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The statement that a new era in exploration is open
ing will almost surely bring to mind the venturing of 
man into space and the ever more imminent exploration 
of the moon. The reference here, however, is to explora
tion of earth itself and to the unique capabilities for 
study of the earth that space technology will provide. 
Demands for water, minerals, energy, food, and for 
working, living and recreational space are outrunning 
our ability to meet them by traditional methods. In 
order to satisfy these demands, it is necessary now, jusi 
as it has been in the past, to look to the activities, the 
instruments, and the technologies that in part create the 
pressures for aid in meeting them. 

Studies being made at the U.S. Geological Survey 
and elsewhere of the potential applications of remote 
sensors in space to earth resources research indicate that 
now, at last, it will be possible to approach solutions on 
a regional or global basis. This paper discusses the plans 
for an Eatth Resources Observational Satellites Pro
gram which will be designed for that purpose. 

The new program, EROS, was announced on Septem
ber 21, 1966, by Secretary of the Interior Stewart Udall. 
It envisions the launching in 1970 of the first of a series 
of sat.ellites to support earth resources studies. The pro
gram is the outgrowth of feasibility studies conducted 
by the U.S. Geological Survey in cooperation with the 
National Aeronautics and Space Administration, with 
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other Federal agencies, and with research groups in 
universities and other institutions. It will be directed by 
the U.S. Geological Survey but will support programs 
throughout the D epartment of the Interior and will be 
open to participation of other governmental agencies. 

The EROS Program will be an evolving one, starting 
with a satellite bearing a television camera system to 
collect photographic data in selected parts of the visible 
spectrum. In addition, the satellite may serve as a com
munications link to relay certain data to b e obtained by 
ground-based sensors such as stream gages,, tilt meters, 
strain gages, seismometers, displacement meters and 
thermal probes. 

The needs to ce served are not new-the demands 
are for elements that for the most part are basic to 
man's existence. It is, of course, the level of demand and 
the fact that the needs are world w ide that make the 
promise of EROS so exciting. 

By present methods, the preparation of base 'maps 
used for minerals exploration and engineering studies 
requires about three years. Land-use maps that are im
portant to both urban and rural development require 
as much as 10 years to prepare, and the first complete 
coverage of the United States by maps at uniform scale 
( 1: 250,000) will have required more than 10 years to 
produce. 

Conventionally, maps are prepared by the accession, 
interpretation, and manipulation of many bits of infor
mation; the broader the area involved, the greater the 
number of pieces that must be evaluated, digested and 
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reduced. In too many cases, we may be preparing his
' torical documents when the immediate need is for bases 

for broad-scale planning. 
This is not to imply that conventional methods are 

obsolete, but to emphasize our need to take advantage 
of those special capabilities provided by orbital systems 

1 for making more efficient use of conventional methods, 
time and funds. 

Aerial photography has for a long time b een a most 
valuable tool for the map maker and for earth resources 
scientists, and it will continue to be. Cameras in space
craft will provide the ability to look at broad areas of 
the earth at single glances, to look at the whole earth 
in scant weeks of time, and to observe areas that are 
too remote and too forbidding for conventional means 
( Figure 1). Specially instrumented satellites will make 
possible the study of natural and cultural phenomena 
in regional context, under uniform lighting conditions 
and at uniform scale. Most importantly, they will make 
orthophotographic maps immediately available as bases 
for regional exploration and for resource studies. The 
potential is indicated by the magnificent, yet, relatively 
unsophisticated, photographs taken by Gemini's astro
nauts ( Figure 2). 

An Earth Resources Orbiting Satellite will be capable 
of providing coverage of the entire United States in 
weeks of time and with only 450 photographs. The need 
to compromisf between ultimate desires in regard to 
format of data and funds available to acquire it requires 
that photography flown at conventional altitudes be 
made with relatively wide-angle lenses. As a result, 
trees, building clusters, and mountains obscure large 
areas of the land on which they stand, and detract from 
the value of the photographs to those to whom basic 
surfaces are important. From space, a relatively narrow
angle lens will observe large areas and yet will look 
"straight down" through the trees, to the bottoms of 
canyons and to city streets providing unique displays 
of land surface and of the elements th at stand upon it. 
Over water, the wide-look angle employed at aircraft 
altitudes precludes seeing far below the surface except 
over a very limited area of the scene. The "straight 
down" look of the space camera, however, will permit 
observation of bottom characteristics over large coastal 
and other shallow-water areas (Figure 3). 

The capability of making rep etitive observations 
within short time spans and under uniform conditions 
will allow the scientist, for the first time, to make the 
real world his laboratory for the study of dynamic 
processes. It will be possible to observe gross aspects 
of the action of tides and storms on coasts, the sources 
and distribution of river e ffluents, the progress of sedi
mentation in lakes, reservoirs, rivers, and other shallow 
water bodies (Figure 4) . Immediate appraisal of re
gional effects of earthquakes, floods, and tsunami will 
be feasible. 

EROS will begin with systems, already space-proven, 

that are immediately applicable to resource studies, and 
it will evolve to more sophisticated systems which, 
although not yet proven, show great promise. The first 
EROS probably will carry a two-color television camera 
system with wavelength peaks near 510 millimicrons to 
obtain maximum water penetration possible, commen
surate with requirements for haze penetration, and 700 
millimicrons to provide for best definition of land-water 
boundaries, for information on surface-moisture dis
tribution, and on characteristics of vegetation. It will 
be placed in a near-polar, sun-synchronous orbit. It will 
traverse the earth in about three weeks and will provide 
about 10% overlapping coverage at the equator. Ex
pected resolution will be 100 to 200 feet. That is, in 
the case of 200-foot resolution, two lines on the surface 
that are 200 feet wide, that have a 2 to 1 color-contrast 
ratio, and are separated by distances of 200 feet will be 
distinguishable. The instantaneous field of view will be 
10,000 square miles. 

While plans for the implementation of EROS I go 
forward, studies are being made at the U.S. Geological 
Survey and elsewhere of the potential applications of 
infrared, ultraviolet and radar imaging devices in space. 
These instruments, because they are responsive to 
energy forms other than visible light, present informa
tion supplementing that of conventional photography. 
Infrared scanners produce photo-like images that ilh1s
trate the distribution and emission of thermal energy 
and thereby reveal directly the presence of abnormal 
temperatures. Furthermore, infrared, radar, and ultra
violet sensing devices can provide unique information 
to assist in the identification of specific substances, be
cause the way in which substances absorb, conduct, and 
radiate energy is determined by their own physical and 
chemical makeup as well as by their surface textures. 

Infrared sensing from aircraft is immediately appli
cable to the study of volcanoes ( Figure 5) and other 
thermal areas. Its sensitivity to temperature differences 
has been employed to identify the submarine outflow 
of fresh water around the island of Hawaii. Studies now 
in progress indicate that infrared scanners can be very 
important tools for identifying sources and tracing the 
histories of pollutants in water bodies where varied tem
peratures are associated. 

Radar scanning systems reveal information pertinent 
to the attitude of the surface material, its configuration 
and texture, and its water content. In addition, it has 
the advantage of being operable at night and through 
cloud cover. 

Preliminary study has shown that some rock types 
display greater differences in their reflectance of ultra
violet rays than of visible light and may therefore be 
more readily recognizable with the aid of ultraviolet 
sensors than they are in conventional photography. 

Work toward the discovery and the developmerit of 
applications of remote sensors will continue in the Geo
logical Survey and elsewhere in the Department of the 
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Interior. As it becomes feasible, new systems will be ies. Such interest is welcomed. EROS will be designed 
made part of the EROS Program. Although the greatest on the broadest base ~ble to apply to the solution 
attention, thus far, has been given to geologic. hydro of the very critical problems facing the world in regard 
logic and geographic applications, there is a widening to sources of mineral, water and food supply, and the 
interest in potential applications to other resource stud- best J.>OS-9ble use of the land. 
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