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Preface

In March 1983, the administration proposed to transfer the meteorological and land
remote-sensing (Landsat) satellite systems to private ownership. This proposal has raised a variety
of issues, including concern over the small size of the market for remote-sensing data, the public
good aspects of remote sensing, and use of the data to further foreign policy objectives.

In November 1983, Congress resolved one of the issues by deciding that the meteorological
remote-sensing systems should not be privately owned; the Government will continue to operate
them in the public interest. However, the Landsat system is still under active consideration by
the Congress for transfer to private ownership, and Congress is now considering legislation de-
signed to make such a transfer as smooth as possible.

U.S. systems have demonstrated to a variety of users, in the United States and abroad,
that land remote sensing from space can be a powerful tool for mapping, assessing, and manag-
ing land resources. It may eventually be possible to establish a self-sustaining business selling
data from a privately owned and operated land remote-sensing system to Government, private,
and foreign customers. However, as the debate over whether and how to transfer the Landsat
system has shown, the process of transferring Government-developed technological systems to
the private sector is difficult and involves a wide variety of agencies and institutions, each with
a different view of the appropriate means of transfer.

This technical memorandum, which was requested by the House Science and Technology
Committee and the House Government Operations Committee, is designed to help Congress
determine the appropriate requirements and conditions for private sector ownership of the U.S.
land remote-sensing system. It also provides information and analysis that will be useful for
Congress as it considers transfer legislation. This technical memorandum constitutes a portion
of a major assessment of international cooperation and competition in civilian space activities
that was requested by the House Science and Technology Committee and the Joint Economic
Committee.

In undertaking this study, OTA sought the contributions of several Government agencies
and a wide spectrum of knowledgeable and interested individuals. More than 50 persons con-
tributed to this technical memorandum, either to provide data or to review early drafts. OTA
gratefully acknowledges their help. We are particularly grateful to our workshop participants.
Finally, OTA appreciates the assistance it received from the Congressional Research Service,
the Department of Commerce, the Department of Defense, the Department of State, the Cen-
tral Intelligence Agency, and especially from the National Aeronautics and Space Administra-
tion, and the National Oceanic and Atmospheric Administration.
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Chapter 1
Executive Summary

A process is now under way that is intended
to lead to the early transfer from the Federal
Government to the private sector of the Land
Remote Sensing Satellite (Landsat) system for
remote sensing from space, This technical memo-
randum was prepared at the request of the House
Committee on Science and Technology and the
House Committee on Government Operations,
which are overseeing this process. The House
Committee on Science and Technology is also
simultaneously preparing implementing legisla-
tion.

This process inevitably raises the separable
issues of whether to carry out the transfer at all,
or how to carry it out if the Government does
go ahead. This memorandum only indirectly ad-
dresses the question of whether the transfer is in
the net public interest by focusing on one aspect
of such a transfer: it discusses the various public
benefits provided by the Government’s civilian
meteorological and land remote-sensing systems
and analyzes the effects that transfer of these
systems to the private sector might have on the
provision of these public benefits.

Principal reasons for transferring remote-sens-
ing services to private hands are that the private
sector excels both at innovation and at develop-
ing markets. In an earlier study, OTA found a
potential exists for greatly expanding the market
for land remote-sensing services, and that other
nations intend to compete for the market. *

Another reason for transferring these services
to the private sector is the hope of reducing Fed-
eral expenditures. This technical memorandum
bears directly on the question. Most of the public
benefits which the United States now derives from
remote sensing could be provided just as well by
the private sector—for a price. However, OTA
has found that a private owner/operator who was
obliged b,contract to provide all of these public
benefits would probably require a large Federal

1Civilian Space Policy and Applications (Washington, 11. C.: U.S.
Congress, Office of Technology Assessment, OTA-STI-177, June
1982), pp. 53-67.

subsidy. Until the market expands substantially,
and more efficient spacecraft are developed and
deployed, it could cost the Federal Government
as much to subsidize a private owner as to con-
tinue operating the system itself.

The public benefits of land remote sensing could
justify any of the following policy options:

+ continued Government ownership and direc-
tion of the system, whether or not actual op-
eration was contracted out; or

= maintenance of Government ownership for
a limited period, in order to effect a phased
transfer to the private sector, as the market
grows large enough to support commercial
ownership; or

* mixed, public-private ownership of the
system; or

*+ quick transfer to a private owner/operator,
but with a series of conditions and require-
ments designed to assure the public benefits;
and

+ a substantial subsidy to a private owner, in
order to maintain the public benefits and
maintain continuity of operation and data.

An understanding of the nature of the benefits is
critical to an informed choice of policies. How-
ever, this memorandum does not take the next
step of comparing the value of the public benefits
to alternative uses of the public resources re-
quired, nor does it address directly the relative
merits of public and private ownership.

Since this memorandum was requested, Con-
gress passed appropriations bill H.R. 3222, a pro-
vision of which prohibits the sale or transfer of
the meteorological satellite (metsat) systems to the
private sector. On November 28, 1983, President
Reagan signed this bill into law (Public Law
98-166). Because the issues raised by the admin-
istration’s proposal may be important in consider-
ing the disposition of other Government-devel-
oped technologies, OTA has retained discussion
of metsats in this technical memorandum.

The metsat and Landsat systems not only serve
different, if related, functions and constituencies,
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but also differ sharply in their developmental
history and current status. The metsat systems are
fully operational and run by the Government as
part of its responsibility to provide weather serv-
ices. Provision of these services has a long
domestic and international history and a set of
usages and established procedures. The Landsat
system, by contrast, has until recently been en-
tirely a research and development (R&D) effort,
although in many respects it has been used as if
it were operational. Landsat data are also fun-
damentally different in format, repeatability, and
continuity from other remotely sensed images,
such as aircraft photography, and therefore have
not had an easy market niche. The Landsat pro-
gram as a whole is clearly ready to shift from the
earlier emphasis on R&D toward provision of rou-
tine services. Moderate-resolution land remote-
sensing technology* is ready for full operational

e That is, the multispectral scanner or equivalent systems, whose
spatial resolution is about 80 meters.

BACKGROUND

The potential value of viewing Earth’s at-
mosphere, land, and oceans from space for civil-
ian purposes was recognized early in this Nation’s
development of space technology. The United
States launched its first civilian remote-sensing
satellite (a polar-orbiting weather satellite called
TIROS) in 1960. TIROS provided the first civilian
images from space.

The National Oceanic and Atmospheric Ad-
ministration (NOAA) currently operates two
civilian meteorological satellite systems. One is
a polar-orbiting system that consists of two sat-
ellites (NOAA-N series) orbiting the Earth once
every 102 minutes; the other consists of two geo-
synchronous satellites (GOES) that view the West-
ern Hemisphere continuously and transmit images
to Earth every 30 minutes. Both systems carry a
variety of relatively low-resolution sensors (1,000
meters (m) or more at the surface of the Earth),
which operate at several wavelengths to provide
weather imagery and related data.

In 1972, the National Aeronautics and Space
Administration (NASA) launched the first of a

status. The question Congress now faces is
whether the United States should treat land
remote sensing as a fully appropriate Government
operational activity (as it has with metsat), or
transfer it to private hands under a variety of con-
ditions, or drop it completely.

This technical memorandum outlines the tan-
gible and intangible public benefits that flow from
operational remote sensing managed in the public
interest. It provides a basis for deciding which re-
quirements and conditions a private offeror could
be asked to meet if the Government proceeds with
transfer of the land remote-sensing system. Fur-
ther, this memorandum provides a summary of
what public social, economic, and political losses
could accrue if the Government decided to drop
civilian land remote sensing altogether, and leave
the field to the French, Japanese, Soviets, and
others.

series of civilian land remote-sensing satellites
(Landsat). Among other experimental devices, the
first three satellites carried a sensor called the
multispectral scanner (MSS), having a terrestrial
spatial resolution of 80 m and operating in four
spectral bands. Landsat 4, launched in 1982, car-
ries the MSS, as well as a new sensor called the
thematic mapper (TM), which has a terrestrial
resolution of 30 m and operates in seven spectral
bands. * Transmissions from Landsat are received
globally by 3 U.S. and 10 foreign-owned ground
stations. Landsat 4 is currently failing and could
stop working at any moment. Landsat D*, which
is the backup satellite for Landsat 4, is scheduled
for launch in March 1984, Under current admin-
istration policy, this will be the last Government-
owned land remote-sensing satellite unless new
ones are ordered. NOAA now operates the Land-
sat system.

Although individual systems are typically de-
signed to optimize the observations of the atmos-

‘Except for the 10.40 to 12.5 micron band which has a spatial

resolution of 120 m.
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Geostationary Operational Environmental Satellite
(GOES series), artist's conception
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NOAA-N series polar-orbiting environmental satellite, artist's conception



phere, the land, or the oceans, sensors on board
each satellite can also collect useful data on other
components of the Earth. For example, agricul-
tural managers use images from the meteorologi-
cal satellites to estimate crop production, coastal-
zone managers use Landsat data to study water
pollution and pollution sources, and exploratory
geologists use Seasat data to locate promising
areas for exploration on land.

The Department of Defense (DOD) operates its
own polar-orbiting meteorological satellite sys-
tem. To a certain extent, DOD coordinates its
meteorological operations with those of the civil-
ian system. It makes use of data from the Land-
sat system, in addition to operating a system of
surveillance satellites to serve national security
needs.

Other countries are developing their own
meteorological, land, and ocean remote-sensing
systems. The European Space Agency (ESA), In-
dia, Japan, and the Soviet Union all currently
operate meteorological satellite systems. The
Soviet Union operates a land remote-sensing sys-
tem; ESA and several other countries plan to
launch land or ocean remote-sensing satellite sys-
tems by the end of the decade. Some of these sys-
tems will generate data directly competitive with
data from the Landsat or related U.S. systems.
By virtue of significantly higher resolution and
a planned rapid delivery system, some will exceed
Landsat’s capacit,to return useful data to users
of remote-sensing data.

NASA’s and NOM'’s efforts with remote-sens-
ing systems have demonstrated to domestic and
foreign users, both inside and outside Govern-
ment, that data from these systems can be highly
effective in meeting their weather and resource in-
formation needs. In light of the potential commer-
cial economic value that Earth resources remote-
sensing data could have, the Carter administra-
tion, through Presidential Directive PD/54,
directed that “Commerce will budget . . . to seek
ways to enhance private sector opportunities” in
land remote sensing. Although this directive left
open the timetable and the means of a possible

transfer of the Landsat system to the private sec-
tor, at the same time it committed the U.S. Gov-
ernment to provide a continuous flow of data
from a land remote-sensing system through the
1980’s. The Reagan administration decided early
in its tenure to hasten the process of transfer; it
further widened the scope of this policy by pro-
posing that both the meteorological and land
remote-sensing satellite systems be transferred to
private ownership as soon as possible,

The Commerce Department set up a Source
Evaluation Board (SEB) to draft the Request for
Proposal (RFP) for transfer of the systems to the
private sector. The RFP is intended to specify the
Government’s qualitative requirements for data
for a period of time after transfer takes place, and
to lay out the operational constraints that would
be placed on the private offeror. The SEB issued
a draft proposal for public comment on October
24, 1983. Prior to that time, it had solicited and
received a number of comments from other Gov-
ernment agencies and from Congress. Commerce
issued a revised RFP in January 1984 for industry’s
response. In keeping with the legislative prohibi-
tion on sale of the metsat systems, it no longer
contains provisions for their transfer.

The RFP is long, technically thorough, and con-
tains input from a wide variety of interested par-
ties. In some respects, it is a very unusual RFP.
For one thing, it leaves several important areas
of Federal policy to be defined by the private sec-
tor. Further, in the absence of clear policy direc-
tion from either Congress or the administration,
the private offeror runs an awkward and expen-
sive risk of offering to invest and become involved
in ways that could later be changed by policymak-
ing legislation.

Congress held several hearings on the subject
in 1983. The House and Senate are now consider-
ing legislation designed to encourage transfer of
the Landsat system to private ownership reinforc-
ing and specifically preventing similar transfer of
metsats. Some members of both Houses favor trans-
fer of the Landsat system; others feel it should re-
main a Government-owned and operated system.



INTERNATIONAL RELATIONS AND FOREIGN POLICY

Transfer of either system to the private sector
would certainly affect our relationships with other
nations. International issues related to transfer are
among the most important and difficult to resolve
satisfactorily. Consequently, the transfer proposal
cannot possibly be approached as merely a do-
mestic decision. Realistic planning for the disposi-
tion of the remote-sensing systems must address
global concerns in the following areas:

International Relations and
Foreign Policy Aims

Landsat and metsat data have served as useful
and constructive instruments of U.S. foreign rela-
tions. These data have aided other countries to
prepare in advance for severe weather conditions,
and to map, manage, and exploit their own re-
sources; they have also served to raise the gener-
al level of awareness about growing environmen-
tal problems throughout the world. The data from
both systems, and the equipment with which to
process them, have provided the United States
with access to, and influence in, many other
countries.

Although the private sector is technically ca-
pable (given adequate financial incentives) of pro-
viding the data promptly to meet the requirements
of the Federal Government and other potential
customers, commercial objectives may conflict
with U.S. foreign policy objectives. Constraints
on a private firm that are sufficient to protect U.S.
foreign policy objectives could well make such an
enterprise unprofitable or require a large and con-
tinuing Government subsidy to make the enter-
prise viable.

Data Sales

The United States has followed the policy, con-
sistent with the practice of other countries, of pro-
viding meteorological data freely and without
charge. After exploring the feasibility of charg-
ing for meteorological data, which raised ire and
concern in other countries (especially those that
participate in the data gathering), the administra-

tion decided to continue the earlier policy. If the
metsats were to be transferred to the private sec-
tor, the Government would presumably purchase
the data from the operating firm and then distrib-
ute them free of charge to other countries. Since
the United States receives free of cost more vital
meteorological data from other countries than it
gives away, and since providing global weather
data is a public good, maintenance of this data
policy would continue to benefit the United States.

Landsat data have always been sold to non-U.S,
Government users, and they have been made
available to all purchasers on a nondiscrimina-
tory basis. Indeed, the data policy of the Land-
sat program can be considered to be a cornerstone
of the U.S. “open skies” policy and of the use of
space for peaceful purposes. By following this
policy, the United States has been able effective-
ly to blunt criticism of other activities, such as
the operation of classified surveillance satellites.
It has also been able to demonstrate to the entire
world its adherence to the principle of the free
flow of information. It is a powerful message to
send to all governments, especially those opposed
to the open interchange of ideas and information,
that LandSat data are available even to our polit-
ical and economic adversaries at the same price
and under the same terms as to our friends.

Yet, if the transfer to the private sector were
made, potential owners would exert strong pres-
sure to be allowed to set their own data sales
policies in order to maximize profitability. Such
a posture would frustrate the very policy the
United States has fought so hard and so long to
maintain in the United Nations and in its foreign
relations. In view of the continued importance of
the “open skies” principle to the United States,
altering the principle of nondiscriminatory sale
of land remote-sensing data would be harmful to
many U.S. foreign policy interests, not just those
involving outer space. Whether or not the Gov-
ernment decides to continue the nondiscrimina-
tory policy, any charter for a private firm should
be unambiguous with respect to the data distribu-
tion policies the firm could pursue.



Value-added Services

To date, most of the revenue from the use of
remote-sensing data has been earned by those cor-
porations that process, analyze, add other infor-
mation, and/or interpret the data for themselves
or for others (the so-called value-added industry).
The value-added companies constitute a small,
but growing, specialized industry. Most bidders
for a remote-sensing system would want to par-
ticipate in the value-added business, The primary
economic value of the data from the meteorologi-
cal satellites is in warning of impending severe or
unusual weather. Since receiving terminals are
relatively inexpensive, most countries and many
organizations can afford to own and operate
them. For meteorological data, allowing a data
supplier to sell value-added services as well as data
appears to raise no special concerns in develop-
ing countries as long as the raw data remain freely
available to everyone with the capacity to receive
them.

High-resolution land remote-sensing data and
the ability to analyze them are potentially power-
ful tools for resource development. Many devel-
oping countries have expressed the fear that if the
company owning the data collection and distribu-
tion system were also allowed to offer value-
-added services, it might take special advantage
of having control over the acquisition and distri-
bution process to make its own value-added serv-
ices more timely or more complete than the serv-
ices of its competitors. Under such conditions, the
company, and its most favored customers, could
obtain economic leverage over countries that
lacked the facilities and personnel capable of in-
terpreting the data. Therefore, from the stand-
point of maintaining good relations with develop-
ing countries, it may be appropriate for the United
States to restrict the private data distributor from
entering into the value-added business, or to reg-
ulate it closely to prevent such a company from
exerting unfair economic leverage over others. As
competition from foreign or even other domestic
systems grew, it should be possible to relax such
restrictions. Alternatively, the Government could
require data analyses to be sold openly as well.

U.S. Technological Leadership

The existence of metsat ground stations, owned
and operated by over 125 countries, and the much
more expensive Landsat ground stations in 10
countries, constitute an eloquent statement of U.S.
leadership in successfully applying high technol-
ogy for the benefit of all mankind. The United
States has also participated with both industrial-
ized and developing countries in pursuing applied
research in the uses of the data. It is critical to
the continuing R&D of remote-sensing technology
and the growth of the data market for the United
States to maintain its cooperative basic and ap-
plied research programs with other countries, both
to advance U.S. research objectives and to retain
U.S. leadership in the technology of outer space.

Cooperation With Developing Countries

Through its international cooperative projects
with developing countries, the United States has
advanced the state of the art in remote sensing,
and provided access to information and processes
that those countries would not have been able to
afford to develop unilaterally. This cooperative
approach has materially helped such countries to
cope with the enormous human and physical
problems of resource management, especially in
isolated, rural areas.

In an era of rising costs and decreasing budgets,
it may be increasingly difficult for the Agency for
International Development (AID) and other U.S.
organizations to provide data and other research
support in remote sensing, yet U.S. Government
agency technical programs are largely responsi-
ble for the development of the international com-
munity of users of metsat and Landsat data, and
the concomitant market for Landsat data prod-
ucts. If the transfer to the private sector is made,
it will therefore be important to assure that ap-
propriate Government funding is continued for
these projects, and that access to data will also
continue. It will also be important to involve
private value-added companies in these projects.



International Legal Issues

The United States helped to formulate and is
now party to four major international treaties and
agreements that may affect the operations of pri-
vately owned Earth remote-sensing systems. Of
greatest importance to potential private owners
of remote-sensing satellite systems is the 1967
Outer Space Treaty, article VI of which requires
“continuing supervision by the appropriate State
party to the Treaty. ” At the least, this provision
suggests some form of licensing and Government-
imposed regulations for private space system
operators.

In regulating a private land remote-sensing
system, the Department of State, Department of
Commerce, or other concerned Federal agencies
have the opportunity to develop imaginative strat-
egies and institutions for working with the private
sector in this technology. The form of these strat-
egies and institutions is particularly important
because land remote-sensing data, by the nature
of their information content, raise the sensitivities
of other countries. The Department of State’s
Bureau of Oceans and International Environmen-
tal and Scientific Affairs (OES), which would like-
ly be charged with regulatory responsibility over
international questions, would have to strengthen
its technical expertise in space and its commitment
to using space technology as part of the foreign
policy of the United States. Such regulations could
bring U.S. foreign policy objectives into direct
conflict with the profit motives of private enter-
prise.

Some countries maintain that they should have
priority access to data derived from the sensing
of their territory; others have argued that their
consent should be obtained before these data are
transferred to third parties. The United States
maintains that a policy of free collection and dis-
semination of primary data is both supported
legally and encouraged by the 1967 Outer Space
Treaty and article 19 of the U.N. Universal
Declaration of Human Rights.
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Our historical policies of nondiscriminatory
data sales and the free flow of information have
served us well in deflecting attempts to restrict the
right to sense other countries or to make those
data available to third parties. Should transfer to
private ownership result in discriminatory access
to data—and a reduction in technical assistance
and concessionary sales policies aimed at mak-
ing these data less accessible to less developed
countries—the U.S. position about “open skies”
would have to be modified, with attendant losses
to U.S. foreign policy objectives.

Future International Coordination

The United States currently participates in the
deliberations of several international groups that
set or coordinate standards for remote-sensing sys-
tems. If transfer of the Landsat system takes place,
the Government should spell out clearly how pri-
vate firms would interact with the Department of
State and other U.S. agencies having cognizance
over these matters.

Landsat Foreign Ground Stations

If the transfer takes place, the Memoranda of
Understanding between NOAA and the foreign
ground stations would become null and void. Yet
the foreign ground stations provide data of signifi-
cant importance to the U.S. Government. In order
for the private firm to supply the required data
to the Government, in the absence of a system
like the Tracking and Data Relay Satellite System,
it may be essential for the firm to be able to enter
into agreements with the foreign governments
who own the receiving stations. Some countries
may be unwilling to do so without major conces-
sions regarding data distribution policy on the
part of the private owner. In other words, for-
eign owners may insist on placing restrictions on
sales of data to their adversaries.
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DOMESTIC PUBLIC GOODS

U.S. remote-sensing programs have contributed
significantly to the domestic public welfare. The
daily contributions of the meteorological satellites
are visibly reflected in the daily media forecasts.
Landsat’s contribution is less often publicized, but
the data it provides make possible new cost-effec-
tive ways to assess, manage, and exploit Earth’s
resources and environment. Landsat data are used
for agriculture (to indicate crop stress and to fore-
cast crop yield), forestry (to reveal the state and
extent of forest resources and determine appropri-
ate replanting strategies), resource exploration
(nonrenewable resources), environmental moni-
toring and coastal zone management, cartogra-
phy, and resource management.

State and Local Government

A fully integrated communications network for
receiving and disseminating satellite meteorologi-
cal data already exists in the U.S. National
Weather Service, which adds these data to ter-
restrial observations and distributes them to the
States and local communities in the form of long-
and short-range weather forecasts. States and
local news media use these data to warn citizens
of impending weather conditions, including severe
weather.

Several States have also begun to integrate
Landsat data into their long-term planning, and
to add them to computerized information retrieval
systems. However, the high cost of large com-
puters and software and the expense of training
and maintaining personnel, combined with uncer-
tainties about Federal policy, are inhibiting the
States from relying more heavily on Landsat data.
Further, some States that now use Landsat data
to support their planning efforts are worried that
transfer of the system to private hands would
cause sharp rises in the prices of data over a short
time. In order to cut costs, many States share
Landsat data purchased from the Government
with other States, particularly in border areas
where Landsat scenes cover land in two or more

States. * States express concern that private
owners would copyright the data in order to in-
hibit copying and trading them, which would also
raise the costs of using Landsat data.

Continuing Research

Important for satellite remote sensing is research
on how to apply the data to environmental and
resource problems as well as on improving sen-
sors and related hardware. Although meteorologi-
cal satellites have been operational for years, ex-
perimenters continue to discover ways to use their
low-resolution data to solve some resource prob-
lems. For example, these data now serve as im-
portant adjuncts to the use of Landsat data for
agricultural predictions. It will be important to
continue university, private sector, and Govern-
ment research on applying meteorological data
to resource problems. In addition, there is a need
for continuing improvements to the meteorologi-
cal sensors. The present research program within
NOAA is inadequate.

Although the system to produce data from the
MSS sensor aboard Landsat 4 is appropriately
termed “operational,” many of the techniques to
use the data effectively are by no means well
understood. Thematic mapper (TM) data will re-
quire considerable experimentation in order to
learn how to make the best possible use of them.
The universities could play a strong role in such
research. Without a continuing source of data and
continued experimentation in the public and pri-
vate sectors with applying both MSS and TM
data, the market for data and data products will
not develop and potential benefits will remain
unexploited by the United States.

NASA plans to fly a variety of advanced ex-
perimental remote sensors on the space shuttle.
However, there is also a great need to develop

® Sharing data by copying data tapes or photographic products

is now a common practice in Federal agencies, private industry, and
the universities, as well as in State and local government.



11

long-life operational sensors and associated proc-
essing hardware that can be used for commercial
purposes. Smooth incorporation of new hardware
into operational systems generally mandates evo-
lutionary, not revolutionary, changes in design
and system capacity.

Maintenance of Archives

Data gathered from meteorological satellite
observations contribute to our knowledge of long-
term weather patterns. In particular, the National
Climate Program within NOAA assembles these
data and combines them with other satellite and
terrestrial data to produce world climate models.
In order to continue the research on weather and
climate, it will be important to continue to archive
meteorological satellite data and to maintain con-
tinuity of the data format,

The EROS Data Center (EDC) currently main-
tains an archive containing most of the data it
receives. However, most foreign data are not in-
cluded in the archive, nor is it possible to pur-
chase most foreign data directly from EDC. Cus-
tomers must generally purchase their images of
foreign land areas from the appropriate foreign
ground stations. The expense of maintaining a
complete archive of all the data ever received from
the Landsat system is too great. However, it
should be possible to construct a complete set of
cloud-free images of MSS data for the entire
world. To date, because of lack of funds, this has
not been done, although NOAA and NASA rec-

CIVILIAN FEDERAL GOVERNMENT

Data from the meteorological satellites have
been used directly by the various Federal mission
agencies either as they are transmitted to Earth,
or after being processed and integrated with other
weather data by the National Weather Service.
If the process of transfer of the metsats to private
ownership had continued, the Government would
have offered to control, and pay for, the provi-
sion of required domestic and international mete-
orological data. It would have left to the private
sector the design and operation of future satellites,
sensors, and related equipment to ensure that the
Government’s needs for data were met.

ognize the value of such an archive, especially for
mapping, land-use planning, and for mineral ex-
ploration. The Government would have to decide
whether the limited archive maintained at EDC
would be transferred to the private sector and,
if so, under what conditions. If the archive is
transferred, safeguards to protect it from later
deterioration or destruction should be instituted
so that all interested parties will continue to have
access to these data without copyright restrictions.

University Programs

In addition to their role of developing and in-
structing in the use of new technologies, univer-
sities and other not-for-profit organizations have
carried out research in using Landsat data for
themselves, State and local governments, private
industry, and the Federal Government. At pres-
ent they face two major concerns: 1) the steeply
rising prices of Landsat data and the concomitant
decrease of Federal research support have caused
some universities to reduce severely their research
and teaching programs; and 2) the universities ex-
press worries that both the operational and re-
search aspects of the U.S. Landsat program lack
direction. From the point of view of university
researchers and teachers, these uncertainties make
the prospects for the future grim, presaging fur-
ther reductions in their teaching and research pro-
grams related to land remote sensing. Yet these
institutions play a major role in technology
transfer, both in the United States and abroad.

REQUIREMENTS

For several years, data products derived from
the Landsat MSS sensor have been applied by the
mission agencies to specific resource management
and evaluation tasks. In most cases, these data
products have become the standard for the
remote-sensing users, both within and without the
Government. Although TM data will continue to
be used for research purposes, because of the dif-
ficulties and expense of processing the enormous
volume of data represented in a TM scene, they
will see relatively limited use. MSS-type data will
continue to be of general interest to large parts
of the user community for some time to come.
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In part this interest exists because the user com-
munity is accustomed to using the data, but for
many users, the data’s four-band multispectral
characteristics and synoptic view are often of
greater importance than their. spatial resolution,
Although it will be important to continue to study
the applicability of advanced data such as TM,
which incorporates seven spectral bands, for Fed-
eral mission agencies, data equivalent to MSS in
format, spectral and spatial characteristics will
satisfy most civilian Federal needs for the rest of
the 1980’s.

Even if the private sector assumes responsibility y
for providing remote-sensing data for the U.S.
Government, it will be necessary for the Govern-
ment to maintain oversight authority over such
corporations to assure that they continue to pro-
vide Federal data needs. It seems appropriate to
designate a single lead agency to supervise and
regulate all U.S. civilian remote-sensing activities.
However, to protect both Government and pri-
vate interests, it will be necessary that the agen-
Cy act in such a way as not to stifle realistic op-
portunities for a private owner to exercise initia-
tive and flexibility in providing data responsive
to a worldwide market, including the private U.S.
market.

Government Data Requirements

If transfer of the Landsat system to private
ownership were made soon, (i. e., while Landsat
5 is still functional’), it would be appropriate for
the new owner to maintain data products and
service equivalent to, or better than, the Gov-
ernment now provides using the MSS sensor.
However, one of the reasons for transferring the
system to private hands would be to achieve bet-

*Landsat 5 will be called Landsat D * until it is launched and oper-
ating in March 1984. Its nominal lifetime in orbit is 3 years for the
spacecraft, 3 years for the MSS, and 1 year for the TM.

ter data products, delivery, and services than now
exist. Thus, as the privately owned system
evolved, the Government would be likely to de-
mand improved service and products.

As U.S. private satellites begin to incorporate
improved sensors capable of higher resolution and
pointing, as the French SPOT satellite has been
designed to do, it will be tempting for the Govern-
ment as well as other customers to ask the cor-
poration to respond to special data needs, in ad-
dition to supplying routine data. However, such
special tasking can only be accomplished at an
extra cost, because it takes the satellite away from
routine tasks. Because this differential pricing (for
differing levels of service) also has the potential
for being discriminatory, it should receive careful
consideration and rules for handling it should be
developed.

Alternative Systems

The Landsat system provides a unique capaci-
ty. No other technique in the world provides the
ability to obtain reasonably detailed data (i. e.,
each minimum unit of Landsat MSS data repre-
sents 1.1 acres on the ground), over the entire
Earth, and at a repetitive frequency that allows
most temporal changes to be monitored effective-
ly. However, in order to derive the maximum user
benefits of this technology, it will be necessary
to find ways to reduce sharply the system costs
while improving delivery, System studies by
several private companies have shown it may be
possible to achieve cost reductions of up to 50 per-
cent for an operational system. If the Government
decides to maintain its own civilian land remote-
sensing system, it will be essential to find addi-
tional ways to reduce system costs. Because R&D
is so expensive, major cost cutting for operational
services implies that substantial R&D can no
longer be done while providing a high level of
routine services.

NATIONAL SECURITY REQUIREMENTS

The ability of the United States to collect extra-
territorial information of military and intelligence
value was suddenly and dramatically improved
in the early 1960’s with the development and oper-

ation of classified meteorological and reconnais-
sance satellite systems by DOD. Satellite pro-
grams provide, among other things, essential data
about areas of the world where other types of U.S.
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access is restricted. So long as both the civilian
unclassified programs and the military classified
programs are under the direct control of the Fed-
eral Government, the activities of both can be
coordinated and controlled in the national inter-
est. However, placing remote-sensing programs
in the private sector may make it very difficult
to continue appropriate coordination between sys-
tems and control over data delivery.

It is little appreciated that the intelligence and
defense communities, taken together, currently
are the largest users of Landsat data within the
Federal Government. If there were no appropriate
civilian Government system or sufficient safe-
guards on a privately owned system, these com-
munities might find it necessary to build and oper-
ate their own system, thereby diminishing any ex-
pected budget savings.

DOD Oversight of
Technical Specifications

NASA, in collaboration with other Federal
agencies, academic institutions, and industry, has
carried out a substantial program of experimen-
tation and demonstration of sensors and data-
processing techniques for land remote sensing.
NASA has pursued its research in cooperation
with DOD as provided for in the 1958 National
Aeronautics and Space (NAS) Act. Until recent-
ly, the ground resolution of the civilian systems
has not been sufficient to detect objects of signifi-
cant military interest. However, the development
of advanced high spectral and spatial resolution
civilian sensors in the United States and abroad,
and the prospect of private sector entry into the
realm of land remote sensing, necessitate a re-

FOREIGN COMPETITION

It is clear that other countries, building on the
experience gained from U.S. applications technol-
ogy as well as on their own capabilities, see the
development of meteorological, land, or ocean re-
mote-sensing satellites as an integral component
of their entry into space. In addition to construct-
ing systems competitive with the U.S. Landsat
system, they are also moving to develop systems

examination of U.S. and other national policies
regarding technology development and technol-
ogy transfer. Areas that should be examined care-
fully include the limits that should be placed on
the ground resolution of space-borne sensors, their
spectral characteristics, and on sophisticated data-
processing techniques. However, in the face of the
development of advanced foreign systems, it will
be difficult for DOD to exert much control over
advances in U.S. civilian hardware and process-
ing techniques without making it impossible for
the United States or its firms to compete in the
world market.

Preemption by the Military
in Time of Emergency

The increased spectral and spatial resolution of
TM or other 1land remote-sensing systems make
the data they provide of increasing interest to
DOD and the intelligence community. These data
could serve as a supplement to other data collec-
tion means at any time. I t will be essential to spell
out clearly the particular requirements of DOD
and the intelligence community for hardening of
the system’s electronics, and the system specifica-
tions, as well as the conditions under which the
private system could be preempted. Meeting these
special requirements will add cost. If the private
owner were to be required to meet them without
specific compensation, data prices would be ex-
tremely high for all users, which would inhibit
the development of a commercial market for data.
If the Government were to pay for these addition-
al capabilities, such support would constitute an
additional subsidy of the system, beyond the basic
ones of no competition and fixed data purchases.

that will sense the physical parameters of the
oceans and the coastal waters. The United States,
though it has a program within NASA to develop
new sensors to fly intermittently on the shuttle,
has no plans to develop civilian operational sys-
tems for land or ocean remote sensing that would
provide continuous data over the long term with
repeat coverage.
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In order to maintain U.S. leadership in applica-
tions of space technology, it will be important for
the United States to maintain continuity of data
delivery. This is likely to require Government sub-
sidy. It will also be important for the Government
and the private sector to sustain a vigorous pro-
gram of research in both space systems and the

applications of the data such systems supply to
the solution of a wide range of terrestrial prob-
lems. If the United States wishes to maintain lead-
ership in this technology, it will be essential that
the technology and the data it produces, whether
publicly or privately owned, remain an integral
component of U.S. domestic and foreign policy.
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Chapter 2
Introduction

This technical memorandum explores the ma-
jor policy-related issues raised by the proposed
private ownership of satellite-based civilian re-
mote-sensing systems. It responds to requests from
the Committee on Science and Technology of the
U.S. House of Representatives to provide infor-
mation that would help the committee fulfill its
oversight and legislative responsibilities. Specifi-
cally, the committee requested that OTA “address
the requirements or constraints relating to inter-
national and national security concerns. '

This memorandum is designed to aid Congress
in determining the appropriate requirements and
conditions for private sector ownership and/or
operation of the U.S. land remote-sensing sys-
tems. It also provides information and analysis
that will be useful for Congress as it develops and
considers legislation for transferring remote-
sensing satellite systems to the private sector. It
does not reach any explicit judgments about
whether a transfer of remote-sensing services and
data to private hands is either feasible or desirable,
Rather, OTA’s analysis discusses what a private
owner and/or operator might be required to do
in order to meet existing or projected U.S. obliga-
tions to the international community, to enhance
national security, and to preserve the public ben-
efits of civilian remote sensing from space.

! Letter from U.S. House of Representatives Committee on Science
and Technology, July 20, 1983; see also letter from Government
operations Committee, September 1983.

Although the value of remote sensing must con-
stitute part of the analysis of potential require-
ments, this memorandum neither analyzes the po-
tential market for remote-sensing data, data prod-
ucts, and services, nor judges the benefits versus
the costs of maintaining these services in the
Federal Government as compared to transfer to
the private sector. However, it enumerates many
of the concerns that users of data from the system
have expressed about transfer to the private sec-
tor. It leaves it to Congress to judge the relative
importance of potential requirements that might
be imposed on the private sector,

Shortly before this technical memorandum was
completed, Congress voted to keep the meteoro-
logical satellite systems in the hands of the
Government and directed the administration to
cease preparation of a request for proposal to
transfer these systems to the private sector. *How-
ever, because the issues the proposed sale of the
meteorological satellites raises are typical of the
movement of technology from the Government
to private hands, and of the decisions that must
be made vis-a-vis public and private goods, OTA
has retained the analysis of meteorological satel-
lite systems.

‘Appropriations bill H.R. 3222, November 1983

DEVELOPMENT AND STATUS OF REMOTE SENSING FROM SPACE

The scientific and user community recognized
early in the development of space technology the
potential value of sensing Earth’s atmosphere,
land masses, and oceans from space for civilian
purposes. The first civilian remote-sensing satellite
was a polar-orbiting weather satellite called
TIROS, launched by the United States in 1960.
TIROS provided the first civilian images from
space.

Subsequent improvements in the polar orbiters
by the National Aeronautics and Space Admin-
istration (NASA), which until recently has con-
ducted much of the research and development
(R&D) on new sensors, and the National Oceanic
and Atmospheric Administration (NOAA), which
operates the meteorological satellite systems, have
led to a powerful system of two orbiters that cir-
cle Earth every 102 minutes and provide complete

17
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MISSION: Repetitive observations of the earth disk and overlaying atmosphere in the
field of view. measurements of solar x-rays and the proximate space
environment. collection and refay of data from platforms at or near the
earth's surlace: broadcast of data and environmental information

ORBIT. 35,800-km geosynchronous GOES East over equator at 75 W GOES
West at 135 W

SENSORS AND FUNCTIONS:

+ Visible and Infrared Spin Scan Radi (VISSR) At pheric Sounder
(VAS): The VAS is a visible and infrared radiometer capable of providing both
multi-spectral imaging and dwell sounding data. it possesses eight visibie and
sixinfrared detectors. Positioring a filter wheel aliows selections from among 12
spectral bands with central wavelengths between 3 9 ana 15 um VAS scans
west 1o eastin conunction with spacecratt rotation at 100 rpm; a stepping mirror
provides pole to pole scanning. Resoiutions are 1-km .n the visible and 7- or
14-km in the infrared. depending upon the selection of IR detectors Visible
imaging data are provided routinely every 30 minutes by each spacecraft during
daylight and infrared (7-km) imaging data, on the same scheduie. are provided
day and night

Space Environment Monitor (SEM): Composed of 4 subsystems

(13 X-Ray Sensor: Provides data on solar x-ray activity n two wavelength
bands 0.5-3 0A and 1-8A

12) Energy Particle Sensor Determines ntensity of chargea particte Hux in
the foilowing ranges

Protons -0 8 to 500 MeV. 7 log ranges
Alphas - 3 210 400 MeV . 6 iog ranges
Electrons -2 MeV. 1 range

{3) High Energy Proton and Alpha Detector (HEPAD) Protons in the 379-keV
range. aipha particies in the 850-keV range

{4) Magnetometer. Monitors magnitude and direction of ambient magnetic
field. parallel field ( - 1200v). and Iransverse held in 4 selectable ranges
{ *50y. - 100y - 200~ or - 400v)

- Data Collection System (DCS): Relays UHF interrogatons to. and data from
sensor platforms reporting environmental data

DIRECT BROADCAST: Broadcasts available to any ground station within range

+ WEFAX: Retransmission of processed data at 1691 0 MHz Along with me-
teorological charts, GOES imagery at 8-km resolution and NOAA imagery at 8-
to 12-km resolution are transmitted A daily operational message is transmitted
that provides schedules and contents A basic ground capability costs about
$8.000 (U S ) in 1981

+ Stretched Sensor Data: A relransmission, at a reduced rate, of the data burst
that occurs during the 20 angular sweep of VAS detectors across the earth
The transmisston s on S-band at 1687 1 MHz A basic ground station that
includes a limited product capabiiity costs about $150.000 (U S ) in 1981



19

Array Equipment High-energy
drive support protonand
electronics module alpha particle

detector

Solar array Medium energy
drive motor S-band proton and electron
omni Thermal detector
antenna control
Solar pinwheel Sun sensor
array louvers (12) detector

Inertial
Earth measurement
sensor unit

assembly

Instrument
mounting
platform
sunshade
Nitrogen
tank (2) Instrument
mounting
platform
Hydrazine
tank (2) ~ ‘
. - ;
. S-band - Beacon/ Advaa?e:
Reaction antenna (3) command very hig
system antenna resolution
support VHF radiometer
structure i S-Band . )
real-time omni Microwave | stratospheric
antenna sounding A A
Battery antenna unit sounding unit
modules (4) UHF d_ata
collection High-resolution
Rocket system antenna infrared
engine radiation
assembly (4) sounder
SOURCE: National Oceanic and Atmospheric Administration
MISSION: Collect giobal data on cloud cover. surface conditions such as ice and snow. 12) Stratospheric Sounding Unit (SSU): 147 3-km resolution
surface and atmospheric temperatures. and atmosphenc humidity, mea- .
sure solar partcte flux, colect and relay intormation trom fixed and moving Ch]agnels ane:esngths (um) Temperature n:)::l:‘:'y Uses

data platforms. provide continuous data broagcasts

ORBIT: 833- and B70-xm circular 98 89" inclination.  14-1 4 revs.day (3) Microwave Sounding Unit (MSU): 105-km resoiution

Channels Frequencies Primary Uses
1 50 31 GiHz
SENSORS AND FUNCTIONS 2 53 73 GHz Temperature soundings through ciouds
Advanced Very High Resolution Radiometer (AVHRR/2) 3 54 96 (LHz
1 1-km resoiution. -2600-km swath width 4 57 95 (iHz
Channels Waveiengths (um) Primary Uses Envi t M - Mea P .
) 058.068 Daytme cloud surface mapping fr;;:ce nvironment Monitor (SEM): Measures solar particle flux at space:
2 0725-110 Surface water gelineation ice and snow .
melt 11) Total Energy Detector (TED): Solar particie intensity from O 3- to 20-keV
3 355-393 Sea surface temperature. mghttime cloud {2) Medium Energy Proton and Electron Detector (MEPED): Protons.
mapping electrons. and ions in 30- to 60-keV range
4 1030 - 1130 Se rface temperature. day and night
cloidsr(;vappmg P y 9 ARGOS Data Collection System (DCS) (French): Collection and relay of data
5 1150-1250 Sea surace temperature, day and night from fixed or movirg automatic sensor platforms. determines location of moving

cloud mapping plattorms

DIRECT BROADCAST: ontinuous 0ata broadcasts available to any receiving station
TIROS Operational Vertical Sounder (TOVS): vithin range

A 3-sensor atmosphenc sounding system . Automatic Picture Transmission (APT): Visible and infrared imagery at 4-xm
i1) High Resolution Infrared Radiation Sounder (HIRS/2) 17 4-km resolution resolution VHF broadcasts at 137 50 or 137 62 MHz. Basic ground equipment
costs about $25 000 (U.S ) in 1981

Channeis Wavelengths (.m) Primary Uses
é.? :43 23 - 13 g; EZpr:n'a;;'jdoem&hlsz‘l:r‘ovua%so’ bands High Resolution Picture Transmission (HRPT): Visible and infrared data at
: 1-km resolution S-band broadcasts at 1698 0 and 1707 0 MHz Basic
8 1mn Surtace temperature. clouds ground equipment costs about $250 000 1U S 1 10 1981
9 971 Total O, concentration
10-12  B16-672 Humiaity profiles, detection of thin cirrus + Direct Sounder Broadcast (DSB): TOVS 0ata transmitted tor use inquant-
clouds tative programs f3roadcast at 136 77 or 137 77 MHz {Beacon Frequency)
13-17 457-424 Temperature profiles ang in the HRPT data stream Conventional ground recetving station re-
18-20 400-069 Clouds. surtace temperatures under partly quired bul speciahized data processing 5 necessary fo produce environ-

clougv skies mental intormanion



coverage of Earth’s atmospheric parameters every
6 hours. These NOAA N-Series satellites also
carry the ARGOS Data Collection System pro-
vided by France, which collects and relays envi-
ronmental and other data from ground-based
automatic sensor platforms. The polar-orbiting
meteorological satellite system is now augmented
by two geostationary satellites (GOES) that pro-
vide low-resolution visible and infrared coverage
of the western hemisphere every 30 minutes.

Both systems are integral parts of the U.S.
weather and climatological systems and constitute
a major source of timely weather data to the rest
of the world. They also comprise a major source
of data for studies of long-term weather trends
and climatological studies.’By international
agreement, weather data, including those gathered
by satellite, are shared with the world communi-
ty freely and at no cost. In return, the United
States receives satellite and other weather data at
no cost from other countries all over the world.

Aircraft-based experiments with multispectral
land remote-sensing systems started before the
Space Age, but were strengthened when NASA
launched the first land remote-sensing satellite,
Earth Resources Technology Satellite (ERTS), in
1972. This satellite was later renamed Landsat 1
and was followed by Landsats 2 and 3 in 1975 and
1978, respectively. In addition to other research
devices, all three satellites carried a sensor called
the multispectral scanner (MSS), having a spatial
resolution at Earth’s surface of about 80 meters
and covering four spectral bands. The output of
this sensor, transmitted to Earth, then corrected
and stored, constitutes the primary archival
library of Landsat data, extending back to 1972.

3Civilian Space Policy and Applications (Washington, D. C.: U.S.
Congress, Office of Technology Assessment, OTA-STI-177, June
1982), app. E.

REMOTE-SENSING POLICY

Although the potential utility of images gath-
ered by satellite of atmospheric conditions and of
the surface of the land and ocean were recognized
by those conceiving the systems, few considered
operating the systems as commercial entities.

Landsat 4, which was launched in 1982, carries
both an MSS sensor and an experimental thematic
mapper (TM) sensor, having a nominal spatial
resolution of 30 meters on Earth, and providing
seven spectral bands of data. *

Developed and procured by NASA, the Land-
sat system (Landsat 4) is now operated by NOAA.
At the present time, no data can be received
directly from the TM because of a failed X-band
transmitter aboard the satellite. Limited TM recep-
tion is possible through the Tracking Data and
Relay Satellite System (TDRSS) when the latter
is available for use. In addition, two of the four
solar panels that provide power to the spacecraft
have failed. Landsat 4 consequently has a highly
limited lifetime. NOAA plans to launch the back-
up satellite to Landsat 4, Landsat D, this month.
After launch it will then be named Landsat 5.

NASA'’s and NOAA's efforts with the Landsat
system have demonstrated to a small but dedi-
cated group of customers, both within and with-
out the Government, that satellite data can be
highly effective in meeting their resource infor-
mation needs.’

In 1978, NASA launched the first dedicated
ocean observation satellite, Seasat-A. Designed
to last for at least 1 year, Seasat-A failed after only
3 months in orbit. During that period its active
and passive microwave sensors (including a syn-
thetic aperture radar) returned important new
data on the characteristics of the oceans, sea ice,
and a variety of terrestrial features. Despite
Seasat’s high degree of technical success, no
follow-on civilian oceanographic satellite has been
authorized.

*The thermal band at 10.40 to 12.5 microns has a spatial resolu-
tion of 120 meters.
*Civilian Space Policy and Applications, op. cit., pp. 53-67.

However, as Federal, State, and local govern-
ments and universities and industrial firms began
to work with the data from the Landsat system,
they realized that these data were often a cost-
effective substitute for older (aircraft) methods of
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MISSION: Coilect remotely sensed, multispectral land data. broadcast data tor receipt
at ground stations operating under formal agreements

ORBIT: 705-km' sun syncnronous. 16 day ‘epeat cyc'e
SENSORS AND FUNCTIONS.

Multi-spectral Scanner (MSS): The MSS s the specitieo operational sensor
Swath width is 185-km resolution 1s 80-m
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Thematic Mapper (TM): 1he TM s a NASA expernmenrtal sensor It wil come
on-iine operationally after t has been prover by NASA and an approprate
ground system has been constructed Its designed to provide 30-m resoiution
except tor 120-m resolution 11 the thermal irtrared band

sensor
Waveiengths
(um) Primary Uses
045 - 052 Coastal water mapping. soil vegetation differentaton
deciduous coniferous ditferentation
052 - 060 Green refiectance by heaithy vegetaton
063 - 069 Chiorophyll absarption for plant species differentiation
076 - 0.90 Biomass surveys. water body delineaton
155 - 175  Vegetation moisture measurement
1040 -1250 Plant heat stress management. other thermal mapping
208 - 235 Hydrothermal mapping

DIRECT BROADCAST: Broadcasts are provided ‘Or ground stations which have
entered into formal agreements covenng the receipt and distnbution of these data
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gathering Earth resources data. The digital for-
mat, wide spatial coverage, and repeatability of
the data make possible new applications that
could eventually increase the value of the infor-
mation these data provide. By the late 1970’s,
some observers postulated that the data might
eventually have sufficient commercial value to
attract private investment in a remote-sensing sys-
tem. However, it was also clear that barriers of
high cost, and technological and economic risk
would have to be drastically reduced to interest
private investors in providing a system com-
parable to the Landsat system.

Transfer of space-based land remote sensing to
private hands was first considered seriously in the
drafting of President Carter’s 1979 policy state-
ment on space, PD/NSC-54, which amplified the
earlier policy statements, PD/NSC-37 and PD/
NSC-42. According to the President’s Policy Di-
rective, “Our goal is the eventual operation by
the private sector of our civil land remote-sensing
activities. Commerce will budget for further work
in FY 1981 to seek ways to enhance private sec-
tor opportunities. " This statement left open the
speed and the means of the transfer but, because
it also committed the United States to provide
continuity of the data flow from the Landsat sys-
tem through the 1980’s, most observers assumed
that transfer to the private sector would take place
about 1990. The first stage of that process was
to transfer responsibility for operational manage-
ment of the Landsat program to NOAA. Transfer
of the meteorological satellite systems to private
ownership was not envisioned by PD-54.

The Reagan administration decided early in its
tenure to hasten the process of transfer, and an-
nounced “the intent of transferring the respon-
sibility [of Landsat] to the private sector as soon
as possible. ™ That statement, too, made Nno men-
tion of the meteorological systems. Later, in
March 1983, the administration proposed to trans-
fer both the Landsat and the metsat systems to

“’Presidential Directive NSC-54, ” Nov. 16, 1979.

¢Statement of Joseph Wright, Deputy Secretary, Department of
Commerce, to the Subcommittee on Space Science and Applications
of the House Committee on Science and Technology, and the Sub-

committee on Science, Technology, and Space of the Senate Com-

mittee on Commerce, Science, and Transportation, July 22 and 23,
1981.

private hands.’The Department of Commerce
commissioned three studies to explore and exam-
ine the issues raised by transfer of remote sens-
ing from space to the private sector.’Significantly,
none of these reports concluded that rapid transfer
was in the best interests of the United States.

In November 1983, Congress passed appropria-
tions bill H.R. 3222, which contained a provision
preventing sale of the Nation’s meteorological sat-
ellite systems to private hands. President Reagan
subsequently signed that bill into law (Public Law
98-166). The meteorological satellites will continue
to be operated as a public service, On January
3, 1984, the Department of Commerce released
a request for proposal (RFP) designed to solicit
offers from private industry to own and operate
the Landsat and any follow-on system. Proposals
are due on March 19, 1984.

The eventual goal of the transfer of the results
of Government R&D to the private sector is to
create ultimately a self-sustaining business from
all or part of the technology so transferred, with
the private firm in full control (except for ap-
propriate regulation) of further development and
shaping of the system and products. Realization
of such a goal would constitute full commercial-
ization of the Government-developed technology.
Intermediate steps along the way to this end could
result in: 1) shared control of the technology;
and/or 2) joint continued development of the
technology and its products, through either sub-
sidies, shared investment, or guaranteed Govern-
ment purchase. The process of transferring to such
an intermediate step, in which the system would
receive significant Government subsidy, has often
been called “privatization.”

’Statement of Malcolm Baldrige, Secretary of Commerce, to the
Subcommittee on Natural Resources, Agricultural Research, and En-
vironment of the House Committee on Science and Technology,
Apr. 14, 1983.

“’Space Remote Sensing and the Private Sector: An Essay, ” Na-
tional Academy of Public Administration, March 1983, Department
of Commerce contract No. NA-83-SAC-066; “Commercialization
of the Land Remote Sensing System: An Examination of Mechanisms
and Issues, ” ECON, Inc., April 1983, Department of Commerce con-
tract No.NA-83-SAC-00658; “A Study to Examine the Mechanisms
to Carry Out the Transfer of Civil Land Remote Sensing Systems
to the Private Sector, ” Earth Satellite Corp. and Abt Associates,
Inc., Department of Commerce contract No. NA-83-SAC-00679.
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Depending on the terms and conditions agreed
on, transfer of the Landsat system to the private
sector could result in any one of several outcomes.
As OTA recently testified:

Three principal alternatives seem plausible:

. Government contract with one or more
firms, either to provide a direct subsidy or
to purchase data at an agreed-upon high
price;

. a laissez-faire approach with competitive
bidding to supply data for Government
needs; and

. a mixed, phased strategy that would allow
private vendors to build a market over time
while gretaining partial Government owner-
ship. “

“’Landsat and Land Remote-Sensing Policy, ” statement of Dr. John
H, Gibbons, Director, Office of Technology Assessment, to the Sub-
committee on Space Science and Applications and the Subcommit-
tee on Natural Resources, Agricultural Research, and Environment
of the House Committee on Science and Technology, June 21, 1983,

Whether such transfer would produce a com-
mercially workable self-supporting system would
depend on the interest of the private sector and
the development of the market for data and data
products (i.e., information) that is needed to sus-
tain it. It would also depend on a national and
international legal/political /security environment
that permits the enterprise to seek success. Most
of the debate over transfer centers on ideological,
rather than practical, issues. Ultimately only the
direct experience of the private sector can answer
whether a self-supporting business will be the
result, or whether such a goal is, at least for the
time being, not feasible.

FOREIGN REMOTE= SENSING SYSTEMS

As the debate over the fate of the Landsat sys-
tem continues, it is well to remember that as the
United States deliberates, other countries are plan-
ning and building their own systems between now
and 1990. These systems, particularly for land and
ocean, present competitive challenges as well as
opportunities for creative cooperative agreements.

Meteorological Satellite Systems

European Space Agency (ESA)—Meteosat-2
(1981). This geostationary satellite provides raw
imagery of European weather conditions to
Europe as well as relaying processed imagery from
U.S. geostationary weather satellites. An im-
proved Meteosat is planned for launch in 1985.

India—Insat-1 (1982). This geostationary
satellite provides both communications and lim-
ited meteorological data. Insat-1B, which replaced
Insat-1, was launched successfully by space shuttle
Mission 8 in August 1983.

Japan-Geostationary Meteorological Satellite,
GMS-2. This was launched by Japan on a Japa-

nese NIl launcher in 1981 and is the second in a
series of geostationary meteorological satellites.
It has now failed and GMS-1 will be used until
a third satellite, GMS-3, can replace it in August
1984.

Peoples Republic of China—The Chinese are
working on a Sun-synchronous meteorological
satellite whose launch date is presently uncertain.

U.S.S.R.—Meteor (4 satellites; a cluster of
Meteor 2-7, 2-8, and 2-10, and a single newer ver-
sion, 2-9). Meteor is a polar-orbiting satellite with
sensors capable of determining global ice and
snow cover in addition to sensing cloud cover.
The Soviet Union currently plans to launch one
geostationary meteorological satellite (1984), with
visible and infrared sensors.

Land and Ocean Satellite Systems

Brazil-The Brazilians plan to launch a moder-
ate-resolution land-sensing satellite in the late
1980’s. Few details are available about this pro-
posed satellite.
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Canada-Radarsat (1990). This satellite will
provide C-band Radar images of Earth to monitor
the polar sea ice; other sensors are in the plan-
ning stages.

European Space Agency—Remote Sensing Sat-
ellite (ERS-1)—(1987/88). It is planned primari-
ly for passive sensing of the coastal oceans and
weather over the oceans. It will also carry a syn-
thetic aperture radar for active sensing of land
through cloud cover.

France—SPOT (1985). A land remote-sensing
satellite capable of high-resolution, multispectral
(3 band) stereo images. It will be the world’s first
commercial* remote-sensing satellite system.

West Germany—Modular Optoelectronic Mul-
tispectral Scanner (MOMS)—(1984/85). This in-
strument was flown on the Shuttle Pallet Satellite
(SPAS) developed by Messerschmitt-Boelkow-
Blohm GmbH (MBB) aboard shuttle flight 7. MBB
has entered into an agreement with COMSAT,
and with the Stenbeck Reassurance Co., Inc., to
market land remote-sensing data collected on
shuttle flights beginning in 1984 if agreement with
NASA can be reached. The West Germans also
tested a limited synthetic aperture radar aboard
Spacelab on shuttle flight 9.

® Although the SPOT system is organized as a commercial system,
it is, for the time being, heavily subsidized by the French Govern-
ment.

THIS TECHNICAL MEMORANDUM

The goal of the analysis of each of the follow-
ing chapters is to present Congress with poten-
tial requirements the Government might wish to
impose on private industry in supplying meteoro-
logical and land remote-sensing data. The third
chapter, International Relations and Foreign
Policy, describes the current international policy
and practice of the United States in remote sens-
ing from space and explores its international ob-
ligations as defined by treaties and agreements.
It also examines the utility of remote-sensing data
derived from space as an element of U.S. foreign

India—IRS-1A (1986). A low-resolution
“semi-operational” land remote-sensing satellite
to be built in India and launched by a Soviet
launcher. A follow-on, IRS-IB, will be launched
by an Indian-built launcher.

Japan—Marine Observation Satellite-1 (MOS-
1)—(1986) and Japan Earth Resources Satellite-1
(JERS-1)—(1990). MOS-1 is being developed pri-
marily for sensing various parameters of the
ocean. It will also be useful for land remote sens-
ing. JERS-1 is primarily a land remote-sensing sat-
ellite carrying a synthetic aperture radar that will
also have some limited marine uses.

U.S.S.R.—Meteor Priroda (1980); Kosmos
1484 (1983). Both are experimental land remote-
sensing satellites with low (170 m ), moderate
(80 m), and high (30 m) resolution electronic and
mechanical scan sensors that operate in a variety
of wavelengths. The Soviets consider the later sat-
ellite superior to Landsat 4, and have offered data
from them to the Eastern bloc as well as the devel-
oping countries.

policy, social and diplomatic outreach. The chap-
ter explains requirements now demanded by law,
and discusses other possible conditions that might
be imposed for the specific benefit of the United
States. Finally, the third chapter discusses the wor-
ries other countries have expressed about private
ownership of U.S. remote-sensing systems.

Chapter 4, Public Interest in Remote Sensing,
includes a short discussion of the civilian public
good aspects of remote sensing as well as tables
of uses of remote-sensing data by domestic and



foreign non-Federal users. Short case studies show
how State and local governments, private indus-
try, and research and educational institutions inte-
grate remote-sensing data into other information
needs.

Chapter 5, U.S. Government Needs for Re-
mote-Serzsing Data, summarizes projected future
Federal needs for remote-sensing data, and shows
where land remote-sensing data have been used
to satisfy the requirements of congressionally
mandated studies. A section of this chapter ana-
lyzes the sales of Landsat data.

Chapter 6, National Security Needs and issues
analyzes the national security aspects of civilian
remote sensing and discusses the feasibility of hav-
ing private industry supply the data needs of the
military and intelligence communities.

Preparation of the
Technical Memorandum

In preparing this technical memorandum, OTA
relied on personal interviews, contract studies
from several individuals, and the results of two
OTA workshops. In the first workshop, held July
26, 1983, participants drawn primarily from the
private sector discussed those broad issues implicit
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in the transfer of remote-sensing systems related
to international trade, foreign policy use of
remote-sensing data, public-good aspects of land
and meteorological remote sensing, and finally,
national security issues. The second workshop,
composed solely of participants from the executive
agencies, discussed most of the same issues from
the standpoint of Government policy and plans.

Throughout our discussions it was extremely
difficult to separate the question of whether this
country will continue to operate a land remote-
sensing system from the question of what condi-
tions and requirements a private firm should meet.
Customers of the data fear that the entire ability
to gather and distribute useful land remote-sensing
data might well be lost in the debate over transfer.
They argue that uncertainties over the fate of land
remote sensing have impeded the growth of a mar-
ket for data and, consequently, the development
of a strong value-added industry.

OTA is grateful to the workshop participants
and to the many others who provided informa-
tion or reviewed portions of the draft of this tech-
nical memorandum. Their helpful and timely
comments and suggestions made it possible to
complete this report expeditiously.
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Chapter 3

International Relations and Foreign Policy

Among the most important and difficult issues
to resolve in transferring civilian remote-sensing
systems to the private sector are those related to
international relations, international trade, and
foreign policy. Data products from both the ci-
vilian meteorological and land remote-sensing sys-
tems have been and remain important instruments
of U.S. foreign policy. These data and the tech-
nologies from which they spring remind other
countries of U.S. leadership in space technology
and U.S. dedication to using space for “the benefit
of all mankind. ™ Their use in numerous develop-
ing countries has allowed the United States to
share its technological expertise and create good
will for U.S. interests without transferring critical
aspects of U.S. technology, In addition, data from
these satellites have raised the level of awareness
of major environmental problems throughout the
world. By providing a means for self-directed
resources management, remote-sensing systems
help to create self-sufficient allies rather than
technological dependents.

‘National Aeronautics and Space Act (NAS ) of 1958, sec. 102 (a).

THE INTERNATIONAL CHARACTER

REMOTE SENSING FROM SPACE

Aircraft or balloons are clearly limited in
overflight by national legal restrictions on sov-
ereign airspace, but spacecraft have no overflight
restrictions. According to international treaty,
“Outer space and celestial bodies are not subject
to appropriation by claim of sovereignty, by
means of use or occupation, or by any other
means.”2 This principle is understood by the
United States and most other nations to mean that
nations are free to place in orbit any satellite that
does not violate other provisions of the 1967
Outer Space Treaty.

“Treaty on Principles Governing the Activities of States in the
Exploration and Use of Outer Space, Including the Moon and Other
Celestial Bodies, ” Oct. 10, 1967: art. II.

Although many countries accept the use of U.S.
remote-sensing systems, some have also ques-
tioned the right of the United States to sense their
countries or to sell sensed data to third parties,
and have argued that limits should be placed on
the sensors’ ground resolution. In addition, some
countries that have accepted a U.S. Government-
owned system have articulated deep concerns
about the potential for abuse of data generated
and marketed by privately operated systems.

Transfer of the metsat or Landsat systems to
the private sector would likely affect U.S. rela-
tionships with the world community. Examination
of the Landsat system’s importance to interna-
tional relationships, including trade, reveals that
transfer of the active system would strongly affect
foreign as well as domestic users of the data.

This chapter identifies and discusses the major
international issues connected with remote sens-
ing as they relate to the transfer of the U.S. civilian
systems to the private sector. It also suggests re-
guirements that might be imposed on a private
corporation seeking to own and operate remote-
sensing systems.

OF

This understanding has been called the “open
skies” principle; it is a fundamental principle of
the U.S. space program. The United States sup-
ports it in part by insisting on making civilian
remote-sensing data available on a nondiscrimi-
natory basis to anyone who wishes to receive
them. Meteorological data are available free of
charge to any country or organization capable of
receiving the signals; land remote-sensing data are
sold at uniform prices on an equal, nondiscrimi-
natory basis.

The United States, through the U.S. Agency for
International Development (AID), the U.S. Na-
tional Oceanic and Atmospheric Administration
(NOAA), and the international World Meteoro-

29



30

logical Organization (WMO), has been successful
in helping some 125 countries and organizations
purchase appropriate receiving terminals to
receive meteorological data from U.S. satellites

(see table 1). For some of the poorest countries,
such stations are their only means of gathering
synoptic weather data to warn of potentially de-
structive storms or dramatic climatic changes. In

Table 1 .—Countries With APT/HRPT Reception Capabilities

Countries with APT facilities:
Afghanistan

Algeria

Angola (status unknown)
Antarctica (USN res.)
Argentina

Australia

Austria

Azores

Bahamas

Bahrain

Bangladesh
Barbados

Belgium

Bermuda

Bolivia

Brazil

Bulgaria

Burma

Cambodia (status unknown)
Cameroon

Canada

Canary Islands
China (Mainland)
China (Taiwan)

Chile

Colombia

Costa Rica

Curacao
Czechoslovakia
Denmark

Dominican Republic
Ecuador

Egypt

El Salvador

Ethiopia

Fiji

Finland

France

French Guiana
Gambia

German Democratic Republic
Germany, Federal Republic of
Ghana

Greece

Guatemala
Guadaloupe

Guyana

Honduras

Hong Kong
Hungary
Iceland
India
Indonesia
Iran

Iraq

Italy

Israel

Ivory Coast
Japan
Jordan
Kenya
Korea
Kuwait
Madagascar
Malaysia
Mali

Malta
Martinique
Mauritania
Mauritius
Mexico
Mongolia
Morocco
Mozambique
Nepal
Netherlands
Netherlands Antilles
New Guinea
New Zealand
Nicaragua
Nigeria
Norway
Oman
Pakistan
Paraguay
Peru
Philippines
Poland
Portugal
Romania
Saudi Arabia
Senegal
Seychelles
Sierra Leone
Singapore
Somalia

South Africa

South Yemen

Spain

Sri Lanka

Sudan

Surinam

Sweden

Switzerland

Syria

Tahiti

Tanzania

Thailand

Trinidad and Tobago
Tunisia

Turkey

Union of Soviet Socialist Republics
United Arab Emirates
United Kingdom
United States

Upper Volta

Uruguay

Venezuela

Viet-Nam, Republic of (status unknown)
Yugoslavia

Zaire

Zambia

Zimbabwe

Countries with HRPT facilities:
Belgium

Brazil

Canada

China (Mainland)
Czechoslovakia

Federal Republic of Germany
France

Greenland (Denmark)

India

Indonesia

Iran

New Zealand

Norway

Saudi Arabia

Sweden

Union of Soviet Socialist Republics
United Kingdom

United States

Yemen (South)

SOURCE National Oceanic and Atmospheric Administration
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return, these countries provide the United States
with their local weather data which are crucial
to both U.S. civilian and military users.

As the National Aeronautics and Space Admin-
istration (NASA) developed the Landsat system,
it encouraged use of the system by other coun-
tries. Ten countries now own Landsat receiving
stations. In return for a fee, these foreign stations
receive Landsat data sensed over their region and
sell or distribute data to domestic and foreign cus-

WMO is a specialized agency of the United
Nations (U.N.), the purpose of which is to
coordinate, standardize, and improve mete-
orological services throughout the world. It
consists of more than 150 member countries
and territories, each of which maintains its
own meteorological service. Established
under a 1947 convention, WMO has fostered
international cooperation in meteorology
through such programs as the World Weather
Watch, a system for comprehensive global
weather observation, and through the Global
Telecommunications System for global ex-
change of meteorological data (fig. 1). The
WMO convention itself imposes no obliga-
tion for data exchange, but the free inter-
change of meteorological data from terres-

tomers. Further, through AID and NASA, the
United States has been a principal force in setting
up foreign regional and national centers capable
of processing and interpreting Landsat data. By
integrating these data with meteorological, air-
craft, and ground data of all kinds, these centers
help developing countries to cope with the enor-
mous problems of environmental protection and
resource management, particularly in isolated,
rural areas.

trial stations and satellites has become an
established custom of great utility to the par-
ticipating countries.

Satellites from several countries provide
data for this exchange. The Geostationary
Meteorological Satellite (GMS-Japan), Mete-
osat (operated by EUMETSAT and the Euro-
pean Space Agency), and most recently the
INSAT (India) geostationary satellites pro-
vide visible and infrared imagery, data com-
munications systems and weather facsimile
(WEFAX) charts.* These satellites, plus the
U.S. satellites and the planned Soviet geosta-
tionary satellite, make up the heart of the
World Weather Watch of the WMO.

« INSAT does not furnish werax transmissions.

INTERNATIONAL RELATIONS AND FOREIGN POLICY AIMS

A recent administration report acknowledges
that if the United States transfers its Landsat sys-
tem to the private sector, it must consider the ef-
fect this step will have on a wide range of U.S.
interests:

In remote sensing the readily available products
of United States meteorological and land satellites
are used routinely by the world community. The
result has been a large measure of good will and
support of our positions in the U.N. and other
international fora.’

‘The President’s Report to Congress on Science, Technology, and
American Diplomacy for Fiscal Year 1982.

As this passage indicates, in serving the inter-
national community, data products from the U.S.
remote-sensing systems have been important in-
struments of U.S. foreign policy. Not only have
these data aided other countries in predicting
harmful weather patterns and in managing and
exploiting their own resources, they have served
to raise the general level of awareness of growing
environmental problems throughout the world,
The data from the metsat and Landsat systems
have also provided the United States influence in
some countries that strongly disagree with us on
certain international political issues. In such
developing countries as Thailand, Bangladesh and
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Figurel .—Diagram of the Giobal Telecommunications System
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Kenya, the desire to use remote-sensing data from
U.S. satellites has even effected changes in political
and institutional structures (see section on “Devel-
oping Countries” in this chapter and app. A). The
metsat and Landsat systems also remind other
countries of U.S. leadership in space technology.

Primarily through the Landsat system, the
United States has been able to overcome poten-
tial foreign opposition to satellite remote sensing
for national security as well as civilian uses, and
to offset repeated attempts by the Soviet bloc to
impose regimes whose intent is to restrict the free
flow of information. Indeed, the Landsat program

New Delhi

Melbourne

can be considered to be a cornerstone of the U.S.
“open skies” policy and of its policy on the use
of space for “peaceful purposes for the benefit of
all mankind. "*By making data from the Landsat
system available to all potential purchasers on a
nondiscriminatory basis, the United States has
been able effectively to blunt criticism that might
otherwise have resulted from its extensive use of
military reconnaissance and other satellites. More-
over, the open availability of Landsat data to
anyone regardless of nationality or political per-
suasion is a powerful message to governments op-

‘NAS Act of 1958, op. cit.
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Operational Earth Observation Satellites
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SOURCE National Oceanic and Atmospheric Administration

posed to the open interchange of ideas and
information.

The following discusses several areas critical to
foreign policy and international relations that any
planning for the future treatment of land and
meteorological remote-sensing satellite systems
must address.

Meteorological Remote Sensing

Data Distribution Policy

As noted in the previous section, the U.S. policy
on meteorological data conforms to the global
practice of distributing such data freely and at no
cost to the other countries of the world. Tentative
suggestions by U.S. officials that the United States
might begin to charge other nations for these data
were met with warnings that the United States was
tampering with well-established, long-term data
practices and that other countries might recipro-
cate.

In addition, two of the instruments carried on
U.S. metsats are provided by other countries. The
United Kingdom, through the British Meteoro-
logical Office, has provided the Stratospheric
Sounding Unit for the U.S. TIROS-N polar or-
biter. In a tripartite agreement among NOAA,
NASA, and the French Centre National D’Etude
Spatiales (CNES), the French provide and operate
the ARGOS data collection system for the NOAA
polar orbiter. These arrangements help reduce
NOAA'’s costs and make the polar-orbiting sat-
ellites much more capable than they would be
otherwise.

Because the United States receives more data
through WMO than it supplies to the rest of the
world, charging for metsat data would result in
a net cost to the United States. In part because
of the negative response from other countries and
in part because of the outcry from U.S. users of
foreign data as well as Congress,’ the administra-

*House Concurrent Resolution 168, Sept. 19, 1983; Senate Con-

current Resolution 67, Sept. 19, 1983: 98th Cong., 1st sess.
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tion subsequently reaffirmed its commitment to
supplying meteorological data freely and free of
charge.

Value-Added Services

Value is added to meteorological data when
they are used by specialized firms to predict severe
impending weather for the benefit of specialized
groups, such as regional farmers or the interna-
tional shipping industry. Value-added firms and
Government organizations are also learning how
to process meteorological data conjointly with
land remote-sensing data to predict crop yields,
both domestically and abroad (see ch. 4).

A private operator would likely be interested
in entering the value-added business, since out-
side the Government, there would be only a mod-
est market for unprocessed data. Unlike the case
of land remote sensing (discussed below), where
the primary economic value of the data can only
be realized after sophisticated and expensive data
processing, the primary economic value of the
data from the meteorological satellites is in their
ability to warn of impending severe or unusual
weather. Receiving terminals and the necessary
data-processing equipment for obtaining basic
meteorological data are relatively inexpensive;
most countries and many smaller economic en-
tities can afford to purchase and operate them.
Thus, for meteorological data, no apparent con-
flict would exist in allowing the data supplier to
sell value-added services, as long as the raw data
remain freely available to everyone with the
capacity to receive them.

Continued Applied Research

Although the meteorological satellites have
been in operational use for nearly two decades,
there is a continuing need to refine the observa-
tions they make, and to learn to integrate these
observations with other land, ocean, and atmos-
pheric data in order to make them more general-
ly useful.

When the National Weather Service first as-
sumed responsibility for operating the meteoro-
logical satellites, NASA was charged with con-
tinuing the research and development for new
meteorological sensors and satellites. This work

resulted in substantial improvements in the polar-
orbiting satellites, and in the development of the
geostationary meteorological satellites (GOES).
However, in recent years the NASA R&D pro-
gram for new satellites and sensors (the Nimbus
series of experimental meteorological satellites)
has diminished nearly to zero, and for budgetary
reasons, NOAA has not been able to take up
where NASA left off. Consequently, little hard-
ware research is now being carried out in the
civilian programs. In addition, military research
on sensors has slowed considerably for lack of
suitable civilian satellites to attach them to. Prior
to the demise of the Nimbus program, NASA,
NOAA, and the Department of Defense (DOD)
used these satellites to test new sensors and tech-
niques.

U.S. meteorological satellites have demon-
strated U.S. leadership in this technology. If the
United States is to continue to lead, it will be im-
portant to continue research in sensors, satellites,
and other hardware development.

The Government has continuing research pro-
grams to utilize meteorological data to best ad-
vantage, both for short- and intermediate-term
weather forecasting and for climate research.
Much of this research is conducted in collabora-
tion with industrialized and developing countries.
Since receiving and processing meteorological
data from satellites provide an excellent way to
learn about and use space technology, it would
be in the long-term best interests of the United
States to continue applications research projects
with both industrialized and developing countries.
It will be especially useful to find new ways to
integrate these data with ocean and land satellite
data. Such work would most usefully be carried
out in conjunction with private industry.

Land Remote Sensing

Data Sales and Foreign Policy

Because the U.S. space program and U.S. for-
eign policy have benefited from the policy of non-
discriminatory sale of Landsat data, this policy
assumes importance in foreign relations. If the
proposed transfer is made, the private firm will
want to set its own data policies. In general, com-



mercial interests want private ownership of data
and the ability to copyright them so data can be
sold profitably. Thus, a commercial venture is
likely to require proprietary rights in distributing
data in order to gain or maintain economic ad-
vantage over possible competitors. However, this
is contrary to notions of open access to informa-
tion for the public good. Indeed, the Department
of Commerce’s Source Evaluation Board has
recognized the interests of the private sector and
the difficulties of the embryonic market for data
in its Request for Proposals (RFP), in which it
states simply:

(1) Conform his [the owner’s] Earth remote-
sensing programs as closely as is commercially
possible to traditional U.S. Government practices
of providing civil land remote sensing satellite
data to all users on an open, equal, nondiscrimi-
natory basis; (2) Consult with and obtain the ap-
proval of the U.S. Government before instituting
major changes in international data distribution
practices, to ensure that such changes are in con-
formity with the international obligations and
foreign policy objectives of the U. S.’

The question is whether it is in fact “commer-
cially possible” to maintain the policy the United
States has fought so hard to maintain in the United
Nations and other international bodies. The for-
mulation of the RFP would leave the matter large-
ly up to private interests to decide. In view of the
continued importance of the “open skies” princi-
ple to the U.S. use of space, it will be important
for Congress to consider carefully the implications
of this potentially radical change of policy.

Value-Added Services

Most of the profit from the use of land remote-
sensing data will be gained by those corporations
that enhance Landsat data to improve their use-
fulness (the so-called value-added industry). These
companies integrate Landsat data with other in-
formation to make powerful analytical and pre-
dictive commercial products. They constitute a
small, but growing, industry.

“’Request for Proposals for Transfer of the United States Land
Remote Sensing Program to the Private Sector, ” U.S. Department
of Commerce, Jan. 3, 1984, VII. 6-3.
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There can be little doubt that a private owner
of the Landsat system would want to enter into
the value-added business. The Source Evaluation
Board’s RFP proposes to allow the system’s owner
to process the primary data and to package those
data in whatever ways it sees fit, including offer-
ing a variety of value-added products, as long as
Federal data needs are met.’

However, many developing countries have ex-
pressed the fear that if the company owning the
collection and distribution system were also al-
lowed to offer value-added services, it might take
special advantage of having control over the dis-
tribution process (i.e., a monopoly position) to
gain economic leverage over countries that do not
have the facilities or personnel to process and in-
terpret the data themselves. For example, a com-
pany might delay distribution of data to a sensed
country until after the company had a chance to
exploit the data itself for resource information.
From the standpoint of international relations, it
may be appropriate for the United States to re-
strict the private owner from entering into the
value-added business. At the least, the private
owner would have to be closely regulated to see
that unfair economic leverage was not applied
over other countries or over other value-added
corporations.

If the market for land remote-sensing services
grows to the point that competitive, timely, data
services are available, thereby limiting the power
of one company to exert such unfair leverage, an,
restrictions could be relaxed because competition
would make value-added services more readily
available. A possible alternative strategy, but one
that would be unlikely to gain the support of
private companies, would be to require data
analysis to be sold openly as well.

U.S. Technological Leadership
in Cooperative Projects

During the decade that the Landsat system has
existed, the United States has encouraged both in-
dustrialized and developing countries to partici-
pate in generating applications for Landsat data
(i.e., applied research). That this approach has
been successful is demonstrated by the fact that

‘Ibid., p. ii.
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10 countries now own Landsat receiving stations
and pay a yearly fee of $600,000 to the U.S. Gov-
ernment to receive data. Although the stations are
owned and operated by the host country and
some of the equipment is manufactured outside
the United States, the receiving stations clearly
demonstrate U.S. leadership in developing and
transferring high technology.

The United States has also benefited directly
from helping to establish these receiving stations,
for they have provided critical foreign multispec-
tral scanner (MSS) data for U.S. Government
projects, both domestic and bilateral. Without
these foreign resources, worth millions of dollars,
the success of the Landsat program would have
been severely limited. Some companies have

found data from foreign ground stations to be
crucial in their business. Thus, they benefit from
existing bilateral agreements with foreign ground
stations and from the exposure of a wide variety
of potential data users to Landsat data products.

It is critical for the United States to maintain
its cooperative basic and applied research pro-
grams in remote-sensing technology with other
countries, both to advance U.S. research objec-
tives and to retain U.S. leadership in the tech-
nology of outer space. Without help from the
Government, a private owner is unlikely to have
the resources or the inclination to pursue research
with other countries. Still, private industry has
a significant role to play in applications
demonstrations.

INTERNATIONAL OBLIGATIONS: TREATIES AND AGREEMENTS

The United States is a party to four major in-
ternational agreements formulated by the U.N.
Committee on the Peaceful Uses of Outer Space
(COPUOQS) that may affect the operations of pri-
vate Earth resources remote-sensing systems:

+ Treaty on Principles Governing the Activities
of States in the Exploration and Use of Outer
Space, Including the Moon and Other Celes-
tial Bodies (1967). Among other things, the
treaty defines the principles for the explora-
tion and use of outer space and holds States
responsible for the space activities of their
citizens.

+ Agreement on the Rescue of Astronauts, the
Return of Astronauts, and the Return of Ob-
jects Launched Into Outer Space (1968). This
agreement provides for the rescue and return
of downed or stranded astronauts as well as
the return of a space object and “its compo-
nent parts.” It specifies that “the State respon-
sible for launching” shall pay the expenses
for recovering and returning the space ob-
ject or its parts.

* Convention on International Liability for
Damage Caused by Space Objects (1972).
This convention is an extension of articles VI
and VII of the 1967 treaty. It defines “dam-
age” as loss of life, personal injury, impair-

ment of health, loss or damage to property
or persons or property of international or-
ganizations. “Launching” is held to include
attempted launching and a “launching State”
is one that either launches or procures the
launch of a space object. It is also one “from
whose territory or facility a space object is
launched.”

+ Convention on Registration of Objects
Launched Into Outer Space (1974). The in-
formation registered includes the name of the
launching State or States, an appropriate des-
ignator or a registration number, the date and
territory of the launching, the initial basic or-
bital parameters including the nodal period,
inclination, apogee, perigee, and the general
function of the space object.

Of particular importance to potential private
operators of remote-sensing satellite systems or
any other space system, is the 1967 Outer Space
Treaty. Article VI of this treaty states: “The ac-
tivities of non-governmental entities in space

. shall require authorization and continuing
supervision by the appropriate State party to the
treaty.” Although the terms “authorization” and
“continuing supervision” have been interpreted
differently, article VI clearly requires some form
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of licensing and adherence to Government-
imposed regulations.

Similarly, article Il of the 1972 Liability Con-
vention makes the launching State responsible for
personal and property damage caused by any sat-
ellites or launchers even if they are no longer
under the operation or direct control of the Gov-
ernment. At a minimum, the Government would
require assurance that the owner of the satellite
system had purchased adequate insurance to cover
possible damages.

The U.S. Government has not yet decided on
the precise mechanisms of ensuring that private
corporations comply with international treaty
obligations. Given the importance of this tech-
nology to U.S. foreign affairs, it is clear that the
Department of State must play a major role.

The Role of the Department of State

In general, private operation of the U.S.
remote-sensing systems may lessen the potential
for using them as a tool of U.S. foreign policy.
Transfer to the private sector could also diminish
the accountability of remote-sensing operations
to international law and public opinion by remov-
ing them from direct public control. The Depart-
ment of State therefore should have two primary
concerns: 1) to ensure that a private owner meets
all the international obligations of the United
States; and 2) to see that its activities support, or
at the least do not interfere with, other U.S.
diplomatic interests.

The Department of State would have to assure
a private operator’s adherence to the provisions
of the various U.N. treaties on space discussed
above. The specific regulatory mechanisms it
would use and the penalties to be imposed for
noncompliance are presently undefined. The De-
partment’s function in assuring that the activities
of a private corporation support U.S. diplomatic
interests is important, but difficult to execute
because the Department would have to work di-
rectly and continuously with the private sector.
Such a role would require the Department to
assess the past benefits of Government remote-
sensing activities and determine which of these
should be retained in the future. The private com-

pany, on its own, cannot be expected to under-
stand and comply with U.S. foreign policy
objectives.

In this process, it would be important to dis-
tinguish between those benefits which do not
outweigh the advantages of private sector opera-
tion and those which are essential to U.S. in-
terests. The essential benefits must somehow be
preserved by the transfer agreement. The State
Department should examine closely the degree to
which past remote-sensing projects have aided
U.S. efforts at the U.N. and other international
forums dealing with all issues related to outer
space, then establish the means to continue to use
this technology in the service of U.S. foreign
policy and international relations.

In regulating a private land remote-sensing sys-
tem the Department of State and other Federal
agencies (e. g., the Department of Commerce),
would be breaking new ground. They therefore
have an opportunity to develop imaginative strat-
egies for dealing with the private sector. These
strategies are particularly important because they
would deal with a technology which, because of
its economic implications (i e., the data can be
used to help in exploring for the resources of coun-
tries), raises the political sensitivities of other
countries. Some countries worry they will lose
control over resources under their sovereign
control.

One possible mechanism would be to establish
a permanent private sector advisor,group to
work with the Department of State to advise on
ground roles for international operation of the sys-
tem. Nevertheless, the Bureau of Oceans and In-
ternational Environmental and Scientific Affairs
(OES) of the Department of State, which would
likely be charged with this responsibility, would
have to strengthen its expertise in space technol-
ogy and its commitment to using space technol-
ogy as part of the outreach of the United States.

In the past, NASA has taken the lead in estab-
lishing cooperative ventures with other countries;
it will continue to do so for most space projects.
One reason NASA has been so successful is that
it is well based in the technology and has carefully
chosen projects that directly served the best inter-
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ests of NASA. * The Department of State has never
had a strong interest in cooperative programs in
space technology,’in part because space technol-
ogy constitutes only a very small part of its total
mission. Yet, as private sector involvement in
space grows, the Department will be in the diffi-
cult position of mediating between U.S. private
companies, which would want as few restrictions
as possible, and foreign countries which might

*UNISPACE '82: A Context for International Cooperation and
Competition-A Technical Memorandum (Washington, D. C.: U.S.
Congress, Office of Technology Assessment, OTA-TM-ISC-26,
March 1983), app. B.

‘T. K. Glennan, “Technology and Foreign Affairs, A Report to
Deputy Secretary of State Charles W. Robinson, ” December 1976,
p. 33; Norman A. Graham, Richard L. Kauffman, and Michael C.
Oppenheimer, “A Handbook for U.S. Participants in Multilateral
Diplomacy: The U.S. and U.N. Global Conferences, ” report pre-
pared for the Department of State by the Futures Group, Septem-
ber 1981, p. 15.

want strong restrictions. The Department might
have to choose between making friends and influ-
encing nations abroad and rallying domestic
support.

Relationship of Private Sector
to Foreign Ground Stations

The foreign ground stations are all govern-
ment-owned and government-operated and re-
ceive data from the Landsat satellite by agreement
with the U.S. Government. Each station is now
required to pay $600,000 per year for the right
to receive and distribute or sell MSS data from
the satellite. Before fiscal year 1983, the charge
was $200,000. According to the terms of the Mem-
oranda of Understanding between NOAA and
these governments, the stations may receive and
preprocess these data and sell them to their

Distribution by Foreign Ground Stations (as of Jan. 1, 1984)
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customers. In return, they agree to abide by the
same nondiscriminatory sales policy practiced by
the United States. If the private owners of the
remote-sensing systems are permitted to pursue
discriminatory data policies, the United States will
lose its leverage over operations and data product
distribution policy of the foreign ground stations.

Future International Coordination

The United States currently participates in the
deliberations of the Landsat Ground Station Oper-

DEVELOPING COUNTRIES

Landsat and metsat technology, and U.S. pro-
grams through AID, NASA, and NOAA to trans-
fer data-processing technology to developing
countries, have affected the institutional structure
of developing countries, and the manner in which
the countries treat environmental problems. These
programs have also affected their relations with
the United States. *

In the developing world, AID and NASA have
been the principal agents in setting up regional
and national centers capable of collecting, proc-
essing, and interpreting Landsat data and com-
bining them with other data. The resulting infor-
mation has helped developing countries to cope
with the enormous human and physical problems
of resource management, particularly in isolated
areas. The United States has shown the rest of the
world how to use Landsat data as a powerful tool
for attacking such serious global environmental
problems as deforestation and desertification,
problems that respect no political boundaries.

In short, in helping to solve these pressing prob-
lems, satellite remote sensing has made a distinc-
tive contribution to the international image of the
United States as a leader in the effort to assess and
protect global resources.

For the past 25 years the United States has
stated in international gatherings that its explora-
tion and research in space would be used for the
benefit of all mankind. For the past 15 years, de-

‘See app. A for a more detailed treatment of this subject.

ators Working Group and the Coordination on
Land Observing Satellites, organizations which
coordinate standards for land remote-sensing sys-
tems. With transfer of the land remote-sensing
satellite system to private ownership, it would be
important to spell out how private firms would
have to interact with the agencies that represent
the United States in these organizations, *

*It is not clear that the Government would still have a role to

play in the Landsat Ground Stat lon Operators Working Group upon
transfer of the system to private hands

veloping countries have been told that the cur-
rent satellite remote-sensing system (Landsat) was
experimental and that eventually an operational
system would exist in the spirit of international
cooperation that has been a hallmark of the U.S.
civilian space program. In addition, in the face
of strong international opposition, the United
States has stood by its policy of open dissemina-
tion of data gathered by satellite. Now, as the
administration moves toward transfer of the
Landsat system to private hands, many observers
guestion the effect the transfer proposal would
have on the broader agenda of U.S. relations with
the developing world and on past U.S. com-
mitments.

Transfer of the Landsat system to the private
sector would have some positive effects on the use
of satellite data in developing countries (e. g.,
private firms should be able to offer more timely
data and provide a greater variety of services than
does the U.S. Government). Nonetheless, some of
these countries see the transfer as another signal
that the United States is reversing its longstanding
policy for outer space and becoming less cooper-
ative in space activities with developing countries.

Transfer of the Landsat system could well con-
tribute to already deteriorating relations between
the United States and developing countries in in-
ternational forums and negotiations. U.S. policy-
makers should decide whether the goal of imme-
diate private sector ownership and operation of
remote-sensing systems is more important for po-
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litical/economic principle and domestic budgetary
reasons than long-term political relations between
the United States and the developing world. A
phased transfer or limited transfer could ease the
political problems the United States might face.

One reason AID and NASA have been able to
promote the use of Landsat data in other coun-
tries is that the data have been readily available
at very low prices (the greatest costs have been
borne by NASA through its funding of the Land-
sat program). Such a policy is appropriate dur-
ing research and development, when it is impor-
tant to encourage many potential users to experi-
ment with the data. However, now that the sys-
tem has been declared operational and may be
transferred to private ownership, the price for
data must approach the costs of building and
maintaining a system. There are other price and
cost issues that must be resolved; for instance, will
the United States continue to provide data for
projects that draw “good will and support?” It will
be increasingly difficult for AID and other agen-
cies to provide data and other support for remote-
sensing projects in an era of increasing costs and

decreasing budgets. Yet U.S. mission agency tech-
nical programs have been largely responsible for
the development and maintenance of the interna-
tional community of users of data from Landsat.
The small market for remote-sensing data that ex-
ists abroad today exists because of previous U.S.
financial and technical assistance. Further, if such
assistance were to stop after the technology was
transferred to private ownership, it might re-ignite
the international debate over ownership and dis-
semination of the data from remote-sensing satel-
lite systems (see discussion in the following
section),

We must also consider the costs to the United
States of not continuing this aid to other coun-
tries. From the standpoint of developing markets
for U.S. products, it is clearly in the best interests
of the United States to continue to encourage
other countries to become familiar with land
remote-sensing data and their uses. If the transfer
to the private sector is made, it will therefore be
important for Congress to assure that appropriate
funding is continued for these worthy projects.

INTERNATIONAL LEGAL ASPECTS OF REMOTE SENSING

Countries are well aware that the possession of
satellite remotely sensed data and the ability to
analyze them gives others power to affect their
resource development. Data from the meteoro-
logical satellites are generally not in question
because they are low resolution and are widely
perceived by other countries to be of little use in
exploiting a country’s resources. Private owner-
ship of the land remote-sensing system may
heighten suspicions that such data would be used
to enable interests outside the sensed country to
gain a competitive advantage, or that informa-
tion on crop conditions or military activities of
States might be sold preferentially to political
adversaries. The developing countries are par-
ticularly concerned about this issue, since many
lack the indigenous ability to analyze the data. *

‘Their concerns over remote-sensing data are directly linked to
similar concerns over access to information of all kinds as well as
their ability to use it

Some countries maintain that they should have
priority access to data derived from the sensing
of their territory, while others have argued that
their consent should be obtained before these data
are transferred to third parties. These states base
their claims on the political-legal concept of na-
tional sovereignty over resources.

The United States has consistentl opposed ef-
forts to limit the distribution of Landsat data,
arguing that remote sensing is a peaceful and
beneficial use of space in which the constraints
of national sovereignty have no valid application.
Further, it has held that the free collection and
dissemination of primary data and analyzed in-
formation is supported legally and encouraged by
the 1967 Outer Space Treaty and article 19 of the
U.N. Declaration of Human Rights.

Some countries carried this debate into the
UNISPACE '82 conference, held in Vienna,
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Austria, in August 1982. Mexico, on behalf of the
Group of 77, submitted a position paper at the
conference which stated:

The Group of 77 believes that sensed states
should have timely and unhindered access on a
priority basis . . . to all data and information ob-
tained over their territories. Dissemination of such
data and information derived from it to a third
party should not be done without the prior con-
sent of the sensed country. *

This wording was rejected for the final
UNISPACE 82 report, but the United States can
expect similar attempts to restrict the sale of data
in the future.

In future meetings of the U.N. Committee on
the Peaceful Uses of Outer Space, the United
States will have to defend any new policies with
respect to private sector use of outer space.

TUNISPACE 82; AContext for International Cooperationand
Competition, op cit ,, app H

INTERNATIONAL TRADE

As noted earlier, outside of limited distribution
of land remote-sensing data by the Soviet Union,
the United States has been the sole supplier of land
remote-sensing data to the world. Yet today,
while the United States deliberates over the ap-
propriate disposition of the Landsat system, other
countries are developing their own land and ocean
remote-sensing systems. Canada, France, India,
Japan, and the European Space Agency all plan
to launch remote-sensing satellites by the end of
the decade. Indonesia and the Netherlands are
considering building a system appropriate for the
Tropics in the 1990’s. Two facts are highly signifi-
cant to the U.S. debate: 1) in addition to the indig-
enous capabilities, these foreign systems rely di-
rectly on experience and technology their design-
ers have gained from U.S. R&D efforts; and 2)
they are designed to be operational, rather than
R&D, systems. Some of these systems will be tech-
nically directly competitive with the current Land-
sat system; some will far exceed Landsat’s capacity
to return useful data to data users.

The following summarizes briefly the charac-
teristics of the foreign systems. In order of planned
deployment, they are:

Therefore, it will be extremely important that
these policies be thoughtfully formulated and
defensible in international forums. Our previous
strict policies of nondiscriminatory data sales and
the free flow of information have served us well
in deflecting many attempts to restrict the right
to sense other countries and sell those data to third
parties.

Should the Group of 77, or other concerned na-
tions, obtain a consensus about the necessity of
prior consent for remote-sensing activities, such
a decision could negatively affect the private sec-
tor’s ability to market data internationally.
Although the decision would not bind the U.S.
private firm to follow certain procedures, its ex-
istence could cause countries to place sanctions
on U.S. remote-sensing products, or turn to other
suppliers of data. More important, a “prior con-
sent” regime could affect Government data acqui-
sition programs.

® West Germany—Modular Optoelectronic
Multispectral Scanner (MOMS) —(1984/85).
This instrument was flown on the Shuttle
Pallet Satellite (SPAS) developed by Messer-
schmitt-Boelkow-Blohm GmbH (MBB) aboard
shuttle flight 7. MBB, COMSAT, and the
Stenbeck Reassurance Co., Inc., wish to mar-
ket selected 20-meter resolution multispectral
(2-color) land remote-sensing data collected
on shuttle flights beginning in 1984. NASA’s
agreement will be needed. The West Germans
are developing a stereoscopic sensor and have
already tested a limited synthetic aperture
radar aboard Spacelab on shuttle flight 9.

®* France—System Probatoire d’Observation
de la Terre (SPOT )—1985. Since 1978, the
French have been planning the world’s first
commercial remote-sensing satellite service.
They expect to fly a series of four satellites.
Although the first satellite will not be
launched until January 1985, they are cur-
rently preparing the sales market through a
French Government-owned company, SPOT-
Image. A Washington-based American sub-
sidiary called SPOT-Image Corp. is how
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developing the U.S. market for SPOT data.
The U.S. corporation has flown a successful
series of tests from high-altitude aircraft over
the United States using sensors designed to
simulate the data that will eventually flow
from the SPOT system. Customers from U.S.
private firms, State governments, and the
Federal Government have purchased data
sets from these flights.

The SPOT satellite will carry pointable
multispectral linear-array sensors capable of
resolving images at least as small as 20 meters
in three wavelength bands. In addition, the
satellite will be capable of lo-meter resolu-
tion operating in a panchromatic mode.
These are higher resolutions than are possi-
ble on Landsat 4 or D‘. Because the sensors
are pointable, they are capable of producing
quasi-stereo images. Although the system is
a commercial effort, the French Government
is spending a minimum of $400 million to de-
velop the system and will subsidize its oper-
ation for a period.

India-IRS (1985). This low-resolution “semi-
operational” land remote-sensing satellite will
be built in India but launched by a Soviet
launcher. It will carry solid-state sensors.
Japan Marine Observation Satellite-1
(MOS-1)—1986. The MOS-1 will carry sen-
sors capable of resolving objects 50 meters
across in three visible and one infrared (IR)
wavelength bands. It will also carry a micro-
wave scanning radiometer and a variable-
resolution radiometer (900 to 2,700 meters)
with one visible and three thermal IR bands.
Although this satellite is being developed pri-
marily for ocean sensing of wave heights,
ocean color, and temperature, these data will
also be useful for land remote sensing. The
Japanese are also planning a land remote-
sensing satellite (JERS-1), which is planned
for launch by 1990. It will carry a synthetic
aperture radar. They have not yet announced
plans for distributing or selling data from
MOS-1 or JERS-1.

European Space Agency (ESA) Remote Sens-
ing Satellite, ERS-1—1987/ 88. This satellite
is planned primarily for passive sensing of
the coastal oceans and weather over the
oceans. In addition, it will carry a synthetic

aperture radar for active sensing of land
masses through any cloud cover. It is the first
of a planned series of three satellites to be
launched by ESA.

* Canada Radarsat-1990. Under development
by Canada for routine observations of polar
sea ice, the satellite will provide C-band radar
images of Earth’s surface. It will have a steer-
able beam and a spatial resolution of about
30 meters and be able to gather information
on the surface of Earth through cloud cover.
Data from this satellite will be available for
direct sale or by arrangement though offset
programs. In order to reduce its costs, Can-
ada is seeking partners in this venture, and
is discussing the possibility of working with
the United States.

+ Brazil—Brazil is working on a moderate-
resolution land-sensing satellite to be launched
in the late 1980’s.

It is evident from this too brief summary that
other countries, building on the experience gained
from U.S. applications technology as well as on
their own capabilities, see the development of the
full range of remote-sensing satellites as an integral
part of their entry into space. Besides construct-
ing systems competitive with the U.S. Landsat sys-
tem, they are also developing systems that will
sense the physical parameters of the oceans and
the coastal waters. The United States, though it
has a program within NASA to develop new sen-
sors to fly on the relatively short shuttle missions,
has announced no plans to develop civilian opera-
tional systems that would provide data over the
long term with repeat coverage. Thus, the United
States, to obtain certain important data, may have
to rely on foreign systems. In the absence of a
Government system, or strong Government sup-
port for a private system, the private sector would
be left to compete with foreign government-
funded enterprises.

For research purposes, and for certain civilian
Government requirements, these data will suffice.
However, as is discussed in chapter 6, foreign sup-
pliers will hardly be appropriate to supply U.S.
intelligence and defense data. In the event ap-
propriate U.S. civilian data are unavailable, the
Department of Defense might seek to develop its
own system.
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Public Interest in Remote Sensing
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Chapter 4

Public Interest in Remote Sensing

U.S. land and meteorological remote-sensing
systems have from the beginning been intended
to serve the public interest, whether primarily for
research, as in the case of the Landsat system, or
for operational weather forecasting and severe
weather warning, as in the case of the meteorolog-
ical satellite (metsat) systems. As the debate over
the best treatment of these two systems continues,

it is essential to be clear about their respective roles
in serving the public interest. This chapter illus-
trates the use of both kinds of remotely sensed
data in the public and private sectors, and sug-
gests certain conditions and requirements that
might be imposed on a private sector offeror for
the Landsat system.

PUBLIC-GOOD ASPECTS OF REMOTE SENSING FROM SPACE

As understood in economic theory, ’ a public
good is a good or service for which it is impossi-
ble or undesirable for reasons of efficiency to
charge customers a price or a user fee for services
rendered. Public goods are therefore frequently
provided by Government and paid for out of tax
or other general revenues. Examples of public
goods are streets and highways, national defense,
parks and recreational areas, police services,
general weather forecasts, and various informa-
tional services.

Although it is theoretically possible to charge
for some public services such as weather informa-
ion (in this case, say, by using coded TV signals),
the cost of doing so, compared with the cost per
additional viewer (the marginal cost), would be
disproportionately large. * For this reason, among
others, weather forecasts are provided without
charge.

In addition, for weather broadcasts, it would
not be prudent to charge for the most valuable
aspect of the service—warnings of severe weath-
er—since society as a whole benefits from well-
informed individual citizens. The objective of hav-
ing as many members of the public “consume”
weather forecasts is furthered by having as low

‘For example, Richard A. and Peggy B. Musgrave, Public Finance
in Theory and Practice, 3d ed.,ch.3 (New York: McGraw-Hill,
1980), )

*When the marginal cost—that is the cost of servicing an extra
customer—is zero and a person’s consumption of the service does
not reduce the benefit derived by others, we have the case of a “pure
public good, ™ since there is no rational social reason to exclude any-
one from consuming it, even if it were possible to do so.

a “price” as possible—nothing. This is a second
reason why weather data are provided without
charge.

For most public goods, reliance on the private
market to produce them would result in either no
production or production at an inadequate level
compared with what society as a whole might be
willing to pay through taxation. Unless they are
subsidized by the public, private producers are
not capable of providing public goods at socially
optimal levels, i.e., where price equals marginal
cost, because sales revenues at prices that would
assure these levels are inadequate to finance pro-
duction.

For the producer, a financial problem in pric-
ing goods at marginal cost arises whenever the
marginal cost is below average cost. It becomes
particularly severe when marginal cost approaches
zero. However, if prices are above marginal
costs—the resource cost of servicing the consum-
er—some potential consumers are then priced out
of the market. Production will then not reach so-
cially optimal levels. This latter problem is also
most severe for the consumer when marginal costs
approach zero, if price is set equal to full (average)
system cost. The conflict between financial effi-
ciency and social efficiency is inherent in the
nature of public goods.

In part because of these considerations, the met-
sat systems, both foreign and domestic, have
always been operated by the Government, and
weather data have been distributed gratis to the
public. Current policy dictates that general-pur-
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pose weather data will continue to be distributed
free, even if they are eventually supplied by
private firms under contract to the Government.
The Government has clearly chosen social effi-
ciency as the goal in the case of meteorological
satellites.

A few of the specialized services now provided
by the National Oceanic and Atmospheric Ad-
ministration (NOAA), on the other hand, might
be provided profitably at socially desirable levels
by profitmaking private firms, using the initial
satellite weather data as the input. Services such
as providing fruit frost warnings from the geosta-
tionary satellites or ocean surface temperature
charts could fall into this category if there were
sufficient interest in the private sector. A small
value-added industry already uses data provided
by the meteorological satellites to provide tailored
weather services for a variety of customers. Thus,
meteorological remote-sensing services, as pres-
ently provided, are a mixed public/private good.

It would be a mistake to conclude that just
because a good has the features of a public good
that it should necessarily be financed through the
public budget and distributed free. The decision
depends in part on whether or not Congress de-
cides that it wants to bestow the benefit directly
on those who benefit and pay for it out of tax rev-
enues. The simplest case is when the tax payers
benefit in proportion to the taxes they pay. Then
making the service in question available from pub-
lic revenues is relativel straightforward.

The public is unwilling to finance some public
goods, however, because they are seen primarily
to benefit narrow interest groups. As a conse-
guence, some public goods are produced by the
private market at nonoptimal levels. The public
interest was just not great enough to result in
public subsidy.

Services using data from the Landsat system
could also be considered a mixed public/private
good. For Landsat, however, the private-good
aspects are much stronger than they are for the
meteorological satellites because Landsat data
have potentiall high economic value. The cost
of producing extra images is extremely small once
the system is in place, making it undesirable from
the point of view of social efficienc to recover

the cost of the system by charging a price equal
to the average system cost, since marginal users
of images would then be charged much more than
the marginal costs of servicing them. This is the
public-good part of the Landsat services. As in
the case of weather data, the value-added industry
is a normal profitmaking industry (once it has its
digital input) and thus produces private goods.

The big difference between the weather and
land remote-sensing systems is that land remote-
sensing customers such as oil companies, mining
companies, and even municipalities in some other
State are not the entities that the public prefers
to subsidize. Nevertheless, the Federal Govern-
ment itself is the largest user of the Landsat sys-
tem—for land management, agriculture, forestry,
mapping, and for foreign intelligence (ch. 5).?
Therefore, there are significant public purposes
that would in any case result in budgetary expend-
itures. When such a situation exists—i .e., an in-
dustry with the characteristics of a public good
that also has the Government as a principal cus-
tomer—Government production is a natural
outcome.

At present, Landsat is also available as a par-
tially subsidized Government-produced service to
a variety of domestic and foreign users. Under this
arrangement, which arose initially because of the
research and development (R&D) nature of the
system, Landsat has been used by State and local
governments for rangeland, forest and water-re-
sources management, by resource companies as
an aid in resource definition, and by a variety of
other private, profitmaking and nonprofit organi-
zations. Some analysts predict that the market for
data and for data products from space will one
day expand and grow into a major industry.’

The issue before Congress is whether to con-
sider land remote sensing primarily a public good
or a private good. If Congress considers it primari-
ly a private good, direct commercialization makes
sense. The remote-sensing industry would join the
thousands of other unsubsidized American indus-
tries producing private goods.

‘See also Civilian Space Policy and Applications (Washington,

D. C.. U.S. Congress, Office of Technology Assessment, OTA-STI-
177, June 1982), apps. B and cC.

‘'Donn ¢. Walklet, “Remote Sensing Commercialization: Views
of the Investment Community, "ERIM Conference, May 9-13, 1983.
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However, if Congress considers the Landsat
system to be primarily a public good and decides
that Government should not itself produce the
good a further issue arises—how much, if any,
subsidy Congress will continue to give the indus-
try to ameliorate the efficiency problem. A related
issue is how much regulation of the industr, will
be necessary to enable it to use other mechanisms
for such amelioration.

A widely used mechanism in public utility reg-
ulation, the two-part tariff, illustrates how some
of the efficiency advantages of subsidized Govern-
ment provision of Landsat services can be pre-
served in the event that the public is unwilling to
subsidize them. In this mechanism, both a sys-
tem access fee and a fee that depends on usage
are charged. The usage fee can be set closer to
marginal cost because the upfront access charge
finances part of the system cost. Departures from

USERS OF REMOTE SENSING

This section enumerates the organizations,
agencies and categories of private firms that are
the primary users of remote-sensing data from
both land and meteorological satellites. These
users constitute the primary customers for a re-
mote-sensing industry. Although the two commu-
nities of land and meteorological data users over-
lap one another to a certain extent, and both in-
clude domestic, foreign, and international users,
in most respects they are separable.

Meteorological Data

The largest domestic user of metsat data is the
general public, with NOAA as supplier. The Na-
tional Weather Service has a vital interest in the
metsat data and its sister agency, the National En-
vironmental Satellite and Data Information Serv-
ice, operates the U.S. Weather Satellite system
currently consisting of two geostationary and two
polar-orbiting satellites—respectively GOES East
and GOES West and NOAA-7 and -8 (figs. 2, 3).
Both qualitative and quantitative data are col-
lected, processed, and distributed via communica-
tions networks. Other users are included in table
2.

optimal production can be reduced in this way
even if there is no subsidized provision of the serv-
ice by the Government. Given the relatively large
Government usage of remote sensed data, the ac-
cess charges under such a scheme could possibly
be assumed by the Government, not as a subsidy
per se but as payment for its usage.

If the public-good aspects of land remote sens-
ing are considered large or important to the gen-
eral public, a further question arises as to whether
the industry should be continued under Govern-
ment ownership or under private ownership, or
in some combination of Government and private
ownership. Whether the industry under full pri-
vate ownership and operation, even with subsidy
or regulation to ameliorate the efficiency prob-
lem, would serve the public interest is an impor-
tant aspect of commercialization that remains to
be determined by Congress.

Prominent among the domestic private sector
users of metsat data products are the airlines, pri-
vate meteorological forecasting companies, the
fishing industry, sea-ice consultants, agricultural
industries, and a large number of research spe-
cialists such as climatologists, hydrologists, and
oceanographers. Many of these people are en-
gaged in pioneering studies involving water-
resources management; others use the satellites’
communication capabilities from terrestrial data-
collection platforms to monitor various parame-
ters such as water, soil, or plant temperatures or
snow depth for practical, operational manage-
ment decisions.

Foreign users of metsat data are many. The
most popular aspect of the early metsat program
was the free availability of the U.S. meteorological
satellite data to all countries through the Auto-
matic Picture Transmission program. This pro-
gram engenders much good will for the United
States throughout the world. Inexpensive anten-
nas and receiving equipment enabled even the
poorest of the third-world nations to have weather
satellite images for better weather forecasting, The
Canadians have taken particular advantage of
these data to provide better forecasting and bet-
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Figure 2.—Geostationary Satellite System

Raw data
Stretched data
Stretched data
_Space_ — — PR S S ——
Earth I l
| Y
Data collection
| A platforms
\ Direct readout e Aircraft
stations ¢ Buoys
| ¢ WEFAX * River gauges
‘ l * Images * Etc.
| ' :
' ! Space Environment Services Center
Boulder, Colorado
J
Infrared ’ ‘ '
data | l
Ground | Data ?S?O{ 'i;n?. > Satellite Field Service Centers
station ; processing and ais rtl ution Camp Springs, MD, Miami, FLA, Kansas City, MO,
] | center [ San Francisco, CA, Honotulu, Hi, Anchorage, AK
" \ —
. , Y National Weather Service
Satellite . Department of Defense
T control Winds GbES - TAP and WSFO TAP users
center processing —l Other departments and agencies
- Media
| ‘ Etc.
I ! > Archival » Hetrospective users
' IR
| | |
| | |
Wallops Station, Virginia | Suitland. Maryland | Camp Springs, Maryland ‘ Worldwide user community

SOURCE National Oceanic and Atmospheric Administration




49

Figure 3.—Polar.Orbiting Satellite System
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Table 2.—Domestic Distribution of

t ter data for the more remote and inaccessible por-
Polar Satellite Products

tions of their vast country. About 125 countries
of the world similarly collect data using their own

* National Weather Service g i >

» Environmental Research Laboratory collection stations (see table 1 in ch. 3).

* Other NOAA offices

* Department of Agriculture Certain scientific disciplines, such as meteorol-

® Department of the Interior .
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Hydrological Decade) and organizations (e.g., the
World Meteorological Organization).

Land Resource Data

The Landsat system (fig. 4) possesses several
properties that permit the development of a global
data base for resource inventory and monitoring
over time:

. perspective over a range of selected spatial
scales;

. selected combinations of spectral bands for
categorizing and identifying suface features;

« repetitive COVErage over comparable view-
ing conditions;

= direct measurement based on one set of re-
flectance conditions for a wide surface area;

. signals suitable for digital storage and subse-
guent computer manipulation; and

. accessibility over remote and difficult terrain
and across political divisions.

As with the meteorological data, the largest
single user of Landsat data is the Federal Govern-
ment (see table 3). Within the Government, the
Department of Agriculture (USDA) and the intel-
ligence community are the two greatest users.
Both of these agencies and the other Federal agen-
cies combine these data routinely with other in-
formation to assist their missions.

Figure 4.— Major Elements of the Landsat System
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Table 3.—Domestic Distrubition of The major commercial customers of Landsat
Landsat Products data include the agriculture, forestry, mineral in-
Department of Agriculture d_ustrles, and land-use planners, c_hrectly or in-
Department of Defense directly through the value-added industry (dis-
gegaftn}erx of th;? 'nterigrs Administrat cussed below). The academic community (dis-
ationa eronautics an pace ministration H H _
. Intelligence community cussed below) primarily supports the researc_h ef
. Coast Guard forts of Federal and State agencies and the private
+ State planning and resource management agencies sector.
Regional planning agencies
+ Academic community
+ Commercial users (eg., foresters, mineral explora- The Value-Added |ndUStI’y
tion geologists, engineering and consulting .
companies) Transfgr of the Ianq remote-sensing program
private individuals to the private sector is likely to introduce both
SOURCE Off Ice of Technology Assessment desirable and undesirable changes in the remote-
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Landsat Data Needs of Foreign and Domestic Users

« Agriculture (Federal, State, and private): specific sampl-
ing areas chosen according to the crop; time-dependent
data related to crop calendars and the weather patterns

+ Forestry (Federal, State, and private): specific sampling
areas; twice per year at preselected dates

+ Geology and nonrenewable resources (Federal, State,
and private): wide variety of areas; seasonal data in ad-
dition to one-time sampling

+ Civil engineering and /and use (State and private):
populated areas; repeat data required over scale of
months or years to determine trends of land use

- Cartography (Federal, State, and private): all areas; repeat
data as needed to update maps

+ Coastal zone management (Federal and State): monitor-
ing of all coast lands at selected dates depending on
local seasons

+ Pollution monitoring (Federal and State): broad, selected
areas; highly time-dependent needs both for routine
monitoring and in response to emergencies

SOURCE Off Ice of Technology Assessment

sensing value-added industry. This small but ex-
panding industry exists both as small units of large
resource companies and as independent smaller
companies. The business base of the independent
companies has developed since the late 1960’s in
parallel with the Nation’s space-borne remote-
sensing program. Value-added operations of vari-
ous types exist not only in the United States but
also in free-market European countries and Japan.
The availability of remotely sensed data on an un-
restricted basis at an acceptable cost is essential
to the continued strong growth of this industry.

Data services or products furnished by value-
-added firms range from improving the image by
simple processing of the raw data, to the provi-
sion of information services specific to various
natural resources industries. Petromining, agricul-
ture, hydrology, land-use planning, and ocean-
ographic companies all benefit from services pro-
vided by value-added companies. In many cases

the firms supplying services and products based
on remotely sensed data provide information that
can significantl alter the way many industries
make decisions.

Presently, over 50 commercial organizations
in the United States provide analyses of remote-
ly sensed data. They or their customers use the
imagery acquired from space to evaluate specific
areas of Earth’s surface for hydrocarbon resource
potential, estimating future crop production and
water resources, and surveying land use. Several
of these firms also sell hardware designed to proc-
ess data remotely sensed from space.

A strong value-added industry is essential to
creating a self-supporting land remote-sensin,
business. For example:

Without the competitive nature of a strong
value-added industry it is unlikel that the prod-
ucts, the services, and the multilevel derived geo-
logical information will be made available to the
private sector energ,and mineral explorationist
with whom the U.S. Charter for finding our fu-
ture nonrenewable resources lies. If so, no com-
mercial market is likely to evolve.’

It is also important to recognize that profitmak-
ing value-added firms exist in an infrastructure
including other entities that provide ancillary
data, onsite inspection, and a variety of related
services. Important among these are the Govern-
ment laboratories and management units that pro-
vide an essential research base from which the
value-added companies derive some of their infor-
mation-processing techniques.

‘Frederick B. Henderson, “The Significance of a Strong Value-
Added Industr,to the Successful Commercialization of Landsat, ”
presented at the 21st Goddard Memorial Symposium, Mar. 24-25,
1983.

USING LANDSAT DATA FOR FORESTRY AND AGRICULTURE

Landsat data have been used in a variety of
fields where low- to moderate-resolution spectral
data can be integrated with other information to
provide analyses important to the exploitation and
management of resources. This section presents

examples from two areas where these data appear
to be especially helpful: forestry and agriculture.
It specifically excludes discussion of petroleum
and other mineral exploration because these have
been discussed in considerable detail in other
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publications. * However, the petroleum and min-
eral exploration industry is now the largest private
purchaser of Landsat data. Its relative importance
for the near-term prospects of commercializing
land remote sensing is high.

Forestry

In forestry, as in many other disciplines involv-
ing land management, there is a distinct need for
timely, reliable information about the resource
base. The “synoptic view” provided by images ob-
tained from spacecraft altitudes is proving val-
uable when information over extensive geographic
areas is required, as is the case in managing our
Nation’s forest resources. For instance, the Forest
and Rangeland Renewable Resources Planning
Act of 1974, in which Congress mandated the U.S.
Forest Service (through the Secretary of Agricul-
ture) to provide information on the condition and
productivity of approximately 1.6 billion acres of
public and private land every 10 years, empha-
sized the need for efficient, cost-effective systems
to collect detailed data periodically over very large
areas.

Numerous other examples could be cited of re-
quirements for accurate, detailed information for
a wide variety of resource-management and/or
policy decisions. These range from the needs of
an individual forester who works for a single for-
est company and makes market-related decisions
about a specific block of land to those of State
or Federal legislators who must make policy deci-
sions which could affect forests and other natural
resources of an entire State or of the Nation for
decades to come.

In at least three respects, the characteristics of
the information required for effective and efficient
management of forest resources are unique. First,
the forests are so extensive, both nationally and
globally, that the quantity of data needed is gigan-
tic. Second, the forests are highly complex and
diverse, which results in the need for detailed in-

‘Alexander F. H Goetz ancl Lawrence C. Rowan, “Geological
Remote Sensing, « Science,vol. 211, 1981, pp. 781-790, “Satellite
Remote Sensing Data An Unrealized Potentialtor the Earth Science
Community,” The Geosat Committee, Inc, 1977; ‘Remote Sens-
ingand Exploration Geology,” Proceedings ot the Geosat Panel
Discussion, COSPAR Conference, May 21, 1982,Ottawa a, Canada,
Geosat Technical Repot-t No3.

formation on their various components. There are
different species and species mixtures, different
age classes, and varying stand densities. Third,
the forest grows slowly but can be harvested or
adversely affected relatively quickly, which makes
inventorying and characterizing the forests expen-
sive. Yet, because of both human and natural in-
fluences (e.g., insects, disease, severe weather) on
the extent and condition of forest resources, in-
ventories of some type are mandatory. The inter-
val between inventories might well vary, depend-
ing on the type and severity of the particular
changes expected. In sum, the demands for the
type and frequency of information concerning for-
est resources are quite different from those involv-
ing crops, water, or mineral resources.

Because of these special information require-
ments and economic limitations peculiar to for-
estry, the Landsat system is uniquely capable of
obtaining the type and quantity of data needed.
Only the Landsat system provides reasonably de-
tailed data (i. e., each pixel or minimum element
of Landsat data represents 1.] acres on the
ground), over the forested regions of the entire
Earth, at very modest cost (on a per-acre basis), *
and at a frequency that allows most changes to
be monitored effectively. However, if the cost of
the data used for forest inventories, on either a
local or worldwide basis, is too high, such data
will not and cannot be used to obtain the neces-
sary information. Management decisions will, by
necessity, continue to be made, but may be based
on inadequate, outdated, resource information.

The advantages and limitations of Landsat data
to foresters, and examples of the use of Landsat
data are discussed in some detail in appendix F.
The following paragraphs summarize its conclu-
sions.

Three major groups involved in forest resource
management have found Landsat data to be par-
ticularly effective:

* Current cost per c{lmputer-compatible tape coveringapprox-
imately 13,225 squaremilesis $650.00, whichisless than $0.05 per
square m ile orless than 1 100 cent per acre. However, t his cost
tigure does not include sizable data acquisition or data analysis costs
Also, because aerialphotoscontain much more detailedintorma-
tion,and can be orderedtocover smaller more discrete areas, many
users are willing to pay much higher costs tor aerial photography
thdn forLandsat data.
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« Forest industries. The St. Regis Paper Co. has

found Landsat data cost-effective in increas-
ing efficiency of forest mapping, and improv-
ing field operations. Although other forest
companies have shown interest in using
Landsat data, they are reluctant to invest the
time, money, and personnel necessary to use
a new technology in their operations when
the continued availability of Landsat data is
in considerable doubt. They are also fearful
of continuing price increases that would de-
crease the cost-effectiveness of the data. In
addition, in forestry, the use of land remote-
sensing data has not reached the operational
level that has been obtained in the geosci-
ences. Continued research by the companies
will be needed to determine just how to use
the data most effectively under day-to-day
operational conditions.

Federal and State agencies. The Federal
Bureau of Land Management (see app. F) uses
Landsat data for managing forests and range-
lands under its care. In addition, States such
as Minnesota, Mississippi, and Pennsylvania,
as well as regional groups of States, have ex-
plored the use of Landsat imagery to aid in
monitoring their forest lands (see apps. D and
E).

Foreign countries. One of the primary
resource concerns in other countries, partic-
ularly developing countries in tropical re-
gions, is the rapid loss of forests because of
clearcutting for agricultural purposes and for
fuel. Landsat data are particularly cost effec-
tive (at current subsidized prices) for mon-
itoring the rate of deforestation (see apps, A
and G). They have been used for this pur-
pose in Brazil, the Philippines, Thailand, the
Dominican Republic, Nigeria, and Costa
Rica. A critical factor in the future use of
Landsat data, however, will be their cost as
well as their timely availability. Many of
these data were supplied by the Agency for
International Development (AID) as part of
the U.S. effort to make Landsat data avail-
able to developing countries. If AID dramat-
ically reduces the support it gives to land
remote-sensing research programs in other
countries (see ch. 3), their ability to monitor

the rate of deforestation will decrease
accordingly.

Remote Sensing for Agriculture

Drawing on the information and analysis of ap-
pendix D, this section summarizes the use of re-
mote sensing for agriculture. Land and meteoro-
logical remote sensing provide only some of the
data important to planning agricultural produc-
tion. Yet, as agricultural analysts have gained ex-
perience in applying these data, the data have in-
creased in importance. The repeatability, synop-
tic view, and spectral and spatial characteristics
of satellite-derived systems could make agricul-
tural prediction and planning over wide geograph-
ical areas much more reliable than it now is.

Soon after the launch of the first Landsat
satellite, USDA entered a joint research program
with the National Aeronautics and Space Admin-
istration (NASA) and NOAA, called the Large
Area Crop Inventory Experiment (LACIE). This
program developed software to estimate grain
production in the Soviet Union and Canada.
LACIE experienced both successes and failures,
but showed enough potential for USDA to devel-
op a joint research program with NASA, Agri-
culture and Resource Inventory Surveys through
Aerospace Remote Sensing (AgRISTARS). The
AgRISTARS program seeks to develop satellite
remote sensing for practical agricultural purposes.

Most of the agencies at USDA are able to use
satellite data to support their missions. Much of
this current know-how resulted from either LACIE
or AgRISTARS. In the private sector, several
companies have learned how to combine meteoro-
logical with Landsat data to predict future crop
yields, These data are important to Government
agricultural planners as well as to farmers, farm
cooperatives, and merchants and traders who buy
and sell farm commaodities.

Although remote-sensing data satisfy a small
part of the total information needs of agriculture,
timely delivery of accurate, comprehensive, ob-
jective, remote-sensing data could improve most
of the information areas for agriculture (table 4)
if the data were inexpensive enough.
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Table 4.—Information Needs of Agriculture

Remote-sensing data could

Information type improve quality

Resources:

Physical .

Human . . . . . . . . .

Economic ., . . . . .. . .
Farmer/producer behavior
Agronomy ... . . . . ..
Current crop and livestock .,
Market news L.
Economic predictions
SOURCE Off Ice of Technology Assessment

Criteria of a Good Agricultural
Information System*

Satellite technology has tremendous potential
to supply data with the necessary characteristics.
However, this potential has yet to be realized with
Landsat technology. Data from the meteorological
satellites meet most of the necessary criteria,
especially cost-effectiveness and timeliness, but the
low spatial resolution and limited spectral char-
acteristics of the metsat data necessarily limit their
overall effectiveness for agriculture. These criteria
are:

* Accuracy. To be used for predictive pur-
poses, data must contain acceptably small
errors. Satellite data have the potential to be
both precise and accurate, but considerable
research on the data is needed to determine
how to reduce sampling errors. In the mean-
time, the data are being used to predict future
crop yield.

+ Timeliness. Agricultural decisions require
data that are no more than a few days to 2
weeks old, depending on the particular deci-
sion to be supported by these data.

+ Cost-effectiveness. To achieve maximum
usefulness to the agricultural community,
satellite data must be cost-effective compared
to older, less efficient, but more familiar ways
of gathering data (i. e., ground and aerial sur-
vey).

+ Expandability. An effective information sys-
tem must be able to adapt to new modes and
new technologies without increasing costs ex-

*Howard W. Hjort, “"World Agricultural Information System: A
Critical Evaluation,” contract report tor OTA, September 1975,

cessively. Satellite technology has the poten-
tial of making objective, accurate crop yield
measurements with current data for large
farm plots. The thematic mapper (TM) and
other proposed sensors having high spectral
resolution are expected to increase the ac-
curacy of these measurements and allow
sampling of smaller fields as well.

* Repeatability y. Surveys made at different
times should reflect changes in the target pop-
ulation rather than alterations in the methods
for collecting data. Remote sensing from
space makes possible highly repeatable data
characteristics. Because the Landsat system
has been a research effort until recently, data
format, spectral and spatial characteristics,
and orbital characteristics have changed over
time. Such changes make it difficult to com-
pare images taken at different times.

Implications of Improved Information
for Agriculture

Global, timely, reliable information on major
food and fiber crops is a significant element of
national economic and political intelligence. Such
information may affect a broad spectrum of public
and private sector activities. Better information,
distributed in a timely way, could lead to more
equitable sharing of the profits and losses of farm-
ing activities. Of more importance, it might lead
to avoidance of spot shortages or of overproduc-
tion in particular geographical areas. It could also
reduce the total energy consumption devoted to
agricultural production.

Because the agricultural community needs re-
petitive data over periods of days, weeks and
months, it would be the major customer for land
remote-sensing data if good data can be delivered
promptly and cheaply.

Concerns of the Agricultural Community

« Costs. For fiscal year 1984, USDA has allocated
$7.4 million to purchase the Landsat data it
needs. However, potential private customers
are likely to make little use of Landsat data until
the cost per scene is reduced considerably, the
data can be delivered promptly and the costs
of analysis can be reduced.
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® Continuity. Agricultural statistics assume
greater meaning when collected and analyzed
over time. Current data must be compared with
those of earlier years. For the agricultural com-
munity to make more use of land remote-sens-
ing data, data format should be standardized
and the data should be available promptly and
continuously, without gaps in delivery.

® Copyright. Existing legislation charges several
different Government agencies with managing
our national resources. Landsat data have be-
gun to play a significant role in meeting this
responsibility. For these agencies to use the data
effectively, they must be able to pass them free-
ly among themselves. Copyright restrictions on
data, if imposed by a private operator, could
impede the free exchange of information among
Government offices.

® Data control. Although grain companies and
other agricultural firms are not now large users

of Landsat data, they are interested in the tech-
nology. Some agricultural analysts fear that a
policy allowing discriminator access to data
might result in predator,marketing practices.
Theoretically, a firm that could pay for first ac-
cess to the data would have an unfair advan-
tage and could make windfall profits simply by
postponing availabilit,of data to the outside
world. This is especially crucial in agriculture,
where the value of the data is highly time-
dependent.

¢ Technological improvements. Parts of the agri-
cultural community are concerned that trans-
ferring the Landsat system might result in a
freeze of technology at the current level of
sophistication, In their view, not only improved
sensors are important, but lower cost, improved
image-processing.

STATE AND REGIONAL USE OF LANDSAT DATA

Because computers are now used in most States
and regional organizations, Landsat data find a
ready niche in their resource information systems.
With considerable assistance from NASA, many
States have purchased the hardware, software,
and training to process Landsat data. At least 18
States have now merged Landsat data with other
data in broad-based geographic information sys-
tems (table 5). Some of these systems can use
Landsat data directly (app. B).

A prime example is the State of Mississippi,
where Landsat data are integrated directly in a
single information system—the Mississippi Auto-
mated Resource Information System (MARIS).
When operating fully, MARIS will provide a cat-
alog of natural resources and cultural data about
the State, interpretive maps, and the analytical
staff to analyze and interpret trends (app. B).
Landsat data are being used in Mississippi to iden-
tify and study the available nuclear waste-disposal
sites, ground water depletion, and the amount and
type of ground cover. Landsat data have been
found to be highly cost effective in meeting Mis-
sissippi’s resource information needs.

Because of their synoptic coverage, Landsat
data are particularly useful for regional manage-
ment. In 1975, the Pacific Northwest Regional
Commission, with support from NASA and the
U.S. Geological Survey, started a project to in-
vestigate the applications of Landsat data to a
variety of resource problems in the Pacific North-
west. The project’s goal was to integrate these data
with other data on the region’s vegetation, soils,
and terrain. The Pacific Northwest is particular-
ly interesting ecologically because it is the site of
two major, but contrasting, ecoregions—the Hu-
mid Temperate Domain of the coastal areas of
Washington and Oregon, and the Dry Domain
east of the Cascade Mountains.

Participants in the study concluded that the
Landsat system was a cost-effective source of
management data. However, a “critical mass” of
individual agencies is necessary to prove the value
of Landsat data on a State or regional basis. Al-
though the cost of the necessary processing hard-
ware and software constitutes a barrier to using
Landsat data, *“the most critical element is con-
tinuity of data. Without assurance of continui-
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Table 5.—Summary of Operational Landsat Applications in the States

A. Water resource management
Surface water inventory
Flood control mapping and damage assessment
Snow cover mapping
Water resources planning and management
Irrigation demand estimation
Determination of runoff from cropland
Watershed or basin studies
Water circulation
Lake eutrophication survey
Irrigation/saline soil
Geothermal potential analysis
Ground water location
Offshore ice studies

B. Forestry and rangeland management
Forest inventory
Forest productivity assessment
Clearcut assessment
Forest habitat assessment
Wildlife range assessment
Fire fuel potential
Fire damage assessment and recovery

C. Fish and wildlife management
Wildlife habitat inventory
Wetlands location and analysis
Vegetation classification
Snow pack mapping
Salt exposure

D. Land resources management
Land cover inventory
Comprehensive planning

SOURCE National Governors’ Conference

ty, States (and therefore regions) cannot accept
the risks of utilizing Landsat data as a primary
tool.” Here, as in Federal use of land remote-

“Letter from Governor Straub of Oregon, State co-chairman of
the three-State project, to NASA Administrator, 1979.

Corridor analysis
Facility siting

Flood plain delineation
Solid waste management
Lake shore management

E. Environmental management
Water quality assessment and planning
Environmental analysis or impact assessment
Coastal zone management
Surface mine inventory and monitoring
Wetlands mapping
Lake water quality
Shoreline delineation
Oil and gas lease sales
Resource inventory
Dredge and fill permits
Marsh salinization

F. Agriculture
Crop inventory
Irrigated crop inventory
Noxious weeds assessment
Crop yield prediction
Grove surveys
Assessment of flood damage
Disease monitoring

G. Geological mapping
Lineament mapping
Geological mapping
Mineral surveys
Powerplant siting
Radioactive waste storage

sensing data for resource management, it was
often important to share the primary data among
State agencies, a practice that copyrighting them
could prevent.

REMOTE-SENSING RESEARCH WITHIN THE UNIVERSITIES

Universities use Landsat data for research in a
variety of resource and land-planning applications
encompassing the entire range of remote-sensing
applications. They develop techniques for specific
applications and carry out research on the spatial
and spectral characteristics of new, more power-
ful sensors. The universities work with local and
State governments as well as with the Federal

2 5 37 0 - 8 -5 : QL 3

Government and industry. In some States, univer-
sity researchers constitute the major source of re-
mote-sensing information and support. Univer-
sity researchers have expressed concerns about the
state of land remote-sensing policy, and about the
proposed transfer of land remote sensing to the
private sector. They would also like to see future
research needs provided for.
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Overview of Landsat Applications in the 50 States

Land
Water Forestry/ Wildlife resources Environmental Geologic

State resources rangeland management management management Agriculture mapping
Alabama X X X X X
Alaska X X X X X
Arizona X X X X X X X
Arkansas X X X
California X X X X X X X
Colorado X X X X X
Connect i cut
Delaware X X X
Florida X X X X X X
Georgia X X X X X X X
Hawaii X X X
Idaho X X X X X
Ilinois X X X X X
Indiana X X X X X X
lowa X X X X X
Kansas X X X X X
Kentucky X X X X X X X
Louisiana X X X X X
Maine X X X X X
Maryland X X X X
Massachusetts:s X
Michigan X X
Minnesota X X X X X X X
Mississippi X X X X X X
Missouri X X X X X X X
Montana X X X X
Nebraska X X X X X X X
Nevada X
New Hampshire X X
New Jersey X X X
New Mexico X X X X X
New York X X X X X X
North Carolina X X X X X X
North Dakota X X X X X
Ohio X X X
Oklahoma X X X X X X
Oregon X X X X X X
Pennsylvania X X X X
Rhode Island
South Carolina X X X X X
South Dakota X X X X X X X
Tennessee X X X X
Texas X X X X X X X
Utah X X X X
Vermont X X
Virginia X X X X X X
Washington X X X X X
West Virginia X X X
Wisconsin X X X X X
Wyoming _ X X X X X X

SOURCE National Governors Conference
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New York/New Jersey area as seen by Landsat 1

In gathering data for this section, OTA inter-
viewed 21 people at 19 universities. Most are State
universities with close ties to various State map-
ping and monitoring agencies that either now use
Landsat data or are considering it for the future.

University Experience With NASA’s
Landsat Program

Because land remote sensing from space is a
novel technique for obtaining information about
the Earth’s surface, its use requires innovative
educational and training programs. With no pre-
vious community of users, exposure to the tech-
nology, training, and experience were needed to
develop understanding of the potentials of Land-

sat data. Early in the development of the Land-
sat system, NASA instituted a Universities Pro-
gram to demonstrate practical benefits from the
use of remote-sensing technology to a broad spec-
trum of new users, principally in State and local
governments. During the period 1972-82, NASA
provided between $8 million and $10 million to
universities a year as seed money for research,
demonstration, and training in the uses of land
remote-sensing technology.

A wide variety of State, local, and private
organizations, as well as the recipient universities,
matched NASA funds with direct financial sup-
port and in-kind grants. The university role as-
sumed increased importance as NASA'’s satellite
flight programs for remote sensing became bet-
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ter understood and emphasis shifted from the
hardware to the resulting data and its users. A
1978 survey shows, for 20 selected universities,
details about program duration, size, scope, and
unique characteristics (see app. C). °

The interviewees generally agreed that univer-
sity courses of instruction trained personnel in
new applications of remote sensing. They pointed
out that the close relationships established with
other disciplines allowed prompt feedback to the
universities, prompt assimilation of lessons, and
rapid revision of instructional programs. The
multidisciplinary course work and research have
led to several new domestic applications of re-
mote-sensing data. The universities have trained
foreign students, conducted symposia, and as-
sisted AID and other agencies in overseas develop-
ment work. They have also assisted in introduc-
ing remote-sensing technology into the work of
State and regional agencies. Their work has even
resulted in the development of several small prof-
itmaking value-added companies.

University Concerns Over Land
Remote-Sensing Policy

The university remote-sensing community ex-
presses major concerns about three general ques-
tions: 1) the future of land remote sensing in the
United States, 2) the effect of current budget con-
straints on university research programs, and 3)
the effects of future costs of Landsat data on teach-
ing and research budgets.

“’Survey of University Programs in Remote Sensing Funded Under
Grants From the NASA-University Space Applications Program, ”
Battelle Columbus Labs, report No. BCL-OA-TFR-78-3, Mar, 31,
1978.

University researchers worry that both the op-
erational and research aspects of the Landsat pro-
gram lack direction. Uncertainty at the Federal
level has led to even greater uncertainty at the
local level. Industries, as well as Federal and State
agencies, are reluctant to invest in their own re-
search programs on Landsat applications until
they are assured that land remote-sensing data will
be continuously, promptly, and inexpensively
available. This reluctance is having a significant
negative effect on remote-sensing programs in
universities throughout the country.

For the multidisciplinary centers of remote-sens-
ing research (which were put together laborious-
ly over a decade with Federal support) to continue
their work, they will require assured budgets and
flow of data. Decreased activity by Federal, State,
and local agencies, and by private industry has
caused many university programs to be drastically
curtailed—staff have been reduced, researchers
have redirected their efforts elsewhere. This trend
is likely to continue until the overall direction of
the Landsat program is defined or until the French
SPOT program becomes operational. If a strong
market for land remote-sensing data were to de-
velop, some funding through private industry
would likely become available, In the meantime,
universities are losing the qualified, experienced,
and knowledgeable people needed for remote-
sensing research.

The third major concern is the cost of Landsat
data. Table 6 shows past, present, and future costs
of a few of the Landsat products. For teaching pur-
poses, a professor often needs multiple copies of
a single image. Even if he or she can use the same
data in subsequent semesters, it soon becomes
frayed, torn, and marked up. The teaching budg-

Table 6.—Costs for Some Landsat Data Products

cost
Until October 1981 —  October 1983- February 1985—

Product October 1981 October 1983 February 1985 ?7?7?
Multispectral scanner (MSS) computer-

compatible tape (CCT). .. .................. $200 $ 650 $ 650 $ 730
Thematic mapper (TM) CTT . .. .. .............. Not available $2,800 $3,400 $4,400
TMCCT (quarterly) . . ... Not available $ 750 $ 925 $1,350
Color composite image (1:250,000 scale):

MSS . $50 $ 175 $ 175 $ 195

TM Not available $ 235 $ 275 $ 290

SOURCE National Oceanic and Atmospheric Ad-ministration




61

ets for supplies and equipment in many universi-
ties are extremely modest. As one university pro-
fessor explained:

Ordering just four color prints of a thematic
mapper image would exhaust my entire teaching
budget for all of my courses for an entire year!
As of February 1985, a single frame of thematic
mapper data in CCT format would cost more
than is contained in my total teaching budgets for
4 years! It is quite clear that these prices will (and
already have ) caused me and many other teachers
to modify the course content, decrease the avail-
ability y of “hands on” laboratory materials for the
students to use, and virtually eliminate future
orders for Landsat products to use in the class-
room.”9

This and similar examples from other univer-
sities demonstrate that the long debate over the
fate of land remote sensing in the United States
has negatively affected the quality of education
in remote-sensing techniques as well as further
decreasing the volume of products being ordered.

Issues Raised by Proposed Transfer
to the Private Sector

The issues of the proposed transfer are im-
bedded within the general concerns of the univer-
sity research community towards Federal land re-
mote-sensing policy in general:

e Continued, open availability of data. This
is mentioned most frequently as the major
issue. As understood by university research-
ers, it includes a predictable and affordable
price structure, perhaps with special rates for
nonprofit groups, and the absence of restric-
tions on use of the data. In other words,
OTA’s respondents were opposed to copy-
righting the corrected data. *

® Research and training support. For the
universities to continue their programs, they

‘OTA Workshop on Remote Sensing, July 26, 1983.

‘Corrected data are the raw data as received from the spacecraft,
corrected only for radiometric and geometric distortion. This is the
way the data are now sold in standard packages from the EROS
Data Center.

will need assurances that Federal funding for
scientific research, methods-development,
and training will continue. Even if the pro-
posed transfer to private ownership is highly
successful, it will take many years for the
market to build to the point that the private
sector and the States can support these im-
portant university programs. In the mean-
time, an important resource and the pool of
skilled labor will have dwindled to the point
that rebuilding them will be extremely expen-
sive and time-consuming. Teaching programs
in remote sensing have declined and both
professors and students are directing their ef-
forts elsewhere.

Data quality. The quality of the data over
time needs to be assured to obtain the value
of repetitive coverage. This is especially im-
portant for agriculture and forestry. Some
respondents expressed concern that the con-
sistency of the radiometric and geometric cor-
rections, which are now carefully controlled
by university and Government experts, may
degrade under private operation. Still, it
would be in the best interests of a U.S. pri-
vate operator to maintain its data at a high
level of quality because of competition with
SPOT Image or other U.S. private compa-
nies.

Continuing university input. Members of
university remote-sensing programs fear that
transfer to private hands will diminish the
public-good aspects of land remote sensing
and reduce their role in finding new and bet-
ter ways to use the data.

Long term data trends. Plotting potentially
harmful changes on the Earth’s surface re-
quires data to be continuously available and
safely stored for later retrieval. It also re-
quires a research community with adequate
resources. University researchers express con-
cern that transfer to the private sector may
mean a loss of data continuity, reduction in
the quality and quantity of the archival ma-
terial available, and reduction in Govern-
ment support of research in this important
area.
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USING HIGH-RESOLUTION DATA
Thematic Mapper (TM)

Most research and applications projects using
Landsat data have used MSS data having a nom-
inal spatial resolution on the ground of 80 meters
and four spectral bands. The TM, which is oper-
ated by NASA as a research instrument, has a
much improved 30-meter spatial resolution and
seven spectral bands. Studies with simulated TM
data sensed from aircraft, as well as with some
of the early TM data from outer space, indicate
that this higher spatial resolution will enable ma-
jor advances in the utility of such satellite data.

For example, NASA research suggests that in
suburban areas land-use classification accuracies
of 89 percent are possible. In urban areas, the po-
tential accuracy is difficult to estimate before more
detailed research is done .”” Certain aspects of TM

“‘Dale A. Quattrochi, “Analysis of Landsat-Y Thematic Mapper
Data for the Discrimination of Urban Features, ” Decision Support
Systems for Policy, and Management, Urban and Regional Infor-

mation Systems Association Annual Conference, Atlanta, Ga. ,
August 1983.

data have great promise. For tasks where spatial
discrimination is important, such as mineral ex-
ploration, high resolution is the most obvious im-
provement over data from the MSS; other attri-
butes of the system are equally remarkable from
a technical standpoint. The TM digital data come
in an eight-bit configuration which potentially will
offer more information content than the six-bit
configuration of the MSS data. In addition, the
seventh spectral band is thermal which, when
combined with the other six bands, can be ex-
pected to provide new interpretive capacity.

For agriculture, the real advantage of the TM
derives from the narrowness of the spectral bands
as well as their extension into the near infrared
at 2.2 micrometers and thermal infrared at 11 mi-
crometers, These attributes make the TM much
more than a high-resolution MSS. Initial analyses
of the TM data from U.S. agricultural areas show
much sharper delineations of crops having differ-
ent textures and tone. These observations suggest
that TM data will be much more capable of sep-

Landsat Bands and Electromagnetic Spectrum Comparison
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arating corn from soybeans and, perhaps, barley
from spring wheat. The improved resolution also
offers significant improvements in delineating
drainage in and around agricultural areas.

For forestry, the major improvements provided
by TM data will probably include increased ac-
curacy of measuring areas occupied by different
types of vegetation—a highly significant improve-
ment for forestry applications (see, however, be-
low). The additional detail in the Landsat data
should enable more accurate analysis of the data
as well—small forest stands, roads, streams, and
other features not discernible on MSS images are
clearly seen in TM data.

For petroleum geology, the improved spatial
and spectral resolution of TM data have already
proved their usefulness. Nonetheless, those who
specialize in locating new sources of oil or other
minerals have indicated that the ability to sense
Earth in stereo would be more important to their
industry than the increased number of spectral
bands or higher resolution.”

As the case of forestry illustrates, in some situa-
tions different analysis techniques will be neces-
sary effectively to utilize the increased spatial and
spectral resolution of the TM data. A recent
study” showed that with standard “per-pixel”
classification techniques, as the spatial resolution
of the pixels improves, the ability to classify for-
ested areas with accuracy decreased significant-
ly. Indeed, with data having 30-meter spatial res-
olution, overall classification performances were
considerably poorer than with Landsat MSS data
of much lower resolution. The use of 15-meter-res-
olution data resulted in a significant decrease in
overall classification performance.

Y Michael T Halbouty statementonCivi | Rem ote Sensing
Systems betore the Subcommittee on Space Science and Applica-
tions ot the House C ommittee onScience and Technology, and the
Subcommittee on Science, Technology.and Space ot the Senate
Committee on Commerce Science and Transportation (97th Cong ),
Tulv 22 and 231981 pp 213-2.32.

"R M Hofter M E Dean, D K Knowlton, and R S Latty,

Evaluation ot ST AR and Simulated Thematic Mapper Datator
Forest Cover Mapping Using Computer-Aided Analysis  Techniques.
LLARS Technical Report 083182 Purdue University West Lafavette
Ind , 1982

These results substantiated earlier studies” that
found a similar decrease in classification perform-
ance with increasing spatial resolution primaril,
in areas of forest cover, but not in agricultural
cover types. The reason is that images having
higher spatial resolution allow more detailed spec-
tral data to be obtained. Thus, in forested areas,
the spectral response of one resolution element of
TM data could be dominated by tree crown,
whereas the adjacent resolution element could be
dominated by the shadow area between tree
crowns, and so forth. The coarser spatial resolu-
tion of Landsat MSS data averages such spectral
differences, resulting in much less variability from
one resolution element (pixel ) to the next.

In agricultural areas, where the field size is
larger than the 80-meters resolution of the MSS
instrument, approximately the same percentage
of row crop, bare soil, and shadow is being sensed
and integrated into the spectral response of each
resolution element, whether it be a 30- or 80-meter
spatial resolution. To take full advantage of the
higher spatial resolution of the TM data for for-
estry applications, therefore, the standard per-
pixel methods of analysis must be replaced b, fin-
er methods using both the spectral and the spatial
information of the data. This finding brings out
three key points which apply as well to uses of
TM data other than forestry:

1. Different disciplines may need to appl, dif-
ferent analysis techniques in order to use the
same type of land remote-sensin data (e.g.
geologic analysis techniques often are signif-
icantly different from those used in agricul-
ture).

2. Changes in sensor systems may cause such
significant changes in the characteristics of

VE. P Kan and F. . Weber, “The Ten Ecosystem Study: Land-
sat ADDP Mapping of Forest and Rangeland in the United tates,” P’ro-
ceedings of the 12th International Symposium on Remote Sensing
ot Environment, Ann Arbor, Mich., 1978, pp. 1809-1825; F. G.
Sadowski, W. A, Malila, and R. F. Nalepka, “Applications of MS$
Systems to Natural Resource Inventories,” I'roceedings of the Na-
tional Workshop on Integrated Inventories of Renewable Natural
Resources, Rocky Mountain Forest and Range Experiment Station
General Technical Report RM-55. USDA Forest Service, Fort Col-
lins, Colo., 1978, pp. 248-256.
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the data that entirely different analysis tech-
nigues must be developed and tested,

3. The sheer volume of data in a TM scene for
seven spectral bands will limit their use. Re-
search efforts should be directed to offering
the ability to select a windowed array of data
from anywhere in the scene; currently only
a gquarter subscene is available on special
order from the EROS Data Center at Sioux
Falls, S. Dak. Thus, if one wants to process
a portion of Earth’s surface located near the
center of the four quarter-scenes, it is nec-
essary to order a full scene.

So far, investigators have devoted relatively lit-
tle attention to evaluating TM data other than
studying the quality of the data received. Neither
NASA or NOAA have conducted formal applica-
tions tests. Therefore, one can only speculate on
the uses or value of TM data for forestry, agri-
culture, or even geologic applications.

The French SPOT System

The SPOT satellite, with its 20-meter resolu-
tion, three spectral bands, and ability to point the
sensors, promises to provide coverage not avail-
able through the existing Landsat system. SPOT’s
pointability (i.e., the ability to obtain images at
angles to the vertical) will enable repetitive cov-
erage of transient phenomena. “To take one ex-

“W. G. Broome, Larry J. Warwick, and G. Weill, “SPOT
Satellites: A Major New Information Source for Urban and Regional
Environments, ” Decision Support Systems for Policy and Manage-
ment, Urban and Regional Information Systems Association An-
nual Conference, Atlanta, Ga., August 1983.

ample, between April 13 and 18, 1979, the Pearl
River Basin in Mississippi, rose to an unprece-
dented level of 43.5 ft and devastated Jackson,
the State capital. Providing cloud cover did not
interfere, if coverage comparable to SPOT’s (e.g.,
pointability and resolution) could have been ob-
tained on April 15, 16, or 17, estimations of dam-
age and analysis of the event could have been
greatly improved. Landsat 3, which was in use
during the flood, passed over shortly before the
torrential rains occurred and again just as the
flood waters receded (an 18-day period).

The 20-meter resolution of SPOT data may not
prove to be as valuable as its paintability because
higher resolution data have a point of diminishing
returns. The sheer volume of data resulting from
such high resolution over a large study area can
quickly overload the storage and data-handling
capacities of most computer systems now proc-
essing Landsat data. This problem is faced already
by analysts attempting to use the TM data. The
fact that SPOT will use three bands, rather than
the TM’s seven, will ease the problem of handl-
ing data volume at the expense of losing impor-
tant spectral information. In addition, the SPOT
satellite will sense a narrower swath of Earth’s sur-
face. Each scene will be proportionately smaller,
making the data handling problem easier per
scene. *

SPOT has flown simulated missions in the
United States, and the results of these will answer

® The SPOT sensor views a ground swath 60-km wide compared
to a swath width of 185 km for Landsat.

The SPOT Satellite

Characteristics of the high resolution
visible (HRV) instrument

Multispectral mode

Panchromatic mode

Spectralbands . . ......... ... .. ... L.

Instrument field of view . . . . .......... .. ..
Ground sampling interval (nadir viewing) . . . .
Number of pixels perline . .. ..............
Ground swath width (nadir viewing) . . . . . .
Pixel coding format . . . . .................
Image data bitrate . . ......... . ... ... ...

0.50-0.59 pm 0.51-0.73 pm
0.61-0.68 pm
0.79-0.89 pm
4.13° 413"
20 m x20 m 10 m x10 m
3,000 6,000
60 km 60 km
3 x 8 bits 6 bits DPCM®
25 M bits/s 25 M bits/s

appcM (digital pulse code modulator)1s a mode o data compression that does not degrade the radiometric accuracy of the

image data (256 grey levels)
SOURCE SPOT Image
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many questions about its future application. Some
State agencies and other public and private groups
are interested in formatting SPOT data to use ex-
isting Landsat processing computer software. If
totally new software is required, it will slow the
use of SPOT data.

Comparison of SPOT and TM Data

It appears probable that the enhanced resolu-
tion of either TM or SPOT data would be of sig-
nificant value for measurement, but how the seven
channels of TM data will compare to the three
channels of SPOT data is still a matter of conjec-
ture. * The middle infrared portion of the spec-
trum (available only with TM data) should even-
tually prove invaluable for geologic and snow
cover mapping purposes. For forestry applica-
tions, the differences between TM and SPOT data
are not obvious. It would be surprising if the
stereoscopic capability of SPOT data had any ma-
jor advantages in forestry,unless topographic
maps for the area of interest did not exist, a con-
dition that is much more likely in developing
countries than i n the industrialized ones. As men-
tioned above, however, it should be highly useful
to the geologists, and will also improve the abili-
ty of mapmakers to generate high-resolution t(~po-

*When data from the recent simulated SPOT thehts are tully
studied, it will be possible to compare the data trom the two systems

REMOTE-SENSING ARCHIVES

Data gathered from meteorological satellite
observations are obviously useful for short-term
weather predictions. Less well-known is their part
in forecasting over periods of weeks, years, cen-
turiesi.e., in the long-term prediction of climate.
As we learn more about the long term effects of
such climatic effects as EI Nino (see app. H) and
increased atmospheric levels of carbon dioxide,
the utility of satellite data for climate studies
becomes apparent. The operational weather satel-
lites make major contributions to the long-term
global climate record kept by the National Cli-

graphic maps. The higher resolution of TM,
SPOT, or future systems may eventually prove
to be very useful in differentiating and categoriz-
ing different varieties and maturity of trees, which
would allow better estimates of timber- volume in
a forest stand. It will also allow agriculturalists
to estimate crop production better in countries
where the average field size is significantly less
than the 80-meter resolution of MSS data.

Investigators have frequently raised questions
about the advantages of various data formats or
types of data from future proposed instrument
systems. Such quest ions clearly indicate the need
for an effective, ongoing research program to pro-
vide guidance and direct ion in developing mean-
ingful operational systems.

For operational uses, TM data will tend to be
used in a sampled mode rather than as complete
coverage. This may limit the sales of TM data
once the newness wears off, even in the petromin-
ing industries where the data have received high
praise. At over $4,000 per frame, even the petro-
leum exploration geologist will tend to look at
narrow areas rather than broad ones.

Advances in technology, such as high spectral
and spatial resolut ion sensors, when linked with
on-board data processing and improved computer
processing may aleviate some of the near-term
problems investigators expect to experience in
using high-resolution TM or SPOT data.

mate Program within NOAA. It assembles these
data and combines them with other satellite and
terrestrial data from the Department of Defense,
the Department of Energy, USDA, the National
Science Foundation, and NASA to produce world
climate models.

Through this program, the Government has de-
veloped the mechanism to assemble and store me-
teorological data to meet the research needs 01 cli-
matologists and others who require historical data
about the weather. These data are recognized as
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anational resource and are treated accordingl,
To continue the research on weather and climate,
it will be important to continue to archive satellite
data. Continuity of the format of the data stored
in the archive is particularly important:

The overriding requirement is for a continuous,
intercomparable data record for a span of time
that is climatologically significant . . . the longer
the more valuable it is in determining the likeli-
hood of “extreme” occurrences. *

For Landsat data, the EROS Data Center in
Sioux Falls, S. Dak., maintains an archive con-
taining most of the data it has received. Although
the archive includes foreign scenes taken by Land-
sats 1, 2, and 3 when their recorders were oper-
ating, and some other foreign scenes acquired by
special agreement with foreign ground stations,
the vast majority of these data are domestic
scenes. The EROS Data Center does not sell most
foreign data, either current or historical. Normal-
ly, customers must purchase data acquired from
foreign ground stations directly from the stations
in question.

The expense of maintaining a complete archive
of all the data ever received from the Landsat sys-

‘5Civllian space Policy and Applications, op. ct, P, 344.

tern is great; in fact, not all data are equally worth
saving, and it would be helpful to purge the ar-
chive of certain scenes, such as those containing
a high proportion of cloud cover and duplicate
scenes. However, obtaining a complete set of
cloud-free data for the entire world would be a
worthy goal. Such a data set would be especially
useful for mapping, land-use planning, mineral
exploration, deforestation, and desertification.
Because of lack of funds, this has not been done
so far, although NOAA and NASA recognize the
value of such an archive. One of the problems
in setting up such a worldwide data set is that the
various foreign ground stations use slightly dif-
ferent standards for data acquisition and storage:
the data are not entirely comparable.

Whatever form the archive were to take, the
Government would have to decide whether the
limited archive maintained at the EROS Data
Center would be transferred to the private sector
and under what conditions. If the archive were
transferred, safeguards to protect it from later
deterioration or destruction should be instituted
so that all interested parties would continue to
have access to these data, at least, without copy-
right restrictions.
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Chapter 5

U.S. Government Needs for

Remote= Sensing Data

This chapter summarizes Federal requirements
for Landsat and metsat data as they apply to in-
dividual agencies. A number of Government-
sponsored studies based on the use of Landsat data
have engendered optimism about the utility of
space remote sensing for a wide range of resource
survey, mapping, and environmental monitoring

tasks. However, the results of such studies remain
tentative because the Landsat system has not been
optimally configured for operational use nor man-
aged according to business-like principles. Ques-
tions persist in Government agencies about sys-
tem continuity, data cost, and timely delivery.

FEDERAL METSAT DATA USERS AND THEIR MISSIONS

The largest Federal user of metsat data is, not
surprisingly, the National Weather Service (NWS)
in the National Oceanic and Atmospheric Admin-
istration (NOAA). Indeed, the agency responsi-
ble for operating the first weather satellites in the
early 1960's was the National Earth Satellite Cen-
ter, a part of the old Weather Bureau. It was not
until a decade later that a separate satellite serv-
ice (National Environmental Satellite Service—
NESS, now National Environmental Satellite Data
and Information Service—NESDIS) was estab-
lished.

NOAA'’S mission is to explore, map, and chart
the global ocean and its living resources; to man-
age, use, and conserve these resources; to de-
scribe, monitor, and predict conditions in the at-
mosphere, ocean, air, and space environment; to
issue warnings against impending destructive nat-
ural events; to develop methods of environmen-
tal modification; and to assess the consequences
of inadvertent environmental modification over
several scales of time. The global scope of
NOAA'’s mission makes metsat data valuable to
the various agencies within NOAA. NWS makes
widespread use of satellite data to improve its
forecasts to aviators, farmers, fishermen, fruit
growers, commercial shippers, sport boaters,
recreationers, and just plain citizens.

For example, the geostationary satellites can
identify and track the characteristic cloud shapes
of tornadoes, allowing warnings to affected areas.

Hurricane tracking by satellite is a second vital
lifesaver. The NWS Severe Storm Warning Center
in Kansas City and the Hurricane Alert Center
in Miami would both be severely handicapped
without frequent satellite imagery to aid in issu-
ing warnings.

The NWS Office of Hydrology produces river-
basin snow maps and precipitation estimates for
NESDIS to add to computerized hydrologic mod-
els for runoff and flood forecasting. Sounding
data, sea-surface temperature data, cloud cover,
and snow cover are but a few of the satellite-
derived data that are processed by the NWS com-
puters to improve global analysis and forecasting.

The powerful mixture of computers and satel-
lites has produced new data sets that could well
improve the ability of meteorologists to prepare
longer range, even seasonal forecasts. NWS is
now investigating sea-surface temperature changes
or anomalies in the North Pacific and the percent-
age of snow cover in the Northern Hemisphere
as important new variables in the study of climatic
variations. Prior to metsats, these variables were
unmeasurable (figs. 5 and 6).

The National Ocean Survey (NOS) explores,
maps, and charts the oceans. The 1.1-km resolu-
tion of the polar-orbiting metsats is more than
adequate to provide NOS with sea-surface tem-
perature charts and ice charts of polar areas and
the Great Lakes. NOS and NESDIS oceanograph-
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Figure 6.—July 1983 Sea-Surface Temperature, Eastern Pacific Ocean
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ers also chart currents using thermal infrared
measurements. NOAA produces a monthl anal-
ysis of the Gulf Stream movements that aids in
ship routing as well as in oceanographic research
studies (fig. 7), It also uses satellite data to study
the highly variable tidal and estuarine currents
close to shore. It warns of tsunami from measure-
ments collected by ocean buoys and relayed b,
satellite telecommunications.

The National Marine Fisheries Service has for
many years used satellite thermal maps to indicate
areas of nutrient-rich upwellings for commercial
fisherman; such areas constitute the most prob-
able good fishing areas.

Part of the National Climate Plan is to identi-
fy broad areas of environmental modification,
whether manmade or natural. The results of pro-
longed drought, such as areas of desertification
in the Sahel in Africa, are easily monitored by
metsats. Metsat data can also be used to monitor
the recent deforestation and development in Bra-
zil’s upper Amazon basin. The Department of
Agriculture’s (USDA) Foreign Agricultural Serv-
ice (FAS) continuousl,monitors foreign crops
using some NOAA polar-orbiter imagery in its
efforts to project overseas markets for U.S.
agricultural products. The Forest Service has
found thermal infrared data from metsats useful
for early detection of forest fires.

The need for up-to-date meteorological infor-
mation is acutely felt by the Department of De-
fense (DOD) (see also ch. 6). Though many of
its needs are met by the Defense Meteorological
Satellite Program (DMSP), a system which in-
cludes two polar orbiters, DOD also relies heavily
on NOAA satellites. The U.S. Air Force derives
information from both the DMSP and NOAA’s
metsats to make flight weather summaries and
forecasts; the U.S. Navy uses metsat data to mon-
itor sea-surface temperature, currents, and water
mass or ocean color, important variables for both
surface and subsurface operations.

The mission of the U.S. Army Corps of Engi-
neers includes programs to protect the environ-
ment, improve waterway navigation, control
floods and beach erosion, engage in water-re-
sources development, and provide natural disaster
relief assistance. The Corps was an early user of

metsat and Landsat data. Data Collection Plat-
forms (DPCs), which relay data to the metsats,
are widely used to provide operational hydrologic
data to Corps offices. The New England Division
of the Corps working with the Corps Cold Re-
gions Research and Engineering Laboratory in
Hanover, N. H., and the University of Connecti-
cut, are determining the effectiveness of satellite
imagery for real-time water-control management.
The Corps Great Lakes Division has studied how
to use data from space to improve their manage-
ment of the Great Lakes water resources and nav-
igation control.

The Office of Naval Research, the Naval
Oceanographic Research and Development Activ-
ity, and the Naval Oceanographic Command, as
well as DOD’s Advanced Research Projects Agen-
cy, conduct, manage, and coordinate research in
oceanography that requires metsat data.

The Department of the Interior is responsible
for managing public lands and natural resources.
A pilot program of monitoring vegetation in
remote areas of Nevada and Arizona with data
from the polar orbiters has been successful in the
Bureau of Land Management’s fight against range
fires. This work was actually performed by the
U.S. Geological Survey (USGS), which has a
mandate to chart the Nation’s water and mineral
resources. Although the Landsat system is the
preferred data source for some of the applications,
especially hydrologic and tectonic studies, the
USGS has increasingly turned to NOAA metsat
data. The USGS’s North American Tectonic Plate
mosaic project is currently considering the use of
enhanced images from the polar orbiters. It is also
planning to make a mosaic tectonic map of Ant-
arctica from enhanced metsat images.

In the Department of Energy, metsats furnish
certain hydrologic information useful for the
Power Administrations—e. g., Bonnevill Power
and Alaska Power. The Department of Transpor-
tation’s U.S Coast Guard (USCG) has a direct
obligation to provide search and rescue for ships
in distress and to monitor the Contiguous Fisheries
Zone, USCG icebreakers benefit from metsat ob-
servations of ice. The Coast Guard also uses met-
sat data to monitor oil spills, such as the Xtoc well
in the Gulf of Mexico in 1979. Though it relies
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on Government and private forecasters to advise
pilots, the Federal Aviation Administration’s
(FAA) mission to regulate air commerce and to
foster air safety requires that it consider all types
of meteorological hazards and volcanic hazards
as well; thus, metsat data are of direct interest to
FAA.

The Environmental Protection Agency (EPA)
has been charged with the responsibility to pro-
tect and enhance our environment. The EPA mis-
sion is to control and abate pollution from solid
waste, noise, radiation, and toxic substances. Met-
sat data provide timely and frequent observations
of air pollution such as windblown dust, oil spills,
and nearby ocean currents, and trajectories for
toxic or nuclear airborne pollutants based on sat-
ellite-derived wind vectors.

Many of these agencies have a continuing in-
terest in following potential national disasters
such as volcanic eruptions, floods, hurricanes, tor-
nadoes, or earthquakes. The Federal Emergency
Management Agency (FEMA) has the specific mis-
sion of enhancing emergency preparedness at Fed-
eral, State, and local levels to coordinate and
oversee hazard mitigation, preparedness planning,

relief operations, and recovery assistance. A re-
cent study'found that although metsats, by vir-
tue of their coarse resolutions, are not highly
suitable for disaster management, they can be
used by FEMA to detect the overall effects of
drought and floods. Metsat data area useful ad-
junct to Landsat data, which are more directly
useful in disaster management.

NASA uses data from the metsats in its Earth
Science and Applications Program. It also con-
ducts research on improved sensors in partial sup-
port of the NOAA/NESDIS metsat program.

The U.S. Agency for International Develop-
ment (AID) has provided assistance to develop-
ing countries in building their capacity to receive
and use metsat data through programs like the
Sahel Development Program, International Dis-
aster Assistance, Food for Peace, and Science and
Technology. Vegetation and hydrologic studies
are also prepared by AID scientists using NOAA
metsat data and imagery.

‘P, B. Richards, C. J. Robinov, D. R. Wiesnet, and M. S. Max-
well, “Recommended Satellite Imagery Capabilities for Disaster
Management, ” proceedings of the 33d Congress International
Astronomical Federation, Paris, September-October 1982.

FEDERAL LANDSAT DATA USERS AND THEIR MISSIONS

Landsat Data Purchases and Use
by Federal Government Agencies

During the 1970’s the National Aeronautics and
Space Administration (NASA) was especially at-
tentive and responsive to satisfying data needs of
Federal agencies as part of its program to demon-
strate the new technology, and transferred funds
to potential user agencies for them to experiment
with applying Landsat data to their missions.
Because of the success of this close collaboration,
some Federal agencies became major users of
Landsat imagery and digital tapes. NASA fol-
lowed the earlier precedent of the meteorological
program in encouraging and stipulating open ac-
cess to the satellite data. Yet, while the Earth im-
agery has proved effective for broad-area moni-
toring of events which affect private sector inter-
ests, such as oil spills, floods, the spread of in-

sect infestation, and regional geology, many pri-
vate companies continue to rely on the use of
higher resolution aerial photography for commer-
cial applications.

Over more than a decade of Landsat operation,
the market for the data has grown slowly and
Government agencies have not requested data at
rates forecast by early studies. Nevertheless, a
score or so of agencies have experimented with
the data and several now have operational pro-
grams dependent on the application of space im-
agery. Direct Government data purchases from
the EROS Data Center (EDC) account for between
20 to 30 percent of sales through 1982 (table 7).
Sales information, however, is a poor indicator
of actual data use, especially in the earlier, highly
subsidized years. Some agencies used the data
most extensively when they obtained them for
free. Users have employed a variety of means to
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Table 7.— Federal Government and Total Sales of
Landsat Data by EROS Data Center and NOAA: 1973-83
(in thousands of dollars)

Fiscal year Government sales  Total-sales
1973 . . . $ 63 $ 228
1974 . o 87 528
1975 ., . oo 183 909
1976 .. .o 594 1,641
1977 .o 366 1,454
1978 .. 610 1,976
1979 . o 501 2,131
1980 . . ... ... . 393 2,389
1981 . ... 481 2,495
1982, . 572 2,941
1983 . ... ... 5,270 7,026°
(1,188) .(2,934)

‘Includes special acquisltions and service charges The numbers in brackets
indicate the sales excluding these special charges

SOURCE EROS Data Center National Oceanic and Atmosperic Administration

conceal or reduce the costs of acquisitions. Some
were able to arrange for direct transmission of
data to ground receivers, bypassing EDC com-
pletely.* In addition, agencies of both the Federal
Government and various industry organizations
have reproduced computer-compatible tapes
(CCTs) (the most expensive items) and imagery
and traded them among themselves. In the past
year, as stricter accounting measures and control
of data flow have been applied, overall dollar vol-
ume of sales to Federal agencies has increased dra-
matically. This change in procedures has resulted
from an Office of Management and Budget (OMB)
directive that system operating costs will be
recovered by sales, and is a direct consequence
of the shift from R&D to an operational system.

Current Level of Landsat Data Sales

Information on the sale of Landsat imagery and
tapes is available from the authorized Govern-
ment distributor, EDC at Sioux Falls, S. Dak., and
from cooperating foreign ground stations. The
January 1983 study of Landsat prepared by NOAA/
ESDIS provides information through fiscal year
1982.°0OTA has supplemented these figures by
data extending through fiscal year 1983, obtained
directly from EDC and NESDIS. Tables 7 through
12 and figures 8 through 10 express the sales in-

e For example, for a period, the FAS received transmissions directly
at its Houston receiving station.

“’Transfer of the Civil Operational Earth Observation Satellite
to the Private Sector, ” U.S. Department of Commerce, February
1983,

formation in a variety of ways and formats to
make it as meaningful as possible. Federal pur-
chases are shown, variously, in absolute dollar
figures, as percentage of total sales, in number of
items distributed, and as broken down among sep-
arate Government agencies.

Sales of Landsat data to Federal agencies have
been negatively affected by two primary circum-
stances: 1) the present state of extreme uncertainty
over the future of the Landsat program has ef-
fectively deterred Federal agencies from placing
orders for future delivery of data to be used for
satisfying mission data needs in cases where failure
to receive the material on time would limit their
ability to carry out their assignments, and 2) OMB
has closely supervised purchases of Landsat data
and required that money spent for this purpose
by Government agencies be accompanied by a
corresponding reduction in funds allocated for
alternative methods of data collection. Agencies
are often unwilling to give up older methods when
they are unsure about their ability to receive Land-
sat data as needed. In addition, agencies that have
need for only one frame of multispectral scanner
(MSS) data for a given area have already satisfied
most of their data needs; other agencies are simply
waiting for thematic mapper (TM) data to be
more widely available.

Overview of Landsat Data Sales

In contrast with the rapidly expanding market
for the services of communications satellites, the
market among Federal agencies for Landsat data
has grown slowly. Thus, by fiscal year 1982, Fed-
eral purchases of Landsat data amounted to about
$500,000 out of a total sales for all imagery of $3
million (table 7). * This difference in growth is ex-
plained by the fact that the communications in-
dustry was already well established and organized
to use the new technology. For satellite commu-
nications, space technology replaced older terres-
trial methods because it was cheaper or more ef-
ficient.

By contrast, data from the Landsat system pre-
sented unique and novel problems of handling,

*The more-than-doubled Federal sales in 1983 (bracketed figures)
reflects the dramatic Increase in 1983 prices over 1982 and the re-
quirement that all Federal agencies must now pay for data.
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processing, and interpretation. In most cases they
supplement other means of gathering data; in
others, they present an entirely new data resource.
The record of Landsat sales from 1973 through
1983 (table 8) reflects continuing, but decreasing,
interest in the data on the part of Government
agencies. During this period, Federal agencies
tested these data for a wide range of possible ap-
plications to determine the potential advantages
of switching away from conventional monitor-
ing programs. NASA assisted the testing process
by supplying data free to selected investigators
(NASA investigators in table 8), and in 1976 some
21 percent of all reimbursed data distribution was
in this category. NASA broadened the base of
trained people and stimulated the purchases of
computers and other specialized equipment neces-
sary to use the new material.

Recent Trends in Landsat Product Sales

Expressed in terms of unit deliveries, sales of
Landsat MSS data to all Federal users reveal a
downward trend after 1978 and by key user agen-
cies after 1980 (fig. 8). These trends can be at-
tributed primarily to the decrease in funding for
research in applying Landsat data, and price in-
creases. In addition, the pace at which user agen-
cies can marshal internal resources effectively to
exploit the data is governed by OMB oversight
and internal agency budgetary considerations.
Some of the potentially large users of Landsat data
are the resource survey and environmental agen-
cies whose budgets have been most constrained
during the recent period of fiscal austerity. In such
times, managers find it more prudent to continue
with well-known conventional monitoring sys-
tems (which, however, require more manpower)
than to risk adopting new procedures based on
a novel type of data requiring large capital costs
for trained personnel and new processing equip-
ment, especially when there is no guarantee of
data continuity.

Experience with the Landsat data has demon-
strated the superiority of computer-compatible
digital products over Landsat photographic prod-
ucts for Government users as well as industrial
purchasers. The inherent advantages of informa-
tion acquired from space (e.g., its repetitive stand-

ardized format) are best exploited through selec-
tive manipulation of digital tapes.

Total income from Federal Government pur-
chases for calendar year 1983 increased substan-
tially over calendar year 1982 (tables 7, 8, and
9). * This jump can be attributed to two major fac-
tors: a nearly threefold price increase and the
imposition of charges for special acquisition
orders. * * About 20 separate agencies of the Gov-
ernment are recorded as purchasers of the data,
but most purchases are made by about a half
dozen large data users.

Although income from data sales increased, the
number of scenes delivered actually declined (table
10). The extent of decrease is not known since the
deliveries to the FAS are not available. Special
acquisition charges paid by both FAS and the
Central Intelligence Agency (CIA) in order to
assure scenes of specified areas at desired times
and with minimal cloud cover, account for most
of the increase in income, In the absence of pur-
chases by these two agencies, Landsat data sales
to Government agencies would have fallen dra-
matically .

The scale of Landsat data usage by FAS and
CIA (table 11), appears to indicate that their ap-
plications have moved well beyond the experi-
mental or demonstration phase into practical op-
erations. For example, years of research with
Landsat data have established its effectiveness in
some types of crop forecasting. The importance
to the national economy of accurate global crop
data increases as the world’s population increases
with the world population growth and with a pro-
portionate rise in U.S. exports of agricultural
products, As an arm of USDA, FAS is charged
with this function.

Sales data show a dropoff in use by agencies
primarily concerned with domestic assessment
and management. Direct interviews with Federal
agency technical staff, however, temper any con-
clusions one may draw from inspecting only the

*Figures in tables 9 and 10 cannot be compared directl to tables

7 and 8. The former are expressed in terms of calendar year, the
latter in terms of fiscal year.

* Purchasers ma,stipulate cloud-free coverage of specified areas
at specified dates b,paying a surcharge.



Table 8.—Customer Profile of Landsat Total Data

FYy 1973

Customer category ltems Item () Dollars Dollar (%)
Federal Government

(less N.L’s) 21,780 27% 62,756 270.
NASA investigators — — - -
State/local

government 2,995 40 10,639 5%
Academic 13071 16 % 28,679 13%
Industrial 24,430 30 % 67,360 300 %
Individuals . 5,109 6% 17,143 7%
Non-U.S. 8,497 11% 28,154 12 %
Non-identified 5,189 6 % 13,311 6“C

Total data 81,071 100 % 228,042 1000,

FY 1976 -

Customer _category Iltems Item (%) Dollars Dollars (%)
Federal Government

(less N.I 's) ., ., 31.645 1300 253,166 1500
NASA investigators 63,329 25% 341,056 2100
State/local 0

government 1.214 1% 8,191 0 %
Academic 26,077  11% 178,160 11
Industrial 42.833 17% 322,699 2
Individuals . 18,052 %, 141,556
N on-U .S . 65100 26%  391<673 24
Non-Identified . . 488 0% 4,892 0 0/,

Total data 248,738 1000, 1,641,393 100 %

28,493

2,534
18,611
35,890
17,266
37,038
17,346

157,178

items

7,77?
5,730

149
8.489
12,122
3,755
13,702
96

51.814

FY 1974”
items Item (%) Dollars

18° % 87.156
2% 10,920
12, 63.964
23 % 114,140
11% 67,127
23 120,499
11% 64,708
100% 528,514
TQ 1976

15% 73,436
11 % 48.111
0 % 1.168
160. 40,129
24% 121,025
7% 28,683
27 % 138. 632
0% 1,087
100 % 452.271

Dollar (°o Items Item (%) Dollars Dollar «o,

16%

2%
12°°0
220 ‘o
13 %
2300
12“0

10000

Iltem (%) Dollars Dollar ( % )

34,346
5.456

1,969
27,727
45,671
18,643
47,174
17,397

198,383

Items

FY 1975

17% 169,283
3% 15,992
o 16,988

14% 142,054

23 % 219,704
9% 100,953

24 % 174,659
9% 69,376

100% 909,009
FY 1977

16%
11%

0%
9%
27 co
6%
31%

0 %

10000

21,074
9,827

1.360
14,063
36,979

8,003
40, 632

49

131,271

1%
11%
28%

6%
31

0

269,825
96,032

20,168
141,077
412,183

72,129
442,079

344

100%1,453,837

19% ¢
2%

2%
16‘0
24 %
11%
1900
7%

100”0

item (%) Dollars Dollar (%)

19%
7%

1%

10 %
28%

100%

2L
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Figure 8.— Deliveries of Landsat MSS Data to
Federal Users by NASA-GSFC and DOI-EDC
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Fiscal years

NOTE Breakdown of purchases by Federal users in fiscal year 1983 unavailable
at present

SOURCE National Oceanic and Atmospheric Administration and Off Ice of
Technology Assessment

sales evidence. The technical staff continue to see
large potential benefits for their agency operations
from the systematic application of Landsat data,
if the system could be depended on to supply data
dependably and promptly. The Bureau of Land
Management (BLM), for example, has primary
responsibility for monitoring vast tracts of west-
ern U.S. range and forest lands. The Denver Of-
fice of BLM made major investments in data-
processing equipment in order to take advantage
of the lower costs of Landsat data before prices
rose and special acquisition surcharges were in-
stituted. BLM currently is restrained in placing
future orders for data because of insufficient funds
and uncertainty over the future of the program.

Table 9.—U.S. Government Purchases of Landsat Data (in dollars)

CY 1983
Agency CY 1982 (to 8-17-83)
Department of COMMErCE . . . ... .ottt e e $26531 $ 14,006
Department of Agriculture (USDA). . .. ... .. it 100,101 70,986
USDA— Foreign Agricultural Service . . .. ...... ... . .. N.A. 2,375,437°
Department of the Interior . . . . ... .. ... 402,232 181,016
National Aeronautics and Space Administration . . . .. ... ........ 55,967 29,108
Department of State (including AID) . . . ......... ... ... . ... 11,682 380
Department of Defense . . ... ...t 122,013 74,076
Central Intelligence Agency . . . .. ... 41,435 1,390,650a
Other Federal agencies (12) . . .. ... oottt e 41,558 10,390

$801,519 $4,416,049

a, ncreased » ncome » n calendar year 1983 attributed largely tc charges fOr specialacquisitions, t e , customer-stipulated area

Total dollars . . .. ...

covered, timing, and condition of cloud cover
SOURCE EROS Data Center, National Oceanic and Atmospheric Administration

Table 10.—U.S. Government Purchases in Number of Digital and Photographic Scenes

CY 1982 CY 1983 (to 8-17-83)
Agency Digital Photographic Digital Photographic
Department of Commerce . . ... ......... 52-- “"486 2 0
Department of Agriculture (USDA) . . ... ... 118 2,492 71 933
USDA—Foreign Agricultural Service. ... .. N.A. N.A. N.A. N.A.
Department of the Interior . . ... .......... 1,038 13,314 121 2,059
National Aeronautics and Space
Administration . . . ......... ... .. ..., 128 682 28 602
Department of State (including AID) ... , 5 325 0 5
Department of Defense . . . .............. 217 4,984 38 1,634
NSCICIA "o . e 7 433 0 5,293

‘Acquisition Charges Of $24 million calendar Year 1983
‘Acquisition charges of $14 milllion in calendar year 1983
SOURCE EROS Data Center, National Oceanic and Atmospherlc Administration
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Table 11 .—U.S. Government Purchases of Landsat
Data for Domestic and for Overseas Purposes

(in dollars)

CY 1983
CY 1982 (to 8-17-83)

Domestic agencies:
Department of the Interior . . . . . . .. $402,232 $ 181,016
Department of Agriculture . . 100,101 70,986
Department of Commerce . . ... ... 26,531 14,006
Total . . . ... ... ... $528,864 $ 266,008

Agencies with overseas responsibilities:

Foreign Agricultural Service . . . . . N.A, $2,375,437

Department of Defense ... . . . . $122,013 74,076
Department of State (AID)...... 11,682 380
NSC/CIA . . . . . .. ... ... .. 41,435 1,390,650

Total ., .. . . . . . . $175130 $3,840,543

°Aid Stipulates-andsat |higggery In many overseas contract areas not

SOURCE EROS Data Center National Oceanic and Atmospheric Administration
provided to OTA on Sept 20 1983

While USDA is making operational use of the
data, the Department is now paying for data that
it previously received practically free through
the Johnson Center for Manned Space Flight in
Houston, Tex. The volume of data purchases re-
flects the agencies’ ability to pay for them in the
context of an overall budget. This, in turn, is at-
tributed by some agency analysts to interventions
by OMB which overrode agency desires.

Information on recent overall sales trends based
on latest EDC reports as provided in table 8 is con-
firmed by detailed information supplied in the
NOAA Landsat statistical summary for fiscal year
1982 and fiscal year 1983 (table 12 and figs. 10
and 11), Figure 11 shows that in terms of dollars
spent, USGS and the category of non-Federal
users have maintained a fairly constant dollar
level of orders. The number of images and com-
puter-compatible tapes purchased has decreased
sharply for all purchasers outside of the Federal
Government. For the first time, sales to Federal
agencies have exceeded sales to the non-Federal
U.S. community (table 8) and by a significant
amount. “This appears to be a result of the direc-
tive by OMB that each agency would account for
its actual use of Landsat data, and therefore may
not reflect a real trend.

Figure 9.—Quarterly Sales of MSS Imagery and Digital
Frames (total sales, including none Federal
and foreign customers)
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Relationship Between Federal Users
of Data and Agency Mission

The remote-sensing requirements of Federal
agencies as well as State and local governments
were examined in exhaustive detail by an inter-
agency task force in 1978 and 1979. > Among other
uses, the report served to help justify continued
funding of the TM Landsat sensor. * Although it
was not distributed beyond NASA and DOD, an
unclassified section of the report listing the re-
quirements for civilian agencies yields the data of
figures 11 and 12. It states the requirements of
eight Federal agencies as well as State and local
uses, posed against a set of physical quantities or

‘Integrated Remote Sensing System Study (IRS’).
*TM development actually began in 1976



81

uoIeslSIUIWPY 218YdSOUIly PUB J1UB3DQ |RUOBN 3DHNOS

a6e19r00 21ydeib0ab jou ‘ssaippe uo paseq

'sabieyoins 18A0d pnojo pue sabieyd uoiisinboe sapnjox3
‘2861 Jeak [BOSIj WOJy J8A0ALIBD BEZ'ZLL LS SApN|oX]

‘BJEP 13YJO puUB }BIDIIE SAPN|OU|

s100 aidwes SSW v 1espue sapn|ou|

Ajuo jespue

}
3
p
2
q
e

L T T T S N-UoN

%S2’ sie||op 40]00 Asabew| %" QIeNpIAIPU|

%SL” sre|jop m/g Liabew %L1 ‘leuisnpuy

%tb- olwapedy

%0v" S8wel} 10j00 Asabew) %P jJuswuisach (eooy/8l1elS

%09° * sawesy pmyg Aisbeuw %9S * T JUSWUISAOY) (BIBPB

s$SauiIsSNq jespue J0 adA] o({SJejjop uo paseq) sajes paddiys Jespue |ejo) 40 9|1j01d

ejep £864 1oquajdas-A|nr

66€°L1 98Y'y 126°¢ 222’y G9/'Y £29'61 £6v'y Ghl'Y riL8'y L29's e 5P8A18034 S19pIO

812'LS L1286 18211 126'6e SyLolL 109'8y yS8LL L80°LL 681°CL 29221 . 7 ,S10BUOD JBWOISND
GZ8'Gl yOL'S €.2'9 syy'y ‘V'N ‘V'N 'V'N ‘'V'N 'V'N ‘V'N A suonIsinboy
¥0L'S 8.6t CLS'L 6681 669 'V'N ‘'¥'N ‘¥'N ‘¥'N A N © ot gSwall elep Jdylo
1861 218 GZS 98y €61 v.6'y 162t 660°L 162 ££8°L ot T 7t sausos enbig
€0E'0p TAN ) y2e's 09v'6l ¥6€'C G2O'GLL v6€'8E 6v9'Ce GS0'Le 126'2¢ sswe.} Aiabewy

€LY'e9 v8L'9lL y69°LL £62'9¢ z8e’e 666611 G89'6€ 8v.'te 90812 09.'v¢ SR 1isieboe/paddiys swayy

v.G'LB0'YS GOG'09F'LS 0E9CLLLS 0816 $ VN V'N V'N 'V'N ‘'V'N N T T + - sabieyoins

19A00 pnojojsabieyd uonisinboy
680'6Ly $ <2ELBEL $ 60G'ELL $ BLZYLL $ 0€92S $ VN ‘V'N ‘¥'N ‘V'N N e qB¥EeP 13UI0
Z10CC ¢ 92k'L ¢ 6GELL $ e¥E'L ¢ €8T $ 996°'LE $ 6¥9CT $ 800 $ 928t $ €8¥'GZ $ " SPfe UOISS00Y
82G'298 ¢ 080'GEZ $ O0GE'POE $ GOT'LbZ $ €68'98 $ 091°06Z'L$ 066'06€$ 0.0°2LE$  000'9L2$  00L'L6ES o renbig
ZL0'929'tS LvELLS $ TYP00S $ S8Y'vYY $ 8ES'EOL 6LLLEQLS GY8'v8PS  PEO'00YS  PPL'9LE$  960'0EvS Kisbew)

»hZE920'LS 068'CTLY'ZS 062'6¥9'2$ LE6'8LLLS pbPZ'SYCS GYZ'€/6'C% v8Y'8L8S  ZLL'vIZ$  0/6'€6GS  6.9'9v8$ £9NUBASY

CO0'L68'L  200'L68'L  LGB'€98‘L  689'GE8'L  GOG'0L8'L ZYS'89.'L  ZYS'89L'L  1/6'8ELL  L66'LeL’L TeL'689F 0 29SEQ 20 OQ3J Ul ssweld

[eyoy by ‘b pig "1ib pug ‘1D S| 1ejo byl b pig nbpuz  nbisy
€861 Ad €861 Ad €861 Ad €861 A4 €861 14 2861 Ad 2861 Ad 2861 A4 286l Ad  Z86L Ad

fuewwng jeonsnels jespue] YYON—Z 9iqel



82

Figure 10.— Grand Total of Shipped Sales From EROS Data Center in Dollars
(mainly Landsat data but also includes other satellite imagery,
aircraft imagery, and miscellaneous services)
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qualities that must be known in order to meet or
satisfy agency missions or objectives. Of the 62
measurement classes listed, 43 can be met at least
in part by the TM, or in some cases by the MSS.
The numbers applied in the matrix of figure 12
are simple additions and do not reflect importance
attached to one agency’s mission over another’s.
They do tend to emphasize subjects of greater
coincidence of interest.

Review of Department of the
Interior Requirements

The Department of the Interior has maintained
a special interest in land remote sensing. A study
produced by Interior in partial response to the IRS
interagency study contains a comprehensive list-
ing of uses to which the data could be applied
(table 13). Table 14 provides a summary list of

the various Bureau data needs which can be met
by remote sensing.

Survey of Relevant Legislation

The major assessment of desertification in the
United States, prepared by an interagency task
force, included a list of pertinent legislation (table
15) that requires periodic surveys and measure-
ments. This list supplements information from an
earlier study (table 16). Both lists reflect the in-
creasing demands placed on Government agen-
cies during the decade of the 1970’s for types of
information that can be appropriately satisfied by
remote-sensing techniques.

Concerns of Federal Landsat Data Users

The apparent discrepancy between the present
relatively modest level of Landsat data sales and



Requirements, by Agency

Figure 11 —Abilities of Current, Funded, aad Future Systems oMz
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Figure 12.— Number of Requirements in Each Measurement Class, by Civil Agency
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Table 13.—Operationai Uses That Can Be Implemented With Existing or Planned Satellite Technology

+ Mapping geologic structure for mineral and fuel ex-
ploration (GS, BLM)

+ Digital enhancement and analysis of altered and
potentially mineralized zones and altered areas
(GS, BLM)

+ Monitoring seasonal consistencies and variations in
the Beaufort OCS sea ice (BLM, GS)

+ Regional environmental surveys for preparation of
environmental impact statements (LBR, BLM, F&WS,
GS, BIA, NPS)

+ Detection and monitoring of surface mining and mine

reclamation activites (OSM, F&WS, Mines, BLM,

BIA, GS)

Monitoring snow cover accumulation, melt, and change

in irrigation and hydroelectric catch merits in the

Western United States and adjacent areas of Canada in

order to contribute to predictive hydrologic models and

runoff calculations (LBR, GS)

+ Surface water inventory (LBR, F&WS, GS, BLM, BIA)

+ Real-time analysis of mesoscale cloud systems (LBR)

+ Water and wetland measurement to assess the amount
and type of waterfowl habitat and the impact of irriga-
tion (F&WS, LBR)

+ Inventory of irrigated cropland, including acreage under
irrigation and a breakdown by crop type (LBR, BIA)

+ Mapping of flooded areas, estuaries, and shallow sea
features (BLM, LBR, GS, BIA)

+ Assessment of salinity problems in major watersheds
(BLM, GS, LBR)

+ Assessment and monitoring of physical water quality.
water turbidity, and algae blooms (GS, F&WS, NPS, -
BLM, LBR)

Monitoring ice conditions in Arctic goose nesting
grounds to aid in the prediction of waterfowl popula-
tions. (F&WS)

Vegetative cover mapping (BLM, F&WS, LBR, GS, BIA,
NPS)

Mapping extent of fire scars and rate of revegetation
(BLM, F&WS, BIA, NPS)

Contribute to land usef/land cover mapping and land
use/land cover change detection and statistical
analysis of nonurban areas at scales of 1:250,000 and
smaller (GS, NPS)

Monitoring with Landsat to supplement and update
orthophoto coverage of Indian lands (BIA)

Mapping and classification of forest lands for the
northwest Indian tribes to produce updated land-use
plans (BIA)

Publication of Landsat image maps at 1:250,000,
1:500,000, and 1:1,000,000-scale of unmapped or poorly
mapped regions of Antarctica and other regions in
support of national and international cooperative
efforts (GS)

Route selection for utility corridors (BLM, BPA)
Monitoring ephemeral rangelands for drought and
overgrazed conditions (BLM, BIA)

Geographic positioning using doppler satellite

(BLM, GS)

Environmental data collection and relay (GS, NPS,
BLM, LBR, F&WS, BIA)

Teleconferencing and emergency communications
(NPS, BLM, BIA, TA)

KEY
BIA" Bureau of Indian Affairs
BLM Bureau of Land Management
BPA Bonneville Power Administration

F&WS Fish and Wildlife Service
GS Geological Survey
LBR Bureau of Reclamation

SOURCE U S Department of the Interior Secretary’s initiative Use of Aerospace

NPS National Park Service
OSM Off Ice of Surface Mining
TA Territorial Affairs

Technology Draft Mar 30 1978.
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Table 14.—Current and Projected High-Priority Interior Applications Amenable to Landsat Technology
Departmental activities S

Onshore Offshore

Energy and Energy and Water Land Fish and
Bureau applications Minerals Minerals Resources Resources Wildlife Telecommunications
Bureau of Reclamation:
Water Management . . . .. ........ X X X
Irrigated Land Inventory . . .. ... ... X X
Agricultural Crop Inventory . . . ... .. X X
Hydrometeorological Data Relay . X X
Mesoscale Cloud Analysis. . . . .. .. X X
Bureau of Land Management:
Natural Resource Inventory . . . ... .. X X X X X
Natural Resource Monitoring . . . . . . X X X X X X
Telecommunications Improvement . . . X
Geographic Positioning . . .. ....... X
Fish and Wildlife Service:
Migratory Bird Management ., . . . . X X X X
Habitat Inventory and Analysis . . . . . X X X X
National Park Service:
Vegetation/Land Cover Inventory . . . X
Resource Condition Monitoring . . . X X X
Environmental Quality Monitoring . . . X X X X
Geological Survey:
Land Cover Mapping . .. ........... X X
Water Management . . . ........... X X X
Cartographic Mapping . . . ......... X X X
Geologic and Mineral Assessment . . . X X X
Conservation and Regulation . . . . . X X X X X

SOURCE U S Department of the Interior, Use of Aerospace Technology in interior Department Programs, March 1978



87

Table 15.—EXxisting Legislation Requiring Monitoring

Name
Mining Law of 1872 . . . .. ............

Desert Land Act 1977, . . . . ... ... ..

Carey Act of 1894 ., .. ... .. .
National Irrigation Act of 1902 .,

Weeks Act of 1911 . . . .. ... ... ...
Stock Raising Homestead Act of 1916,

Mineral Leasing Act of 1920
Recreation and Public Purposes Act
of 1926.

Fish and Wildlife Coordination Act
of 1934 . . ... ...
Taylor Grazing Act of 1934
Soil Conservation and Domestic
Allowance Act of 1935 .. .. .
(and amendments of 1936).
Watershed Protection and Flood
Prevention Act of 1954

Multiple Mineral Development Act

of 1954 . . ... ...
Great Plains Conservation Program Act

of 1955 . . . ... ...
Food and Agriculture Act of 1962 ., . .
Clean Air Act of 1963 . . . . ... .. .. ..

and Amendments of 1977
Wilderness Act of 1964 . . . ... ... ..
Land and Water Conservation Act

of 1965 ... ... .

and Amendment of

Water Resources Planning Act of 1965. ,
Community Planning and Resource
Development Soil Surveys of 1966 . . .
Wild and Scenic Rivers Act of 1968 . . . .
and Amendments of 1976 . . ... ... ..
Endangered Species Act of 1973 . . .. ..
Colorado River Basin Salinity Control
Actof 1974 ... ... ...

Federal Land Policy and Management
Actof1976 ......... ... ... . ... ...
Water Bank Act of 1970 . . .. ..........
Mining and Mineral Policy of 1970 ....,
Soil and Water Resources Conservation
Actof 1977 .. ... .. ... ... . .

Clean Water Act of 1977 . . .. .........
Endangered American Wilderness Act

of 1978
Renewable Resource Extension Act

Abbreviations ACE — U S Army Corps of Engineers
USDA — U S Department of Agriculture

DOl - Department of the Interior
EPA - Environmental Protection Agency
DOT — Department of Transportation

SOURCE Office of Technology Assessment

Reference
Public Law 42, Ch. 152

Public Law 44, Ch. 107

Public Law 53, Ch, 301
Public Law 57-161

Public Law 61-435
Public Law 64-290

Public Law 66-146
Public Law 69-386
Public Law 73-121

Public Law 73-482

Public Law 74-46
Public Law 74-461

Public Law 83-556

Public Law 83-585

Public Law 84-1021
Public Law 87-703

Public Law 88-206
Public Law 95-05
Public Law 95-05

Public Law 88-578
Public Law 95-42

Public Law 89-90
Public Law 89-560
Public Law 90-542
Public Law 94-486
Public Law 93-205
Public Law 93-320
Public Law 94-579
Public Law 91-559
Public Law 91-631
Public Law 95-192

Public Law 95-217

Public Law 95-237

Public Law 95-306
Public Law 95-87

Agency
DOI

DOl

DOI
DOI/USDA

DOI/ACE
DOl

DO I
DOI
DOl
DOl

USDA
USDA

USDA

DO I

USDA
USDA

EPA

DOl

DOl

DO I
USDA
DO I

DO I

DO I
DOI/ACE
USDA/DOI
DOl

DO I

DO I

DOI/USDA/
EPA/ACE

DOI

USDA
DOT

Data required

Develop mining resources of the
United States
Desert lands in certain States
and territories
Reclamation of desert lands
Construction of irrigation works and
land reclamation
Watershed and river
Unappropriated Federal
stock-raising
Promote mining of coal, oil, phosphate

navigability
land to

Federal public lands to States and
cities for recreational purposes

Conservation of wildlife-fish games
Prevent injury to public grazing lands

Protection of lands against soil erosion
Protection of lands against soil erosion

Works of improvement to prevent
soil erosion

Multi-mineral mining of public lands

Great Plains Programs
Conservation of national resources

Regional air pollution control locations
Regional air pollution control programs

Water conservation and outdoor
recreation
Development of water and related land

Soil Survey Program
Preserve selected rivers

Preserve endangered fish and wildlife

Construction of public works on
the river

Public lands inventory
Conservation of surface water
Reclamation of mined land

Further the conservation of water and
related resources.

Improve biological integrity of the
Nation’s water

Protect wilderness preservation areas
Protect forest rain products

Protect society and environment from
suface operations
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Table 16.— Federal Statutes Pertinent to Remote Sensing

Name Reference Agency Data requirements
Cotton Act . ...... ... . i Public Law 92-331 USDA Estimates of cotton crop and acreage
Bankhead-Jones Farm Tenant Act . . . . . 7 USC 1010 USDA Land inventory and monitoring of ero-
sion, sediment, flood plain, land use
Agricultural Marketing Act. . . . . ... ... 7 USC 1622 USDA Statistics on agricultural product
supplies
Halogeton Glomeratus Control Act . . . . 7 USC 1652 DOI/USDA Surveys of presence and effect of
Halogeton Glomeratus, a weed
WeatherBureau . . .. ................ 15 USC 313 DOC Enabling legislation
Soil Conservation Act . . .............. 16 USC 590 USDA Surveys and studies of soil erosion
Forest Pest Control Act . . . ........... 16 USC 594 USDA Detection of forest insect pests on
wildlife
Wildlife Protection . . . . ... ... .. , 16 USC 665 DOI Studies of effect of pollutants on
wildlife
Fish and Wildlife Act . . .. ............ 16 USC 742 DOI Studies of fish and wildlife
Fishery Resources Act . . ............. 16 USC 744 DOI Studies of food, fish populations
Fish Resources . ... ................ 16 USC 758a DOI Studies of fish resources in South
Pacific possessions
FishResources..................... 16 USC 759 DOI Studies of Atlantic coast shad
Fish Resources . .................... 10 USC DOI Studies of the Atlantic coast
Watershed Protection and Flood
Protection Act . . .................. 16 USC 100-1009 USDA/ACE Investigations and surveys for flood
prevention and watershed program
development
Coal Mine Fire Safety Act . . . ........ Public Law 83-738 DOI Surveys and research outcrop and
underground fires
Geological Survey . . ................. 40 USC 641 DOI Mineral exploration
Flood Control Act . .. ................ Public Law 86-645 ACE Identification of flood plain areas,
damage assessment
HousingAct........................ Public Law 90-448 HUD Technical assistance to local planning
agencies
Bureau of Land Management . . . ... ... 43 USC 2 DOI Enabling legislation
Geological Survey . . ................. 43 USC 31 DOI Enabling legislation
Taylor Grazing Act. . . ................ 43 USC 315f DOI Land classification
Federal Reclamation Law. . . . ......... 43 USC 485¢g DOI Land classification
Forest Resources Act . . .............. 16 USC 581 USDA Survey of forest supplies
Admission of New States . . . ......... 43 USC 857 DOI Survey of public lands in a State prior
to its admission to the Union
LandUse. ... 43 USC 1181 DOI Land classification and management
Outdoor Recreation Act . . . ........... Public Law 88-29 DOI Inventory of outdoor recreation
resources
Food and Agriculture Act. . . .......... Public Law 89-321 USDA Commodity acreage and land use
Water Resources Planning Act . . ... ... Public Law 89-80 DOI/USDA/  Studies of water supply adequacy
HEW/FPC
National Flood Insurance Act . ... ... .. Public Law 90-448 HUD Establishment of flood risk zones,
estimates of flood losses
Dam Safety Act . . ................... Public Law 92-367 ACE Inspection of dams, Landsat data used
to locate them
Federal Water Pollution Control Act . . . Public Law 92-500 EPA/DOC Oil spill surveillance, violation detec-
tion, pollution surveys and research
Clean AirAct. ...................... - EPA Studies and detection of pollution
Hazardous Waste Management Act . . . . NYP EPA Surveys of effects of hazardous wastes
on the environment
Toxic Substance Control Act . . . . ... .. NYP DOI Research and monitoring of extent of
toxic substances
National Resources Land Management
ACt. . o NYP DOI Land inventory and land-use
classifications
Land Use Policy and Planning
Assistance Act . .. ........ ... ... NYP DOI Comprehensive land-use planning
Marine Pollution Dumping Conservation  NYP EPA Monitor seas for pollution
National Environmental Policy Act. . . . . - EPA Environmental impact statements
Surface Mining Reclamation Act of 1973. . NYP DOI Surveys of land-use and surface mining
operations
Surface Mining Reclamation Act . . . . . . NYP DOI Surface mining operations survey
Abbreviations” ACE — U S Army Corps of Engineers DOl — Department of the Interior HEW — Department of Health, Education, and Welfare

USDA — U.S. Department of Agriculture EPA
FPC — Federal Power Commission

DOC — Department of Commerce

NYP

— Environmental Protection Agency HUD - Department of Housing and Urban Development
— Not yet passed in 1974

SOURCE General Electric, Definition of Total Earth Resources System for the Shuttle Era, vol 1, NASA contract, 1974



the need postulated in earlier official Government
projections of demand is striking. In discussions
with remote-sensing specialists from several Fed-
eral agencies the difference has been attributed to
several technical and policy factors:

® Considerable modification in Landsat per-
formance characteristics between l.andsat 1
and l.andsat 4, and the likelihood that future
changes could seriously perturb the ways in
which data must be processed in the future.

¢ Technical difficulties> experienced in the land-
sat 4 system.

® |nitial slow production rate (one scene per
day ) of the improved resolution TM scanner,
The X-band transmitter used to transmit data
from the TM failed only a few months after
launch.

« D dy in design and procurement of & more
advanced solid-state and higher resolution
scanner comparable to the scanner to be em-
ployed on the French SPOT spacecraft in
1985.

® Anticipation of a gap in data flow between
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the failure of Landsat 4 and launch of Land-
sat D) *.

« Continuing delays in deliverin,data to
customers.

= Uncertainty over Federal policy regarding a
continuing role for a [U.S. space remote-sens-
ing system.

e The experimental phase of MSS is nearly
over.

The Federal user community has generally con-
cluded that experimental and demonstration proj-
ects carried out using the data products of the sgs-
tem have been successful in showing potential
cost-effective applications to agency missions.
These have included utility for a substantial]
number of national resource, environmental, and
land management purposes. On the other hand
the Landsat system, they note, had not been run
as an operational system until 1983. It has not pro-
vided the Federal user community with the assur-
ances needed by managers of standardized data
flow available over an extended period.
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Chapter 6

National Security Needs and Issues

INTRODUCTION

The U.S. Government operates two parallel
programs of Earth remote sensing from space.
Civilian systems operated by the National Aero-
nautics and Space Administration (NASA) and
the National Oceanic and Atmospheric Admin-
istration (NOAA) provide unclassified low- and
moderate-resolution information about the phys-
ical parameters of the Earth’s land, water, and air.
Department of Defense (DOD) classified satellites
collect data for a variety of military and in-
telligence purposes such as early warning of mis-
sile attack, verification of compliance with inter-
national treaties, and strategic and tactical plan-
ning. While both programs may utilize similar
spacecraft and basic technologies (e. g., earthward-
looking sensors and ground processing), the pro-
grams differ in amount of funding, priority, and
visibility.

The classified programs, among other things,
provide essential data on activities in areas of the
world where U.S. access may otherwise be greatly
restricted. They are highly classified because they
produce highly sensitive information, some of
which could relate to ongoing classified military
activities. * They are also highly classified because
public knowledge of the capacities of the technol-
ogy would be of considerable use to potential
adversaries. Even nonsensitive data from the sys-
tems could, upon analysis, reveal the technical
characteristics of the surveillance systems and
compromise their effectiveness.

The prospect of transferring the civilian system
to private ownership raises the question of what
effects private ownership might have on the rela-
tionship between civilian and classified military
remote-sensing systems and on the work of the
military and intelligence communities. This chap-
ter summarizes data and program support which
civilian remote-sensing systems could provide to
the military and intelligence communities and lists

® For many years, even “the fact of” the existence of strategic sur-
veillance satellites was classified Only in October 1978 was their
existence officially acknowledged by an American President.

likely concerns of military and intelligence agen-
cies over the prospect of transfer of civil activities
from Federal ownership. It identifies requirements
or conditions which it might be desirable to place
on a private sector owner of a space remote-
sensing system. Finally, it discusses the possible
utility and availability for defense purposes of
data from foreign space programs.

Meteorological Data

Data provided by civilian satellites operated by
NOAA are an integral part of the DOD weather
forecasting service. Since weather data are essen-
tial to the global operations of U.S. air and naval
forces, a Defense Meteorological Satellite Program
(DMSP) has been established to gather accurate,
timely, and precise meteorological information.
The DMSP is supplemented by the data products
of NOAA meteorological satellites. Careful coor-
dination between the programs from the design
stage onward ensures that the family of polar-
orbiting and geostationary satellites are integrated
into a system for meeting both national civilian
and military global weather data needs.

Weather satellites have proven particular] y use-
ful for obtaining data over oceans and remote
areas where there is a paucity of surface report-
ing stations. In addition to determining atmos-
pheric conditions on a near-instantaneous basis,
the satellites contribute to observing slower act-
ing phenomena such as ice-floe generation and cli-
matic trends that could affect DOD’s operations.

A recent NOAA study’ states that any private
system supplying meteorological data would be
required to provide priority service to DOD and
would be subject to DOD direction when select-
ing and designing operational parameters.

‘“Transfer of the Civil Operational Earth Observation Satellites
to the Private Sector, NOAA, February 1983.

93
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Land Remote Sensing

The military and intelligence communities pur-
chase the moderate-resolution Landsat data, in
both imagery and digital tape format, to supple-
ment collections made by classified systems.

The flexibility of the Landsat data receiving sys-
tem has been increased by construction of an air-

transportable ground receiving and data-process-
ing unit, which permits rapid deployment to over-
seas sites, if required. This equipment could, in
time of emergency, be used to supplement other
data-collection means. *

“The transportable station is also of use for general purposes.

CIVILIAN REMOTE SENSING AND NATIONAL SECURITY

So long as both the military and the civilian
space programs are under the direct funding and
management of the Federal Government, the ac-
tivities of both can be readily coordinated and
controlled in the overall national interest. Over
the past two decades, policies governing the
operations of unclassified civilian remote-sensing
satellite programs have been developed at high
levels of Government under the close supervision
of the National Security Council. NASA, in col-
laboration with other Federal agencies, academic
institutions, and industry, has carried on a sub-
stantial program of experimentation and demon-
stration which has served a variety of civilian and
national security needs. DOD has pursued its own
concurrent development program, which has re-
turned some benefits to the civilian community. *

General policy governing the relationship be-
tween the national security and civilian space pro-
grams of the U.S. Government was established
by the provisions of the National Aeronautics and
Space Act of 1958. For reasons cited at the begin-
ning of this chapter, details of the extent and na-
ture of collaboration are not publicly available.
Policies have been implemented through inter-
agency agreements. The sharing of facilities and
equipment, the setting of permissible limits for
civil sensor operation, and many details on the
acquisition and processing of data have been de-
termined by Government policymakers, out of the
public view. This has caused some discontent
among some U.S. data users. However, the in-
terest in commercializing the technology, and the

‘Civilian Space Policy and Applications (Washington, D. C.: U.S.
Congress, Office of Technology Assessment Report, OTA-STI-177,
June 1982.).

simultaneous emergence of a number of com-
petitive foreign space remote-sensing systems, re-
quire reevaluation of the intragovernmental ar-
rangements and networks which have been used
over the past decade for collaboration and con-
trol of remote-sensing programs.

Any transfer of U.S. civilian remote-sensing
systems would be accompanied by a review of the
obligations, conditions, and stipulations to be
placed on the operator to protect national security
interests. In some cases, such as control of tech-
nology transfer, existing regulations should serve
to oversee adequately the operations of U.S. com-
panies. The continued supply of data from civil-
ian systems to defense organizations, similarly,
should be a straightforward matter of adjustment
to possible new price structures and delivery
routes.

Military and intelligence agencies face other
more difficult questions—e. g., the steps to be
taken to preempt and operate commercial systems
in time of national emergency. These and other
safeguards, such as guarantees of the long-term
availability of data, require both careful planning
and commitment to some Government subsidy.
Defense agencies can be expected to pay a pro-
portionate share of the system costs incurred by
a private satellite owner/operator to meet special
Government needs.

A less tractable problem is to keep openly avail-
able data products of U.S. civilian systems from
revealing classified information about the United
States’ sensitive installations and activities to
potential adversaries. Since the Soviet Union pos-
sesses competent space reconnaissance systems,
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the problem really applies more to other poten-
tial adversaries, including those who might con-
sider sponsoring terrorist activities on U.S. soil.
Inclinations to set a limit on sensor resolution or
to screen the data for content will run counter to
the private entrepreneur’s desire to maximize the
information content of the data, shorten the time
of delivery to customers, and generally to meet
the competition posed by the advanced systems
of France, Japan, and other countries. It appears
that by the end of the decade, high-quality im-
agery and data on the entire surface of the globe
will be generally available from foreign systems.
This development will require accommodation
among the sometimes conflicting aims of the U.S.
military, political, and commercial sectors.

In the event of transfer of the Landsat system
to private ownership, military and intelligence

CONTRIBUTIONS OF THE CIVILIAN
TO MEETING NATIONAL SECURITY

Under the terms of the National Aeronautic and
Space Act of 1958, the Landsat and meteorological
satellite systems must provide data that are not
duplicated in their characteristics by any other
U.S.-funded system, classified, or unclassified.
This establishes a unique role for civilian systems
in contributing to the net national pool of global
land and meteorological information. Table 17
summarizes the contributions they have made.
The Defense Mapping Agency has used Landsat
data to revise hydrographic and aeronautical
charts inexpensively. For example, the Landsat
multispectral scanner (MSS) sensor is able to
observe underwater detail, making possible a new
class of shallow sea maps of interest to the U.S.
Navy.

The MSS on Landsat scans continuously a
swath of about 100 miles wide on the Earth’s sur-
face and rescans the same track every 16 days. *
Thus, it has become possible economically to
monitor vast areas in a routine way. Subsequent

‘Successful acquisition of Landsat images depends on the absence
of cloud cover. Some regions of the world, especially tropical areas,
are particularly hard to sense, even with repeated access.

agencies will want to place certain limits on the
design and use of the technology and the resulting
data products. Though their special interests may
be unique to this particular field of space activi-
ty, meeting defense limitations should require
nothing beyond licensing and regulation. Principal
areas of concern of the defense and intelligence
agencies include:

« limits on technology and design criteria em-
bodied in a civilian system;

+ potential limits on day-to-day operations as
they relate to sensitive contents, regions, or
customers;

+ impact of aggressive worldwide market de-
velopment that may intrude upon national
security needs; and

+ policies on access and cost of data.

REMOTE-SENSING SYSTEMS
NEEDS

improved scanners like the multispectral linear ar-
ray would have the same areal coverage with im-
proved reliability and lower costs. Higher resolu-
tion sensors sacrifice the ability to cover such wide
areas as cheaply because the number of picture
elements increases as the square of the improve-
ment in resolution. Although most human works
or activities are not visible on MSS Landsat
scenes, they are capable of revealing agricultural
and other gross disturbances of the landscape. The
higher resolution thematic mapper (TM) data, on
the other hand, have rather good capacity to
record the presence of human activity. Landsat
data or their equivalent could signal the need for
more detailed investigations of an area and, to
some extent, guard against surprise developments
in out-of-the-way parts of the globe, thereby free-
ing up more expensive and sophisticated surveil-
lance systems to concentrate on areas of high
priority.

The Landsat system, used in conjunction with
meteorological satellites, has shown value in ob-
serving agricultural conditions and land-use pat-
terns, Land degradation, population shifts, and
other stressful conditions resulting from a combi-
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Table 17.—Contributions of the Civilian Remote.
Sensing Systems to U.S. Space Intelligence Systems

+ Complementary data: The civilian metsat systems provide
data complementary to those provided by the Defense
Meteorological Satellite Program. U.S. intelligence and
mapping organizations are substantial users of the unique
data produced by Landsat to supplement other sources.

+ Backup system: In the event of failure of a military or intel-
ligence system, or a temporary overload, civilian metsat
or Landsat data can be used instead,

+ Technical emergency support: Landsat's worldwide net-
work of communications, ground facilities, processing
centers, etc., can, in an emergency, be used to support in-
telligence collections,

« Broadened technical base: A larger group of trained per-
sonnel and technical competence are available as needed,

+ Unigue data products: Information drawn from civilian
sources, e.g., environmental monitoring information, can
be used as a basis for further intelligence analysis,

+ Cover data: Landsat imagery can be released and used as
a basis for discussion involving the U.S. public or interna-
tional forums, when the original source may be classified
data which should not be compromised.

+ Political leverage: Landsat and training can be used to ex-
tract reciprocal rights from foreign nations where intelli-
gence operations may need base rights or special access.

+ General information needs: Meteorological or Landsat
technology helps to maintain cognizance of foreign remote-
sensing developments by serving as the U.S. contribution
at international technical symposia.

« Political tool: Open distribution of metsat and Landsat data
has served to deflect and diffuse international criticism
of U.S. space intelligence operations.

SOURCE Office of Technology Assessment

nation of environmental problems, population
pressures, and political conditions, can contribute
to instability and tensions and thereby may af-
fect the overall securit,of the United States. Land-
sat data can be merged with data from other
sources, including highly classified sources, to
provide enhanced information on events in remote
areas or regions where conventional information
is scanty and unreliable. Some types of analysis,
such as estimating foreign crop yields, can be
made with Landsat data without necessarily re-
vealing the precise areas of U.S. interest or requir-
ing expensive collection activities.

Civilian/Military Interrelationships

The following paragraph items present a variety
of examples of the types of relationship that DOD
or intelligence agencies may wish to have with a
private firm chartered to provide remote-sensing
services. This issue will be the degree to which
a private owner will be able to assure direct sup-

port to Government activities, whenever these are
requested by the Government. These examples are
intended to illustrate the range of potential ap-
plications, without attempting to evaluate their
relative importance:

* Provision of Primary Data in an Emergen-
cy. —Earth-orbiting satellites are unique in
their ability to view distant parts of the globe
and relay the data back to the United States
in near-real time. * Landsat and meteorologi-
cal satellite systems also can serve as backup
units in the event of a failure of one of the
comparable classified satellites. In a national
emergency, these civilian systems are subject
to takeover by the defense forces. In the event
of transfer of these systems to the private sec-
tor, it maybe appropriate to require that data
format and handling characteristics be com-
patible with military data management ap-
proaches.

* Controlled Distribution of Data.—Access to
civilian remote-sensing data distribution
channels and the ability to influence or con-
trol data flow can be of value to the intelli-
gence and military communities. Analysis of
sales records of land remote-sensing data may
show patterns of foreign purchases, tipping
off specific areas of interest for resource ex-
ploitation or military purposes, for example.
In time of international stress, it might be de-
sirable to delay or deny altogether distribu-
tion of land remote-sensing data to hostile
countries if these data might be used direct-
ly against the United States or its allies.

* Guarantee of Beneficial Data Exchange.—
The open, free distribution by the United
States of meteorological data has created
much good will and helped to develop pat-
terns in which the United States benefited by
receiving data in return from other countries.
The U.S. lead in civilian space technology
over two decades allowed the United States
to gain acceptance of its right to operate in
space and to sense other countries. Through
the World Meteorological Organization and
other international organizations, the United

(] DWhen the Tracking Data Relay Satellite System is completed,

it will be possible to send data from the spacecraft directly to the
United States, no matter what part of the globe it is over.
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States was able to advance the exchange of
weather data worldwide to the benefit of
many of its civilian activities as well as those
of the military and intelligence agencies. This
prompt and reliable supply of weather data
from foreign sources is used extensively in
air operations of the U.S. military. In addi-
tion, foreign data assist in ground-checking
U.S. satellite data.

Use in International Meetings.—The military
and intelligence communities may, on occa-
sion, be required to use classified data to
assist U.S. civilian agencies in analyzing a
major event for presentation in an interna-
tional organization. An example might be fix-
ing responsibility for damage from a large oil
spill. In such a case, civilian imagery is ob-
tained rapidly and presents objective infor-
mation (e.g., Landsat data showed the extent
of the recent Mexican oil well blowout as it
affected the Texas coast). It can be used for
multinational negotiations or for briefing the
public without compromising more sensitive
U.S. sources, if the event is sufficiently gross
to be visible on Landsat imagery. As civilian
instruments increase in resolving power,
many more activities related to the security
of nations could be revealed—troop activi-
ty in desert areas for example. The advan-
tages and disadvantages for the United States
of “open skies” and nondiscriminator, data
distribution will have to be weighed. There
is considerable value in having a source of
open and unclassified data.

Continuing Source of Information on Foreign
Space R&D.—As the use of remote sensing
becomes more widespread and the technol-
ogy diffuses around the world, it will be in-
creasingly important for military and intel-
ligence agencies to be alert to new develop-
ments which can either be adopted and used
for U.S. national security purposes or which,
in the hands of others, could make the U.S.
systems relatively less advanced. The mainte-
nance of an open, advanced civilian program
at all stages of development of satellite and
remote-sensor instrument and data process-
ing is necessary to preserving a broad tech-
nical base. Demonstrated U.S. competence

in these fields assures that U.S. nationals will
continue to be aware of technical advances
at all stages and will be in a position to mon-
itor developments of colleagues in other
countries.

Civilian Program Hardware as Backup to
Defense Programs. —The command and con-
trol, communications, ground reception, and
data-processing facilities needed for the civil-
ian program are related to those used for
classified remote-sensing programs. In the
event of international tension, and by Presi-
dential directive, civilian Government sys-
tems may be partially or wholly diverted to
military use, To facilitate planning for such
contingencies, the equipment used in civilian
programs may have to be designed and con-
structed so as to be compatible with corre-
sponding military components. Elements of
the civilian system may also be preempted
for interim backup service during, for exam-
ple, the partial failure of a classified system.
Civilian Program Value in Providing Train-
ing and Special Skills. —Trained personnel
are a prerequisite for the management and
operation of advanced technology remote-
sensing programs at all levels, from equip-
ment design, construction, and operation, to
data reception, management, and interpreta-
tion. An open program helps to ensure a pool
of trained personnel in each of these categor-
ies. Technically trained people constitute a
pool of labor available to be drawn upon by
classified programs as needed. Technical edu-
cational institutions must be operated on a
largely unclassified basis and require the ex-
istence of a viable civilian program to attract
students and to justify continued research
and educational efforts.

Preferential Access to U.S. Data or Remote-
Sensing Programs.—As a new and somewhat
glamorous technology combinin, space sci-
ence and the potential for practical Earth ap-
plications, remote sensing has proven to be
a means for entering negotiations with other
countries. It is generally necessary to deal
with foreign nationals on the basis of unclas-
sified technology. In some cases, foreign
governments stipulate the desire to deal with
civilian agencies of the U.S. Government to
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assure themselves of the high level and reli-
ability of the exchanges. For example, the
U.S. Geological Survey has been the prime
instrument selected to manage mineral explo-
ration by remote sensing in some Middle
Eastern countries. On occasion this has re-
sulted in finding mineral reserves that have
national security implications.

e Ability to Monitor and Influence the Course
of Remote-Sensing Technology Transfer. —

U.S. civilian remote-sensing sponsorship
and/or participation in international tech-
nical meetings enhances U.S. ability to ob-
serve and monitor closely the technological
state of the art in foreign countries as a basis
for judging the degree of technology transfer
and determining whether such activities are
to the net advantage of the United States, or
should be inhibited.

POTENTIAL MILITARY AND INTELLIGENCE REQUIREMENTS

The military and intelligence agencies are by
no means monolithic or uniform in their views
of civilian remote sensing. Indeed, sometimes their
individual goals conflict. Nevertheless, it is possi-
ble to summarize the possible requirements that
various members of both communities have sug-
gested if the proposed transfer of remote-sensing
systems to private ownership proceeds:

+ Continuity of meteorological data supply is
an absolute necessity as a complement to mil-
itary weather satellites. Orbital characteris-
tics must be appropriate and sensors must
perform as specified.

« It may be necessary to encrypt communica-
tions links and harden satellite components,
or otherwise make the system conform to
Government specifications on orbital param-
eters and sensor specifications.

+ The operator must design the resolution and
operating wavelength of sensors to meet mil-
itary and intelligence restrictions.

+ In dealings with foreign entities the operator
will need to guard against unacceptable forms
of technology transfer.

+ Design and operations will need to take into
account contingency planning requirements
to assure compatibility and ability to operate
in a possibly hostile environment.

+ Operations will require that some private sec-
tor personnel possess special clearances and
that secure facilities be available.

+ Guarantees of specified types of operations
with products conforming to agreed levels of
quality, format, etc., may be necessary for
2 to 3 years in advance, as may guaranteed
readiness of replacement satellites.

+ The satellite operations may be subject to
override or preemption in the event of na-
tional need, and the sale of product likewise
may be “sanitized” or sales forbidden to cer-
tain foreign customers.

POSSIBLE SUITABILITY OF PROJECTED FOREIGN SYSTEMS

As discussed in chapter 3, within the next 5
years several foreign countries will possess re-
mote-sensing satellites designed for a variety of
land, ocean, and meteorological tasks. The U.S.
military and intelligence remote-sensing commu-
nities can be expected to acquire and analyze
guantities of data from these new systems for
research purposes. To the extent that some unique
kinds of information can be extracted from the

data, it is possible that U.S. defense agencies may
purchase some data sets for practical application.

On the one hand, continuing provision of spe-
cialized data from foreign systems, data impossi-
ble to obtain with U.S. satellites, might be advan-
tageous to U.S. purposes. On the other hand, U.S.
satellites, which collect and transmit global data
back to U.S. collection points, have proven to be
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the most rapid and efficient means of accomplish-
ing a host of sensitive national security operations
because they can be tightly controlled. Informa-
tion about both the surface areas and the time
periods of interest to U.S. data collections must
be controlled, because either would be of consid-
erable interest to potential adversaries. Yet it is
extremely difficult to control foreign sources, even
systems operated by close allies, to the degree nec-

essary. For most important satellite missions, the
U.S. military and intelligence communities are
likely to insist on totally in-house operations or
the use of private U.S. contractors who can be
regulated and closely supervised. Thus, it is
unlikely that procurement arrangements would
be worked out as part of the defense alliance
agreement or that the material would constitute
a primary source for U.S. forces.
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Appendix A

Remote Sensing in the

Commercialization of Remote Sensing
and U.S. International Relations*

Understanding the international effects of U.S.
policy to transfer satellite remote-sensing systems to
the private sector requires placing them in the context
of 25 years of “space relations” as well as overall U. S.-
developing country relations. U.S. actions with respect
to outer space may affect negotiations over Law of the
Sea, Trade, and other international areas. In addition,
they must be placed in the context of overall U.S. for-
eign policy and policy towards the United Nations and
other international organizations, Finally, they must
be understood in the context of the perceptions of the
foreign policy community, as distinct from the user
community, in developing countries.

Historical Perspective and
Developing Country Perceptions

The utilization of space has always raised political
questions. However, initial discussions within the
United Nations over rules governing outer space often
foundtheUnitedStatesandtheU.S.S. R. on thesame
side, Neither desired international regulation of its
space activities. The Outer Space Treaty formalized
t hit po i n t of view by allowing countries open access
to space, w i the the caveat that no weapons of mass
destruction would be placed in outer space, and the
understanding that benefits from space-related ac-
tivities would be used to the benefit of all countries,
and particularly the developing countries. The political
tradeoff between the two space powers and the devel-
oping countries during these earl y stages of space ex-
ploration was straightforward, In exchange for shar-
ing of benefits and explicit promises that space would
be reserved for peaceful purposes, there would be lit-
tle international regulation.

Space applications, especially remote sensing, were
first discussed in this context. The United States took
the position in the U.N. Committee for the Peaceful
Uses of Outer Space (COPUQS) that no international
regulations were necessary for an experimental remote-
sensing system (or any other space application), and

“ Based in part on discussions with Maryin Robinson tormer <hiet of the

( Duter Space Attairs Division of the Ulnited Nations tall 1 983

Developing Countries

promised that when the system was proven and
became operational the developing world would share
in its benefits. At the same time, the United States,
while not directly supporting U .N. technical assistance,
developed extensive bilateral agreements with, and
technical assistance to, the developing world.

The developing countries have been particularly
concerned about the possible use of satellite data by
multinational companies to exploit the resources of
developing countries. These countries have also ex-
pressed concern over the possibility that such data
could be used for military purposes to the detriment
of their own national security. Thus, they argued for
restricted dissemination of the data and for technical
assistance to aid them in developing their own ability
to use them. These concerns, while mitigated to some
extent in the mid-1970's, are still at the forefront of
the international debate regarding remote-sensing
satellites,

International negotiations to establish a regime to
govern the distribution of remote-sensing data from
space slowed to a near standstill early in the 1970’s.
The United States, for its part, was opposed to the
establishment of any regime restricting the open de-
velopment of satellite systems and the open dissemina -
tion of information. Many developing countries and
the Eastern bloc countries, for their part, argued for
regulating the distribution of remote-sensing data.

Over the course of these negotiations, the United
States mitigated some concerns of the developing coun-
tries by disseminating data on a nondiscriminatory
basis and by continuing its own technical assistance
programs. However, as it became clear in the late
1970’s that the United States was beginning to think
in terms of an operational (and perhaps commercial )
system, the position of the developing countries once
again hardened, and the rhetoric of the debates became
increasingly harsh. Ironically, one of the key concerns
of the developing countries is that a commercial sys-
tem might mean the end of open and nondiscrimina-
tory access to data—the very policy they argued
forcefully against for so many years. However, they
see a policy of nondiscriminatory distribution as far
better than one in which a U.S. company would own
and control data acquired by remote-sensing satellites.

The issue of commercialization comes to the inter-
national arena in the context of over 100 years of in-
ternational cooperation in forecasting and reporting
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the weather and 25 years of U.S. assurances that space
would be developed for the benefit of a]], particularly
developing countries. It also must be seen in the con-
text of 15 years of discussion regarding land remote
sensing in which the United States has argued against
regulation of remote-sensing satellites and has prom-
ised that remote-sensing data would continue to be
available on an open, nondiscriminatory basis.

Interdependence

Durin the past decade, the nations of the world
have become increasingly interdependent. This has af-
fected international negotiations and organizations by
creating linkages between issues which make it increas-
ingly difficult to treat any issue in and of itself. Discus-
sions on the distribution of satellite remote-sensing
data carry over into the debate over such issues as
direct broadcast satellites, the use of the geostationary
orb it, the Law of the Sea, negotiations in the Interna-
tional Telecommunication Union regarding radiofre-
guencies, and the regulation of transborder data flows.

This tendency is compounded by the fact that in the
developing countries, it is often the same individual
who negotiates a wide range of issues. Hence, on a
very personal, as well as substantive, level, what is
said and done in one forum carries over into others.
In understanding the broader ramifications of U. S.
policy towards increased private sector involvement
i n, space, one must consider not only remote sensing,
but a broad range of other issues.

U.S. Foreign Policy Objectives

Delegates from some developing countries regard
U.S. actions at the U.N. and in other international
organizations as increasingly insensitive to the needs
of developing countries. They suggest that the United
States has missed excellent opportunities to generate
good will and strength in international organizations.

The UNISPACE ’82 conference, which was orga-
nized in part to discuss the potential benefits of space
for the developing countries, was the latest example
of U. S. policy i n this area. The Department of State
approachcd the conference from the perspective of lim-
iting the damage to U.S. policies. In that, they were
successful. However, developing countries view the
c(Inf~~rc’net’ as d failure because i t did not result ind
plan of action.

According to some conference participants, the United
States left them with the image of a nation uncon-
UNISPACE 820 A Context tor dnternationad Cooperation  and

Competttion A Technical Memorandum iWashington, D C 2 US Congress,
Ottice ot Technology Assessment, OTA TMASC 20, March 10831

cerned about the functioning of the U. N., pushing
commercialization without consultation with the in-
ter-national community, and preparing to militarize
space. Although these perceptions are not shared by
all countries, they may well influence developing coun-
try activities in future international negotiations.

Although the issue of commercialization of satellite
remote sensing appears of little consequence compared
with the major troubles facing the world today, the
development of space policy now depends on military
policy, natural resources and economic development,
and global environmental problems. In addition, as
the national papers contributed to UNISPACE ’82 il-
lustrate, it is a highly visible arena upon which the
developing countries have placed a tremendous
amount of national prestige. As such, space cannot be
seen as an issue of little consequence, even though it,
in and of itself, may not be of the highest national
priority.

Some developing countries view the commercializa-
tion of space as a hostile action because it removes the
U.S. Government one step from its responsibility for
U.S. actions in outer space. This ultimately may place
the United States in a weakened position in the U.N.
and other international forums.

Organizational Infrastructure

The ability of a country to adopt remote-sensing
technology depends on its capacity to create appro-
priate institutions for its use and management. This
is particularly at issue in the developing world, where
space-related organizations have only recent] y emerged
as part of the governmenta] institutions. Although
there is no single best way to organize satellite remote-
sensing programs, the successful adoption of the tech-
nology coincides with the development of a strong in-
stitutional infrastructure, including effective organiza -
tion, equipment, and personnel.

Thailand’

The Royal Thai Survey Department, through the use
of aerial photography, has benefited from remote-sens-
ing technology for nearly 30 years, In 1971 , the Royal
Thai Government became aware of the possibility y of
using Landsat data to supplement its aerial survey data
and joined the NASA-sponsored ERTS-I * interna-
tional investigators.

Since that time, the United States has contributed
to three U.S. Agency for International Development

‘Muscat, Craib, Elletsen, and Willard, "USAID Assistance tor Remote Sens
ing in Thatland: An Evaluation” {Washington, 1D.C - USAID, June 1983}
“Later the name of this satellite system was changed to Landsat 1.
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(AID) projects related to developing Thailand's capaci-
ty to use remote sensing from space. The first provided
seed money for Thai scientists to undertake work in
applications of remote-sensing technology. AID also
funded a second ERTS program by providing some
equipment and much training. Ten Thai's were trained
in the United States and over 70 received training in
Thailand. In the third project, AID tunded the Remote
Sensing Technology for Development Project, which
concentrated more on building up equipment than on
training. Since then, training programs have con-
tinued. The result is that hundreds of Thai scientists
and technicians have now been exposed to the use of
remote-sensing technology.

The primary institution for remote sensing in Thai-
land is the National Remote Sensing Program, which
is housed within the National Research Council (NRC),
NRC has recently been moved into the Ministry of
Science, Technology and Energy after having been an
independent agency. In this transfer, the remote-sens-
ing program has been left intact. The National Remote
Sensing ’rogram makes up about half of the total NRC
budget and continues to grow - particularly with the
development ot a ground receiving station. Its Remote
Sensing Program is overseen by the National Remote
Sensing Coordinating Committee, which consists of
members from the primary user agencies in the Thai
Government.

Figure A-1 illustrates the wide range of interest in
remote sensing within the Thai Government. Twenty-
three agencies are represented on the National Remote
Sensing Coordinating Committee. Of those 23, 12 are
active in providing or using remote-sensing data. At
the same time, this chart shows the extent of interna-
tional interest. Canada has now become the largest
remote-sensing aid donor to Thailand, and the French
are showing increasing interest in the Thai program.
Remote sensing has clearly become a part of the Thai
Government institutional structure.

Of major importance to the Thai National Remote
Sensing Program was the construction of a ground sta-
tion tor receiving Landsat and metsat data. This
ground station, built at a cost ot over $10 million, rep-
resents Thailand's commitment to building technolog-
ical as well as institutional infrastructure. This station
has attracted much national attention and is a strong
source of national pride. The Thai National Remote
Sensing Program has also established brand-new build-
ing facilities at the site of the satellite ground station.

Other Thai Government agencies have also devel-
oped strong commitments to the use of satellite data.
It is in these user agencies that the real payoff from
remote-sensing technology comes. Without successtul
adoption ot the technology within the user agencies,

the institutional commitment to remote sensing in NRC
will not help Thailand in its national planning.

In particular, the Royal Forestry Department, the
Office of Agricultural Statistics, the Soils Science Divi-
sion of the Department of Agriculture, the Royal Ir-
rigation Department, and the Land Development De-
partment have all made commitments of equipment
and manpower to the use of satellite remote-sensing
technology. For instance, within the Royal Forestry
Department, Forest Mapping and Remote Sensing Sub-
division, 20 people are directly involved with remote
sensing ---10 using aerial photography and 10 using
satellite data. The latter have received training in the
United States, at ITC/ Netherlands, in Canada and at
Thai NRC training programs. The Forestry Depart-
ment’s use of the data is limited by its equipment
(which includes adequate visual interpretation equip-
ment hut not computer analysis equipment) and by
the availability of satellite data, The Office of Agri-
cultural Statistics has within i t a Remote Sensing and
Service Branch that is working on an Area Frame
Sampling Program in which satellite data will play a
minor role. Its commitment to Landsat data is less than
that of the Forestry Department because it has found
the data less useful. Within the’ Soils Science lii\’isi[In
of the Department of Agriculture, three people are cur-
rently working with satellite remote-sensing data. In
addition, eight to ten masters theses have been writ-
ten applying satellite remote sensing to soils survey in
Thailand.

The Thai Government user agencics, then, consti-
tute the beginnings of an institutional infrastructure
to support the use of satellite data. The use of those
data is limited by the data themselves, slow data turn-
around time, * and the lack of computer analysis equip-
ment, as well as by organizational impediments,

These organizational impediments are the result, in
part, of the manner in which the Thai Government
has approached the organizational development of its
remote-sensing program. Creating a separate entity
within an existing institution separated the technology
from institutions which have as their primary focus
the solving of resource and environmental problem.
Instead, it was housed in a sevrice agency and this
generated problems in data availability and the ap-
plication of satellite data by user agencies.

“The use of the date may be limited by the tact that they do not have high

envuph resohition tor a specitic application, by extensive cloud coveror by
techrcal problems which have occurred with the Landsat sensors. Inaddy
tion. the data mav not be avadable promptly enough tor time-critical applicy

trons



Figure A-1.—Organization of the Thailand National Remote Sensing Program
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Bangladesh

The Bangladesh Landsat Program (BLP) was created
in 1971, following Bangladesh’s War of Independence,
within the Science and-Technology Division, Cabinet
Secretariat. BLP was created as a multiuser program
covering agriculture, forestry, land use, fisheries, water

* Space and Remote Sensing Activities in Bangladesh, ” SPARRSO, Bangla-
desh, 1980 and ‘National Paper Bangladesh UNISPACE 82 Vienna, June
1981

resources, etc., and was overseen by the National
Landsat Committee of Bangladesh, an advisory group
representing government user agencies, universities,
and the Planning Commission. In addition, Bangladesh
has a Landsat Task Force, consisting of over 30 inves-
tigators from user agencies, which works under the
National Landsat Committee.

BLP recently merged with the Space and Atmos-
pheric Research Center of the Bangladesh Atomic
Energy Commission to form the Space Research and
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Remote Sensing Organization (SPARRSO). This new
entity is responsible for both research and operations
for space science and remote-sensing technology in
Bangladesh. SPARRSO currently operates an Auto-
matic Picture Transmission (APT) meteorological
ground station to receive signals from international
weather satellites. With the aid of the United States
and France, SPARRSO will soon be building a new
ground-receiving facility capable of receiving both
Landsat and SPOT data, as well as Advanced High
Resolution Meteorological Satellite Data. Bangladesh
has recently completed a new applications laboratory
that contains visual and digital image-processing
equipment, color and black-and-white photographic
processing equipment, and photo-interpretation facili-
ties. At the same time, the United States and SPARRSO
have trained a nucleus of over 25 resource specialists
in handling and interpreting satellite data. This train-
ing will continue under the upcoming U.S. and French
programs.

The Department of Meteorology in Bangladesh is
the government’s weather forecasting agency. It inte-
grates data accumulated by conventional methods with
satellite data collected by SPARRSO. Most of the user
agencies in Bangladesh use satellite data collected and
disseminated by SPARRSO. In this way, SPARRSO
has been and will continue to be a service organiza-
tion for the rest of the government’s user agencies.
SPARRSO has attempted to avoid becoming isolated
from the user agencies by bringing personnel from
those agencies to work within SPARRSO. This ap-
proach seems to have been fairly successful in spread-
ing the use of remote-sensing technology throughout
Bangladesh. Bangladesh has developed a solid institu-
tional commitment to the use of satellite data.

Kenya and Peru’

While both Bangladesh and Thailand have created
new entities overseen by national coordinating com-
mittees to develop remote-sensing capabilities, they do
not represent the only form of institutional develop-
ment in the developing world. Both Kenya and Peru
present examples of an alternative way of developing
remote-sensing capabilities.

Kenya’s initial interest in satellite remote sensing
came from the Ministry of Natural Resources, which
formed a national steering committee composed of rep-

“"National aper: Kenya,” UNISPACE '82, Vienna, June 1981; and private
discussions with Merrill Conitz, tormerly head ot the Regional Remote Sens-
ing Program in Natrobi. The discussion of Peru 1s based on Campbell, Sader,
and Elletsen, "Tand-Use Inventory and Environmental Planning Project: Peru
(Los Altos, Calit.: Resources Development Associates, April 19801 and
‘Remote Sensing tor Resource Assessment and Management: An Evaluation”
(Los Altos. Calit.: Resources Development Associates, 1979

resentatives from agencies throughout the Kenyan
Government. Until recently, however, no central focus
for remote-sensing activities developed in Kenya, as
primary responsibility for the new technology shifted
from the Survey of Kenya to the Central Bureau of
Statistics to the National Environment Secretariat to
the Kenyan Rangeland and Ecological Monitoring Unit
(KREMU). Outside funding of specific projects within
each of these agencies caused these shifts of emphasis.

Today, KREMU functions as the national remote-
sensing agency within Kenya. With a World Bank
loan, KREMU is installing a digital processing system.
This is a key step in Kenya’s ability to use remote-sens-
ing data, since up to this point Kenya has relied sole-
ly on visual analysis. This also marks a further, and
substantial, commitment by Kenya to the continued
use of satellite data. Kenya is studying the potential
for establishing a regional remote-sensing center and
ground facility in Nairobi. Intergovernmental coordi-
nation is the responsibility of the Committee on the
Application of Satellite and Space Technology
(COASST).

Kenya is also the host country for AID’s Regional
Remote Sensing Facility in Nairobi. This facility, serv-
ing the whole of East Africa, has benefited from the
active participation of the Kenyan Government, which
has cosponsored several training courses and symposia
and helped to set up the center.

In addition to its work in land remote sensing,
Kenya is actively using meteorological data from
satellites. The Kenyan Meteorological Department re-
ceives APT images from the NOAA-6 polar-orbiting
satellite, which it uses in determining cloud formation,
type, location, and general cloud movement. The De-
partment uses these data to map and monitor tropical
cycles and to forecast hurricanes. Kenya hopes to im-
prove its meteorological forecasting from satellite data,
and plans to train more technicians in the near future.

Kenya is just beginning to develop an organizational
context for incorporating remote-sensing technology
into national planning. It is also securing the necessary
equipment and personnel, a fundamental link in using
remote-sensing data. Kenya has also shown a strong
commitment to the use of remote-sensing technology
through its participation in the African Remote Sens-
ing Council and the AID regional training facility in
Nairobi. More than 200 Kenyans have received train-
ing in satellite remote sensing and photo-interpretation
techniques since the mid 1970’s.

Kenya has taken a different approach to the devel-
opment of remote-sensing capability than have either
Thailand or Bangladesh. KREMU is not a space-ori-
ented agency, but much more a user of satellite data
and a provider of resource surveys to other Kenyan
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agencies. This type of organizational structure ties the
use of satellite data more directly to actual resource
and environmental problems, but it may make it more
difficult to establish a focal point for remote-sensing
activities. Nonetheless, Kenya’s commitment to the fu-
ture use of satellite remote-sensing data and the nec-
essary manpower, equipment, and organizational in-
frastructure is strong.

Peru, like Kenya, has placed responsibility for satel-
lite remote sensing in a well-respected agency that will
be a user of Landsat data and provide resource infor-
mation to other Peruvian agencies. Like Kenya, Peru
has chosen not to house its remote-sensing program
in a special remote-sensing agency or a space agency,
choosing instead to make it a part of an existing agen-
cy which sees the use of remote-sensing data as another
tool for carrying out its mandated tasks.

Peru is now working with AID on a program to
strengthen its infrastructure through institutional
development, equipment purchases, and personnel
training.

Other Programs

Several other developing countries have begun the
institutional development necessary for the effective
use of satellite remote-sensing data.

Egypt established the Egyptian Remote Sensing Cen-
ter in 1971.°This center has become a focal point for
remote-sensing expertise in the Middle East and North
Africa. It employs more than 65 qualified/trained per-
sonnel and engages in cooperative work with many
remote-sensing institutions worldwide. This center car-
ries out its own research and is also supposed to coor-
dinate remote-sensing activities within Egypt.

India has developed a strong national space pro-
gram, with a large remote-sensing component .*Build-
ing on a strong organizational base and training pro-
gram, India has established a full ground-receiving sta-
tion and has plans to launch its own remote-sensing
satellite in the near future. India’s National Remote
Sensing Agency is fully equipped with the latest in
photographic and processing equipment. At least 65
of its employees were trained abroad in the United
States and other industrialized countries.

In sum, then, whether the institutional commitment
made by a developing country takes the form of a new-
ly created remote-sensing/space organization or a new-
ly created entity within an existing resource survey
agency, it requires substantial commitment to develop-
ing institutional infrastructure.

Remote Sensing of Natural Resources in Developing ( ountries The | gyp
tiankxperience  UINISPAC T 82 Vienna Marc h 1981
© Nat tonal Paper India [ INISPACE82 ViennaMay 1Q81

The Use of Satellite Technology
in Solving Environmental and
Resource Problems

A great deal has been written about the application
of satellite remote-sensing technology to the solution
of environmental and resource problems of the devel-
oping world. Using examples from Thailand and Costa
Rica, this section attempts to distinguish between
potential and actual uses of satellite remote-sensing
data.

Thailand’

Thailand has made numerous attempts to apply re-
mote-sensing technology to the mapping and manage-
ment of its natural resource areas. Some of these at-
tempts have been remarkably successful and have led
to operational use of the technology. Others provide
good examples of innovative and adaptive use that
may prove to be of significant value in the future. Still
others have been complete failures.

« Forestry. --- The deforestation problem in Thailand
is severe. Each year an average of 4,650 square
kilometers (km’) of forest land is cut while only 800
km*are reforested, resulting in a net loss of 3,800
km?of forested land each year. At this rate of de-
forestation, Thailand would deplete its forests com-
pletely in the first quarter of the 21st century.

The first indication of the extent of the deforesta-
tion problem came from a resource inventory done
in 197’3— the first year Landsat data were used to
aid the Forestry Department. The results of the first
full study utilizing Landsat data led to a more vigor-
ous reforestation policy. The outcome of this policy
is shown in figure A_yyhlch indicates an increase
in the number of forest plantations throughout Thai-
land.

Using Landsat data, the Forest Mapping and Re-
mote Sensing Division of the Royal Thai Forestry
Department has been able to map and summarize
the status of forest lands nationwide every 3 years
since 1973. Because of the high cost of aerial photog-
raphy, this task would be impossible to accomplish
without satellite data.

In August of 1981, the Prime Minister’s Office re-
guested a report on the status of forest lands and
deforestation throughout Thailand. The Forestry
Department prepared this report using Landsat data.
Since that time the Prime Minister has required
reports every 3 months on the state of the forests
in different parts of Thailand. The staff of the Prime

Musc at ( raib Elletsen and Willard op <1t June 1983
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Figure A-2.— Relative Number of Forest Plantations in Thailand

First Landsat satelllte map showtng extent
of deforestation nationwide (1977)

First Landsat data Indicating widespread
extent of deforestation problem (1973)

Remote Sensing Program started in Thailand (1972)

- 1970
Time in years

80

SOURCE Off Ice of Technology Assessment
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Minister then works with the Ministry of Agricul-
ture and Cooperatives on agricultural development
projects designed to settle farmers in already defor-
ested areas rather than having those farmers move
onto still-forested land.

Without Landsat data, Thailand would be unable
to maintain an ongoing and up-to-date inventory
of its forested lands and the level of deforestation.
In fact, without the use of Landsat it is possible that
the magnitude of the deforestation problem would
not have come to the attention of decisionmakers
in Thailand at all. This is one of the most dramatic
examples of the successful use of Landsat data
anywhere in the world.

e Environmental Impact .—Thailand has been less suc-
cessful in using remote sensing to monitor the en-
vironmental impact of tin mining and offshore
dredging near Phuket in southwestern Thailand. In
1980, the National Environmental Board started a
program to monitor sedimentation, water pollution,
and destruction of coral reefs in this area. The En-
vironmental Remote Sensing Section has conducted
extensive field-sampling surveys here, many timed
to correspond with Landsat satellite passes over this
area. They have also ordered satellite data over the
Phuket region from September 1982 until the pres-
ent. Unfortunately, although it is likely that the re-
quired information could be extracted from Land-
sat data, this project as been unsuccessful because
the data have not been available from the Thai
ground station or from the United States because
of problems in the satellite sensor and tape recorders
(of Landsat 3).

Landsat data have been useful in evaluating the
extent of soil erosion problems. One project, com-
pleted in 1982, identified several areas of severe ero-
sion near the Pitsanuloke-Lomask Highway and in
the Phumipol Dam Region. Some of these areas
have lost upwards of 20 cm of topsoil on steep
slopes. This study led to a bill, introduced in the
Thai Parliament, to prohibit agriculture on steep
slopes.

* Crop Forecasting.—Thai use of the Landsat system
for agricultural crop production forecasting has not
been nearly as useful as had been expected. Members
of the Office of Agricultural Economics who have
applied remote-sensing techniques to agricultural
crop production forecasting believe that the tech-
nology is far from operational and that it is still in
the research stage in Thailand. Impediments to using
Landsat for crop yield forecasting in Thailand
include:

—Small field size—The practices of interspersing
different crops on adjoining fields and planting

adjoining fields with the same crops at different

times makes it ver difficult to use satellite data

from the multispectral scanner (80-meter resolu-
tion).

—Cloud cover .—The presence of cloud cover dur-
ing the growing season prevents substantial use
of Landsat data.

—Lack of timely delivery.—In order to evaluate the
state of the crops and take necessary remedial ac-
tion, remote-sensing data need to be delivered
within a few days.

Still another difficulty with crop production fore-
casting is the lack of good yield models for crops
in Thailand. It is necessary to predict both crop area
and yield per acre.

The failure to apply Landsat data effectively to
agricultural crop production forecasting has been a
major disappointment. Remote-sensing programs in
many developing countries were justified on the ex-
pectation that the would improve agricultural
forecasts. The fact that the enthusiasm for satellite
remote sensing remains strong in developing coun-
tries despite the failure of Landsat with respect to
agriculture, shows the strength of commitment of
the developing world to the use of satellite data.

Costa Rica’

Costa Rica, like many developing countries, faces
severe environmental and resource problems. It has
experienced both rapid deforestation, as forest land is
cleared to accommodate agricultural and grazing, and
rapid urbanization, which destroys prime farmland.

Costa Rica is following a trend which is character-
istic of all of Latin America. In 1978, Latin America
was believed to possess 25 percent of the developing
world’s forest land area. If current trends continue, this
forest area (around 550 million hectares) will be re-
duced by 40 percent. Most of the remaining forest will
be found only in inaccessible areas. In Costa Rica
alone, an estimated 50,000 to 60,000 hectares per year
of forest land is destroyed, compared with a reforesta-
tion rate of only 1,000 hectares per year.

Although the Costa Rican Government was aware
of these problems, it had not grasped their extent, In
fact, during the 1960’s and 1970’s the Costa Rican Gov-
ernment did little to survey its resources. By the late
1970’s Costa Rica realized that it needed a nationwide
survey to define its current resource base and the rate

“'The Utility, Cost and Effectiveness of Remote Sensing for Forest and Ur-
ban Sector Assessment in Costa Rica” (Los Altos, Calif : Resources Develop-
ment Associates, March 1978); and “Design of a Natural Resources Inven-
tory and Information System for Costa Rica: The Pilot Project Report” (Los
Altos, Calif. Resources Development Associates, June 1979),
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of change of land use (either agricultural to urban or
forested to grazing and agricultural) in the country.

In 1977, Costa Rica began an AID demonstration
and pilot project to determine the feasibility of using
Landsat to aid in a natural resources inventory for
Costa Rica. The project was successful in confirming
the magnitude of the resource and environmental
problems facing Costa Rica—it created a clear picture
of the rapid deforestation and rapid urbanization tak-
ing place in various “project areas” in the country. The
study also showed the feasibility of integrating Land-
sat data into a national resources survey effort. In
Costa Rica, even though Landsat data were used to
illustrate the magnitude of a particular resource prob-
lem, and were shown to be a useful tool in monitor-
ing that problem, the government did not follow up
by undertaking a national survey.

Although Costa Rica has continued to use remote-
sensing data, it has not adopted remote-sensing tech-
nology on the scale recommended by the studies. Two
factors have brought this about: 1) there is no central
institution in Costa Rica charged with remote-sensing
responsibilities; and 2) in spite of the fact that each
AID project had a strong training component, few
trained personnel have afterward been able to devote
their time to remote sensing. As the example of other
developing countries has shown, the creation of a na-
tional advisory committee and the designation of a
lead agency are clearly critical to the effective use of
satellite data, even when the data are shown to be
highly useful for monitoring serious environmental
and resource problems.

Weather Satellites in
Developing Countries

The flow of data from the weather satellites, rather
than requiring the development of new institutions has
been incorporated into the programs of existing weath-
er agencies. The World Meteorological Organization
(WMO) helped to provide the necessary receiving sta-
tions. Data have always been available at no cost.

Weather satellite data have been used for a multi-
tude of routine tasks, from disaster and storm warn-
ings to crop forecasting. Over $100 million has been
invested worldwide in direct readout equipment and
manpower, space processing, and dissemination equip-
ment. At present, over 1,000 APT ground stations
have been established in over 125 countries worldwide,
including an extensive number in developing countries.
Forty-four stations located in twenty-nine countries
receive HRPT data.

These numbers are increasing all the time. The well-
established weather-satellite user community in devel-

oping countries stands in marked contrast to the lim-
ited user community for land remote-sensing data. In
fact, the “market” for Landsat data in developing coun-
tries is still in its developmental stages, primarily
because the resource information programs of develop-
ing countries are only beginning to prove their worth.

Potential Effects of Commercialization

The transfer of all or part of U.S. space remote-sens-
ing systems to the private sector would certainly af-
fect the use of satellite data by the developing coun-
tries. The extent of its effects and how they are played
out in political and scientific relationships will depend
on several key factors: 1) the remote-sensing user com-
munity and the foreign policy community in the devel-
oping countries are separate, independent, entities; 2)
regardless of U.S. policy in this area, France, Japan,
and the European Space Agency are planning commer-
cial remote-sensing ventures; 3) the market for remote-
sensing data from space is in its early stages. While
some users are clearly ready to integrate these data into
their standard operations, others are still in the proc-
ess of exploring the usefulness of remote-sensing data;
4) in the arena of foreign policy, the perceptions of
Third World political leaders regarding transfer may
be more important in determining their actions than
the actual outcomes of commercialization on data users
in developing countries.

The effects of transfer to private sector can be dis-
cussed in terms of five variables:

Data Type and Continuity

Development of a commercially operated Landsat
system implies that all data would be available on a
continuous and timely basis. If this were not the case,
any commercial effort would fail. In fact, one could
surmise that Landsat data would become available in
a way which would compare to the current availability
of metsat data. In isolation, such a development would
clearly encourage the use of satellite data in the devel-
oping world.

One of the major complaints developing countries
have made since the outset of the Landsat program
has been that uncertainty over the future of Landsat
has made it nearly impossible to develop the capacity
successfully to incorporate remote-sensing data into
national development planning. At the same time, the
difficulty of receiving Landsat data promptly after a
satellite pass has made it difficult to rely on such data.
To the extent that ultimate commercialization of the
Landsat system would mean the timely and continuous
availability of data, it would greatly enhance the de-
veloping countries’ use of satellite data.
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In addition, it is likely that a private operator would
also “tailor” its satellite sensors to its primary market
areas. While the Government might well continue to
perform R&D for advanced satellite sensors, the pri-
vate sector would have to develop its own sensors in
continuous interaction with the market. For instance,
in the tropical areas of the developing world, a satellite
sensor capable of penetrating cloud cover would great-
ly enhance the commercial value of remote-sensing
data. * To the extent, then, that a private sector owner
and operator would match satellite sensors to the needs
of the market, commercialization would have a posi-
tive impact on the use of satellite data by developing
countries.

Pricing

If the Landsat system is transferred to private hands,
the price of data may well increase. Such a price in-
crease, however, might have an adverse effect on the
use of data and the further development of institutional
infrastructure in developing countries.

This is not to say, however, that a price increase
would eliminate the use of satellite data in developing
countries. If the data were available promptly and con-
tinuously, then it is likely that developing countries
would continue to use remote-sensing data to replace
other, more expensive, means of obtaining resource
information. Higher prices for satellite data would not
necessarily discourage serious users of the data. They
are more likely to discourage those users who are in
the early stages of adopting remote-sensing technolo-
gy, which would inhibit the growth of the market.

U.S. technical assistance programs have, for the past
15 years, helped developing countries adopt remote-
sensing technology. If the U.S. Government wished
to continue its technical assistance programs for
satellite remote sensing, and thereby decrease the neg-
ative effects of a price increase, it could subsidize the
cost of commercial remote-sensing data in its develop-
ment projects.

In addition, a private company might well provide
some incentives to developing countries to encourage
them to use remote-sensing data. Many computer com-
panies donate computers to developing country institu-
tions to promote their products. There is no reason
to think that the private sector would not operate in
a like manner to develop a remote-sensing market.

Copyright and Data Protection Laws
Another key set of issues tied up with the transfer
of remote-sensing data are those of copyright, proprie-

‘Recently the Netherlands and Indonesia have explored the possibility of
building a satellite system specifically designed for use over tropical regions,

tary data rights and data protection laws. Commer-
cial interests generally want private ownership of data,
thereby making the data a scarce resource for which
the customer would pay more. As such, a commer-
cial venture is likely to require data protection
guarantees or proprietary rights to data. This is in line
with traditional notions of private ownership, but goes
against public notions of open access to information.

This is a key point in the entire commercialization
discussion. It is clear that if a private firm, and par-
ticularly a multinational firm, were allowed proprie-
tary rights to data acquired by satellite, many coun-
tries of the world—including the developing coun-
tries—would react negatively.

Government Technology Transfer and
Technical Assistance Programs

In order to achieve success in commercializin,
remote-sensing technology, the U.S. Government will
have to stop competing with the private sector in of-
fering value-added services. Although they have been
instrumental in spreading understanding and use of
remote-sensing technology throughout the world, tech-
nical assistance and technology transfer programs may
compete with the private sector.

Ever since the opening of the international debate
over the future of remote sensing the United States has
offered technical assistance to the developing world.
This has helped to mitigate international concern over
the U.S. policy of open dissemination of satellite data.
If the United States were to stop providing technical
assistance completely, the international debate over
data dissemination might become more heated.

The U.S. technical assistance programs are largely
responsible for the development of the international
user community. To the extent that any market for
remote-sensing data exists internationally, it exists
because of U.S. aid. Discontinuing this aid would slow
the further spread of land remote-sensin technology.

In attemptin ,to provide technical assistance to de-
veloping countries U.S. policymakers will have to con-
sider carefully the effects of their policies on the U.S.
private sector. It may not be appropriate to discon-
tinue technical assistance programs, but if the transfer
is to be successful the Government will likel have to
implement them at the market price for data and value-
-added services. As part of their marketing strategies,
private sector operators might find it in their interest
to assist developin,countries in the use of the tech-
nology. Hence, transferring land remote sensing to
private ownershi,would not necessaril, mean an end
to technical assistance, sponsored either by govern-
ment or by the private sector.



U.S. Regulation

Several forms of regulation might be used to ensure
that a commercial entity would conform to U.S. for-
eign policy objectives. These include such things as a
guarantee of open access to data, much as they are
available now from the EROS Data Center, or assur-
ing a particular country access to data collected over
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its own territory. Other regulations might involve pric-
ing regulations, guarantees of technical assistance and
data continuity, etc. These types of regulations would
have a positive influence on the use of satellite data
by developing countries—however, they might dis-
courage private sector commercialization efforts.



Appendix B

The Use of Landsat Data in
State Information Systems

Computers have revolutionized the way States man-
age statistical, demographic, and natural resource
data. Because they are acquired in digital form, data
from the Landsat system have been particularly ap-
propriate for inclusion in broad-based information ss-
tems. Early research efforts were directed primarily to
producing land cover maps from Landsat digital data.
These land cover maps were generally used as the sin-
gle source for resource management analysis.

Geographic Information Systems
in State Government

The Landsat system has the promise of providing
up-to-date, low-priced, land cover data. In the wo’s,
many States and universities, with assistance from the
National Aeronautics and Space Administration
(NASA), began to purchase specialized hardware that
could support NASA's software for Landsat data proc-
essing.

With the publishing of lan McHarg’s book Design
With Nature, 1 State and local governments began ap-
plying multiple data sources and multiple disciplinary
approaches to resource analysis. McHarg advocated
the use of hand-drawn overlays depicting a particular
element (as defined by a particular specialist) affecting
the suitability of area for a particular use. This overlay
system, McHarg recognized, would eventually be com-
puter-assisted. Shortly after, Carl Steinitz and his as-
sociates (Harvard Graduate School of Design) began
to develop an automated ‘“geographic information sys-
tem” (GIS) to manipulate data geographically refer-
enced to a position on the Earth’s surface. Steinitz and
his associates developed the first widely accepted
geographic information systems software —IMGRID.
Data elements used in IMGRID software are the data
equivalent of the picture element of Landsat data
(pixel): * attributes could be assigned to grid positions
(X, Y coordinates) or cells, with each cell representing
specific areas of the surface. Because both Landsat
processing systems and IMGRID use computerized dig-
ital storage and manipulation techniques, it is possi-
ble to link the two systems by computer to perform
rapid analysis.

‘lan McHarg, Design With Nature (Garden cCity, N.Y Natural History
Press, 1969)
* Each pixel covers an area on the ground of about 1.2 acres
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In particular, it is possible to present to the user mul-
tiple solutions to a resource management question
based on values specified by the user. GIS technology
blossomed in the late 1970’s; these GIS software pack-
ages were made available to the States at little or no
cost .

Several small companies started up which used the
same technology, but modified the software to suit
particular markets—primarily energy development. A
few private firms added Landsat data-processing soft-
ware to their systems, but most relied on users to ob-
tain their own Landsat data. The applicability of Land-
sat data to resource management is now clear: many
States accepted the startup expense associated with
processing Landsat data because they were to obtain
final products that could assist in managing their lim-
ited resources.

Currently, about 19 States have developed geo-
graphic information systems (table B-I). Not all of
these systems have direct Landsat data-processing ca-
pability, but most do utilize Landsat data in some
form. These geographic information systems are, for
the most part, less than 3 years old; they were devel-
oped in response to pressures for increased efficiency
and the recognized need to develop an information net-
work among State agencies. Texas and Minnesota
have systems which have been in existence for more
than 10 years.

State agencies have approached the development of
State systems in two ways. The first, and less suc-
cessful, scheme has been to spend millions of dollars
on hardware, software, and staff. The aim was to es-
tablish a very large, technically sophisticated system
to serve all users for digital data, satellite data proc-

Table B-1 .—State Landsat Data Users With
Geographic Information Systems

Alabama Montana
Alaska Nebraska
Arizona New Jersey
Florida North Carolina
lowa New Mexico
Kentucky Ohio
Louisiana South Carolina
Maryland Texas
Minnesota Virginia
Mississippi

SOURCE This listing snot comprehensive and does not Include reference to
the several universities which support State systems
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essing, resource management, and analysis. Because
they are costly and unwieldly, these systems produced
both users and strong opponents within State govern-
ments; about half have fallen into disuse and current-
ly are not operational or are severely underutilized.

The second approach has been one of a very meas-
ured growth, with systems acquisition and staff de-
velopment based totally on user demand for projects
which could utilize Landsat and GIS technologies. The
systems that have evolved from the second approach,
while smaller and much less sophisticated, are the most
stable and are beginning to grow larger as demand for
them increases.

Landsat Data and the Decisionmaking
Process in Mississippi

The Mississippi Automated Resource Information
System (MARIS) was created by Executive Order 459,
signed by Gov. William F. Winter in May 1983. Mis-
sissippi had joined with other States in developing a
broadl based system for acquiring, storing, analyz-
ing, and disseminating cultural and natural resource
data.

Much earlier, in 1970, a group of 10 State agencies
had met with NASA officials from the Earth Resources
Laboratory located at Bay St. Louis, Miss., to obtain
NASA'’s help in developing statewide land-use maps
based on aerial photography. Participants at that
meeting agreed that the State would provide interpre-
tation of aerial photography, and that NASA would
provide the aircraft from which the aerial photography
would be obtained.

NASA supplied 1:120,000 color infrared photos
which the Mississippi Research and Development
Center enlarged to 1:24,000 and printed in black and
white. U.S. Geological Survey quadrangle sheets were
used as geographic reference control. These photos
were manually interpreted by the R&D center and par-
ticipating agencies’ staff using the Anderson Classifica-
tion System employing 51 categories of land use. The
training and quality control were provided by the
R&D center and a Lockheed consultant.

The project produced 1,440 manually interpreted
photos (one per township). These became the statewide
land-use base map. The mapping project, which was
not completed until 1975, ultimately required a com-
bined effort of the 10 sub-State planning and develop-
ment districts, the University of Southern Mississip-
pi, NASA, and the Mississippi Research and Develop-
ment Center.

This photographic data base was completed during
the peak of the U.S. Department of Housing and Ur-
ban Development’s (HUD) 701 Planning Program, a

program that required each of the State’s 10 sub-State
planning districts to produce future county land-use
maps for their multi-county areas. To assist those dis-
tricts in developing future land-use plans, HUD sug-
gested that each sub-State planning and development
district, using the State mapping project’s aerial
photography as a base, prepare overlays depicting
selected factors that would affect future land-use
development. The overlays included 100-year flood
plains, prime agricultural lands, dilapidated housing,
water and sewer districts, areas of ecological concern,
and noise hazards.

The actual use of these hand-drawn overlays met
with marginal success. At that same time, the tradi-
tional approaches to land-use planning were coming
under heavy attack because of the top-down planning
philosophy encouraged by the HUD programs. The
HUD 701 program had failed to educate decision-
makers in dealing with problems associated with
managing the growth they began to face in the late
1960’s and early 1970’s. When Federal funding of plan-
ning activities faded, it appeared that in Mississippi
land-use planning would cease to exist. However, the
problems associated with growth continued to mount,
and the need for land-use planning or, as it began to
be called, “resource management, ” became obvious
even to the most skeptical. If State or local officials
were going to make resource allocation decisions, they
needed understandable and accurate information on
which to base those decisions.

Major advances in the acquisition and manipulation
of land-use related information were made during the
early 1970's, Landsat 1 introduced a new and exciting
data source. Computerized data management systems,
geographic information systems, and Landsat satellite
digital data all became readily available to planners
and resource managers. The problem no longer was
the acquisition and manipulation of data, but how to
introduce the user to the land-use management proc-
ess. The problem now was to generate a “defensible
process” for regional planning or resource manage-
ment.2

At this stage, recognizing the advances in data ac-
quisition and management, many States invested hun-
dreds of thousands and even millions of dollars in
sophisticated computer equipment which gave them
the capability to process these new digital data.
Mississippi, however, did not have the capital avail-
able to purchase one of these sophisticated data man-
agement systems, and, therefore, had simply to ob-
serve the progress of other States. Many of these sys-

‘Carl Steinitz, Defensible Processes for Regional Landscape Design Har-
vard Graduate School of Design Latis voll.No.1, WashingtonD C , 1979
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terns proved to be as much of a disaster as the old HUD
701 Land Use Planning Program. It appeared that the
potential users would not accept and could not deal
with sophisticated methods for managing data ex-
hibited in these systems. A few systems failed and were
closed down completely, and others were underuti-
lized. The ingredient lacking in most States whose sys-
tems had fallen into misuse was a strong user com-
munity properly educated in the use and application
of these new technologies,

To develop a geographically referenced information
system for Mississippi, the system had to be cheap,
and it had to produce products that were immediate-
ly usable by State agencies in fulfilling their mandated
responsibility. In the tradition of Mississippi govern-
ment, the organization would have to be voluntary.
Membership would be only those agencies which could
be convinced that they directly benefited from mem-
bership. Because legislators of the State of Mississippi
sit on the boards of all major State agencies, the legis-
lators must be convinced directly that new systems are
beneficial. Representative Wes Mclngvale, of Bates-
ville, Miss., was the original advocate of automated
systems technologies and information-sharing net-
works in Mississippi. He wished to see the State cen-
tral data-processing computer network heavily used
by State agencies.

The first organizational meeting involved only direc-
tors representing the four agencies that would most
obviously benefit from a new information network. *
These agencies also had been exposed to satellite and
geographic information systems through past projects.
The Mississippi Department of Energy and Transpor-
tation agreed to provide staff support and to house
any specialized hardware. This group, with assistance
from the R&D center staff, prepared a “policy struc-
ture” for the system. The term “policy structure” was
painstakingly selected to describe an organization
which assisted in policy decisions, but did not make
policy decisions. A primary mandate was that this
organization would not become a new agency or level
of bureaucracy. Its purpose would be to reduce the
cost of agency operations and assist all members in
their legislated functions. It would also serve to educate
and inform member agencies about automation. Users
of the system would have the ability to play “what if”
games based on the iterative capabilities of the com-
puter system and multiple data sources. Two new tech-
nologies were to be introduced by the Mississippi Au-
tomated Resource Information System (MARIS)—geo-
graphic information systems and Landsat satellite data.

*Mississippi Department of Natural Resources, Mississippi Department of

Energy and Transportation, Mississippi Research and Development Center,
and Mississippi Department ot Economic Development.

Using these criteria, a consortium of 19 State agen-
cies was formed. It is directed by a policy committee
made up of the agency directors from each of the 19.
The MARIS central staff oversees the operation of the
specialized computer system which serves MARIS
member agencies. This computer is a stand-alone sys-
tem with software that allows for interpretation of
multispectral scanning (MSS) and thematic mapper
(TM) satellite data. The software also includes a
geographic information system.

MSS and TM data provide a quick and reliable
source of historic and current land cover data. When
properly geographically referenced, these data can be
compared with other data concerning topography,
flood hazards, or census. This ability to combine data
and compare and analyze their interactions is of great
value.

Two major functional divisions make up the MARIS
organizations: the MARIS catalog and the MARIS
analytical effort. The MARIS catalog is an interactive
computerized catalog of natural resource and cultural
data. The catalog allows a user with the proper I.D.
to query the State central data-processing records and
ascertain the locations of reports and data stored in
each member agency’s files. The catalog can be
searched by agency, publication title, or key word.
Presently only a description of the document stored
within each member agency files is available. How-
ever, more detailed information and actual data from
the documents will be added next. MARIS can also
be called on to aid in analyzing the data available.

User satisfaction is the key to the MARIS operation.
MARIS is not funded directly in the State’s budget.
It depends on voluntary participation and support
from its member agencies. If MARIS loses the support
of its users, MARIS loses its funding. By supplying user
agencies with data needs, MARIS has begun to build
an impressive data base for Mississippi. The original
aerial photography and overlays mentioned earlier
have now been digitized and added to the State’s geo-
graphic information system. New elements include the
State’s transportation network as classified by the
Highway Department’s standard classifications, ma-
jor and minor watersheds as defined by the Soil Con-
servation Service, Federal and State park lands and
preserved areas, water and sewer districts, 412 soil
types, major population centers, and various inter-
pretive maps based on these elements. Statewide mod-
els of preservation, conservation, and development
suitability have been developed. Each model depicts
the areas least suitable and most suitable for a specified
use. The maps are not future land-use plans. They are
presentations of levels of suitability for a particular
use, and will serve as a policy tool for those agencies
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in State government that deal in development of the
State’s resourccs.

The Mississippi Automated Resource Information
System is unique among Southern States. It uses a
state-of-the-art computer system and an active political
systern which provides support and guidance. The fu-
ture of the system will depend on its ability to pro-f
duce products usable to the consortium members.
Cost, the aspect of MARIS most vulnerable to transfer
of the Landsat system, is a major concern to member
agencies. The MARIS central staff and the specialized
computer system which they manage represent a ma-
jor investment by the State Miississippi,

Projects in Mississippi Using
Landsat Data

Nuclear Waste Storage Disposal Studies

A ste in Perry County, Miss., has been selected as
one of the prime sites for potential development of a
nuclear waste storage disposal site. The unique salt
dome geology of the area possesses many attributes
which appear desirable for such a facility. Mississippi
has acquired Landsat data of the area surrounding the
potential site and will classify these data to produce
land cover maps of the area. Landsat data were found
to be suitable in this study because the study area was
predominantly rural in character, and high-qua lit}
l.andsat data were readily available. The land cover
maps will be merged with other elements stored in the
state's geographic information system to assess the im-
pact of the development of the facility and to assist
in developing a management plan for the area. Other
peripheral studies will include transportation access
studies concentrating on nuclear waste transportation
safety .

Delta Ground Water Studies

Although the Mississippi Delta has traditionally
been the land of cotton, two new crops rice and cat-
fish —-have made substantial gains in recent years. Rice
area has increased to over 300,000 acres, and catfish
farming is currently estimated to consume 60,000 acres
of delta and. Because these new industries are heavy
water users, ground water depletion is now a prob-
lem in the delta, The Mississippi Department of Nat-
ural Resource\ and several Federal agencies were asked
to investigate ground water use and to assess future
alternatives to manage the water resources of this most
critical area.

With the assistance of NASA’s Earth Resources Lab-
oratory and a private consultant, Mississippi acquired
and classified four 1981 scenes (two dates -- July and

September) of Landsat data of the Mississippi Delta.
The product was a map of rice and catfish operations.
These data were then merged into the State geographic
informnation system. The spatial allocation of these
operations affects ground water quantity availablc for
irrigation. The allocation is also dependent on soil
characteristics; clay soils make better field and pond
bottoms than do more porous soils. The occurrcnce
of existing rice and catfish operations can be expected
to be consistent with the’ occurrence of clay soils and
depletion of ground water.

An analysis is now being prepared which matches
future rice and catfish operations to suitable soils in
order to determine existing ground water availabili-
ty. These data will be combined to produce spatial
models of the area’s agricultural and aquacultural
potentials and their eftects on ground water availabili-
ty. Without Landsat satellite data, this study would
have been more expensive™ and could not have been
based on multitemporal coverage of the entire delta
region.

Statewide Land Cover Update

The State has acquired Landsat satellite data cov-
erage for the entire State, which will be used w pro-
duce a statewide land cover element in the existing geo-
graphic information system. This will be the first state-
wide land cover classification since 1 1975, when aerial
photography was used.

Land cover information acquired from the Landsat
satel lite has many advantages over traditionallly ac-
quired data when merged with at statewide geographic
information system. They are consistent in format and
resolution, are digital, and are therefore machine-proc-
essable; the same classification methodologies can be
applied to all elements of the complete data set.

The level of detail acquired from Landsat data can-
not match that of aerial photography. Therefore, the
Landsat data will be grouped into approximately 12
to 15 classes instead of the 51 classes used in the
photographic survey. However, the cost of the 1975
photo project was approximately $450,000. The cost
of the Landsat project will be less than $75,000, which
will be allocated over several projects, The 1983 cost
of repeating the original photographic project would
be over Simillion

“A Cost companison of Landsat data versus aertal photography was pre
pared as a tirst step 1n the data source selection. Although exact tigures are
no longer avaitable, photoyraphy and the required manual photo interpreta-
ton would have added between $40,000 and $50,000 to this $42,000 project
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The Pacific Northwest Project:
A Regional Resource Inventory
Demonstration

In 1975, the Pacific Northwest Regional Commis-
sion, with support from NASA and the U.S. Geologi-
cal Survey, initiated the Land Resources Inventory
project for the application of Landsat data to resource
problems on a regional basis. The project helped in-
troduce new land-monitoring techniques and was a
major Commission activity until its termination in
1980.

The primary objective of the Pacific Northwest proj-
ect was to provide to a wide variety of natural resource
planning and management agencies in Idaho, Oregon,
and Washington, an opportunity to extract, apply, and
evaluate information derived from Landsat multispec-
tral data and other collateral sources. The results of
the project were assessed by the users according to
demonstrated utility and cost; these results formed an
input to future monitoring and planning.

The use of Landsat data for public purposes is most
effective when user needs in a given region are aggre-
gated and the data can be applied to solving a variety
of problems. The Pacific Northwest depends on its for-
ests and irrigated crop lands as well as expanding ur-
ban areas around Puget Sound and inland; collective-
ly, these present a range of informational mapping and
monitoring needs. The project focused on the contribu-
tion to be made by satellite multispectral data modeled
to the peculiarities of the region’s vegetation, soils, and
terrain.

The Pacific Northwest encompasses two major and
contrasting ecoregions. Each is typified by a combina-
tion of climate, soils, and topography radically dif-
ferent from the other. They are sharply separated by
the crest of the Cascades. The western or coastal por-
tion of Washington and Oregon is classified as the
Humid Temperate Domain. It contains the Pacific For-
est and the Columbia Forest provinces. To the east and
south lies the Dry Domain, an area of net water defi-
ciency. This section is further subdivided into the
Palouse Grassland, the Intermountain Sagebrush, and
the Rocky Mountain Forest provinces.

The areas covered are extensive; for example, the
Palouse Grassland covers 12,400 square miles and is
an important wheat producer. The Willamette-Puget
Forest covers 13,000 square miles and is a major sup-
plier of forest products.

Under the aegis of the Pacific Northwest Commis-
sion, some 50 State agencies studied the economics of
using Landsat data in a variety of applications. They
undertook projects covering the major concerns over
forest inventory, wildlife habitat, land cover, irrigated

land inventory, urban areas, toxic weed occurrence,
rangeland resources, reservoir volume, and surface
mining.

A report prepared by the Commission lists examples
of significant results attained on a State-by-State basis.

Idaho

= Idaho Department of Water Resources. —Surveys of
36 million acres of agricultural land were accom-
plished at a cost of $41,646, compared with a cost
of $65,800 by conventional means.

« In a 4-million-acre area along the Snake River, year-
ly increases in irrigated land were recorded and crop
types identified. A multistage statistical analysis in-
corporating Landsat data was developed and inte-
grated into the activities of the ldaho Department
of Natural Resources.

Oregon

* Oregon Fish and Wildlife reported a cost savings of
43 percent using Landsat for habitat inventory.

* Oregon Water Resources Department.—By inter-
state compact, the extent of irrigated farmland along
the Klamath River Basin is reported. The depart-
ment developed a system depending in part on Land-
sat data for monitoring irrigation.

* Oregon Department of Agriculture. —Landsat

digital data were used to identify areas of a noxious
weed, the Tansey Ragwort. Infestations of the weed
cause $3 million to $8 million a year in direct losses
of livestock.
The Department of Transportation, along with
other agencies, used Landsat data to determine the
type and percentage of land cover. They produced
statistical summaries as an aid to zoning and pollu-
tion control. The department adopted the method
for continuing use.

Washington

Washington Department of Natural Resources.—
An estimated cost saving of 48 percent was achieved
in a forest inventory covering over 13 million acres.
A timber volume inventory was conducted in west-
ern Washington involving analysis of data from 20
million acres. The resulting information was used
in State productivity studies and the technique was
adopted and expanded by the Washington Depart-
ment of Natural Resources.

Central Puget Sound, a multiagency organization,
incorporated Landsat data into urban planning in
an 8,000-square-mile area. It used the results in
transportation planning and water and air quality
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studies. A new computerized data base was prepared

and put into use by the city of Tacoma.

Governor Straub of Oregon, State cochairman of
the three-state project, concluded in a letter to the Ad-
ministrator of NASA that Landsat has provided a new,
more effective and less costl source of management
data. He emphasized that the involvement of a “critical
mass” of individual agency participants is prerequisite
to proving the overall value of Landsat data on a State
regional basis. He further stated that “the acquisition
of equipment and changeover to a new data base can
bean expensive proposition” and that “the most critical
element is continuity of data. Without assurance of
continuity, States cannot accept the risks of utilizing
Landsat data as a primary too] ."”

In a letter to the Chairman, Office of Science and
Technology Policy (OSTP) of the White House, the
chairman of the Pacific Northwest project’s Technol-
ogy Transfer Task Force commented on remote-sen-
sing capabilities demonstrated in the Pacific North-
west. He said that much of the information derived
is being used for remote areas where data were previ-
ously unavailable. The letter noted the uniqueness of
the Landsat system to provide frequent coverage which
" . establishes a historical record of the changes and
transit ions.” He pointed out that from fiscal year 1975
through fiscal year 1979, roughly $6.5 million was
committed by participating agencies— Federal, State,
and local. As a result of the success of the initial 3-year
demonstration, a follow-on Landsat applications pro--
gram was approved which provided for- a larger share
of funding by local participants. The States began the
purchase of software as well as arranging access to ma-
jor hardware systems for the exploitation of the data
on a continuing basis.

Following several years of experience with remote-
sensing systems, the Commission stated, “It is our
strong belief that the Federal Governrment should con-
tinue to be responsible for Landsat research and de-
velopment as well as Land sat data at the Federal level.
The burden of analysis belongs at the State and local
level with the agencies and communities that will apply
the data in their planning and management decision-
making process. “

In the course of about 5 years, project leaders made
a number of management decisions. Partly in view of
the unknown or unresolved future of the Landsat ser-
ies, the States determined that rather than set up a
single regional data center, each would be responsi-
ble for its own data handling and processing schemes.
Considerable Landsat data are now stored in various

“letter trom (Lovernor Straub of Oregon State ¢ochairman of the t hree
State project, t o NASA Adminict rat1on 1079
dTettertrom W oallact FHedrickto OS T 1" May 5 1 978

computer banks in the region. However, the abolition
of the Commission in 1980 removed a key coordinat-
ing body. Although many of the original participants
continue to exchange data and to interact with one
another through professional meetings and on a col-
legial basis, an essential part of the cooperative pro-
gram now is absent. Nevertheless, as a direct result
of the demonstration project, the States involved have
acquired the improved capability to perform digital
analysis and manipulation of Landsat and other geo-
referenced data on State computers. This operational
capability, to greater or lesser degree, continues to be
employed as funds and availability of data permit.

Effects of Private Ownership
on Use of Landsat Data

At a conference on natural resource inventory meth-
ods held in Corvallis, Oreg., in August 1983, three of
the leading participants in the Pacific Northwest proj-
ect were asked to react to the proposed transfer of
Landsat to private ownership. They expressed the fol-
lowing concerns:

® Cost. —The profit incentive may raise costs to lev-

els unacceptable to State managers.

® Data Continuity.— If the l.andsat program should

not prove sufficiently profitable, it might become
only seasonally active or be abandoned alto-
gether.

® Uncertainy. —The private sector is not account-

able to the users in the sense that public agencies
are; therefore, there could be a relaxation of qual-
it y control and service.

® Monopoly. - Private sector monopoly could

mean less incentive to improve service and keep
costs down.
® Prioritization. —Data availability may become
restricted and preference shown to those parties
who can afford to pay the highest prices to receive
data or to reserve time of limited transmission
and /Zor processing capabilities.
® Data Archive. —A private sector operator may
choose only to collect, process, and store those
data that have been requested and paid for.
Therefore, data of less productive, remote areas
may go uncovered and historic data for many re-
gions may become unavailable or nonretrievable.

® Support Photography,—The private sector
operator would not be motivated to provide an-
cillary support to Landsat projects by such things
as U-2 underflights and ground checking.

® Data Processing. —The private sector might not

choose to put in the time and dollars necessary
for cleaning up and processing the data as is cur-



120

rently done. Alternatively, the operator might not
do it as well or might charge extra.

.Data Inquiry. —The present free search and in-
quiry service, considered a public service, might
become unavailable or available only at a price.

. Data Restriction. —The distribution of data may
no longer be on a nondiscriminatory basis, but
instead may either be made available to the first
party to order or subjected to a price bidding
where the part y that can pay the most will reserve
data and processing time.

.Landsat Data Users Notes. —The Government
publication describing Landsat activities may
stop .

. Research. —Many research and application dem-

onstration projects now occurring at government
and other public facilities may stop or else only
continue with a charge for the findings. Research
might not be conducted with complete objectivi-
ty if the end is to support market development.

. Technology Feedback. —-Linkages with universi-

ty and other research facilities are beneficial for
learning new technological approaches and re-
quire free give-and-take and feedback. Such an
arrangement might not be possible for a private
operator.



Appendix C

Survey of University Programs in
Remote Sensing Funded Under Grants
From the NASA University-Space

Application Program’

Summary Conclusions

All of the programs surveyed have attained some
level of State / local involvement. One program has
worked in projects with 39 State agencies, maintains
regular contact with 74 others, and has 150 other
contacts that can be drawn upon as needed. Such
involvement depends on seed money to demonstrate
applications before State /local agencies will provide
funding.

NASA grant funding has reduced the time which
would otherwise be expected for State/local govern-
ments to become operational users of remote sens-
ing. NASA grants are the base which assists and sup-
ports university programs to demonstrate proven
applications to first-time users. The States will
generally not support development/demonstration
programs.

State governments are beginning to use remote-
sensing technology and capabilities in operational
areas. Capabilities have, in general, not been institu-
tionalized in the sense that many programs would
not continue if NASA seed support were withdrawn.
About 9 percent of the total funding in 1977 was
from State and local sources. Estimates for prior
years indicate that State funding is accelerating as
remote-sensing applications are beginning to be ap-
plied in State and local programs. In many pro-

'l A Madigan and R W Earhart. NASA contract No NASw-2800, task
No 27 Battelle Columbus Laboratories report No BCL-OA-TFR-78- 3 Mar
31 1978

25-3v O - 8 - 9 : Q 1, 3

grams, significant nonfinancial support is con-
tributed by the university (faculty and graduate
research assistants), and by State/local agencies
working with the university.

Total funding for the university programs surveyed
has grown approximately 50 percent since 1974. A
large part of non-NASA funding comes from Federal
sources to develop applications which also interest
State, local, and private users. NASA grant funds
have been an important stimulus to attracting non-
NASA Federal funds.

The programs are adaptive to the expressed interests
of State/local governments. The distribution of ap-
plication areas and specific expertise developed
reflects State/local interests and funding patterns.
State/local participation is dependent on the ap-
plicability of remote sensing to near-term problems.
University participation in remote-sensing is large
and growing. Some universities offer several courses
in specific remote-sensing disciplines. Overall, dur-
ing 1977, 137 courses were taught to a total of 2,906
students; 195 faculty members and 393 research
assistants were involved in the research projects.
Sixty-five percent of the programs have minor
private sector involvement, which ranges from
geoexploration assistance for the major oil com-
panies to rangeland productivity y projects with local
ranchers.

Twenty-five percent of the programs have foreign
involvement. The University of Utah, for example,
has a $150,000 land-use project with the Govern-
ment of Korea.
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Program
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Figure C-2.— Students and Courses in University Remote Sensing Programs
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Figure C-3.— Faculty and Research Assistants in University Remote Sensing Programs
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Figure C-4.— University Programs: Major Applications of Remote Sensing
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In the late 1960’s, work began on aircraft and space
remote multispectral sensing systems for agricultural
applications. The Laboratory for Application of Re-
mote Sensing (LARS) at Purdue University did much
of this initial work and showed how to use data from
multispectral sensors to classify major agricultural
crops.

The corn blight watch experiment in 1971 demon-
strated that a single crop —i. e., corn—could be iden-
tified by multispectral techniques and that variations
in crop health —e. g., blight infection—could be
mapped with multispectral data. The corn blight pro-
gram showed the validity of the concept using aircraft,
but it took experiments on Apollo 9 to demonstrate’
that crops could be recognized and mapped from
space.

Early experiments conducted with Landsat over a
series of test sites—e, g., the joint U.S. Department of
Agriculture (USDA) /Canada spring wheat program’—
showed clearly that Landsat data could provide useful
information, though their ability to separate similar
crops like spring barley and wheat was limited.

The National Aeronautics and Space Administra-
tion’s (NASA) LACIE (Large Area Crop Inventory Ex-
periment) “was designed to extend the early wheat test
results to other wheat areas of the world. While suc-
cess was claimed for the LACIE program, it is clear
that major questions remained about the ability of
Landsat data to discriminate between crops and about
the negative effects of extensive cloud cover. These
problems: 1) reduced the effectiveness of the system
to assess crop area, a major objective of LACIE; and
2) severely limited the ability to use satellite data dur-
ing the growing season.

The results of the U.S. /Canadian spring wheat ex-
periment led to two conclusions, that: 1) Landsat data
are at their best when used to assess the stress condi-
tions of the agricultural system, and 2) a system was
needed to allow daily computer simulation of the agri-

« Remote Multispectral Sensing in Agriculture, ” Bulletin 844, Laboratory
tor Application ot Remote Sensing (LARS), Purdue University, vol. 3, An
nual Report, September 1968.

“CornBlight Watch Experiment Final Report, Experimental Results, *
NASA S[’-353, 1974

' ‘Crop Surveys FromMultiband Satellite Photography Using Digital Tech-
niques, ” LARS Information Note 032371, Purdue University, 1971

* An Investigation of the Feasibility of Developing a Semi-Automated Sys-
tem for Monitoring Spring Wheat Production, ” prepared for the USDA
(A. CS), contract No 123341024, May 1974, by Earth Satellite Corp, Wash-
ington, D.C

* “The large Area Crop Inventory Experiment (LACIE),in Proceedings
of the NASA Earth Resource Survey TM X-58168 JSC 09930, June 1975,
Houston, Tex

126

Appendix

cultural scene using basic modeling of soils, precipita-
tion, solar radiations, and plants.

These conclusions implied that it was possible to de-
velop a cost-effective crop assessment system. Such a
system should reduce concentration on crop area map-
ping during the year in question from Landsat, and
emphasize instead crop yield relationships inherent in
the crop stress information available from the Land-
sat spectral data. A crop simulation system (conclu-
sion 2) would provide the framework in which to use
the Landsat crop stress information as well as provide
useful crop assessments when clouds obscured the field
of view.

Development of the crop simulation system, initi-
ated in 1973, °concentrated on the use of the meteoro-
logical satellite data to overcome the limitations of
ground meteorological reporting stations. This ap-
proach had the distinct advantage of offering the
potential of a near continuum of the meteorological
data needed to run plant simulation models. The sys-
tem was first tested in Iran; "later tests were made in
the United States under the NASA LACIE programs.
The results showed the metsat-based simulation sys-
tem to be sound, but in need of further development.

In “1976, another test of the system was run to test
the ability of the system to assimilate Landsat crop
condition information and thereby improve yield esti-
mates; it showed that Landsat crop condition data did
improve when yield estimates made by meteorologi-
cally derived yield simulation models were added,

In 1977, Earth Satellite Corp., a value-added com-
pany, placed the Landsat/metsat conjoint simulation
system in commercial operation over various areas of
the world. This value-added system, called CROP-

CASTTM now covers over 12 “different crops in 12
countries.

Landsat Data Uses

Landsat data today offer opportunities to provide
the following useful data to agricultural assessments:
- spatial distribution of potential crop yield classes
in three to six unique categories;
spatial location of winter kill in winter wheat
areas of the world,;
area of irrigation in a crop area;

“’Iran Agriculture Program Evaluation of Techniques and Procedures, ”
prepared for the Ministry of Agriculture Iran, Interim Report lune-October
1974 Earth Satellite Corp., Washington, Dc

"CROPCAST Crop Reports, ” vol 5, tssue 15, Aug 15, 1982, continuing
series of CROP Reports, prepared by Earth Satellite Corp
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areas of abandonment —i. e., planted fields that
are not harvested because of low yield or other
reasons;

replanting areas—i .e., areas where another crop
is sown in the spring following losses to a winter
crop;

soil moisture distributions at planting times;
snow cover and perhaps depth assessments;

- winter wheat crop area at spring green-up; and

- flood area mapping and crop damage assessment.
USDA started using some of these Landsat-derived
data on a routine basis in 1980. CROPCAST ™intro-
duced some of the Landsat data in 1977 and expanded
their use in 1983, after negotiating a program with the
Swedish Space Corp. in Stockholm to provide near-
real-time Landsat analyses directly from the Swedish
Landsat station at Kiruna. The Swedish analyses pro-
vide Landsat data to CROPCAST™in 4 to 5 days
after acquisition. This compares favorably with the
scales of 4 to 5 weeks for the USDA Foreign Agricul-
ture Service operation in Houston.

In addition to the highly dynamic, real-time applica-
tions discussed above, Landsat data are used in vari-
ous other ways to assist with agricultural problems:

.soil maps are prepared over areas that have

limited conventional soils data,

. Landsat data are used in the design of a crop area

sample survey design, and

.irrigation potential can be mapped using Land-

sat data.

Specific Examples of Key Landsat
Information Applications

Operational use of Landsat data in agriculture
centers primarily on the delineation of stress and ir-
rigation potential. Some recent examples drawn from
CROPCASTTMoperatlons include:

The 1983 delineation of drought stress in the
Odessa region of the U.S.S.R. The meteorologi-
cal models indicated dry conditions and stressed
plants, but Landsat provided positive evidence
that this was true.

+ The 1983 confirmation of drought stress in
Rumania and other Eastern Europe areas.

+ The 1980 delineation of the drought stress in soy-
bean areas on the west side of the Mississippi in
Arkansas. The meteorological system had in-
dicated general problems, but Landsat data pro-
vided a detailed inventor, of the stressed fields.
In 1981, China was undergoing drought in the Bej-
ing area, The meteorological models and ground
reports of drought conflicted because of the ex-
tensive use of irrigation in the area. Landsat data

ordered from the Japanese ground station pro-
vided verification of a serious decline in the ir-
rigation reservoirs and the existence of some crop
stress.
These few examples show the value of Landsat data
to confirm, and thus to add confidence to, agricultural
assessment worldwide.

Meteorological Satellite Data Uses

Meteorological satellite data from both geosyn-
chronous and polar orbiters are used routinely in the
CROPCAST ™ Agricultural Simulation System. The
AgRISTARS program also includes plans to use them
on a routine basis because they provide a quantitative
source of precipitation estimates for many value-added
meteorological services in the United States and
overseas.

In the current CROPCAST™system and in the
planned AgRISTAR in 1986, the data from the geosyn-
chronous meteorological satellite from the United
States, the European Space Agency, and the Japanese
provide a primary input to a global analysis of rain-
fall and solar radiation—key factors in plant simula-
tion models.

The manipulation and analysis of metsat data by
Earth Satellite Corp. provides a useful example of how
value is added to primary satellite data. Data from the
U. S., Japanese, and European metsats are delivered to
Earth Satellite’s offices via the National Oceanic and
Atmospheric Administration (NOAA) and NASA fa-
cilities. Earth Satellite takes facsimile photographs re-
ceived over this system, converts them to digital form
and enters them into a common grid system with vari-
ous other kinds of data. After processing by computer
models, analyses of soil moisture, plant growth, stress,
yield, etc., are produced. The spatial resolution of
these analyses, obtained with the use of the satellite
data, is unobtainable in any other way.

Data from the polar-orbiting NOAA satellites* are
used in the CROPCAST™ (and will be used in future
AgRISTARS programs) in two ways; one is to sup-
plement the geosynchronous data at latitudes above
about 50° N and S, the other is to make use of the
resolution (1 km) and spectral capabilities of the polar
orbiters to map vegetation, flooded lands, and snow
cover.

The ability to map vegetation is made possible by
sensors operating at wavelengths of 500 to 700
nanometers and 800 to 1,200 nanometers. These spec-
tral bands measure the level of plant reflectance in the
red and infrared parts of the spectrum in the same way

‘ From the automatic very h]gh-resolution radiometer t AVHRR)
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that the Landsat multispectral data are used. The I-km

resolution will only resolve large fields, but the spec-

tral capability provides excellent delineations of vege-
tation stress over large areas.

The low-resolution, low-cost data from the polar or-
biters have many advantages in comparison with
higher resolution Landsat data; among them are daily
coverage and broad area vegetation condition map-
ping. These attributes make the data very attractive
to customers of value-added services, to the future
USDA AgRISTARS program, and to the U.N, Locust
Program. The following examples illustrate some ac-
tual uses of these data by CROPCAST™since 1980.
.The U.S.S.R. coverage by Landsat is limited to the

western half. In 1982, polar-orbiter data were used

to map crop stress in the U.S.S.R. spring wheat belt,
and thereby accurately to assess yield.

.In 1973, drought and fires dotted the cacoa areas
of west Africa. CROPCAST™used these data to
delineate the drought area and to estimate the loca-
tion and extent of the damaging fires.

.In 1980, polar-orbiter vegetation analyses were used
to map the extent of the drought in the United
States.

.In 1981, 1982, and 1983, polar-orbiter vegetation
analyses were used to assist in assessing sugar beet
yields in the European Community and the U.S.S.R.

In the foregoing examples, the use of only polar-orbiter

data was discussed; however, conjoining data from the

metsat and Landsat systems leads to cost-effective
ways to use these data in agricultural assessments.

Conjoint Applications of Landsat and
AVHRR Meteorological Satellite Data

Landsat data by themselves have some significant
limitations—e.g., the satellite views the same point on
the ground at intervals of only 16 days, thereby reduc-
ing the data’s potential to monitor short-term changes
in crop condition and other factors. On the other hand,
Landsat data offer higher resolution. Although polar-
orbiter data possess lower resolution (1 km at best)
the satellite views the same area once per day, in
daylight, and once per night.

Conjoining data from both the Landsat system and
AVHRR offers improved confidence in delineating
vegetation stress because Landsat data provide calibra-
tion samples on which to “tune” the AVHRR data.
Tests conducted by Earth Satellite Corp. indicate that
AVHRR data used in this way over the U.S.S.R. can
provide accurate crop stress information at a cost sig-
nificantly less than that obtained from Landsat alone.
The data are also available more reliably because the
daily passes allow cloud screening not possible with
Landsat.

NOAA polar-orbiter data will be used more and
more in agriculture as users learn how to acquire and
process the data. Data from Landsat, SPOT, or other
higher resolution satellite systems will continue to be
important for calibrating these data.



Appendix E

Hydrology

Meteorological Satellite Data

The river and flood forecasting service of the Na-
tional Weather Service (NWS) produces more than
400,000 forecasts annually for about 2,500 riverside
communities from its 13 River Forecast Centers. 'The
NWS, the U.S. Army Corps of Engineers, and the U.S.
Geological Survey operate thousands of river gages
that transmit data via the geostationary meteorologi-
cal satellite (GOES) to central sites for near-real-time
analysis. Transmission via satellite solves the common
problem of interrupted service during floods. All these
agencies, as well as local and regional water authori-
ties, are continually expanding their use of satellite
transmission of data.

For the past 10 years the metsats have been used for
mapping the areal extent of snow in river basins in the
Pacific Northwest and California to improve river
forecasts on the Columbia River and the rivers drain-
ing the Sierra Nevada. Rainfall estimates from con-
vective storms and hurricanes are now routinely done
by the National Environmental Satellite Data Infor-
mation Service (NESDIS) at the National Oceanic and
Atmospheric Administration (NOAA). They draw
heavily on the satellite measurement of cloud-top
temperatures and the rate of growth of cumulonim-
bus clouds from the half-hourly images taken by the
GOES satellite.

Another important unknown in the hydrologic cy-
cle is soil moisture, which controls the amount of
precipitation that will form storm runoff. Some ther-
mal infrared experiments indicate that this technique
has promise, but no operational soil moisture estima-
tions are currently being made.

Flood mapping from both NOAA polar-orbiting
and geostationary satellite imagery and data has been
demonstrated under cloud-free conditions on large
rivers such as the Mississippi, and on smaller rivers
with wide flood plains such as the Red River of the
North (North Dakota and Minnesota) and the Ken-
tucky River. The daily coverage of the metsats pro-
vides opportunities to map the progress of the flood
as it moves across a large basin drainage system. The
thermal infrared channels permit nighttime flood

mapping.

‘R A Clark satellite Applicationsin River and Flood Forecasting, * in
Satellite Hydrology M Deutsch D R. Wiesnet, and A Rango feds ) Pro-
ceedings of the 5th Annual W T Pecora Memorial Symposium on Remate
Sensing 1979, Sioux Falls, S Dak , 1981, pp 6-8
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Several new hydrologic models for basins that have
substantial snowmelt contributions have been devel-
oped to use the new snow-area data made available
by satellites.

The AQRISTARS program of the Department of
Agriculture includes a large amount of hydrologic data
derived from NOAA satellites. Hydrologic require-
ments are integrated into almost all sub areas of the
program:

.early warning and crop condition assessment,

.commodity production forecasts,

Z renewable resources inventory and assessment,

.land-use classification and measurement,

. land-productivity estimates,

.conservation practices assessment, and

. pollution detection and impact evaluation.

Some of the hydrologic information developed from
metsat data under the AgRISTARS program involved:
flood damage assessment, warning of the onset of
drought, soil-moisture modeling, rainfall, solar radia-
tion, vegetation indices, land-use changes, and snow-
pack characteristics.

NOAA has used satellite data to provide evapora-
tion estimates for Lake Ontario, to detect ice dams on
rivers and ice conditions on the Great Lakes, and to
determine the best ship routes on the Great Lakes.

NESDIS routinely prepares thermal maps of the
Great Lakes. In addition it is able to detect coastal cir-
culation patterns at river mouths, estuaries, lakes, and
bays using the thermal infrared channels.

In sparsely settled Canada, the use of metsat data
has been widespread. Snow cover mapping, freezeup,
and ice breakup on large lakes, flooding, and telemetry
of hydrologic data are common applications; because
of the vastness and remoteness of much of the North-
west Territory, use of the data is increasing in popu-
larity. The Atmospheric Environment Service, the
Canadian Centre for Remote Sensing, and the vari-
ous Provinces are heavily involved in these hydrologic
applications.

Metsat data (channels 1 and 2) are also used to pro-
duce vegetation indices. The Goddard Space Flight
Center of the National Aeronautics and Space Admin-
istration (NASA) has prepared a series of computer-
enhanced images of Africa showing by color the
vegetation of the country. NOAA/NESDIS now pro-
duce vegetation index maps of both the Northern and
Southern Hemispheres on a weekly basis (see figures
in app. H).
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In Bolivia, GOES data have been used to determine
convective storm characteristics in small- or medium-
sized basins for the design of dams or other water-
resource engineering development. Cloud indexing
techniques have improved rainfall estimates in north-
west Africa in connection with a desert locust control
survey sponsored by the U.N. Food and Agricultural
Organization.’

Snowpack can be routinely mapped with the I-km
resolution Advanced High Resolution Radiometer.
Tests in California have shown that these measure-
ments are equivalent in accuracy to traditional aircraft
survey techniques. ° Snow inventory and runoff fore-
casting in Norway have been done largely through
NOAA polar-orbiting satellite imagery, with effective
cost savings resulting from improved water-power
management.4

Although the U.S. Agency for International Devel-
opment (AID) has been the lead Federal agency in
transferring the technology of remote-sensing to
developing countries, it has commonly emphasized
Landsat data rather than metsat data. NOAA has run
training sessions for a wide variety of scientists and
engineers at its U.S. facilities to assist in remote-sensing
technology transfer as it pertains to the metsats. Much
of this work has been financed by international and
AID programs. NASA and the U.S. Geological Sur-
vey have also engaged in international on-the-job
training for foreign nationals.

Landsat Data

Landsat investigations over the decade have proven
the ability of the Landsat system to map floods, snow
cover, and ice cover; delineate surface permeability;
etc. Used together with meteorological satellite data,
they offer a formidable resource survey tool:

.In 1973, some of the most disastrous flooding on
the Mississippi River in recent years was mapped
with Landsat, vividly delineating the extent of in-
undation over large parts of a major river basins

E.c. Barrett, “Satellite Rainfall Estimation by Cloud Indexing Methods
for Desert Locust Survey and Control, “in Satellite Hydrology, m. Deutsch,
D. R. Wiesnet, and A. Rango(eds. ), Proceedings of the 5th Annual W T
Pecora Memorial Symposium on Remote Sensing, 1979, Sioux Falls, S.Dak,,
1981, pp. 92-100.

3D.Wiesnet and D McGinnis, “Hydrological Application of the NOAA-2
Very High Resolution Radiometer, ” in Remote Sensing and Water Manage-
ment, Proceeding No. 17, American Water Resources Association, June 1973

“G.Ostrem. T. Andersen, and H Odegaard, “Operational Use of Satellite
Data for Snow Inventory and Runoff Forecast, ™ in Satellite Hydrology, M
Deutsch, D. R Wiesnet, and A.Rango (eds. ), Proceedings of the 5th An-
nual W. T. Pecora Memorial Symposium on Remote Sensing, 1979, Sioux
Falls, S. Dak, 1981, pp. 230-234.

‘M. Deutsch, F H. Ruggles, P Guss, and E. Yost, “Mapping of the 1973
Mississippi River Floods From the Earth Resources Technology Satellite
(ERTS).~in Remote Sensing and Water Management, Proceeding No 17,
American Water Resources Association, June 1973

- Snow pack extent was mapped in California using
Landsat data, resulting in reduced errors in stream
flow forecasts. ’

- Landsat data have been effectively used in South
Dakota to model soil erosion. Landsat’s unique
contribution was in delineating land cover in the
basin. ’

- Landsat data have been used to enforce water
pollution regulations. In this case they provided
the extent of pollution and turbidity levels at a
plume in Lake Champlain; these data were used
in a court case against a New York papermill.

These examples are only a small sample of the total

applications of Landsat data to hydrology. The limita-
tions of the Landsat system in its applications to
hydrology are similar to those in agriculture: timely
coverage may not be available because of the 16-day
repeat cycle. Part of this limitation can be overcome
by using meteorological satellite data.

Conjoint Applications of Landsat and
NOAA Polar-Orbiting Data

Used together, Landsat and NOAA polar-orbiter
data offer a formidable resource survey tool. As in ap-
plications to agriculture, the role of Landsat data is
to calibrate the more frequently gathered but poorer
resolution meteorological satellite data. Some specific
examples include:

- Use of Landsat data to calibrate the snow/no
snow boundary. Once a reflectance value has
been calibrated defining the reflectance of the
snow boundary, then the NOAA polar-orbiter
data can be used with high accuracy to map the
snow boundary at less cost with greater
frequency.

- The same rationale outlined for snow mapping
works for flooding-i .e., Landsat spectral data—
can be used to define a signature for flood-dam-
aged vegetation and actual water areas where veg-
etation may be seen through the water. Once cal-
ibrated with the Landsat data, polar-orbiter spec-
tral data can be applied to map the flood bound-
aries.

- Land cover and deforestation which may influ-
ence a watershed runoff can be mapped using the

*A.Rango and P.O'Neill, “Effective Watershed Management Using Remote
Sensing Technology, ” in Remote Sensing for Resource Management, Soil Con-
servation Society of America, Ankeny, lowa, 1982.

‘B. J. Ripple and S Miller, “Remote Sensing and Computer Modeling for
Water Quality Planning in South Dakota, ” in Remote Sensing for Resource
hlanagement, Soil Conservation Society of America, Ankeny, lowa, 1982
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Landsat system, but a calibrated NOAA polar- proved delivery of data sets from the NOAA polar-
orbiter data set can be used at less cost. orbiting metsat and Landsat systems would open the
Clearly the polar-orbiting metsat-Landsat mix of- way for significant increases in the use of such mixes.

fers many advantages that are yet to be applied. Im-



Appendix F
Forestry

Remote-sensing techniques have been widely used
by forestry companies and individual consultants for
many years. The most frequently used type of remote-
ly sensed data are black-and-white panchromatic aerial
photos, usually having a scale of 1:15,840 (i.e., 4
inches = 1 mile). Such photos show a tremendous
amount of detail about the forest and other surface
features; stereo pairs of photos can be used to obtain
information about the species of trees present, number
of trees per acre, area] extent of the forest stands, loca-
tion and characteristics of existing or needed transpor-
tation networks, etc. Although a tremendous amount
of highly useful information can be obtained from aer-
ial photos, much of this information requires imagery
having high levels of spatial detail—individual tree
crowns, topographic characteristics of the terrain, etc.
It is largely for this reason that many people have ques-
tioned the value of Landsat data for meeting informa-
tion needs in forestry, since the ground resolution of
each Landsat pixel is approximately 59 X 79 meters.

However, several different levels of detail are needed
in characterizing or evaluating the forest resource. At
the most detailed level, one must obtain actual meas-
urements in the field from a sample of individual trees
to estimate the merchantable timber volume per acre
in individual stands of timber. On the other end of the
scale, knowledge of the location and extent of forest
stands is also important. It is this type of information
for which Landsat data are of particular value, since
the location and extent of forests can change dramati-
cally over the course of a few years or even from one
year to the next.

In other words, the average rate of growth of indi-
vidual species of trees is known. Once the species com-
position of a specific stand has been determined, the
changes in stand volume can be predicted reasonably
well, barring unforeseen changes due to fire, insects,
or disease. These unforeseen changes, from natural or
human causes, require periodic assessment of the areal
extent of forest lands; this can best be accomplished
quickly and cost effectively by remote sensing. Tradi-
tionally, the forest industry has used aerial photog-
raphy.

In recent years, as the quality of both aerial cameras
and film has improved, and as the capability for
obtaining photos from high-altitude aircraft has been
developed, the use of relatively small-scale (e.g.,
1:120,000) aerial photos has been of interest to forest
industries because of the relative economy of such
photography for many applications.
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For example, in Maine, the Great Northern Timber
Co. uses 1:120,000-scale color infrared photos for a
wide variety of timber land and road network assess-
ments, and for monitoring logging operations (i. e., the
extent and location of clearcut areas). The company
converts the information derived from these aerial
photos into digital form and adds it to a data base
which is part of a highly sophisticated Georeferenced
Information System (GIS). The foresters at Great
Northern are highly interested in the potential of Land-
sat data to supply much of the information they need,
but they have yet not incorporated them into their pro-
cedures because of their concern about the continued
availability of Landsat data in a standardized format,
and the recent very large increases in the cost of the
computer-compatible types (CCTs), If the price for
digital Landsat data rises too high, they will continue
to rely on aerial photography, where the cost of ob-
taining the necessary data and the source of data are
known, predictable factors.

The Southern Timberlands Division of St. Regis
Paper Co. (headquartered in Jacksonville, Fla. ) has
also developed a sophisticated GIS, which is tied into
the corporate computer network. St. Regis foresters
were interested in integrating the data from such a sys-
tem into their forest management operations. Because
some of the early research results appeared promis-
ing, St. Regis submitted a proposal to the National
Aeronautics and Space Administration to evaluate the
use of such data for meeting some of the information
needs of the forest industry. St. Regis asked Purdue
University to work with them on this project.

Researchers set up a three-phase evaluation of the
Landsat data and digital-processing techniques. Phase
I involved a detailed assessment of the benefits and
limitations of using Landsat data to meet operational
information needs of the Southern Timberlands Divi-
sion. Specifically, the division wished to know the ac-
curacy and reliability of identifying coniferous forest
cover, the optimal times of year to obtain Landsat
data, and the accuracy and reliability of acreage
estimates. In addition, it had many questions concern-
ing the procedures for incorporating such data into the
existing resource management system, the cost and
availability of hardware and software for utilizing
Landsat data, personnel and training requirements, etc.
They also wished to know the cost and timeliness as
well as the continued availability of the Landsat data.

When dealing with a new technology such as this,
a myriad of unknowns, both technical and financial,
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must be examined before it becomes reasonably clear
that the technology can meet operational needs for spe-
cific types of information. The results of Phase | indi-
cated that Landsat data and computer analysis tech-
nigues could provide useful input to a Forest Resource
Information System (FRIS)-a computer-based GIS;
approval was given to proceed with Phase 11 and III.

In Phase Il, a computer terminal in Jacksonville was
connected to the main computer at the Laboratory for
Applications of Remote Sensing (LARS), Purdue Uni-
versity, where appropriate data analysis software ex-
isted. The staff at LARS trained St. Regis personnel
in analyzing Landsat data. After St. Regis obtained ad-
ditional equipment to implement completely the St.
Regis FRIS, the “umbilical cord” to Purdue was cut.
During Phase Ill, St. Regis tested and made the entire
system completely operational.

Integrating Landsat remote-sensing technology into
FRIS required St. Regis to spend over $1,300,000 for
hardware and to hire two data specialists (one analyst
and one programmer). However, the company esti-
mated that these costs would be recovered in approx-
imately 8 1/2 years through: 1 ) increased efficiency in
forest mapping, and 2) considerable improvement in
efficiency of field operations. By using Landsat data,
the company was able to identify areas where only
minor changes in the area or condition of the forest
could be better defined, and to assign less field work
to them. This decreased the total amount of field-crew
time required and enabled more effective use of the
field crews in areas where significant changes were
occurring.

The utilization of Landsat data in the FRIS was
described in detail at a symposium held in Jackson-
ville in May 1981, to which key personnel from all of
the forest industries in the country were invited. As
an indication of the widespread interest in the possi-
ble use of Landsat data, all except one of the forest
industry companies sent representatives (usually
senior-level executives) to the symposium. Two differ-
ent types of users can be defined: the larger forestry
companies like St. Regis or Great Northern, who
would develop their own capability to analyze and use
Landsat data, and the smaller companies who would
like to have access to the same type of information,
but cannot afford such an operation themselves. The
smaller companies would be interested in purchasing
value-added services. Companies specializing in analy-
sis of Landsat data as a service to forest industries
might have considerable demand for their products.

To date, however, forestry companies other than
St. Regis have made little progress in incorporating
Landsat data into their information system. Value-
-added companies have not increased their business

with forest companies significantly. The reasons for
this may be varied and complex, but two factors pre-
dominate:

1. There is no commitment by the U.S. Government
or any private group to supply data promptly on
a continuous basis, and forest industries are not
yet ready to modify their entire method of
monitoring the resource base. *

2. Potential users of the data are worried about the
cost of the primary data. As previously indicated,
because of the number of decades required to
grow a crop of trees to merchantable size and the
fact that periodic inventories of the resource base
are necessary, the resources that can be allocated
to any one inventory are minimal. At $200 per
CCT, the cost of the price of digital data was very
reasonable, even when the forested areas of in-
terest involved only a small portion of the area
covered by that particular frame of Landsat data.
However, the announced price of $4,400 per
frame of Landsat 4 thematic mapper data {start-
ing February 1985 ), makes the cost of obtaining
the data a major issue for forestry companies, es-
pecially when there seems to be no indication that
such data costs will stabilize. If the Landsat sys-
tem is transferred, cost increases will remain a
major concern.

It seems clear that the forest industries are not about
to commit themselves to use a data-collection system
such as Landsat unless the long-term implications of
such a commitment are clear, and that the cost, avail-
ability, and utility of the data can justify such a change
in their current methods of obtaining needed informa-
tion.

The forest industry will not begin to use satellite data
on a regular basis until it is assured that they will meet
forestry information needs. Unfortunately, many in-
dividual studies have shown the benefits and limita-
tions of Landsat data, but most of these have been of
a research or a one-time demonstration nature; very
few involved industry-defined operational constraints.
Therefore, there is still a major need for development,
demonstration, and evaluation of the technology
under operational conditions. For instance, in the St.
Regis project, researchers found that wintertime Land-
sat data were superior to spring or summer data be-
cause the primary information need was for stands of
coniferous rather than deciduous forest cover.

As the St. Regis project and other studies have
shown, Landsat data for forestry purposes have con-

* Becauseot annual ¢ v cles of indust ry operat ions the potential tor obtain
ing | andsatdatarathinareasonable time atter 1t s collectedis ot concern
The consistency o1 tormatisalso o1 Conc ern because of the ¢ nsts ot revising
sottw are and hardw are w henev er changesint hetermat of the dataoccu
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siderable potential. The St. Regis project used geomet-
rically rectified Landsat data overlaid onto a landown-
ership map. Areas of coniferous, deciduous, and other
cover types were then identified and these results were
compared with existing cover-type maps to locate
areas where differences existed between the two data
sets. Field crews then concentrated their efforts in these
areas of discrepancy. Landsat data from a second date
were overlaid onto the first data set, and used to deter-
mine the extent of logging and reforestation opera-
tions, and whether the field records agreed with the
results obtained from the first Landsat data set. Areas
in which no significant changes in forest cover oc-
curred were also defined; this led to modifications of
the statistical sampling strategy for field inventories.

Landsat data have been applied to selecting the op-
timum location for a paper pulpmill in relation to the
potential timber supply and transportation network.
Such procedures may also prove effective for locating
potential sources of wood supply for existing mills and
then arranging a mutually beneficial long-term forest
management lease with the owner.

In summary, Landsat data have been or could be
of benefit in monitoring field records and rapid up-

dating of maps, improved efficiency of field opera-
tions, timber supply monitoring, and long-term plan-
ning. It must be emphasized, however, that the effec-
tive use of Landsat data by forest industries involves
developing entirely new information management sys-
tems that integrate Landsat data with many other types
of data obtained from a variety of sources.

The decision to use Landsat data therefore represents
a very major change in the data-collection and infor-
mation analysis techniques of a corporation. In spite
of many potential uses of Landsat data, it is clear that
such satellite data will not entirely replace aerial
photography because the characteristics and informa-
tion content of the two data types are quite different,
each having unique advantages and significant limita-
tions. The key to effective use of Landsat data involves
their appropriate integration with other data. How-
ever, unless concerns over continued data availabili-
ty (in a standardized format that does not change at
frequent intervals), and the future cost and timeliness
of the data are effectively addressed to the satisfac-
tion of corporation executives, many potential users
of Landsat data will continue to use other forms and
sources of data for their information systems.



Appendix G

Monitoring Desertification Processes’

by Landsat

The Landsat remote-sensing system has proven
uniquely effective for measuring and determining
changes in the global landscape. It is particularly ap-
plicable to monitoring and assessing processes that lead
to desertification. About one-third of the Earth’s sur-
face is arid or semi-arid and therefore highly vulnerable
to a variety of degradation processes. Such stresses,
if continued unchecked, may lead to ecological impov-
erishment and, ultimately, to desert-like conditions.

Most commonly, desertification is triggered or in-
tensified by periods of drought, and exacerbated by
poor land-use practices such as rapid land clearing for
agriculture or fuel. As food production becomes more
important, large land areas run the risk of becoming
less and less productive as a result of losing forest. Un-
til recently, attempts to quantify and map the loca-
tions of desertification were based on fragmentary and
highly local data subject to differing interpretation.
Land remote sensing from space could provide the
necessary information to monitor desertification.

The Conference on Desertification, held in Nairobi,
Kenya, in 1977, recognized the need for developing
a means for systematic land assessment. Agencies of
the U.S. Government, especially the Agency for In-
ternational Development and the National Aeronautics
and Space Administration, have since experimented
with using the Landsat system as a primary land
survey tool to monitor desertification.

The global dimensions of desertification are not pre-
cisely known but, by any account, are grave indeed.
Each year, as many as 14 million acres of previously
productive land become barren. Acreage lost to pro-
duction represents a substantial economic loss to the
global economy. One study’estimates $7 billion in
losses from loss of range and pastureland and $9 billion
in lost agricultural production each year. Financial
losses in industrialized countries are paralleled by
adverse human and social consequences in arid lands
of the less developed world.

With the advent of satellite multispectral scanners
(MSS) it has become possible to sweep Earth’s surface

Desertitic,omis the sustained declineand destruction of the biological
pr()du(tivi\y ot dry]ands owing to stress ¢ aused hy humans sometimesin
conpunctionwit h extreme weather or drought

'IIN (onterence on Desertit 1c ation September 1977 Roundup Plan ot
Action and Resolutions New York, 1978

‘Desertitication papers prepared for the Nairobi S, minar onDesertitica
tion Priscilla Reining fed ) Americ an Associationtorthe Advancement ot
Science Washington 1) ¢ | 978

repetitively, depict the scene in pixels about 1 acre
across, determine surface reflectance characteristics in
multiple bandwidths, and process these data rapidly
by computer for interpretation and presentation. Based
on this capability, desertification specialists, meeting
under the international auspices of the U .N. Food and
Agriculture Organization (FAO) and the U.N. Envi-
ronmental Program (UNEP), have concluded that land
condition should be expressed in gradation of geo-
graphical units. ° The objective is to enable land com-
parisons on the basis of vegetation complexes, ecosys-
tems, soil associations, and other qualities amenable
to identification by remote sensing. They have created
models which permit Landsat data to be combined
with meteorological and other data to determine
general conditions over relatively vast and sometimes
remote areas. Use of this new technology presently of-
fers the only economical y feasible method for obtain-
ing synoptic information over wide areas, which is
essential to understanding and controlling desertifi-
cation.

The special properties of the Landsat system which
permit development of a global data base and the
means for accomplishing resource inventory and con-
tinuing monitoring are summarized as follows:

= perspective over a range of selected scales,

.combination of spectral bands for categorization

and identification,

. repetitive coverage under comparable viewing

conditions,

.direct measurement based on one set of reflectance

conditions for a wide area,

. signals suitable for digital storage and subsequent

manipulation, and

. accessibility over remote and difficult terrain and

across political divisions.

With the establishment of baseline conditions it is
possible to monitor the severity, rate, and trends based
on standard sets of indicators (see table G-1 )'The
absence of this type of information in the early 1970’s
contributed to the failure to institute relief measures
in the drought-stricken Sahel region of West Africa

'U.N. Food and Agriculture Organization and U.N. Environmental Pro-
gram (FAO-UNEDP} Expert Meeting on Methodology for Desertitication
Assessment and Mapping. Geneva, May 1979,

“Handbook on Desertification Indicators, compiled by DPriscilla Reining
(ed.), American Association for the Advancement of Science, Washington,
D.C. 1978.
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Table G-1 .—Implementation of Desertification Indicators With Remote Sensing

Detailed

SOIL ‘
1.Mosaiccoloring . . ....... ..
2.Surfaceseals . ......... ... . ..
3. Majorduststorms . .......... ...
4.Sand drift, dunes . ... ... ... L
5. Remobilized dunes. . . ......................
6. Obliteration of field patterns . . . .. ...........
7.5altcrust . ...

Water
1. Falling water tables or increasing saline
ground water (depth or stress on phreatophyte)
2. Abandonment of irrigated lands based on
groundwater . . ........
3. Waterlogging moist ground . . . .. ............
4. Abandoned land in irrigated systems . . . ... ...
5. Surface water changes in extent and duration .
6, Silting ... . ... .. e
7.Turbidity. . .. ...
8. Extension of gully sytems . . .. ..............
9. Regional changes in seasonal limits on
rainfall (climate and water balance) . . . . . . ..

Vegetation:
Changes in cover or perennial vegetation . . . . .
2. Changes in distribution . . . . .. .............
3. Annual vegetation (crops) . . ... ... .. o
4. Denuded areas . ............iiiiiinan..
5.Biomassofcrops. ........ ... ...

Animals:
1. Key species, populations, herd composition
(largeranimals) . . . ....... ... .. ... . ... ..

Land use:

1. Changesinirigation .. ................
.Changesindrylandarea....................
. Proportion of fallow to cropland . . . . . ... ..
. Stressed rangeland areas . . . ...............
. Devegetation of mined areas . . . . . . ... . ..
Ground disturbance around mines . . . . . . ..
. Mine wastedisposal . .. ....................
Deforestation around settlements . e
. Deforestation in relation to sand drift . . . ... ..
. Tourism and recreation (ground disturbance) . .

Change in settlements (new settlements,
expansion of existing settlements, and
abandonment of settlements). . . . ... ... ..

ONOU A WN

e
[N SRENC

Key +can be used
— cannot be used

Notes
Detatied = scale 1 10,000, low.level aircraft

Reconnaissance = scale between 120,000 and 1 100,000 (LandsatTM or SPOT-M LA)

Synoptic = scale 1250,000, satellite (Landsat.MSS)
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SOURCE UNEP, Report of Expert Meeting on Methodology for Desertiflcation Assessment and Mapping
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+ +

daily

annual or longer
annual

annual

— annual

+ + 1

annual
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5 years

++ + + 4
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annual or longer
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until after thousands had died of starvation and many
more had been forced to migrate, a condition that led
to enormous social and political instability in the area.
With U.S. help, several international organizations
are attempting to monitor and understand desertifica-
tion. *A Global Environmental Monitoring System
(GEMS) is being coordinated under the U.N. Earth-
watch Program. FAO has under construction a Global
Information and Early Warning System aimed at miti-
gating the effects of famine around the world. These
systems will not become fully operational until civilian
satellite remote sensing attains greater maturity. Land
and meteorological satellites and a full panoply of
aerial and ground observations will eventually be re-
quired to carry out the objectives of these ambitious
but feasible programs.
The World Weather Watch (WWW) provides an im-
portant input to monitoring desertification through the
Global Observing System (GOS). WWW is a collab-
orative effort by which 145 member nations pool
meteorological capabilities and the data from 8,500
synoptic stations and other sources. GOS acquires data
from both polar-orbiting and geostationary satellites.
In the United States, desertification is a major land
problem for substantial portions of 17 Western States.
The United States and Mexico have made the combat-
ting of desertification in their common arid ecoregions
a major continuing item of technical cooperation, and
have placed particular emphasis on common use of
Landsat imagery. The Department of State has been
responsible for organizing periodic joint meetings of
experts, and has directed U.S. contributions to
monitoring activities.
Within the United States, a humber of agencies and
institutions are active in studying, assessing, and
monitoring desertification processes. Those most
prominent are:
.U.S. Department of Agriculture
— Soil Conservation Service
—National Forest Service

. Department of the Interior
--Bureau of Land Management (BLM)
—Bureau of Indian Affairs

“‘Internat ional Symposium on Remote Sensing of Environment Conterenc e
On Rem oot ¢ Senst ng ot Arid 4 nd Semi-Arid [ ands November 1 98 | Cairo
Egy pt

—U.S. Geological Survey
—Office of Surface Mining
. Department of Commerce
—Climate Change Assessment
—National Weather Service
—National Environmental Satellite System

In April 1982, a comprehensive interagency study
published by BLM reported the status of desertifica-
tion in the United States. ’ It emphasized monitoring
needs and statutes mandating land condition-monitor-
ing projects including:

1. the Soil and Water Resources Conservation Act

of 1977 (RCA), Public Law 95-192;
2. the Forest and Rangeland Renewable Resources
Planning Act of 1974 (RFP); and
3. the Federal Land Policy and Management Act of
1976 (FLPMA).
Collectively, the RCA, RPA, and FLPMA direct in
very specific terms the preparation and maintenance
of continuous resource inventories by the Federal agen-
cies. Congress has further recognized the importance
of effective coordination of the collection and analysis
of natural resources information. One active vehicle
for accomplishing this was provided by the Interagen-
cy Agreement Related to Classifications and Inven-
tories of Natural Resources, which was signed by five
leading land agencies in 1978. It has produced several
standard manuals. The product of a single national
land satellite system, has helped pull together resource
specialists who are addressing different tasks using the
same basic data.

BLM, custodian of 427 million acres of public land,
provides one specific example of response to monitor-
ing requirements. BLM joined with the U.S. Geological
Survey in modeling and categorizing Landsat digital
data for purposes of mapping and describing wildland
vegetation for a large section of the arid southwest.
Strict cost records were kept, and the task was ac-
complished at a favorable rate of $0.07 per acre, in-
cluding labor, computer time, and cost of tapes.

*l; S [department ot the Interior Bureau of I and Management Deserti
t wationinthe U S Sta tus and Issues  Washington D ¢ April 1982



Appendix H

El Nino and Climatic Variations

Periodically, the failure of the Eastern Trade Winds
to develop in the eastern equatorial Pacific causes ab-
normal weather and climate, especially in Peru, as the
Peruvian Current, an upwelling nutrient-rich system,
gives way to a warm easterly flowing current. This
extreme condition is called ElI Nine. Because of its
strength and widespread effects on global weather pat-
terns, the El Nino of 1982-83 has been labeled by some
as the most remarkable climatic event of the cen-
tury.'*® Satellite-derived sea-surface temperatures
will eventually allow scientists to monitor the develop-
ment and extent of the change and lead to better un-
derstanding, and hence predictions, of EI Nino condi-
tions. New techniques of measuring sea-surface tem-
perature from the National Oceanic and Atmospheric
Administrations (NOAA) satellite sensors were inau-
gurated in November 1981 by the National Environ-
mental Satellite Data and Information Service

‘M A Cane, “Oceanographic Events During FINino* Science 222, 1983,
pp 1189-1194.

‘E M Rasmussen and J M Wallace, Meteorological Aspects ot the El
Nino Southern Oscillation.” Science 222, 1983, pp 1195-1202

‘R. T Barber and F. P Chavez, ‘ Biological Consequences otEINino,’
Science 222, 1983 pp. 1203-1210
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(NESDIS), The 1982-83 El Nino began to develop over
the central equatorial Pacific during June and July
1982, but it did not reach the South American coast
until September 1982.

Several excellent NOAA-7 images have enabled de-
lineation of surface thermal patterns off the South
American coast (figs. 5 and 6 in ch. 5). These temper-
ature patterns agree with buoy temperatures and per-
mit an integrated picture of this climatic anomaly.
With extensive monitoring by satellites, bouys and
ships, this, the most significant EI Nino of modern
times, has been documented, studied, and understood
better than any other El Nine.

The 1982-83 El Nino has temporarily destroyed the
lush fishing industr,of Peru, thereby harming the
economy of that nation. It also produced torrential
rains in desert areas, triggering mudslides and floods;
devastated the adobe housing of most of the rural in-
habitants; and generally disrupted transportation. Ab-
normal rains related to EI Nino patterns have also
plagued Central America and California. The circula-
tion patterns producing this EI Nino have extended all
around the world.



Appendix 1

Monitoring Volcanic Activity

Until the catastrophic eruption of Mount St. Helens
in Washington State on May 18, 1980, most Americans
regarded volcanoes as curious geologic features that
affected other countries. The eruptions of Mount St.
Helens have renewed public interest in this spectacular
form of geologic catastrophe.

Within minutes after the initial blast from Mount
St. Helens the geostationary meteorological satellite
(GOES) began recording this awesome event at half-
hourly intervals from 22,000 miles above the Equator
(fig. 1-1 ). A vast plume of ash and smoke rose into the
atmosphere and was carried by the winds for hun-
dreds, even thousands of miles. Each half hour the
progress of the dust veil was recorded by GOES, al-
lowing meteorologists to advise those downwind what
to expect in terms of ash fallout and when it might ar-
rive. Aircraft were rerouted. In fallout areas, local
governments issued advisories. The magnitude of the
blast alerted hydrologists that rivers could change
course, lakes could drain, and floods were both prob-
able and imminent.

Other volcanic eruptions that have been studied by
satellites include the Krafla, Iceland, eruption of
February 1981; the Heckla, Iceland, eruption of April
1982; the Alaid, U. S. S. R,, eruption of 1981; the Gal-
unggung, Indonesia, eruption of July 1982 (fig. 1-2);
and the EI Chichon, Mexico, eruption of April 1982.

The Icelandic eruptions tended to be in the form of
large lava flows, and were best detected by the ther-

mal infrared channels on the National Oceanic and At-
mospheric Administration’s (NOAA) polar orbiter.
The Alaid eruption sent a plume of ash across the
North Pacific for hundreds of kilometers. EI Chichon
sent a plume of sulfur dioxide and hydrogen sulfide
gas high up into the stratosphere, where it girdled the
globe in about 28 days, then spread slowly over all
the Northern Hemisphere in the form of sulfuric acid
droplets. This highly unusual eruption is being moni-
tored carefully all over the world because of its poten-
tial for temporarily altering the climate of the North-
ern Hemisphere. The stratospheric migration of this
atmospheric “cloud” was ingeniously tracked by
NOAA scientists by noting artificial temperature ano-
malies in sea-surface temperatures caused by the at-
tenuation of solar energy by the sulfuric acid aerosols.

Galunggung in southwestern Java has erupted in fits
and starts for years, but it made headlines when its
plume was penetrated by a British passenger airliner
which nearly crashed when hot volcanic dust clogged
its jet engines. Incredibly, the same airliner 6 months
later again was victimized by a Galunggung eruption
and again was nearly incapacitated by volcanic dust.

Aviation authorities are seriously considering a
monitoring scheme using the World Meteorological
Organization’s World Weather Watch satellites to put
out aviation alerts on possible volcanic eruptions based
on satellite imagery.
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Figure .1 .—May 18, 1980, Eruption of Mount St. Helens, Wash., as Recorded by the GOES Satellite, 0845 PDT

SOURCE National Oceanic and Atmospheric Administration
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