 25 x 25 cm negatives. On September 15, 1976,
the format for the Hemispheric Mosaics changed from using 2048 grids to
a 1024-grid structure. Simultaneously, both Hemispheric Mosaic.s were
placed on one 25 x 25 cm negative. These data are available on 35mm
microfilm or photographic prints for data from November, 1972 to March,
1978. Polar-Stereographic Mosaics, Northern and Southern Hemfspheres,
*re also availabLe on camputer-campatible tape for data fram May, 1974
ta March, 1978.

3. SEA-SURFACE TEMPERATURE PRODUCTS. Quantitative data fram the
SR Infrared channel, together wi.th information from the VTPR, are used
to compute sea~urface temperature values for grid points at roughly
10+km intervals over the world's oceans. Temperature values are com-
puted daily for grid points where the sea surface is not obscured by
clouds. Where clouds interfere, values fram the most recent day with-
out cioud interference are retained to complete the daily data field.

A magnetic tape containing temperatue values, the age of the computed
value in days, and other related statistical parameters at each grid
point is prepared each day. The data may be reproduced in a number of
display products for specialized applications. Daily Sea-Surface Ternp-
erature data are axchived and available on. CCT's at SDSD.

a. CCT's containing global Sea-Surface Temperature  SST! ob-
servations for each day and a summary of the orbital passes processed
are available. The coverage of these data is from December 1972 to the
present, with each tape containing one month's data.

b. Negatives �5x25 cm! are available which display the
latest available Sea-Surface Temperature observations, and the "age"
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of the observation at each data point for both Northern and Southern
Hemispheres. Primary use of this product is internal to the National
Environmental Satellite Service  NESS! for daily monitoring of SST
processing. The coverage of these data is from November 1972 to the
present.

c. SST 10-Day Analyzed Field Tapes: Once per day, all
satelIite SST observations are merged into a polarmtereographic field.
ln addition to SSTs, this "analyzed field" contains landmea tags,
climatology temperatures, SST gradients, data age information, and
verification temperatures. Ten analyzed fields from ten successive
days are written to tape. With a few exceptions, these tapes are
available for every day since Nay 10, 1973.

d. Global Ocean Sea-Surface Temperature Computations
 GOSSTCOHP! Isoline Charts: Contour displays of analyzed SST fields
are available in paper copies. Contours are labelled in oC with a
one-degree contour interval. Sections of the globe �0o x 50o
increments! are enlarged in Mercator Projection  Arctic and Antarctic
regions in Polar-Stereographic Projection!. These charts are available
weekly beginning with April 1976 to the present  June 1976 missing!.
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GOES Data Ta es Produced b SSECAppendix IV

INTRODUCTION

The Off-line Data Ingest System  ODIS! receives real-time or archive

GOES image data, visible and IR; and records selected segments of these data

on conventional, computer~ompatible magnetic tape  9-track, 800/1600 BPI,

NRZI!. The segcmnts of interest are specified by operator's commands en-

tered on. a keyboard on the off-line system or through a communications line

from a l,arge computer facility  McIDAS!.

DATA SEGMENTS

A segement is described as follows:

1. The nominal start time of the image from which the segment will be

taken

2. The first scan to be included in the segment

3. The last scan to be included in the segment

The data resolution of interest

5. The extent of the horizontal coverage

6. The leftmost picture element to be included in the segment.

Note that the segaent is defined down to one satellite scan, not to one

visible sensor line.  There are eight scan lines in the visible for every

rotation of the satellite ! This problem is easily solved by requesting

slightly more data than needed. Several segments may be taken f rom one

image, but only one segment can be recorded at a time and, therefore,

overlap between segments will require multiple recordings.

Each segment put on a tape is preceded by a unique header record con-

taining the descriptors of the segment for identification puposes. In

addition, the first 128 bytes of the Ik data  the documentation block! are

output for each scan in a segment, regardless of the resolution or extent
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requested. The segment header record and IR documentation together identify

the data adequately for all subsequent processing.

Several data resolutions are available in the system. For each

Theseresolution there are differences in the possible coverage.

limitations are imposed by the transfer rate of the 9~rack tape unit which

is writing the data.

Ava ilab le op t ions ar e:

1. Full resolution  half mile! visible data. For this option horizon-

ta1 coverage is fixed at 1008 elements. IR data cannot be recorded

with full resolutio~ visible data.

2. Infrared only. Coverage is possible from 256 pixels minimum to the

entire data line in increments listed below under "Permissable

Horizontal Coverage Codes."

3. Infrared and averaged visible data combined data sets. One, two,

or three mile visible data averages are available, corresponding to

the average of 2, 4, or 6 visible elements. Coverage is possible

up to 2,048 pixels for 1 mile visible and for the whole line at 2

or 3 miles.

The vertical extent of a segment is limited only in that it must remain

inside of one image, and the total amount of data on a tape is controlled by

the length of the tape and the limitation of not more than 15 segments per

tape regardless of segment length.

The total amount of data which can be put on a given length of tape can

be determined from the following:

1. Data are divided into records as follows:

IR � one record per satellite revolution  scan! 3840 data bytes

 max! + 129 documentation bytes per record.
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1/2 nmi  nautical miles! Visible � one record per scan  no IR! 1008

data bytes  pixels! per line x 8 lines + l29 documentation

bytes ~ 8193 bytes  max! per record

1 nmi Visible � five records per scan  one is IR data! 2048 bytes

per visible data record  max! + 129 documentation bytes in the

IR record.

2 and 3 nmi Visible � three records per scan  one is IR data! 3840

bytes per visible data record  max! + 129 documentation bytes

in the IR record

2. Data are recorded at 800 or 1600 bytes  pixels! per inch plus 3/4

inch gap between records.

3. Additional detail on the ODIS tape format is provided below.

DATA FORMATS

When recorded on ODIS, IR and visible data records are intermixed on

the tape. SSEC can reformat data to separate records and simplify the pro-

gramming effort for other users. This is called the save-tape format. If

the data user will be processing a large amount of SMS/GOES data it is much

more economical to use the tape as it comes from ODIS and to put the refor-

matting and header generation software in his own computer. Details of the

save-tape forrjat are provided below.

ODIS TAPE FORMAT

Data B1ock Header

A single 64 byte record is written for each area of data recorded,

before any satellite data for the area is written. This record has the

following format:
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55  Hex, inverted ASCII for '*'!Byte 0:

Bytes 1-2: Undefined

Bytes 3-63: A copy of the command line for the block to follow. Byte

3 contains the first character of the time field; the rest of the

command line appears exactly as typed. All characters of the line

are represented in inverted  complemented ASCII, with bit 7 set to

zero ~

Mode 0 - IR Onl Sectors

One data record is written for each rotation of the satellite Its

length is equal to 256 times the horizontal coverage code which is contained

in the command line.  See below for list of permissible horizontal coverage

codes.! The format of the record is.

Byte 0: 00

Bytes 1-128: IR Documentation

Bytes 129+: IR Data.

Mode 1-2 Mile IR, 1 Nile Visible Sectors

first!

Byt e 3+: Visible data.

Modes 2 and 3 � 2 Nile IR and 2 Mile Visible or 2 Mile IR and 3 Nile

Visible Sectors

One IR record is written, followed by four visible records for each

satellite rotation. The IR record has the sane format as the mode 0 IR

record. The visible records have a length of 256 times the horizontal

coverage code. Their format is:

Byte 0: 02  the averaging number!

Bytes 1-2: Starting pixel number + 512  in binary, low order byte
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One IR record, followed by two visible records are written for each

scan. The IR records have the same f orna t as the '.Lode 1 vis i.ble records

except byte 0 is 04 for <lode 2 and is 06 for Aode 3.

Mode H � 1/2 Iiile Visible Only Sectors

Byte 0:

Byt es 1-128 1R Documentation

Bytes 129-1136: Visible Data, Line 1

Bytes 1137-2144: Visible Data, Line 2

Bytes 2145-3152: Visible Data, Line 3

Bytes 3153-4160: Visible Data, Line

Bytes 4161-5168: Visible Data, Line

Bvtes 5169-0176: Visible Data, Line 6

Bytes 6177-7184: Visible Data, Line 7

Bytes 7135-8l.92: Visible Data, Line 8

Permissible Horizontal Coverage Codes  in Pixels at Specified

Resolution!

'.Vidth in PixelsCoverage Number

VisibleIR

509383

765639

1021

12771151

1407 1533

17891663

One 8193 byte record is written per satellite rotation. Horizontal

coverage is fixed at 1008 pixels and no other coverage is available at 1/2

nmi resolution. Each record has the following format:
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2O451919

23012175

25572431

2687 2313

30692943

33253199

35313455

39333711

SAVE-TAPE FOR L4T

A McIDAS image save-tape contains two dimensional digital image sectors

prepared on the iicIDAS system from a variety of image sources. The first

record on a save-tape is an image directory  header record! containing des-

criptors necessary to the definition of each of the image sectors contained

on the tape. Following the directory record are up to 16 image sec ors in a

blocked format. The image sectors are composed of 3 bit samples �-225! ~

Tnere are no .iND-OF-LIIES between the ima e sectors. The tape mode is 9

track � binary {odd oarity! with dOO or loOO bit per inch  BPI! packing

~lcIDAS save-tapes are generated by a iarris / 5 computer which usesdens i ty.

a 24-bit word si=e. The following tape format is therefore described in

terms of 24 bit words.

Directory Record �25 words!

There are 16 sets of descriptors in the directory record, each com-

posed of 14 parameters; the first 14 words for the first sector; the second

14 words f' or the second sector; etc. This gives a total of 224 words for

the descriptor sets. An additional word containing an operator assigned

tape label number makes the directory record 225 words long. If there are N

image sectors on the save tape where � < Vi < 16!, there are N sets of



Words Contents

l-l 4 Bescriptor set 1

Descriptor set 2

>09 Descriptar set 16

Tape Vumber

A Descriptor Set contains the following parameters:

Parameter  All Inte ers!Word.

SSYYDD  source-year "day of image!

source

YY = last two digits of year

ODD day number

HH.'LOESS   Creenwich t ice of image !

HH = hour

minute

SS = second

ULiiV  line coordinate of upper left hand

corner of image!

UELE  element coordinate of upper left

hand corner of image!

descriptors def ined. The last l1 sets of descriptors parameters where  .'1

16 � iV! are set to -1. A directory record can now be defined as follows:
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lflLRR  data scale and resolution in the

line direction!

;LLL = magnification or repetition factor*

RR sampling format*

'QKR  data scale and resolution in the

element direction!

magnification or repetition factor+

RR = sampling factor"

KL ~  image massaging codes!

SRI  source-reel identifier!

' he SRI is the licIDAS serial nu~ber of

original source tape from which the

image sector was derived.

Set to 0  unused!

Set to 1  unused!

LPU"LLI l  number of rows in image sector!

iiU'.EL'  number of columns in image sector!

YYDUD  year-dav when image sector was13

pr oduced on .'Lcl DAS!

HLL:L>LSS  hour~nute-second when image14

sector was generated on:1ciDAS-Central

Standard Tine!

If this parameter is set to 0, it is assumed to be l.
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Ima e Sectors

1. There are 6723 3-bit bytes per record �241 words!.

o720 bytes per record are used for data. The last 3 bytes � word!

contain a record sequence counter which may be used to aid in detect-

ing or recovering from tape read errors.

The number of columns  NUiiELE! in an ' image sector  referred to as a

"digital area" on McIDAS! is always an integer multiple of 336. The

maximum allowed is 3360.

2.

3.

multiple of the number of rows per tape record.

c'.sample 1

500 rows by 672 column  standard;.Ic?DAS image sctor size!

6720/672 = 10; therefore each tape record will contain ' 0 rows.

The entire image sector will be recorded on 500/l0 ~ 50 tape records.

Ezampie

lOU" r ows by 1003 c olumns

6720/1008 = 6 2/3; therefor" each tape record will contain 6 rows.

The entire image sector will be recorded on 1UU2/o 167 tape records.

Ima e Source Codes  Octal!

S'IS-I Visible

Si4lS-I IR

GOES-1 Visible

GOES-1 Infrared

20

21

4. '<ows are not split between records. The maximum number of whole image

sector rows that can be stored in 6720 bytes will be written in. one

record, with any remainder of the 672U byte record lef t undef ined.

5. The number of rows �U'ALIA! in an image sector is always an integer
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GOES-2 Visible22

GOES-2 Inf rared23

GOES-3 Visible

GOES-3 Infrared25

Image iiessa in Codes

Data Operator

Denotes no operator

Left earth edge correc ion

Right earth edge correction

Both earth edge correction

Low pass filter

High pass filter

Dynaraic range stretch

Laplacian applied

Gradient applied

Enhance>vent app lied

'EMOTE;

f legs

applied

Tn the image massaging descriptor word, the order of the operator

 r' ht to lef t! designates the order in wnich the operators were



409

Appendix V.

em + ~

~ ~

424

Ordering Data From the EROS Data Center,
Availability and Ordering of LANDSAT Data

Availability of Data.
User Services 92 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~

Main Image File
LANDSAT Micrographic Accession Aids System.

Zones Within the Worldwide Reference Syst
LAN DS AT Ca t a lo g Mi c r of i che .
LANDSAT Li stings.
System Organization
System Usea ~ ~ ~ ~ 0 ~ ~ 1 ~ ~ ~ ~ ~ ~ ~

LANDSAT Data Products

Kotographic Products
Slack and White

Co lor. ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~

Digital Magnetic Tapes.
High-Dens i ty Tape s.
Compute r. Compatible Tapes

Ordering of Data.
Specification of Desired Product.
Selected LANDSAT Coverage
Ma jo r Me tr opo li tan Areas�.
St anda rd Pr oduct s

Pr epayme n t ~ ~ ~ ~ 4 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~
Standard Request System
Custom Produc'ts ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ t ~
Priority Service% ~ ~ ~ ~ ~ ~ ~ 4 ~ ~ ~ ~ ~
Visitor Assistance.

Order. Forms and Price Lists for LANDSAT Data

Products ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

411

412

412

412

414

414

414

416

416

416

417

418

418

418
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Appendix V. Orderin Data from the EROS Data Center

The EROS Data Center archives and disseminates all LANDSAT data

received at U.S. operated ground stations. This includes all data of the

U.S. as veil as some daLa from other regions of the earth. The EROS i'iain

Image File used to catalog LANDSAT imagery references all these images and

all images acquired by foreign stations. T'nerefore, in principal, a search

oi tne EROS data directory vill point to all images archived at all data

centers for the region and time specified.

The EROS Data Center also archives aircraft data from selected govern-

ment missions.

The remainder of this section contains section 8 and Appendix A of the

L'DDSAT Data U"er's Handbook describing the ordering of data and providing

samples of ordering forms.
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AVAILABILITY AND ORDKRING OF LANDSAT DATA

Availability of Data

User Serrices

The availability of Landsat data over a spe-
cific area of interest may be determined by
several methods. The scene identification
number can be obtained by consulting a cata-
log, obtaining a computer listing, or using
other accession aids. A computer listing  fig.
8-1! of the scene identification number s! may
be obtained from the EROS Data Center after

specifying the area of interest, The primary
method of indicating the area of interest is to
use geographic coordinates specifying or de-
limiting 'he area. These coordinates can be
either a single point, the corners of a rectangle
or square. or a polygon  for a polygon, up to
eight corner points may be used!,

A second manner of indicating an area of
interest is to use path and raw numbers ob-
tained fram the Worldwide Reference System
 page 5-9 to 5-31!.

Another acceptabie manner of inquiry is to
furnish a map showing the respective area oi
interest. This map must contain sufficient in-
formatian  latitude and longitude, place
names, political boundaries! to enable the cus-
tomer-service representative to determine the
geagraphic caordinates of the area of interest.

Extreme care should be taken by the re-
questor ta identify his specific area of inter-
est and to provide information on acceptable
cloud cover and quality  see inquiry form
9-1936, Appendix A!.

User Services provides customer assistance
and ordering information for all users of EROS
Data Center products. Its primary function is
to respond to requests for information on avail-
ability of Landsat  and other! data and process
orders from the EROS Data Center's photo-
graphic and  or! magnetic tape holdings. Re-

quests for information are received at the
User Services Section by letter, telephone,
telegraphjtelex, and in person at the Visitor
Assistance Unit  p. 8-12!, and also at offices
of U.S. Gealagical Survey National Carto-
graphic information Center  NCIC!, which
works closely with EDC. Orders may be placed
in person or by maii  see p. 8-10 to 8-12!.
lnfarrnation about available Landsat data is

provided to NCIC offices through camauter
terminals and  or! by telephone; in turn. NCIC
offices accept orders from the public and proc-

ss them through 'he EDC computer. NCIC
offices where information may be obtained and
orders placed are as follows:

U.S. Geological Survey Eastern Mapping
Center

Room IC105. National Center, Stap 536
Restan, Virginia 22092
�03! 860-6336, FTS 928 � 6336

U.S. Geological Survey Mid-Continent Mapping
Center

1400 indeperjdence Road, Rrn 231
Rolla, Missouri 65401

�14! 364-3680. ext. 107, FTS 276-9107

National Space Technology Laboratories.
Building 1100, Room 218

Located at: Bay St. Louis, Mississippi
mailing address: NSTL Station. Mississippi

39529

�01! 688-3544, FTS 494-3544

U.S. Geological Survey Rocky Mountain
Mapping Center

Room H-2206, Building 25, Denver Federal
Center

mailing address: Stop 504, Box 25046, Federal
Center

Denver, Colorado 80255

�03! 234-2326, FTS 234 � 2326

U.S. Geological Survey Western Mapping
Center
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humain Image File

Zone Rowsnode

Descending
Ascending
Descending
Ascending
Descending
Ascending

s ~Q
184-243
41-100

144-203
101-143
244 � 248

%orth

Salt tn

Polar
{cofttbtned!

8-3

Room 122, Building 3
345 iVIiddlefieid Road
Menlo Park, California 94025

�15! 323-8111, ext. 2427, FTS 467-2427

information on the over 250,000 Landsat
scenes  and over five million frames of aerial

and other space photography and imagery! is
stored in the EDC computer. This data base
of photography and imagery is known as the
EDC Main Image File  MIF!. The Landsat por-
tion of the MIF contains information for every
Landsat scene ' stored at!he EROS Data Cen-

ter. This information includes the following
items:

scene identification number -'

geographic coordinates
cloud =over indicator

quality for each individual oand
date of exposure
image type
path-row indicator
microfilm location of image
accession format

storage location at EDC
digitized '.ormat availability.

A user inquiry can specify a geographic
point, a point and radius, a rectangle described
by latitude and longitude limits, or a polygon
of uo to e,ght sides. In addition, the user can
specify images with a maximum cloud cover,
minimum quality, and  or! Cate s! of coverage.

From the accession data displayed, the user
may obtain microfiche or microfiim of the de-
sired scene and visually select the imagery
best suited to the application.

Terminal requests may be processed im-
mediately or, as an option, delayed for over-
night processing. Standing requests are en-
tered and processed in batch mode and

A Landsat scene is iierein defined as the single MSS
band 8 image iLandaat 3, aSCe~ding naael. the fOur MSS
magee lLandsatS 1 and "', the five MSS images iLandsat 3,

deSCe~ding Oadeh the 3 RBV imagea ~Landaat 1 and 21, Or
tne a Rev subscenes tLanosat 3!.

-' The 9- ar 10-character scene framei identification num-
ber for Landsats I, 2, and 3 indicates by which satellite the
data were acquired, days after launch. and time of exposure
in haurS. ~inuteS, and tena af seCanae GreenwiCA mean
time. !See figure AE-11. p. AE � 10, for explanation of the scene
i.e.. frame. identification number!.

compared to Landsat data acquisition for a
given period. Accessions of interest will be
listed and sent to the requestor.

Upon completion of an inquiry resulting in
identification of accessions of interest, an or-
der can be placed through the User Services
Section at EDC or at an NCIC office if deemed
more advantageous. In addition, an order can
be automatically processed as an option of
the Standing Request System  SRS!.

Landset Pvlicrogrophic Accession
Aids System

The EROS Data Center  EDC! has developed
an inexpensive, user-oriented geographic ac-
cession aid system in which the descriptions
of all Landsat accessions are stored on micro-

',iche filfn records. This system is ba ed on the
Worldwide Reference System  WRS!  p. 5 � 9
tO = � 31!. a net'stork Of interSeCting paths and
rows vhose junctions define the nominal scene
centers of Landsat scenes. The zone, path,
and row notation is the pnmary storage and
retrieval key for the microfiche records. Each
microfiche record shows the accession descrip-
:ions, for as many as 60 Landsat nominal
scene centers, as computer listings. Users of
the Landsat accession aids system will need
WRS maps of their regions of interest to iden-
tify the path-row points 'or which data are
desired. To use a WRS i'ndex map. it is neces-
ary only to locate a point on ',he ground and

then determine which is the closest path-row

intersection. For example, the intersection
nearest to Washington, D.C. is Path 16,

Row 33.

Zones Within the Worldwide Reference

System
The Worldwide Reference System has been

divided into three zones. Each zone represents

a group of as many as 60 WRS rows  fig. 8-2
for descending node!. These zones are:
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FIGURE 8-2.� f.andsat microfiche systems index, showing representative paths  oroits!, seiecteci rows, and zones
 row grotroings! in descending node.
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100 x03
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93 196

246

51 234
91 194

244
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FIGURE 8-3.� Format ot the Lartdgat rrricrcliohe reCord

A 20-row overlap has been made between
the North and South zones. Each microfiche
represents the Landsat data for one path in
one zone, and the overlap enables users to
confine their microfiche collection to one zone
for any country.

Lanaiaat Cataiefj Mica93ficta ~

Each microfiche is a single film chip, meas-
uring 105 mm by 148 rnm, containing an eye-
readable header section, and microimages
�4 x reductions! of computer listings of as
many as 60 Landsat WRS scene descriptions.

A diagram of the microfiche layout is shown
in figure 8-3. The narrow band of data at the
top of the record is the header and shows path
number, row numbers, zone designation, date
range, accession types, and an indicator of
daytime or nighttime coverage, Almost all
Landsats 1 and 2 scenes were acquired during
daytime passes..

The microimages of the computer listings
are presented in a 10-row by 6-column matrix,
which accommodates the 60 potential path/
row positions. Each microimage position is al-
located to a unique row number within each

:A very few nighttime SCenee were aCquired, far speaial
studies. as the indexing system in use pnar ta handset 3
Cauld nat arcammadate theee nighttime SCeneS. they were
nat entered inta the Camputerazed lixting.

zone. Position No. 1 {upper left-hand corner!
is reserved for rows 1, 41, or 101, respectively,
for North, South, or Polar Zones.

Landsat Listings

Each microimage of a computer listing for
a dedicated path and row intersection is for-
matted as shown in figure 8-4. The computer
listing is explained in table 8-1. Path/row
scene centers for which no Landsat scenes

exist will show a "NO ACCESSlONS" display.

System Organization

The key to organizing Landsat microfiche!s
given in the header. The primary subdivision
is by path. the secondary subdivision is by
zone  implying specific tow groupings!, and
the third is by date.

A geographic filing system may be based on
the pathS CrOSSing and bOrdertng a uSer" S area
of interest. Normally, a region will fall within
one of the three zones. The United States, for

example, is covered by Paths 11-51, which
are enclosed entirely within the North Zone,
All current accessions can be listed within five

date ranges: 1972 � 74, 1975, 1976, 1977 and
1978-present. The total microfiche file for any
specific area can be determined by multiplying
the number of paths by the number of date
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LANDSAT 'J N IT R E CORD

MICROGRAPHIC ACCESSION AIDS SYSTEM

1'RS DATA LISTINGS - Phase I arid II

PATH gg ROI4 ~ 'LANDSAT

IMAGE C C
A DUAL CLD 0 C

DATE T SEN 45678 COV L MICROPILM T CENTER COORDINATES

Phase I Microfiche

SCENE ID SP

~ Q QQ ~ QQ Q ~ Q I
05/21/76 I MSS 8888 10'Z 1100510441 N34I�3M595 k084015MOr!S 85452'1456050000
07/14/76 1 4ISS 5888 10Z 1100500013 N340338595 N084D15lvOOS 85398'1500050000
08/10/76 2 MSS 8888 10 2100210812 H34037M595 N084DOONOOS 525661524150000

PhaSe 11 MiClaffChe
PA 8 ~02 Rov 036l L'NDsAT

5 IMAGE C C DIGIT
UU/iL CLS 0 C OVAL

DATE T SEN 45678 CDV L MICROPILM T 45578 CEHTER

A~Ill � ~ ~I � coi io~Q
09/30/78 3 MSS 58888 10'Z 3100210830 Y 88888 N3403c."OOS N08401CMOOS RSV l0 /S lOZ/8 00./S 'IOX/S 8888 8345315241 0000
loi'18/78 3 Nss =5555 20 7 310022c633 Y 77777 y34030M595 u084000M595 Rsv;Dx/8 20../8 0 /8 lOz/8 8888 83562152 450000
I 'I/13/78 3 >SS c8558 10' 3I00230438Y 88888 N34020",,OOS "084DISMOOS RBV iO /8 ',OZ/7 10"/710 /8 8888 83566'14560 0000
12,'01/78 3,.SS 85888 '0 3100240520 Y 88888 !134033MOOS N084LR5vIOOS RB'V CG /7 OOZi'5 00./7OOZ/5 8788 835691500050000

FIGURE ~.� Format ot computer Iietiilg for a dedicated path and row as shown ori microfictie: Phase I, poor to m-
plementation of IPF' EOIPS; Phase If. after implementation of IPFiEDIPS.

'O. SCENE ID.� A 13-character identification number
unique to each ' andsat scene which is used for
product ordering.

II. SP  Speci'al!.� Denotes a non-standard product as-
-ociated with the specific accession, e,g.. digital
enhanced version available. nonstandard bands
used in color composite, and so forth  see STA!.
Suggest contact with EROS Data Center prior to
o rd erin g proa ucts.

TABLE 8-1,� Computer listing key

blocks. Therefore, the U.S. ',ile will total 205
microfiche �i. paths x 5 date blocks!. For-
eign coverage obtained from non-U.S. ground
receiving stations '  table 8-2! may be or-
ganized in a similar manner.

Systiazzs Use

Using the Landsat micrographics accession
aids system requires only the appropriate WRS
maps, a microfiche reader �4 x magnifica-
:ion iS reCOmmended!, antf the microfiche aC-

' Several Landsat data reception and prOceaaing statians are
operated by Government ar Government subsidized arganiza.
ticne or agenCiea in Other Countnea under agteementS with
the National Aeronautirs and Space Administration, These
stations are capable of directly receiving Landsat data
acauired over a circular area with a radius of about 3,0oo
am fram the StatiOn.

l. DATE.� Indicates the month, day, and year that the
magee were taken. Dates are liSted Sequentially,

with earliest date first and most recent date ast.
2. SAT  Satellite.i � l. 2, or 3,lor Landsats 1, 2, or

3. respectively.
3. SEN  Sensor!.� Ivi SS for Multi spectral Scanner.

RSV for Return Seam Vidicon.
4. .'MAGE QUAL lQuality!.� Each black-and-white

band is rated in sequence by s 2  Pcor!, 5  Fair!,
or 8  Gaea!. 0 or M indicates a missing band. Color
composites are rated on a 0-9 scale with 9 indi-
cating exce lent quaiity.

5. CLD CLV  Cloud "aver!.� Percentage of image ob-
scured by clouds ana cloud shaclows.

6. COL  Color Composite!,� If a color composite has
been made from the black-and-white images, its
quality designator is shown.

7. MICROFILM.� Indicates  or "shows" ! the cassette
and frame number  for Landsat images acquired
prior to the conversion to microfiche records!.

8, CCT  Computer Compatible Tape!.� Indicates the
availability of a CCT by one of the three categories:

N, scene cannot be processed and will never be
available
y, scene has been processed and can be ordered
P, scene has not yet been processed; may or may
not be processable

9. CENTER COORDINATES.� The latitude and longi-
tude of the scene center in degrees, minutes, and
seconds.

OIG
CLOUD COVER//IMAGE DUAL QUAL

COORDINATES SEV A e C 0 ABCD SCENE IO SP



YABLE 8-2. tntetnationat t.andsat ground stations n
operation, Deoentber f977

Location of
Country Receiving Stahon Address inquiries to

Canada Prince Albert
Saskatchewan

User Assistance
Canada Centre for Re-

nlote Sensing
Department of Energy,

Mines and Resources
717 Belfast Road
Ottawa, Ontario. K1AOY7
Canada
Instituto de Pesttuisas

Espaciais  INPE!
Attn: Divisao de Banco

de Dados
Av. Dos Astronautas,

f 758 � Caixa Postal
5]5

f2,200 � Sao Jose dos
Campos

S.P.� Brasil
Telespazlo
S,P.A. Per Le COmmuni-

cazioni Spazlali
Corso d'ltalia 42
00f98 Rome, Italy
Attn: Mrs. G. Calabresi

St, John' s,
ttewfoundland

Brazil Cuiaha,
Mato Grosso

Italy FucinO

cession aids. The following procedure is
suggested:

a. Select the proper WRS map, and locate
your area of interest.

b. Define the WRS paths crossing and bound-
ing the selected area.

c. Note the zone s!: North, South, and  or!
Polar.

d. Choose the date range of interest: 1972-
74, 1975, 1976, 1977, 1978-present
 Narth America date range breakdown!.

e. Extract the apprapriate microfiche  path,
zare, and date dependent! from the file
and insert in the reader.
Move microfiche holder so that images
 rows! of interest can be viewed.

g. Note selected accessions for ordering
itnagety or viewing on microfilm.

h. Continue for their paths and rows until all
scene information is obtained.

to 100 cm. and several kinds of digital tapes
 table 8-3!. The ways in which these praducts
are made are described in the section on

"Landsat Data Handling and Processing"; the
products are described in detail in Appendixes
E  Photographic Products!, F  Computer-Com-
patible Tapes!, and H through K  High-Density
Digital Tapes!,

Photographic Products
Slack ossd White

Black-and-white products ranging in nomi-
nal image size from 56 mm �:3,369,000
scale! to 740 mrn �:250,000 scale! are avail-
able as standard products from the EROS Data
Center, The specific products are listed in
table A � 3 and described in detail in Appendix
E.

Black-and-white products produced and dis-
tributed by the EROS Data Center come from
two basic sources: 56 mm �.3,369,000 scale!
second-generation negatives  N-2! provided
by the NASA Goddard Space Flight Center
Processing Facility  NDPF!, and 185 mm
�:1,000,000 MSS! and 198 mrn �:50,000
RHV! first generation negatives produced by
the EROS digital itnage processing system
 EDIPS!. The NDPF negatives are produced
fram postive transparencies exposed by an
electron beam recorder; the EDIPS negatives
are expased by a laser beam recorder from
digital tapes provid d by '.he NASA GSFC tm-
age Processing Facility  lPF!, A limited num-
ber of Landsat 1 and 2 scenes .vere processed
from Octaber '.976 through March 1978 by the
EDlPS pHot system, knawn as EDIES  for
EROS Data Center digital image enhancement
system!. The characteristics af the EDl ES
products are similar to those from the produc-
tion system  EDlPS!; EDlES photographic prod-
ucts are available from EDC.

Color

False-color composites are available as posi-
tive transparencies at a scale of 1:1,000,000

I.andsat Data Products

A wide variety of Landsat data products are
available fram the EROS Data Center. These
include black-and-white and color photographs.
in nominal image sizes ranging from 56 mm

' N, negative: P. positive; number following, generation,
CcmmenCing w,tfi I FOr the initial expceed film. either pcei-
tive o» negative, and inoreaeing oy one generation for each
succeeding product  for example, the negative produced by
GSFC from their 1st generation positive exposed by the elec-
tron-beam recorder, and furnished to the EROS Data Center,
is Seocnd generat~cn [N-2]; pOS:tive printS made fram the
N-2 are P-3, and so on!.
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TA8l E 3-3.� Lattdsat data ptaducts

Digital
Magnetic

TapesBasic Sources False-Color CompositesBlack and white

56 mm P-3 transparencies
56 rnm N � 4 transparencies
185 mm P-3 transparencies
185 mm N~ transparencies
185 mm P-3 prints

1:1,000,000 scale
370 rnm P-3 prints

1:500,000 scale
940 mm P-3 prints

1:250,000 scale
standard products
100 cm up to 1:100,000

scale custom product

56 mm I N-2-

black and white

negatives

185 mm P-6 transparencies

I NDPP'I

185 mm N-].
black and white

negatives

56 mm P-2 transparencies
185 mm P � 2 transparencies
185 mm N-3 negatives
185 mm P-2 prints
370 mm P-2 prin:s
940 mm P � 2 prints up to

1:100,000 scale custom

185 mm P-3 transparencies

iEDtp<l
'I

185 mm P-3 or

P � 6 false-color

composite trans-
parencies

185 mm P-7 or P-4 prints
370 mtn

940 mm

185 mm P � 7 or PM

transparencies
185 rnm P-7 or PM prints
370 mm P-7 or P-4 prints
740 mm

CCT~Dpp
i XDPP'I

CCTit i P
HDT

CCTr;Dtp.~

' Nominal image size.
� N, negative; P, positive; number following, generation; commencing with 1 for the initial ex-

posed film, either positive or negative. and increasing by one generation for each succeeding product
 for example, the negative produced by GSFC from their 1st generation positive exposed by the
electron-beam recorder, and furnished to the EROS Data Center, is second generation [N-2f; posi-
tive prints made from the N-2 are P-3, and so on.

: NASA � Goddard Space Flight Center, Data Processir.g Facility  initial facility in use until
summer 1978!.

' EROS Digital image Processing System.
NASA � Goddard Space Flight Center, image Proc ssing Facility  revamped facility in use

after summer 1978!.



�85 mm! and as positive prints at scales
1:1,000,000 �85 mm!, 1:500.000 �40 mm!,
and 1:250,000 �40 mm!. The master repro-
ducible color composite positive transparen-
cies from which the color products are repro-
duced were composited either at the NDPF ar
EDC. For Landsats 1 and 2, until June 1978
the source for the NDPF composites were
black-and-white 185 mm N-2's macte from
56 mm P-1 transparencies; for the EDC com-
posites the basic source was black-and-white
56 mm N-2's made from a 56 mm P-1. With
the implementation of EDlPS, the basic source
for Landsats 2 and 3 is 185 mm �:1,000,000
scale! N-1's. A limited number ai false-color

composites were made fram the pilot image
processing system  ED!ES!, and are avaiiable
from EDC. However, for all false-calor com-
posites, whether produced at iVDPF or EDC,
three black-and-white 185 mm positive trans-
parencies are 'composited"; the manner in
whichthis is dane, and the types of color prod-
ucts available are described in detail in Ap-
pendix E.

Digital Magnetic Tapes

Landsat sensor data are available fram the
ERGS Data Center in two digital formst high-
density tape  HDT! and computer-campatibte
tape  C"T!. These digital data may be obtained
far either the RBV or MSS sensor as only ra-
diometrically correctea. referred to as "par-
tially processed," or as both radiometrically
and geometrically corrected, referred ta as
"uily processed," Digital scenes include all
bands available. Radiometric correction in-
cludes data decompression ta a dynamic pixel
range af 0 � 127 and compensation for MSS
detector gain and offset changes. Geometric
correction inctudes compensation for distor-
tions caused by tl-.e sensor, spacecraft attitude
and altitude variations, and Earth rotation.
Atso, during geometric correction, ground con-
trol point detection and map projection trans-
formation are performed on the image data.
Hotine Oblique Mercator  HOM!" projection
witt be the standard projection on which the
processed HDT's and CCT's are cast initially;
Space Oblique Mercator  SQM! projection will

i The difference between the I-lOM and SOM are very small,
and will only be either apparent or of concern to users with
elaborate ano precise computer prottrams  A.P, Colvooeresaes,
written communication. 197tt!.

replace the HOM when the formulae ancl com-
puter programs are worked aut. Either Univer-
sal Transverse Mercatar  UTM!, for latitudes
between 65= N and 65' S, or Polar Stereo-
graphic  PS!, for latitudes above 65' N and be-
low 65' S, may be specified at extra cost.
Partially processed tapes contain the data
necessary to process the data to the two pro-
jections, HOM and either UTM or PS, depend-
ing on tatitude, as discussed above.

Hist is-Oetssity Tapes

The digital data are transferred from the
iVASA Goddard Space Flight Center image
Pracessing Facility to the EROS Data Center
in ',he form of HDT's, The data content is sub-
stantially the same as that an the CCT, The
HDT is 14-track 1-inch magnetic tape with
data encacied at 20i000 bits per linear track-
inch. One track contains a standard telern-
etry lRtG-A time cade, 10 tracks contain the
data, and three tracks are unusect. The HDT
can be ane of four types; HDT � PM, HDT-AIVI,
HDT � PR, OR HDT-AR. The "Mn and uR" refer
to the sensor that provided the data an the
tape, MSS ar RBV. The uP" and "A" refer to
the data as being 'fully processed"  radiomet-
rically and geometrically corrected! or "par-
tially processed"  only radiametrically cor-
rected!, respectively. Once at EDC, an HDT-P
is used ia produce all the standard praducts
available. Detailed descriptions af HDT's are
given in Appendixes I  HDT-PM!, H  HDT-
AM!, K  HDT � PR!, and J  HDT-AR!. The corn
piete appendixes are not routinely included in
:he l andsat Data Vser Handbook. Revised.

because of their length and expected limited
demand, but they may be obtained upon re-
quest to Vser Services, ERGS Data Center,
Sioux Falls, South Dakota 57198.

Comptt ter-Cotttpatibie Tapes

A computer-compatible tape  CCT! is a
standard 2400 foot reel of 1' inch magnetic
tape. A CCT can be requested in either 9-track,
800-bpi, ar 9-track, 1600-bpi  bpi, bits per
inch! format. A CCT set is the equivalent of
ane MSS scene or one RBV subscene. The

MSS scene CCT can contain data for 1, 4, or
5 bands, depending on whether it is for des-
cending or ascending noae coverage. Landsats
1 and 2 have four MSS bands, Landsat 3 has

8 � 9
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P re payment

Custom Products

8-11

Four types af photographic products and
two types of CCT's are available. The "stand-
ard" phatographic products include black-and-
white and false-color film transparencies and
prints produced from:

1. NDPF/EB R
2, EDIES/HRFR
3. IPF/EDIPS
4. Specially processed  enhanced! I PF/

EDIPS products.

The two types of CCT's are those produced by:
1. NDPF, called "X-format"

2, IPF/EDIPS, called "A and P formats"  Ap-
pendix F!.

All orders for reproduction of data must be
accompanied by cash, check, money order,
purchase order, or authorized account identifi-
=ation. Checks, money orders, purchase or-
ders. and atl'.er instruments must be made
payable to the "U.S. Geological Survey." Cur-
rency should not be sent but may be usea ta
pay ',ar products ordered during a personal
visit to the EROS Data Center or ane of the
facilities authorized to place orders and re-
ceive payment.

Standing or open accounts may be estao-
lished by users having a need for repetitive
and continuing arclers. A standing account
may be opened by aclvance deposit of funds
pith the EROS Data Center. The user vill be
given an account number against which to
place all subsequent orders. Status of stand-
',ng order accounts will be provided by a
monthly statement. Accounts may be added to,
or a refund of the unused portion obtained,
at any time.

Checks drawn on foreign banks will not be
accepted due to conversion charges anal in-
ternational documentation requirements; pay-
ment should be processed through a U.S. Fed-
eral Reserve bank, which will send the draft
 payable to the U,S. Geological Survey! to the
EROS Data Center.

Standing Request System

The EROS Data Center Standing Request
System is intended to provide Landsat data

users with several options for obtaining data
or information on a regular and timely basis.

The two basic aptians within the system are:

1. Automatic reproduction of data of an area.
This option provides the most expeditious
method for acquiring data that meets the
customer's criteria over a specified area of
interest. A standing account must be es-
tablished and maintained to satisfy the
prepayment requirement for orders.

2. Routine provision of information about the
data acquired over the area s! of interest.
This option allows the customer to select
and order specific scenes of area s! of in-
terest; unlike Optiori �!, however, the cus-
tomer must place an order, in the normal
manner, each time data are desired,

Custom processing of iandsat data to
unique scales and  or! formats is available.
This service normally takes longer to perform
and costs three times as much as standard

products of similar types and sizes.
Custom processing must be specified on the

order '.orm. and the requirements exolicitly
i dentified.

Priority Serrice
A priority system for rapid delivery of

Standard Products is availabie. When a prior-
ity order is specified, products will be shipped
ta 'he user vithin five workirg days after the
order is rec ived and the items requested are
verified. Certain requirements must be met to
aUalify for priority service. only a standard
product may be ordered, the product must oe
exac',ly identified, and paytnent must accam-
pany the order  or sufficient funds must be
available in the standing accaunt!. Further, the
master reproducible must be available at the
EROS Data Center. An item produced on a
priority order costs three times the standard
price for that product. The submitted order
form must be clearly marked "PRIORITY," If
an order cannot be filled on a priority basis,
the customer will be notified and, if the cus-
tomer desires, the order will be filled routinely
at the standard price. In that event, the excess
payment will be refunded  or not withdrawn
from a standing account!,
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8-l2

Visitor 4ssistance
7he Visitor Assistance Unit contains refer-

ence materials for Landsat and other data;
microform  microfilm or microfiche! copies of

data are available for viewing, and assistance
in inquiring and ordering is provided. Com-
puter listings ordinarily may be obtained dur-
ing a visit.
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ORDER FORAGES AND PRICK LISTS
FOR LANDSAT DATA PRODUCTS

AA-1

This appendix includes illustrations af the
farm to request a computer search of l andsat
imagery and of farms to order �! standard
products, �! selected Landsat coverage af the
U.S.  by path and raw!, and �! major metro-
politan areas!n the United States. These farms

may be obtained from the EROS Data Center,
User Services, Sioux Falls, South Dakota
57198 l telephone: �05! 594-6511, extension
151; Federa I Tel ecammuni cation s System,
784-7151 j.
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APPENDIX VI. HCNM Data Availability and Cost

The IPF  Image Processing Facility! produces monthly catalogs of available

HCM imagery. Information is li s ted chronologically by scene ID. The

format of the catalog is shown in Figure VI-l. Accompanying explanatory

notes are contained in Table VI-l.

VI-2 ',Vational Space Science Data Center  NSSDC!

HEI data and catalogs generated by the GSFC IPF are archived and available

from NSSDC. The iVSSDC will furnish Limited quantities of data to qualified

users without charge. The iVSSDC may establish a nominal charge for produc-

tion and. dissemination if a large volume of data is requested. Whenever a

charge is required, a cost estimate will be provided to the user prior to

filling the data request.

Domestic requests for HC<44! data should be addressed to:

i1ational Space Science Data Center
Code 601

'.lASA/Goddard Space Flight Center
Gr eenbe 1 t,:!D 207 7l

All requests from foreign researchers for ICE data archived and available

through 'ASSDC must be specifically addressed to;

Director, World Data Center A for Rockets and Satellites
Code 601

VASA/Goddard Space Flight Center
Greenbelt, AD ZU771 USA

When ordering data from either NSSDC or the World Data Center, a user should

specify why the data are needed, the subject of his work, the name of the

organization with which he is connected, and any government contracts he may
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have for performing his study. Of course, each reques t should specify the

experiment data desired, the day and area of interest  i e., latitude and

longitude! plus any other information that would facili tate the handling of

the data request.

A user requesting data on magnetic tapes should provide additional inf or-

mation concerning the plans for using the data, i. e., what computers and

operating systems will be used. In this context, the VSSDC can provide data

tapes with physicaL characteristics that are appropraite for the user's

computer. iVSSDC will provide, upon request, information concerning its

services.

When requesting data on magnetic tape, the user must specify whether he will

supply new tapes prior to the processing, or return the original iVSSDC tapes

aiter the data have been copied.

A HC'fA data product ox'der form follows along with instructions for complet-

ing the form. Additional forms may be obtained from iVSSDC/World Data

Center-A.

VI-3 "uropean Space encv

HDi~ilf data acquired at Lannion, France, may be ordered from:

Farthne t User Services

Via CaliLeo Balilei

C. P. 64

UU044 Frascati

Italy

Data products generally are in agreement with VISA specifications. The

quality of recordings is generally very good.



439

ORDER FORiv1

HCMM SATELLITE PRODUCTS

 I!

DateName

Address

StateCity Zip

National Space Science Data Center
World Data C enter A for S atellites and Rockets
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HOW TO ORDE3. HEAT CAPACITY HAPPIiMG fISSION { HCM! DATA PRODL'CTS

List name, address and date.

2. f.ist scene ID. Longi tude  LON! and lati tude  LAT! should be listed in

the event of two or more identical scene IDs  the full orbit should be

scanned to ascertain the presence of identical scene IDs!.

3. Use this block only when ordering temperature dif ference and thermal

inertia data products which require the registration of two scenes.

4. List product code.  From block d!.

Indicate quantity.

o. List unit price.  From block g!.

7. Figure total price.

d. Table of product codes and unit prices.

9. Figure total cost.

lO. 'fail order and payment to address sho~n.
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APPENDIX VII. Ordering DMSP Data from SSEC

This appendix describes what DMSP data products are available from The

Space Science Engineering Center of the University of Wisconsin, the DMSP

library and how it operates, and finally, how one orders DMSP imagery. The

following paragraphs describing imagery production and film density control,

have been taken verbatum from a description sent out by the SSEC.

IMAGERY PRODUCTION
Scale.

Imagery is produced by the ground equipment in a scale of 1 to l5
million  normal node! or I to 7.5 million  expanded node!. Either the
left half, right half or middle half of the data swath may be so expan-
ded.

The image is corrected to remove apparent compression at the edges
of the strip: that is, the image is automatically reformatted to ap-
pear as a strip of flat earth with nearly true horizontal dimensions.

The field of view of the sensor is not constant across the swath and
the resultant loss of resolution at the edges cannot be corrected.

Some of the DMSP satellites are programmed so that the H channel
gain changes rapidly as the sensor scans across the terminator from
night to day. The image signal gain is stepped through several orders
of magnitude and the steps are readily apparent; however, it is possi-
ble to distinguish clouds continuously across the terminator in these
pir tures.

FIL'4 DENSITY CONTROI,

Visual Enhancement:

H and V data film density is linearly proportional to scene re-
flectivity  in daylight! or to see~a radiance  nighttime! unless en-
hancement is added. Low enhancement allocates more of the 16 discern-
able grey shades to the low reflectivity  low radiance portion of the
scene, at the expense of high reflectivity areas. High enhancement
allocates more of the 16 discernable grey shades to the high reflectiv-
ity  high radiance! portion of the scene, at the expense of low reflec-
tivity areas. High-low enhancement allocates 16 grey shades to the ex-
tremes of the signal, i. e., mos t of the scene is reduced to monotone
grey. GWC  Global Weather Central! visual data is usually not enhanced
and the products are not labelled in terms of enhancement when received
at the archive. Images received from transterms  these are the remote
or tactical sites, generally mobile! are of ten. enhanced and are usually
labelled appropriately.
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Inzrared Density Control:

Film density is directly, linearly proportional to scene black
body temperature over. a 100 range  xl!, a 50 range  x2!, or a
25 range  x4!. 'lost GWC infrared. data is in the lQQ range, be-
tween 210o K and 31OoK. Again transterm products vary in range and
are labelled appropriately.
Threshold Node:

The three temperatures, Tl T2 T3 may be set on the image
producer to render all temperatures less than TI as white, between
TI and T2 as light grey, between Tq and T3 as dark grey, and
greater than T3 as black. This convention may be reversed. Thres-
holded data is more frequently produced by transterm sites than by
GNC.

Figure VII-A-I is a sample order form. Figure VII-A-2 is the current

price list. There is no charge for. the positive transparencies which are

loaned to the user. The user is expected to return the'se within an appro-

priate period in good condition. There is a handling and mailing charge,

however, if films are borrowed.

All requests for Di1SP data should be made to:

DMS P Satellite Data Library
Space Science and Engineering Center
The University of '4l sc o ns in
l225 M. Dayton Street
;1adi son, ~Ai "cons in 537 06
6Oi3/262-5335
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A BRIEF DESCRIPTION OF DXSP LIBRARY S RVIGES~

The Def ense lleteorological Satelli te Program  DilS P! is operated by the
United States Aix Fox'ce. Data are archived and distributed by the
University of Wisconsin under sponsorship of the National Oceanic and
Atmospheric. Administration  VOAA!. D'ASP data holdings at the University of
Wisconsin date from Larch 1973. The images are in the form of positive
transparencies which are received from the USAF Global Weather Cenrral  GWG!
at Offut t Air Force Base, Nebraska, and fourteen direct readout sites around
the world. GWG coverage is nearly global; coverage at each dixect readout
site is about 50 in diameter. The width of each GWG pass is about 1400
nautical miles. The format of all ESP data is posi tive transparent film
strips 9 1/2 i.nches wide, from 1 to ~ ieet long.

At the present time, both a dawn-dusk and noon~idnight satellite are
operating.* During each of the fourteen daily orbi.ts of the satellite, i t
is either noon or midnight, or dawn or dusk. at the equator. The satellites
produce both infrax'ed and visual imagery, both day and night. iost data has
l. 5 nm  about 2 7 kilometer! resolution. We receive a limited amount of
data with a r. solution of 1/3 nm, which we supply when availabe.

The trans oa rencies can be reproduced as s li des or ~lossy or mat t e
prints, with negatives available. We charge only for the cost of repro-
duction, ior labor ovex' one hour and for mailing. The originals are
available for research purposes on a three-week loan. gxtensions may be

granted when justified.

The film strips can be kept in archival condition if treated with care.
For example, tape should never be affixed to the surface, liquid must never
be spilled on it and it ought not be written upon.

It will help us fill your request if you can be quite specific when
completing our xequest form. Emphasize details rhat axe most important to
you, such as geographic coordinates, time  local or G"iT!, weather features,
whether. very high resolution is needed, etc.

T This description is distributed by the DMSP library of the University of
Wisconsin and was current as of the summer of 1980.

* This statement is no longer valid.
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KEY TO DiMSP IllAGERY

Da ta types:   DMSP Format !

8 - low resolution visual. Resolution is 1.5 nm with current

satellites, 2.0 nm for satellites operating prior to April

1977. Both day and night imagery is generally available.

I � low resolution infrared. Thermal pictures. Resolution and

availability same as for

V � high resolution visual, 1/3 nm. Limited amount of data

available for many dif ferent geographic areas and times.

V2 � expanded high resolution visual. Picture is twice the normal

width. Resolution is 1/3 nm. Limited geographic coverage.

N � nigh resolution infrared. Same resolution and availability

as V

T - threshold. Used in meteorological research. Limited

availability.

H2 � expanded visual. Same resolution as H. Limited

availability.

Hi h resolution data is supplied when available.

1 nm = 1.1 miles = l.o5 kilometers

For a more comprehensive descr'ption of DllSP imagery, a user's guide is

available on ' oan.
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DMSP COST SCHEDULE*

Labor and Shippin

Labor. required greater. than l. hour per request will
be billed at. . . . . . ~ . . . ~ . . . . . ~ ~ . . ~ ~ . . . ~ $6.75/hour

Photocopies:

~ ~ ~ ~ ~ t ~ ~ ~

~ ~ ~ ~ ~ ~ e ~
~ ~ ~
Slide

~ ~ ~ ~

�x 2!

8 x. l0 negative by contact
o x 10 contact print  glossy!.
B x 10 contact print  matte!

$2.GO
$1 ~ 30
$1. 30

$3. 00
$5. 00

time will be charged propor-

Rev. 8-1-81

* This price schedule was current as of August 1, 1981. Because the prices
change periodically, the user should check with the library for current
prices before ordering.

Figure VII-A-2. DMSP Cost Schedule.

Postage will be billed if request exceeds $5.00

Vegative �5mm, 4 x 5.
3 x 10 glossy print.
8 x 10 matte print
ll x 14 glossy print
11 x 14 matte print.
lo x 20 glossy print
16 x 20 matte print.
35mm Black and 'Wite

United States mosaic  or any continent mosaic!
8 x 10 print o ~ ~ ~ ~ ~ ~ ~ s ~ ~ ~ ~ o ~ ~
11 x 14 print.
 Exception: Australia $2. 50, $3. 50!

Vegatives requiring excessive photographer
tionately.

$2.00
$1.70
$1.70
$3,55
$3.55
$5.55
$5. 55
$2.00
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G LOS SARY

The glos sary consists of two parts: a li s t of terms and a li st of

"acronyms." The li,st of acronyms contains many items that are not "acro-

nyms" per se  "a word [such as radar, snafu[ formed from the initial let-

ter or letters of each of the successive parts or major parts of a com-

pound term" [Webster's Seventh New Collegiate Dictionary, p. 9f!; many are

not words but only a group of initials.

Absorption. The process by which electromagnetic radiation  EMR! is as-

similated and converted into other forms s! of energy, primarily heat.

Absorption takes place only on the E~i that enters a ~edium, and not on

PER incident on the medium but reflected at its surface. A substance

that absorbs F'4R may also be a ~edium of refraction, diffraction, or scat-

tering; however, these processes involve no energy retention or transfor-

mation and are distinct from absorption.

Absorption band. A range of wavelengths  or frequencies! of KM that is

assimilated by a substance.

Albedo'  l! The ratio between the amount of EAR reflected by a body and

that incident upon it, often expressed as a percentage, as, the albedo of

the earth is 34 percent. �! The zeflectivity of a body as compared to

that of a perfectly diffusing surface at the same distance from the Sun.,

and normal to the incident radiation. Albedo is sometimes used to mean

the flux of the reflected radiation, as, the earth's albedo is 0.64 cal-

orie per square centimeter, but this usage is improper and should be



452

discouraged. Albedo may ref er to the entire solar spectrum or. merely to

the visible portion.

Al orithm  computin. terminolo y!. A statement of predefined steps to be

followed in the solution of a problem.

Attenuation. The reduction of electromagnetic signal strength as the sig-

nal propagates through a medium such as the atmosphere or the water.

Attitude.  I, photogrammetry!. The angular orientation of a camera, or

the photograph taken with that camera, with respect to some external

reference system. Usually expressed as tilt, swing, and azimuth; or. roll,

pitch, and yaw.   2, platforms!. The angular orientation of an aerial or

space vehicle with respect to a reference system. Usually, "x" is used

for, the axis that defines the direction of flight, "y" for the "cross-

track" axis, perpendicular to the direction of flight, and "z" for the

vertical axis. "Roll" is the deviation from the vertical  the angle

between the z axis of the vehicle and the vertical axis, or. angular

rotation. around the x-axis!. "Pi ch" is the angular rotation around the

"Yaw" is rotation around the z-axis.y-a xi s.

Back round. Any effect in a sensor or other apparatus ox system above

which the phenomenon of interes t must manifest it self bef ore it can be

Back round noise.  l! Zn recording and reproducing, the total unwanted

disturbance within a useful frequency band, independent of whether or not

a signal is present. The signal is not to be included as part of the dis-

turbance. �! In receivers, the random oscillation in the absence of sig-

nal modulation on the carrier. Ambient oscillations detected, measured,
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or recorded with the signal become part of the background noise. Included

in this definition is the interference resulting from primary power sup-

plies, that is commonly described as hum.

Band s ectral. An interval in the electromagnetic spectrum def ined by

two wavelengths, frequencies, or wave numbers.

Beam width. A measure of the concentration of power of a directional an-

terms. It is the angle in degree subtended at the antenna by arbitrary

power-level points across the axis of the beam. This power level is usu-

ally the point where the power density is one half that which is present

in the axis of the beam at the same distance from the antenna  half-power

tsointa!. Also called the beam ~an le.

Bit.  I! An abbreviation of binary digit. �! A unit of memory corres-

ponding to the ability to store the result of a choice between two alter-

natives, used especially in connection with digital computing devices.

Cell. In remote sensing, an area on the ground from which 2"iR is emitted

or reflected. See instantaneous field~f-view.

Contrast. The difference in light intensity between. the brightest, high-

ligh t s and the de ep est shad ow.

Di ital computer. A. computer in which descrete representation of data is

mainly used. In general, any device that performs arithmetic, logical,

and comparative functions upon information represented in digital forms,

and operates under the control of an internal program.

Distortion. �! Any shift in the position of an image on a photograph

that alters the perspective charateristics of the photograph. Causes of
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Flectroma netic radiation  ENR!. Energy emitted as a result of changes in

atomic and mo le cula r energy states and pr opagat ed thr ough space at the

speed of light. The term radiation, alone, is used commonly for. this type

of energy, although it actually has a broader meaning. Also called elec-

tromagnetic. energy. See electromagnetic spectrum.

Electroma netic spectrum. �! A syste~ that classif ies, according to

wavelength, all energy that moves, harmonically, at the constant velocity

of li ht. �! A continuum that is conventionally broken into arbitrary

segment"  as ultraviolet, visible, radio!.

Emmissivity.  symbol Q !. A. special case of exitance, a fundamental prop-

erty of a material that has a specular sur ace and is sufficiently thick

to be opaque. One may further, qualify it as spectral emmissivity in ref-

rence to a specific band pass. The suf fix -ity implies a property in-

trinsic with a given material, a Limiting value.

Ephemeris. Any tabular statement of the assigned places of a ce J estial

body for regular intervals.

Exitance ~ The radiant flux per unit area emitted by a body or. surface.

Field~f view. The solid angle through which an instrument is sens itive

Due to various effects, diffraction., and so forth. Theto radiation.

image distortion include lens aberration, differential shrinkage of film

or paper, and motion of the f ilm or camera. �, linear scale! Compression

or. expansion of the scale of the imagery in the azimuth direction. It may

be caused by an incorrect film speed. �, non-linear! Change in scale

from one part of the imagery to another.



455

edges are not sharp, and in practice they are defined as the "hold-power"

points  the angle outwards from the optical axis! at which the energy

sensed by the radiometer drops to half its on-axis value. See instan-

taneous field or view, resolution.

G rosco ic stabilization. Equilibrium in the attitude and  or! course of

a ship or airborne vehicle maintained by the gyroscopes.

Image.  I! The recorded represenation of an object produced by optical,

electro optical, optical mechanical, or electronic means. It is the term

generally used when the E'At< emitted or reflected from a scene is not di-

rectly recorded on film. �! The optical counterpart of an object, pro-

duced by a lens, mirror, or other optical system.

Image enhancement. Any of several processes to improve the interpretabil-

ity of an image. These include contrast enhancemen.t, ratioing, spatial

f iltering, and so on.

Infrared  IZ!. Pertaining to or desi-nating the portion of the KN spec-

trumm wi th wavelengths f rom the red end of the vi s ib le s pect rum to the

microwave portion of the spectrum, or from 0.7 pm to 1 mm.

Instantaneous f ield-of view   IFOV! . �! A term specif ically denoting the

narrow field of view designed into scanning radiometer systems, so that,

while about 120o may be under scan, at any one instant only EMR from a

small area is being recorded. �! The field of view of a scanning radi-

ometer with the scan motion stopped. See field-of view, cell.

Kilobyte. In computer terminology, refers to 1024 bytes of core memorary

storage.
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:.Iultispectral. Generally used for remote sensing in two or more spectral

bands, such as visible and IR.

'Aultispectral  line! scanner  HSS!. For Landsats 1 and 2; a line scanning

device that used an oscillating mirror to continuously scan perpendicular

to the spacecraft trajectory. Radiation is sensed simultaneously by an

array of six detectors in each of four spectral bands from 0.5 um to l. 1

pm. The AiSS tor Landsat 3 is essentially the same except for the addition

of a fifth sensor operating in the spectral range of 10.4 ~m to 12eo pm.

This sensor utilizes two detectors as opposed to the six used on the other

four bands. gee ~scannin radiometer.

.'fultis ectral sensin . Employment of one or more sensors to obtain imag-

cry from different portions  bands! of the electromagnetic spectrum.

Nadir. �! That point on the celestial sphere vertically below the ob-

server, or 180o from the zenith. �! That point on the ground verti-

cally beneath the perspective center of the camera lens.

Near infrared. The preferred term or the shorter wavelengths in the in-

frared region extending from about 0.7 micrometers  visible red! to about

three micrometers. The longer wavelength end grades into the ~iddle in-

frared. The term really emphaizes the radiation reflected from plant ma-

terialsg which peaks around 0.05 micrometers. It is also called solar in-

frared, as it is only available for use during the daylight hours.

~Overla  photography!. Amount by which one photograph overlaps the area

covered by another, customarily expressed as a percentage. The overlap

between aerial photographs in the same flight is distinguished as the end-



lap, and the overlap between photographs in adjacent parallel flights is

called the sidelap.

Panchromatic. Used for films that are sensitive to broad band  the entire

visible part of spectrum! EAR, and for broadband photographs.

Picture element   ixel!. A unit whose first +ember is a resolution cell

and whose second member is the gray shade assigned by a digital count to

that resolution cell.

Pitch. �, air navigation! A rotation of an aircraft about the horizontal

axis normal to its longitudinal axis so as to cause a nose~p or nose-

down attitude.  Z, photogrammetry! A rotation or the camera or of the

photographmoordinate system, about either the photograph axis or the ex-

terior Y; tip or longitudinal tilt.

Pisel. Abbreviation of ~icture slenent, also pictel. A unit whose first

memiber is a resolution cell and whose second member is the gray shade

assigned by a digital couo.t to that resolution cell.

imum detectable signal. The upper limit usually is set. by saturation and

the lower limit by noise.

Reflection  EHR theory!. F'i8. neither absorbed nor transmitted is reflect-

ed. Reflection may be diffuse, when the incident radiation is scat. tered

upon being reflected from the surface, or specular, when all or most of

the Ei<R is reflected at an angle equal to the angle of incidence.

Remote sensing. In the broadest sense, the measurement or acquisition of

information of some property of an object or phenomenon, by a recording
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device that is nor. in physical or intimate contact with the object or

phenomenon under. study, for instance, the utilization at a distance  as

from aircraft, spacecraft, or ship! of any instrument, and its attendant

recording and display devices for gathering information pertinent to the

environment, such as measurements oi force fields, electromagnetic radia-

tion, or. acoustic energy. The technique employs such devices as the cam-

era, lasers, and radio frequency receivers, radar systems, sonar, seismo-

graphs, gravimeters, magnetometers, multispectral scanners, and scintila-

Eion counters.

Resolution. The abili ty of the entire photographic system, including

lens, exposure, processing, and other factors, to render a sharply detined

image. Et is expressed in terms of lines per millimeter recorded by a

particular film under specified conditions. Strictly speaking, should not

be used for scanning systems. See instantaneous field~f view.

Return beam vidicon  RBV!. For Landsats 1 and 2; a camera system which

operates by shuttering three independent cameras simultaneously, each sen-

sing a different spectral band in the range of 0.48 Wm to O.Q3 gm. The

RBV system for Landsat 3 contains two identical cameras which operate in

the spectral band from 0.5l 4m to 0.75 Pm. The camer as are aligned to

view ad jacent nominal 99 km by 99 km square ground scenes with a 15 km

sidelap yielding 183 km by 99 km scene pair. Two successive scene pairs

will nominally overlap each 'ASS scene.

Roll. A rotation of the spacecraft or aircraft about its longitudinal

axis, the axis defined by the velocity vector of the craft.

Saturation. Degree of intensity difference between a color and an achro-
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ma tie light-source color of the same brighrness.

Scanners. The sweep of a mirror, prism, antenna, or other. element across

the track  direction of flight!; raay be straight, circular, or otner

shape.

Scannin radiometer. A radiometer, which by the use of a rotating or os-

cillating plane mirror, can scan a path normal to the movement of the xa-

diometer or an are or circle around the radiometer. The mirror directs

the incoming radiation to a detector, which converts it into a electrical

signal. This signal is amplified to stimulate a device such as a tape re-

corder, or glow tube or CRT that can be photographed to produce a picture.

When the system is moved forward at velocity V and at altitude ii, a suit-

able V/H ratio may be established, so that consecutive scans axe just

touching. This is of ten called an LR-imager, but is only so restricted

because of the optical materials used, all-reflective optics being as use-

ful in the UV and visible regions. They may be single- or multi-band.

Scattering.  l! The process by which small particles suspended in a

medium of a dif f erent index of ref racti on diffuse a portion of the in-

cident radiation in all direct,ions.  Z! The process by which a rough

surface xeradiates L~IR incident upon it.

Scene, Landsat. The ground depicted on the three RBV's or the four AMISS

images on Landswt s l and 2, or the four daytime 'iS S images or the one

nighttime MSS image or the four RBV subscenes on Landsat. 3.

Sensor. Any device which gathers energy and presents it in a form

suitable for obtaining information about the environment. Passive

sensors, such as thermal infrared and microwave, utilize E''4R produced by



460 the surface or object being sensed. Active sensors, such as radax, supply
their own energy souxce. Aerial cameras use natural or axtifi.cally

produced E~iiR external to the object or surface being sensed.

~Sf nature. Any characteristic or series of characteristics by which a

material may be recognized. Used in the sense of spectral signature, as

in photographic color reflectance. A category is said to have a signature

only i f the characteristic. pat tern is highly representative of all units

of that category.

An interval in the electromagnetic spectrum defined by two

wa ve le ng t h s, f r eq uenci e s, or wa ve number s.

Spectral intexval. The width, expressed either. in wavelength or frequen-

cy, of a pax'ticulax' portion of the electromagnetic spect rum. A given sen-

sor, such as radiometer detector or camera film, may be designed to meas-

ure or be sensitive to energy from a particular spectral interval. Also

termed spectral band, which see.

Specular surface. A surtace that is smooth with respect to he wavelength

of EA~LR incident upon it; reflects like a mirror.

~Sun an le. The angle of;he Sun above the horizon. both the quantity

 lumes! and spectral quality of light being reflected to the aerial camera

or sensor are inf luenced by Sun angle. Also called gun elevation, Sun

elevation an le.

Sun~ynchronous ~ An Earth satellite orbit in which the orbital plane and

altitude are such that the satellite track is at cons tant local Sun time.

Telemeter. To transmi t the mea sur ement da ta obt ained f r om sensors by
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electronic  radio! means. The transmitting of measurement data by radio

to a distant station.

Thermal band. A general term for intermediate and long wavelength infra-

red-emitted radiation, as contrasted to short wavelength reflected  solar!

infrared radiation. 1n practice, generally refers to infrared radiation

emitted in. the 3- to 5- and 8- to l4~icrometer atmospheric windows.

Thermal infrared. The oreferred term for the middle wavelength ranges of

the IR region extendi~g roughly from 3 micrometers at the end of the near

infrared, to about 15 or 20 micrometers where the far infrared commences.

In practice the limits represent the envelope of energy emitted by the

Earth behaving as a greybody with a surface temperature around 290 K

�1oC!. Seen from any appreciable distance, the radiance envelope has

several brighter bands corresponding to windows in the atmospheric absorp-

tion bands. The thermal band most used in remote sensing extends from 8

to 14 micrometers.

Tilt, x- and y-. Tilt expressed ns resultant rotations about each of two

stationary rectangular axes lying in a horizontal plane, and the x-tilt

being the resultant rotation about the y-axis.

Ultraviolet radiation. KNR of shorter wavelength than visible radiation

but longer than X-Rays; roughly, radiation in the wavelength interval be-

tween 10 and 4000 Angstroms.

Vidicon. �! A storage-type, electonically-scanned, photoconductive,

television camera tube, which often has a response to radiations beyond

the limits of the visible. region. Particularly useful in space applica-

tions, as no film is required. �! An image-plane scanning device. See
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return beam vidicon.

Visible radiation. ENR of the wavelength interval to which the human eye

is sensitive, the spectral interval from approximately 0.4 to 0.7 p m �000

to 7000 Angstroms! ~

Wavelength  symbol A !. Wavelength 1/frequency. !n general, the mean

distance between maximums  or minimums! of roughly periodic pattern. Spe-

cifically, the shortest distance between particles moving in the same

phase of oscillation in a wave disturbance. Optical and IR wavelengths are

measur ed in nanome ters

�0-»m!.

Yaw.  air navigation! The rotation. of an aircraft about its vertical axis

so as to cause the aircraft's longitudinal axis to deviate from the flight

line.

Zenith. The point in the celestial sphere that is exactly overhead: op-

posed to nadir.

ACRONYi~IS AND ABBREVIATIONS

Bits per linear inch
Bits per second

bpi
bps

ACS

A/D
ADP

AKN

ACC
AL'IS

ANSI

ASCI I

�0 m!, micrometers �0 m! and Angstroms

Attitude control subsystem
Analog to digital
Automatic data processing  system!
Applications Explorer i'4ission.
Automatic gain control
Attitude measurement sensor

American National Standards for information Interchange
American Standard Code for Information Interchange
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oC

cm

CRT

D/A
db

DCS

Digi tal to analog
decibel

Data collection system

gm
GilT

GS1 C

IFOV
IPF

IR

millimeter

milliwatt

mic r one te r

mw

pixel Picture element

Return-beam vidicon

Radio frequency
Root mean square

RBV
R1'

rms

sec

SDSD

SIAT

EBCDIC
EBR

EROS

ERIS
F'.1

FOV

ft

HEIM

HCl&.
HOi'i

hrs
Hz

k ops
K'iz

iC'~

Km

NESS

NCIC

NOAA

NSSDC

degrees Celsius  centigrade!
centimeter

Cathode ray tube

Extended binary coded decimal interchange code
Electron. beam recorder
Earth Resources Observation. Systems  DOI!
Earth Resources Technology Satellite, now Landsat
1'requency modula tion.
Field of view

feet

gz am

Greenwich oean time

Goddard Space Flight Center

Heat capacity mapping mission
Heat capacity mapping radiometer
Hotline oblique mercator
hours

Hertz  cycles per second!

Instantaneous f ield of view

image Processing Facility  GSFC!
Inf rared

degrees Kelvin
Xilobits per second
kilohertz

kilogram
kilometer

National Earth Satellite Service

National Cartographic Information Center
National Oceanic and Atmospheric Administration
National Space Science Data Center

second

Satellite Data Services Division  NO%V!
Special image annotation tape
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Very high frequencyVHF

S/V
SDH

SRS

STDN

UHF

USDA

USGS

UM

Signal-to~oise ratio
Space Oblique 'mercator  map pro jection!
Statistical Reporting Service  USDA!
Space Tracking and Data Vetaork  iVASA!

Ultra-high frequency
United States Department of Agriculture
United States Geological Survey  DOI!
Universal Transverse ilercator  map projection!
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