


Pictures of the Earth’s surface obtained from satellites
are providing scientists with new tools to investigate tne Earth
and its environment. A growing population and an ever-
expanding technology place demands on our natural resources.
However, man can no longer treat his resources strictly accord-
ing to immediate economic dictates; a balance must be struck
between the short-term demands of technological and in-
dustrial development and the long-term effects on the environ-
ment. Intelligent development, management, and conservation
of resources are goals that represent an unprecedented chal-
lenge in the acquisition and use of information.




THE
TOOLS

Within the technology of the space age lies a key to increased
knowledge about resources of the Earth. This key is remote sensing—
detecting the nature of an object without actually touching it. An early
form, and still the most useful form, of remote sensing is photography. In
this case the scene is recorded as man sees it, on film sensitive to electro-
magnetic energy called visible energy. Electromagnetic energy travels as
a wave, with various wavelengths. Names applied to progressively longer
wavelength forms of energy from the visible are infrared, microwave, and
radio short wave and long wave. Progressively shorter wavelength forms
from the visible are ultraviolet, x-ray, and gamma ray. Instrument systems
exist that can produce photographs and images (pictures by instruments
other than photographic cameras) of electromagnetic energy distributions
in each part of the electromagnetic spectrum. These instruments include
photographic cameras, scanning radiometers, and radars.

Each part of the electro-
magnetic energy spectrum is espe-
cially suitable for providing infor-
mation about some aspect of our
world. Black and white aerial pho-
tography, used stereoscopically, can
provide accurate measurements of
size, shape, and location of objects.
It is routinely used for the prepara-
tion of topographic maps, to exam-
ine rangeland, agricultural crops,
and timber stands, to assess storm
damage, to select sites for engineer-
ing works, to map structural geologic
features such as faults and mountain
folds, and to explore for minerals.

Improving standard maps with space photography.

Color, mainly because of
the -addition of hue, increases the
usefulness of photography for the
identification of rock and soil types,
vegetation, surface water condition,
and materials in houses, roads, and
other objects on the Earth’s surface.




Color infrared photography, which records some information that
man cannot see, but that can still be recorded on film, records in colors
that are not true to nature in order to enhance recognition of vegetation
and vegetation conditions. The film was developed especially for camou-
flage detection during World War 1l. Leaves of healthy plants generally
have high reflectance in the infrared and are recorded as red to contrast
it with dead vegetation which appears green or blue. Variations in red may
indicate the presence of differing species or presence of diseased or dead
plants, because the amount of reflectance varies with leaf structure and
plant vitality. It is also possible to obtain indirectly, information on the
availability of water and the physical character and mineral constituents of
soils from the variations in vegetation response because these factors
significantly affect the distribution and vitality of vegetation.

Insect-infested timbers in Oregon appear blue on this aerial color infrared picture
Healthy trees appear red or pink.

Beyond the visible and near infrared, special detectors, other
than the eye-like optical lenses of photographic cameras, must be used.
The technique is to convert the electromagnetic energy to electrical energy.
The electrical energy may then either activate a light source such as a
cathode ray tube (similar to a TV picture tube) to produce an image or may
be recorded directly on magnetic tape (similar to a tape recorder). Some
of the instruments (radiometers) measure energy emitted from an object
and in fact are recording radiant temperature differences at or near the
surface in the far infrared part of the spectrum, and other instruments
(including radars) measure reflected or emitted radio waves in the micro-
wave and longer wavelengths of the spectrum. Both radiometers and
radars scan a scene line by line and are therefore called scanners. Because
sunlight plays no direct role in the observations made by these instruments,
they may be used day or night and some systems can observe through
clouds.



The measurement of temperature differences and mapping their
distribution can reveal volcanic activity, underground fires, forest fires
normally obscured by smoke, animals, and heated buildings. It can, by
revealing surface temperature distributions in water, aid in the discovery
of springs discharging into lakes, rivers, and oceans. It can provide infor-
mation on moisture conditions near the ground surface because variations
in moisture affect surface temperature. /nd it can indirectly provide
information on the physical properties of soils and rocks because retention
and loss of heat are primarily determined by these characteristics.

Radar records the reflection of a radio signal transmitted from
the radar itself to the ground. The signals are affected by the roughness
and attitude of the reflecting surface and the electrical properties of
materials. The absence of detail, the uniformity of illumination, and the
continuous coverage of large areas enhance subtle details often obscured
in photographs. Radar has been particularly useful in revealing geological
structures.

There are many other remote sensors, but these are the more
common ones. The proper selection of sensors, based on what is to be
discriminated and what its spectral response will be compared to its sur-
roundings, has been and continues to be the subject of long and difficult
investigations. Results show that in the visible and infrared many dis-
criminations are possible by using more than one picture of the same
scene with each picture recording a different wavelength band. This is
called multispectral photography or imagery. This system has been used in
both airplanes and satellites. Power limitations have thus far prevented
the use of radar from satellites.
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INTERPRETATION
OF SPACE DATA

In March 1969, the crew of the Apollo 9 spacecraft took a series
of multispectral photographs covering the southern part of the United
States. This was the Multispectral Terrain Photography Experiment con-
ducted in response to a request from the Departments of the Interior and
Agriculture. These and other investigations have shown that space data
can be applied in resources planning, management, conservation, and
preservation of food, minerals, water, land, and human resources, as well
as in the design of engineering works. Satellite-collected data may be
applied in the fields of cartography, geology, geography, hydrology, marine
resources, and land management, and specifically to studies such as major
geologic structural features, assessing hydrologic problems, determining the
condition of rangeland, mapping land use for urban planning, studying
erosion and change along coastlines and major streams, and inventorying
land use and landforms in the entire United States.

The many purposes served by space photography, include: synoptic land-use mapping,
recognition and mapping of dynamic hydrologic processes as seen in the Salton Sea
swirl, and landform and geologic structural mapping.




APPLICATIONS

New construction can be identified on this
GEMINI VII photograph of Cape Kennedy
taken in 1965 (above), when compared to
the latest 1:250,000 scale map available at
the time (right).

Space-acquired data about
the Earth’s surface afford several ad-
vantages to mapmakers. Photo-
graphic data from satellites in a
circular, sun-synchronous orbit will
provide a basis for mapping and
charting that will be of uniform
reliability. Even more important,

Maps are the basic tools
for resources studies. They are es-
sential in planning engineering
works, geologic and hydrologic re-
search, mineral investigations, flood
controls, soil conservation, refor-
estation, and land management. In
short, maps depict the face of the
Earth—showing in measurable form
its terrain, bodies of water, vegeta-
tion, and the works of man.
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pictures taken from orbital altitudes with relatively narrow-angle viewing
systems are nearly orthographic, that is the distortions are at a minimum.

The value of using orbital-height photographs in cartographic
programs has already been demonstrated. The Gemini VII flight was par-
ticularly successful in obtaining good photographs from a height of 165
miles above the Cape Kennedy area. Many major changes that occur-
red between the time of the mapping and the time of the photography
can be identified, indicating that orbital-height photographs can be used
to bring certain maps up-to-date.

At present, vast areas of the world are without meaningful map
coverage, and certain remote areas, such as Antarctica, are largely un-
surveyed. Image data obtained from orbiting satellites have the potential
of greatly increasing the opportunities for acquisition of data, and increasing
the efficiency and reducing the time required for many mapping operations.




GEOLOGIC

APPLICATIONS

The study of natural re-
sources and the appraisal of the
probability of natural disaster, such
as landslides, earthquakes, and vol-
canic eruptions, and their possible
effects on man, are major interests
of the Department of the Interior.
For more than 20 vyears, photo-
geology has been an established
technique in support of these studies,
particularly useful and economical
in difficult terrain or in inaccessible
areas. Space photography increases
the potential of this tool, especially
if supplemented by other remote-
sensor data, such as infrared and
radar imagery.

Satellite photography has
been useful for identification of geo-
logic structure of regional extent
because the single view provided by
orbital height is easier to interpret
than many aerial photographs taken
with differing illumination. For ex-
ample, identification of a large cir-
cular structure was made for the
first time on an Apollo 9 photograph
of eastern Arizona that warranted
further investigation for mineral and
water resources.

The large, circular crater (upper right), 30
miles in diameter, has been interpreted by
some as a meteor impact area and by others
as the result of an igneous plug pushing up
from great depths of the earth as the result
of structural forces. The bedrock shown in
the space photograph (lower right), but not
covered in the photomosaic, indicates that
this region has been structurally deformed.
Note how the even illumination of the space
photograph increases the clarity and ease of
interpretation.
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Faults not previously recognized during field mapping have been identified on airborne
radar imagery which is useful in revealing geological structures.

Radar imagery, on a more local scale, has also been used to
identify geologic structure of possible economic significance. Faults, some-
times important in the localization of mineral-bearing fluids that form
ore deposits, and broad gentle folds, that commonly serve as reservoirs for
petroleum, are particularly well defined on radar imagery. Interpretation
of some imagery taken over a working mining area in Nevada revealed
faults not detected by earlier field mapping or on conventional aerial
photographs and led to renewed exploration in the mining area.

Thermal infrared sensing techniques are contributing to our basic
knowledge of the Earth. For example, studies of the distribution of thermal
anomalies in Iceland, principally by means of airborne infrared surveys,
but also from Nimbus satellites, have provided information on the tempera-
ture characteristics of terrain and water surfaces, and in the studies of
volcanoes. This knowledge may eventually be used in searching for
geothermal power sources. In a practical application that affects our daily
lives now, airborne thermal infrared imagery has been used to locate under-
ground coal fires. Locating subterranean fires has permitted intelligent
planning to control the fires and evacuate endangered people.
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GEOGRAPHIC
APPLICATIONS

Fundamentally, geography deals with the location and arrangement
of such factors as environmental conditions, Earth features, resources,
population, and a wide range of other natural and cultural phenomena,
in relation to human activities. When the objective is to determine changes
in human use of the Earth over large areas, data acquired from space are
often more useful than larger scale data obtained from .conventional air-
. craft or from ground surveys. Satellite observations can provide a great
reservoir of geographic information in a complete environmental context:
single-picture coverage of broad areas for planning; repetitive coverage
for the analysis of urban growth, functional changes, crops, and transporta-
tion linkages; emergency coverage of disaster effects; and scientific data
for research and educational purposes. Space-acquired data are also com-
parable, up-to-date, and at small scales, close to those traditionally used for
special subject maps and for analysis of weather conditions; land use, and
census results. ' : '

Data from traditional sources were supplemented by high-altitude
and satellite photography in a study of the economic potentials and envi-
ronmental problems of southern Mississippi prepared for NASA in February
1970. Extensive use was made -of remotely sensed data in preparing this
comprehensive study of possible new uses for the NASA Mississippi Test
Facility built to test large rocket engines. The study formed the basis for

recommendations and plans, and successfully demonstrated the value of a
variety of remote sensor data, each making a unique contribution, to a .
comprehensive analysis of environmental factors. This technique of fully
“integrated analyses is being applied to other selected regions, leading to
production of maps or computerized data banks that will relate environ-
mental conditions, human activities, and the probable effects of trends or
changes to policy decisions.

Multispectral aerial photography of 26 selected cities, mostly taken
at the time of the 1970 census, is being analyzed for preparation of data
bases and maps of urban change. The various wavelength bands are used
singly and in combination to map water features, improved open space,
unimproved open space, and several other categories of land use. These
maps will be comparable with census data and with multispectral photog-
raphy to be flown in 1972 and analyzed in the same manner, thus pro-
viding planners with an atlas of the type-and rate of urban change.
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n Urban area and roads as mapped 1954—63

Change based on APOLLO photograph 1968

The extent of urban growth in 5 years is revealed by comparing the area mapped as
urban in 1963 (at top), and as interpreted from an APOLLO 6 orbital photograph (at
bottom) taken in 1968. This is an example of the utility of repetitive viewing, from
orbital height, for measuring changes in phenomena.
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Important water resources planning and management information
can be obtained from Earth-orbiting satellites as has been demonstrated
through use of aircraft and satellite-acquired data. A perspective from
space adds an areal dimension to conventional hydrologic data collected
at point stations. Approximately 10,000 continuous waterstage recorders
on streams, plus several times that number of ground-water wells, water-
quality monitors, and short-term data collection stations are operated by
the Geological Survey. The data from space will provide information
between the station points for synoptic interpretation, while the point data
will provide the needed calibration for the space data. Synoptic informa-
tion will be available on drainage basin characteristics, hydrologic controls,
vegetative indicators of hydrologic conditions, hydrodynamics, lake proc-
esses, pollution dynamics, and distribution of snow and ice.

The investigations of hydrologic engineering problems can be
significantly advanced by use of specific remote-sensor data. For example,
infrared instruments that record the thermal radiation from land and water
surfaces were flown in an aircraft over the coastline of Hawaii, where many
underground springs discharge fresh ground water into the ocean. The
light and dark contrasts of the resulting images showed the cool fresh
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water as it entered the ocean and mixed with the warm salt water. Fresh
water is a precious commodity in Hawaii. The location of such discharge
points together with geologic information may guide the driller to fresh
ground-water producing areas.
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Knowing the shape, size, and position of salt water as it intrudes
into fresh-water streams is important for many reasons, but particularly
for the protection of municipal water supplies. The conventional method
of determining this intrusion is to sample the water, measure its chloride
content, plot the sample on a map, and contour the position and shape of
the salt water. In contrast to this method, the salt water in an estuary in
Massachusetts was readily defined by infrared imagery because the tempera-
ture of the salty ocean water differed from that of the fresh river water.

Water pollution and the concentration of chemical and biological
constituents of water are also commonly measured by sampling procedures
or by continuously recording monitors. However, infrared color photo-
graphs enhance many of the contrasts on the surface of water bodies and
aid the analysis because streaks produced by floating algae, foam, and
other materials, as well as the wave pattern, can be detected and mapped.
When these photographs are taken repeatedly, it is possible to study the
dynamics of pollution, that is the rate at which pollutants move and also
their distribution and dispersion within the water body.
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Infrared imagery, because of its particular ability to distinguish
living vegetation, has also been used in the southwestern United States
to monitor the growth and spread of water-loving plants that grow in the
beds of intermittent streams and along watercourses. These plants use
much of the limited water supply to no economic purpose and their effec-
tive control is important in water-resource management and planning.

The wetlands along the Georgia coast are recognizable on the color infrared
APOLLO 9 photography. The marsh vegetation was not viable in March when the
picture was taken and therefore appeared blue on the color infrared image. This
also contrasts with the dry coastal beaches.




MARINE
APPLICATIONS

Approximately 70 percent of the Earth’s surface is covered by
water, much of it not practically accessible for broad surveillance by
conventional methods. Remote sensors, and especially remote sensors
in spacecraft, offer new opportunities to learn about the oceans and their
resource potential. The Department’s interest is concentrated in the near-
shore environment. Investigations concern what is there and how it
changes, including surface temperatures, current patterns, types of waves,
underwater topography, marine biology, mineralization, and coastal proc-
esses. In pursuit of this knowledge, repetitive photographs can be used
to provide information on direction and rate of movement, and relative
quantity of suspended matter, which in turn can be translated into pre-
diction of change in coastal morphology and current patterns. Studies of
Nimbus infrared imagery have also shown the feasibility of observing dif-
ferences in water temperatures from satellites and relating temperature
distributions to current patterns.

The effect of oil spills has accentuated the need for systems to
prcvide early warning of accidents and monitoring subsequent efforts at
control. The most success has been in the area of monitoring control and
clean up efforts by the use of ultraviolet and color photography, and thermal
infrared imagery which can record the temperature difference between
newly released oil and ocean water. Eventually the oil temperature mod-
erates to that of the ocean water and this technique is no longer effective.

Airborne monitoring of the oil slick at Santa Barbara, using three different wavelength
bands, provided information on: source of oil (thermal infrared), distribution of oil
(ultraviolet), and identification of kelp (solar infrared), more easily than by conven-

tional means.
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LAND MANAGEMENT
APPLICATIONS

Public lands, national parks, and national forests include 175
million acres primarily in the western United States and 348 million acres
in Alaska. Beyond their value as a resources base for the future, these
public lands yield a substantial income to the Nation from oil, gas, forest
products, grazing and recreation fees. Moreover, about 7 million head of
livestock and nearly 3 million big-game animals depend on these lands for
all or part of their year-long needs. '

Space photography, particularly color infrared, has proved es-
pecially useful for the evaluation of distribution, health, and vigor of
vegetation, the extent and. relative depth of snow cover, and the relative
moisture content of soils. The use of frequent repetitive coverage will
allow for evaluation of change, a vital element that will give the land
manager an immediate reading on the effects of his management practices,
such as: Is. there too much livestock grazing or can more livestock be
supported on a particular range? Will the winter snow provide a year-long
supply of water? And is a forest endangered by disease or has a disease
been controlled?

Multispectral imagery is being used to study an area of potholes
in Minnesota and the Dakotas. The multispectral imagery provides infor-
mation on the surface area, depth, and other characteristics of the pothole
lakes and the associated vegetation. The potholes are a breeding ground
for ducks, and there is a known relationship between the condition of the
breeding ground and the number of ducks produced. Sound game man-
agement requires that a yearly determination be made, preceding migration,
. of how many .ducks should survive in order to establish the harvest or bag
limit for hunters. This information is essential to provide maximum recrea-
tional benefits of hunting and yet assure the continued existence of the
ducks themselves. '

Proper maintenance and preservation of our national parks must
be based on knowledge about their physical and biological components
and the influences, particularly the adverse ones, which affect them, in-
cluding such natural hazards as earthquakes or volcanic eruptions. Air-
borne thermal infrared surveys have been conducted of Kilauea volcano,
" which lies within the boundaries of the Hawaii National Park, and Yellow-

- stone-National--Park- tn—Hawaii, the-variation -of -temperature with time;
location, and intensity suggests that repeated surveys may give timely
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warning of impending volcanic eruptions. In Yellowstone Park, studies
have added to the basic knowledge of the distribution of heated waters in
this thermally active area.
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RESPONSE TO THE
SOURCE CHALLENGE

Based on the potential of this technology and in response to the
critical need for greater knowledge of the Earth and its resources, the
Department of the Interior established the EROS (Earth Resources Observa-
tion Systems) program to gather and use remotely sensed data collected
by satellite and aircraft of natural and manmade features on the Earth’s
surface. Thus far, the work of the program has been primarily with data
collected by aircraft and has been focused on developing the ability to
interpret remotely sensed data and on defining the proper roles of data
collected at various altitudes. All this is leading to the use of data to be
provided by ERTS (Earth Resources Technology Satellite) to be launched by
NASA early in 1972.
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The initial (experimental) ERTS, with a 1-year lifetime, will be
in a circular, near polar, Sun-synchronous orbit so that each point on the
Earth’s surface can be viewed repetitively (every 18 days) at the same time
of day. The initial satellite’s prime remote-sensing devices will be vidicon
(TV-type) cameras operating in three separate wavelength bands (475-575
micrometers or blue-green, 580-680 micrometers or red, and 690-830
micrometers or near infrared), and an optical scanning system providing
four wavelength bands of information in the visible and near infrared part
of the spectrum which is expected to provide data for testing computer
SN manipulation of data. Each image will be essentially orthographic, covering
o a square area 185 kilometers (100 nautical miles) on each side. Approxi-
S mately 400 single-band vidicon images will cover the entire United States.
% B8 It is expected that the data can be used for special subject mapping at
) scales of 1:250,000 or smaller. The satellite will also have the capability
for relaying data from ground sensors (such as stream gages, vegetation
and soil temperature recorders, and volcano seismometers and tiltmeters)
to the collection center. This information will be used to correlate the
photographic-type images with conditions on the ground.

The satellite will relay the collected data in electronic form
through receiver stations on Earth where the signal will be converted to
photographic-type images. These images will then be processed at a data
center to be established in the vicinity of Sioux Falls, South Dakota. The
data center will provide space-collected data to government users and to
all other groups that can make beneficial use of it; prepare small-scale
special subject maps from the space data for use by resource agencies; and
will provide facilities for the use of some analytical and interpretive equip-
ment, together with advice on methods of data use.

AN The use of remote sensing from aircraft and spacecraft is enabling
8 the Department of the Interior to apply both the improved capability ="
3 to study natural resources from data obtained from remote-sensing devices, | °
and the broad regional coverage and frequent repetitive coverage provided |
by Earth-orbiting satellites to the development of a more effective resource
information system. The EROS Program of the U.S. Department of the
Interior is managed by the Geological Survey. Other participating orga-
nizations include: Alaskan Power Administration, Bonneville Power Admin-
M istration, Bureau of Indian Affairs, Bureau of Land Management, Bureau
B of Mines, Bureau of Outdoor Recreation, Bureau of Reclamation, Bureau
- of Sports Fisheries and Wildlife, National Park Service, Office of Oil and
Bl Gas, Office of Saline Water, Office of Territorial Affairs, Office of Water
Resources Research, Southeastern Power Administration, and Southwestern

Power Administration.

(from material supplied by Priscilla W. Woll)

Revision of this booklet, illustrated with satellite photography
and imagery, is in process. Users of this reprint are encour-
aged to look for the revision in the near future. The new
issue will emphasize the use of ERTS and Skylab data.



As the Nation’s principal conservation agency,
the Department of the Interior has basic respon-
sibilities for water, fish, wildlife, mineral, land,
park, and recreational resources. Indian and
Territorial affairs are other major concerns of
America’s ‘‘Department of Natural Resources.”

The Department works to assure the wisest choice
in managing all our resources so each will make
its full contribution to a better United States—
now and in the future.




