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Satellites are being used for military purposes, anti-satellite weapons
have been tested, and partially or fully space-based anti-ballistic
missile systems are under consideration, giving rise to politico-
military controversies.

Questions relating to the future of outer space have been raised
repeatedly at the United Nations and the General Assembly has
expressed concern about the danger posed to all mankind by an arms
race in outer space. The General Assembly also reaffirmed that general
and complete disarmament under effective international control
warrants that outer space shall be used exclusively for peaceful
purposes and that it shall not become an arena for an arms race.2

The goal of UNIDIR has been to identify the different issues relating to
the prevention of an arms race in outer space, that is to say: current
military uses of outer space; the possibilities of further development
of space-related armaments; the implications of those developments;
the nature of the existing legal regime regarding outer space; as well
as proposals put forward by States to prevent an arms race in outer
space. The overall aim is that this research report should be useful as a
reference work, particularly for government officials and diplomats, as
well as for concerned members of the scientific community and the
public.

Recognizing the existence of divergent views on the utilization of outer
space for military purposes, UNIDIR has worked in co-operation with a
group of experts, representing various schools of thought. Those experts
are Alexei Arbatov (Union of Soviet Socialist Republics), Yves Boyer
(France), James Dougherty (United States of America), Sergio de
Queiroz Duarte (Brazil), Rikhi Jaipal (India), Andrei Karkoszka (Poland),
Roberto Garcia-Moritan (Argentina), Boris Maiorsky (Union of Soviet
Socialist Republics), later succeeded by Ednan Agaev (Union of Soviet
Socialist Republics), and Stephan Freiherr von Welck (Federal Republic
of Germany). While these experts were asked to offer guidance and
advice to UNIDIR as to the general outline of the report and to
subsequently offer comments on the draft manuscript, the report was
written by a team of the Institute. Even though UNIDIR could not
incorporate all of their comments in the final text, the Institute avails
itself of this opportunity to thank the experts for their critical
remarks and constructive suggestions.

The Institute assumes responsibility for the contents of the report.
UNIDIR has made a determined effort to arrive at a balanced presentation

2 See in particular General Assembly resolutions 38/70 of 15 December 1983, 39/59 of
12 December 1984, 40/87 of 12 December 1985, and 41/53 of 7 January 1987.



of the different points of view and has, whenever possible, based the
description of the position of individual States or groups of States on
official documents.

The report consists of four parts: | - Current uses of outer space; Il -
Technological and conceptual challenges; Ill - Legal aspects of an arms
race in outer space and of the means for its prevention; and IV -
Proposals and negotiations related to arms limitation in outer space.

The first part contains a brief description of how outer space is
currently being utilized for civilian and military purposes. On the
civilian side, this is confined to a description of the main civilian
applications of satellites. Regarding the military utilization of outer
space, three areas are covered. A first section seeks to describe the
military applications of satellite functions that are basically similar
to the civilian functions, only directed towards other: purposes. It is
also mentioned how satellites can be utilized to facilitate agreements
on arms limitation or disarmament. The following two sections,
concluding the first part, seek to present the currently existing anti-
satellite and anti-ballistic missile capabilities. Even though no space-
based ABM systems are at present tested or deployed, they are
mentioned under the heading of "current uses of outer space" because
they have the capability to intercept re-entry vehicles outside the
atmosphere, hence in outer space.

Part two deals entirely with questions concerning the possibility and
consequences of creating weapons that are not yet in existence but
which may become possible with the advance of technology. A first
section covers the historical background of space weapons and provides
a brief description of their technical aspects as well as of potential
countermeasures. One of the most important elements of the current
debate on space weapons concerns their implications and consequences.
The research report seeks then to give a balanced presentation of the
different points of view regarding the potential implications of space
weapons for strategic stability, the military balance, the arms race,
and arms limitation. Furthermore, collateral implications are
discussed, i.e. the potential impact of space weapons on the peaceful
uses of outer space, on the economy, on society, and on science and
technology. A description of the position of various States regarding
the prospect of space weapons concludes this second part of the report.

The third part is devoted to the legal aspects of an arms race in outer
space and of the means for its prevention. It contains an account of
international law in force, as far as it relates to arms limitation in
outer space. The description of positive treaty law and other elements
of law in force (international custom, acts of international
organizations and unilateral acts of States) is followed by a general
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discussion of the main characteristics of applicable law. Unilateral
acts and attitudes are very important in this field. Emphasis is put on
two issues: the status of self-defence and countermeasures, and the
interpretation of the ABM Treaty by its two parties.

Ongoing negotiations directed towards the prevention of an arms race in
outer space, both multilateral and bilateral, are discussed in part four.
A brief account is given of the role that the United Nations has played
and continues to assume in the elaboration of this type of arms
limitation. This is followed by a résumé of contemporary proposals by
States presented to the Conference on Disarmament. Lastly, a brief
account is given on recent and contemporary negotiations between the
USA and the USSR concerning arms limitation and arms prevention
issues regarding outer space.

The chief contribution this research report seeks to make towards the
prevention of an arms race in outer space is to identify the issues and
the parameters of the subject and, as far as possible, the points of
agreement and disagreement among States regarding the technical,
legal and political issues involved. It is UNIDIR'S hope that this
publication will be a useful contribution to the ongoing multilateral
process aimed towards the prevention of an arms race in outer space.

This research project was initiated in UNIDIR under the Directorship of
Mr. Liviu Bota with, at that stage, Professor Hubert Thierry, Deputy
Director, and Dr. Julie Dahlitz, Senior Research Associate.
Subsequently, the project was continued with Professor Serge Sur,
Deputy Director, and Christian Catrina, Research Associate. | want
to thank them for their work. | would also like to record my
appreciation of the assistance given by Dr. Bhupendra Jasani as a
consultant.

Jayantha Dhanapala
Director
UNIDIR
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Part |
Current Uses of Outer Space

This part pursues the aim of giving a comprehensive, if brief, overview
of the ways in which outer space is currently being used for civilian and
military purposes. In the civilian field, this relates mainly to the use of
satellites. In the military field, it relates on the one hand to the use
military support satellites (not destructive in themselves) in ways
similar to those serving civil purposes. On the other hand, military use
of outer space does also relate to devices destructive in themselves. It
is current uses and existing capabilities, i.e. systems which have been
deployed, or at least tested this part focusses upon. Systems at the
stage of research are not covered. Some of them may be mentioned,
however, if they have a close relationship with systems that are
deployed or have been tested. This part deals with the current uses of
outer space, but it is not only space-based systems that have to be
included. Weapons that are ground-, sea- or air-based but whose targets
are in space also have to be covered.

In the first chapter of this part, some basic technical information on
objects in outer space is provided. The second chapter presents the
functions of satellites which can be used for civilian or military
purposes. The third chapter deals with the current uses of outer space
for military purposes; inter alia it includes sections on the functions of
military support satellites, on existing ASAT capabilities, and on
existing ABM/BMD capabilities.! Some ABM systems are designed for
intercepting re-entry vehicles (RVs) within the atmosphere. While they
would not be considered as space weapons (under the most likely defin-
itions), they are mentioned as far as they are in a close relationship
with systems designed for the interception of missiles or RVs in space.

1. Physical properties of objects in outer space

The possibilities and dangers associated with outer space are
interrelated and both are dependent on the physical properties of that
environment. For the consideration of the relevant disarmament
questions, some understanding of the physical properties of outer space
is necessary. While a profound understanding of the technical issues
may be preferable, it is not essential for making responsible decisions
in this sphere of the arms limitation process. The first chapter consists

1 In this research report, the terms ABM (anti-ballistic missile) and BMD (ballistic missile
defense) are in principle used synonymously. However, ABM is generally used historically,
and BMD for future systems.
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of a summary of technical information that is thought to be minimally
essential for an understanding of military and disarmament
implications.



1.1. WHERE DOES OUTER SPACE BEGIN?

There is no precise natural boundary between air space and outer space,
and no artificial demarcation has yet been agreed upon. The Treaty on
Principles Governing the Activities of States in the Exploration and Use
of Outer Space, including the Moon and Other Celestial Bodies of 1967
(Outer Space Treaty) which laid down the basic rules for outer space is
silent on the meaning of outer space. In theory, the boundary is where
terrestrial air space ends. In practice, the atmosphere becomes
progressively thinner.

For a number of years, the issue has been under consideration by the
Legal Sub-Committee of the Committee on the Peaceful Uses of Outer
Space (COPUOS).2 Some States have taken the view that a precise
designation of the commencement of outer space would be unnecessary
or inappropriate and that the regulation of specific activities will
distinguish between activities that can be performed in outer space and
those that cannot be performed in that environment.3 A variant of an
indeterminate frontier for outer space would be achieved by imposing
changeable designations of borderlines, depending on the purpose of a
given provision, so as to determine issues of sovereignty, overflight,
economic utilization, or arms limitation.

Other States have favoured a more rigid definition of the parameters of
outer space. In that regard, one criterion has been in the forefront of
interest: the lower limits of the altitude where an object can perform a
full orbit around the earth in uncontrolled ballistic flight, namely, the
lowest possible altitude of an object orbiting the earth in a circular
orbit. About 100 km it the lowest altitude at which the atmospheric
density is low enough to allow a complete (circular) orbit.

2 First considered in the Report of the General Assembly ad hoc Committee on the Peaceful
Uses of Outer Space, in July 1959. The matter was formally put on the agenda of the Legal
Sub-Committee of COPUQOS (which body succeeded the ad hoc Committee) in 1967.

3 The United States representative told the Legal Subcommittee of COPUOS in April 1986
that two factors would have to be present before any demarcation of a boundary between
outer space and air space could make a constructive contribution to the body of space law
and to the use and exploration of outer space: the existence of a substantial practical
problem arising from the absence of such a demarcation, and a demonstration that such
problems could be resolved by means of "an essentially arbitrary line" separating air
space and outer space into two distinct spatial arenas, each with its own body of relevant
law, without giving rise to additional problems of its own. In the view of the United States,
none of the two conditions is fulfilled. (Daily Bulletin, US Mission, Geneva/US Embassy,
Bern; No. 60, April 11, 1986).



4

1.2. SOME BASIC ORBITAL MECHANICS

The launching of an object into outer space became possible with
developments in rocket engineering. A rocket behaves in accordance
with physical laws first elaborated by Isaac Newton and designated to
be the Third Law of Motion, to the effect that for every expenditure of
physical force there is an equal and opposite reaction. Thus, propulsion
into and within outer space is achieved as the result of expelling gasses
under high pressure derived from combustion in the rocket engine.
Liquid or solid fuel may be used for this purpose. Escape of the
combustion gasses through the narrow nozzle of the rocket can reach
supersonic speeds, sending the rocket in the opposite direction with
great force. Limits of the force that may be employed are set by the
strength of the materials from which the rocket is made and, in the
case of manned flights, the acceleration that the human body can
tolerate. Objects can be launched in this manner from the earth, sea or
air space - referred to as terrestrial space; or from satellites or
celestial bodies, all being part of outer space.

When an object is launched into outer space in this manner from the
terrestrial environment, its path will follow one of three basic
patterns, depending on the angle and velocity of the final thrust. That
path will either:

a) follow an arc and fall back to earth;
b) ‘go into circular or elliptical orbit around the earth; o1
c) follow a very wide arc and eventually escape from the earth's gravitational field.

For instance the path described in a) is the one followed by a ballistic
missile. The path described in ¢) can, under certain conditions, lead to
an orbit around a celestial body, such as the moon, a planet or the sun.
An object whose motion is in accordance with the path described in b)
is called an earth satellite.

Whether an object in earth orbit js very large - a space station; very
manoeuvrable - a space ship; or reusable - a space shuttle; it still
comes under the generic designation of satellite. In this report, any
artificial object in outer space that does not follow the path described
in a) will be referred to as a space object.

The altitude, shape and direction of orbit into which a satellite is
placed depends on the functions it is required to perform. Satellites are
usually placed in orbit by large multi-stage rockets which apply
accelerating forces over a period of several minutes. In the initial
phase of the flight, it accelerates through the atmosphere in a nearly
vertical direction and gradually bends over into a horizontal path. The
vertical phase lasts for a very short time (about 10 seconds). The first
stage of the launcher takes the satellite to the upper atmosphere at an
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altitude of about 60 km. The satellite is then gradually brought to its
orbital height by the second and the third stage of its launcher. If then
the satellite above the earth's surface is given sufficiently high
horizontal velocity, it will not fall back to earth but instead continue in
a circular or elliptical path round the earth. This velocity is known as
the injection velocity.

In order to remain in circular orbit, the satellite has to have a
sufficient velocity to create a centrifugal force equal to the
gravitational pull of the earth at that altitude. Having attained that
velocity, the satellite will go into circular orbit around the earth in
free flight, that is to ‘say, without the need for further propulsion.

If the injection velocity is greater than required for a circular orbit but
less than an escape velocity - a velocity that would project the object
beyond the gravitational field of the earth - it will go into an elliptical
orbit. In general terms, the greater the injection velocity, the more
elongated the elliptical path will be. The extent of elongation is called
the eccentricity of the ellipse.

The direction and speed of the satellite can be altered with further
minor rocket thrusts which makes the satellte manoeuvrable. Such
corrections are also necessary to compensate for the natural forces
acting on the satellite that would otherwise modify, namely degrade its
orbit. Those natural forces include the somewhat uneven shape of the
earth and its varying density; atmospheric drag slowing low-orbit
satellites; the magnetic field of the earth and the gravitational fields
of the sun and moon acting more significantly on satellites in high
orbit; radiation pressure, and solar wind.

It is possible for two satellites to be manoeuvred in such a manner that
they can meet in space and be joined together. This is called space
rendez-vous and docking. Docking may be necessary in order to make
repairs on a satellite or to relieve astronauts. Larger structures in
outer space would have to be assembled from several pieces
transported separately, achievable by manoeuvres similar to those used
in docking.

The navigation of both manned and unmanned objects in space largely
relies on inertial guidance provided by the recorded movement of at
least three spinning gyroscopes. The direction and position so
established can be checked against the positions of celestial bodies,
other satellites or points on the ground track. Inertial guidance can also
be supplemented by homing devices sensitive to heat or other attributes
pf the object to be approached.

In free fall to earth at a steep angle, a satellite would burn up by
heating due to friction with the atmosphere. This can be avoided by re-
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entry at a shallow angle and with the aid of heat-resistant coatings.
Satellites are parachuted to earth - or splashed down at sea - a the
final stage of re-entry. In the case of a re-usable space vehicle, the
satellite itself lands in a manner similar to an aeroplane.

1.3. ORBITAL ELEMENTS

A satellite usually describes an elliptical orbit. There are six
parameters, called orbital elements, which define such an orbit in
space. The size and shape of the orbit are determined by its semi-major
axis and its eccentricity. (See figures 1 and 2, page 10, for the orbital
elements.) The eccentricity is defined as the ratio of half the distance
between the foci of the ellipse and the semi-major axis (i.e. c/a in
figure 1). During the lifetime of a satellite, most of the orbital
elements are continuously changing, so that the values of all the
elements must be given for a particular time. Often this is chosen to be
the passage time of the satellite through the perigee point. This time,
the third orbital element, together with the semi-major axis and the
eccentricity defines the ellipse in a plane. The perigee is the point
where a satellite is nearest to the earth in its elliptical path; the
farthest point is the apogee of the orbit.

If a co-ordinate system is chosen such that its origin, O (see figure 2)
is the centre of the earth and its z-axis is oriented towards the North
Pole and the earth's equatorial plane contains the xy-plane, then it is
possible to define the position of the orbital plane. The x-axis is
oriented towards the Vernal equinox of the first point of Aries.4 In
figure 2, the point (N) of intersection of the satellite ground track with
the equator is known as the ascending node. The angle Q between the x-
axis and the line ON defines the fourth orbital element called the right
ascension of the ascending node. During the lifetime of a satellite, Q
does not remain fixed except for a particular value (90°) of the orbital
inclination (i), the fifth orbital element. The orbital inclination,
perhaps the most important orbital element, is the angle between the
orbital plane of the satellite and the equatorial plane of the earth. It is
the value of i which determines the range of latitudes over which a
satellite travels during each revolution. Thus an orbital inclination of
90° facilitates complete coverage of the earth's surface for observation
purposes. The orientation of the ellipse within the orbital plane is given
by the sixth orbital element, known as the argument of perigee ().

Again o varies continuously except for a particular value of the orbital

4 The equatorial plane of the earth is inclined to the plane of the earth's orbit around the
sun. The line of intersection of these two planes is called the line of the Vernal equinox
leading to the first point of Aries.
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inclination. If a satellite is launched at an orbital angle of 63.4°, its

perigee will remain stable along any chosen latitude. For other values of
the orbital inclination, ® could vary up to 5° per day.
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Figure 2: Geometry of a satellite orbit




The time it takes for a satellite to complete an orbit is called its
period. Beyond the altitude where the atmosphere is an impediment,
satellites travel faster the nearer they are to earth and more slowly if
they are in higher orbits. The gravitational pull of the earth decreases
with increasing altitude, hence lower centrifugal forces - lower
velocity - are necessary to offset this gravitational pull and keep the
satellite in a circular or elliptical earth orbit. Satellites in circular
orbit at an altitude of 35,900 km have a period of 24 hours, the same
time that it takes for the earth to revolve around its axis. If their
orbital inclination is zero, such satellites will appear stationary with
respect to the earth. They are called geostationary satellites, and their
orbit is called the geostationary orbit. The term geosynchronous applies
to any satellite with a period of 24 hours, including those with non-
zero inclination.

2. Current and imminent satellite functions

Satellites can perform a number of functions useful for civilian and
military purposes. While it is possible to analyse the individual
functions separately, one must bear in mind that there are satellites
that perform only one function as well as those that perform several
functions.

In many cases, the classification of satellites as being either for
civilian or military use is difficult. Here again, satellites may be
limited to one of these types of use, or they may encompass both. As an
illustration of the latter, civilians have access to many space
programmes. Data from meteorological satellite systems are
distributed worldwide for civilian weather forecasting. Certain data
sets from ocean monitoring satellites are made available for civilian
research.

2.1. COMMUNICATION

Communication satellites receive signals from antennas based on earth
(or more generally, terrestrial space), amplify them and then relay them
back to another antenna in terrestrial space. These satellites are
classified into three categories, according to their orbital
characteristics: they are geosynchronous, semi-synchronous or non-
synchronous.

Most communication satellites are in the geostationary earth orbit
(GEO). An important advantage of a satellite in GEO is that it can be
tracked by an almost stationary aerial rather than by a rapidly moving
one. Since the signals have to travel at least 72,000 km, sensitive radio
receivers must be used. On the other hand, a satellite in GEO can be seen
from about one-third of the earth's surface so that only three satellites



would be needed for a complete coverage of the earth. Thus such
satellites can serve distant locations lacking ground communication
links. A disadvantage of GEO for countries situated far from the equator
is that, for a latitude of 70° or more North and South, the satellite is
below the horizon and therefore unusable.

Since these satellites operate within limited designated frequency
bands and therefore need to be sufficiently separated to avoid
interference with one another, and also to avoid collisions, there is a
limit to the total number of satellites that can operate in the
geostationary orbit in the different frequency bands and also in any
given frequency band. There is concern by some States that parts of the
orbit are approaching saturation in certain frequency bands.
Technological advances are under way, however, which will probably
permit, among other changes, the closer spacing of satellites.

Telecommunication was one of the first applications of space
technology and, beginning with the passive relay of voice and television
signals by a satellite in 1960 (the Echo, launched by the United States
of America), it progressed rapidly to operational international service
in 1965 (the Early Bird, launched by the USA), using active
geostationary satellites and satellites in high elliptical orbits. In
August 1964, Intelsat was established, and in 1971 Intersputnik. It was
not until 1974 that satellites built by countries other than the USA or
the USSR were launched, but the number has grown large since that
time. Communication satellites have now become a routine and vital
element of the international telecommunication network. They have also
become an integral part of the domestic network in several countries.

The launching, deployment or fabrication of large structures in space
could lead to further improvements in communication. Such structures
could have large antennas and high power outputs making possible com-
munication between small terminals. The possibility of repairing
satellites in orbit would also allow for the use of more sophisticated
systems, thereby permitting simpler ground equipment for reception.

Large "telephone exchanges" in space - receiving, processing and trans-
mitting signals to appropriate locations through large, narrow beam
antennae are now feasible. Most of the technology for implementing
such a system is at hand, although its launch and assembly may at the
moment be difficult and uneconomical. An alternative available
technology to single large platforms would be clusters of electronically
interconnected satellites.

The increasing power that enables satellites to broadcast directly to
small receivers, and high-gain receiving system on satellites make
communication possible with ships, aircraft and ground vehicles, as
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well as inter alia facilitating direct television broadcasting to private
homes. A system of global maritime communication is now also
operational (operated by the International Maritime Satellite
Organization, Inmarsat, etablished in 1981). Satellite communication is
being put to wider uses. These include video conferencing and various
types of interactive use, computer interconnection, data communication
and electronic mail.

On 10 December 1982, the UN General Assembly adopted resolution
37/92 on principles governing the use by States of artificial earth
satellites for international direct television broadcasting.®

2.2. METEOROLOGY

Methods of weather prediction in the past have relied on meteorological
data collected by a worldwide network of observers. While much
information can be obtained in this way, the inability to observe a large
part of the earth at one time limited the usefulness of this method. The
first important change in meteorology occured with the development of
aircraft, but it was satellite technology (sensors mounted on board of
satellites) that effectively altered the view of the earth. In the few
years since the transmission of the first visible cloud images from
space in 1959, much progress has been made through space meteorology
in weather forecasting. Technological progress has permitted the
extension of observations from the visible to the infra-red, ultra-violet
and microwave regions of the electromagnetic spectrum. Geostationary
meteorological satellites provide continuous coverage around the world.
Since they observe a large part of the earth continously, they are able
to detect, track and monitor the growth and decay of weather systems.
Sequential images from geostationary satellites can determine wind
direction and speed at cloud level. Concurrently, polar-orbiting
satellites operate in sun-synchronous orbits at altitudes of 800 to
1,600 kilometres. Profiling sensors provide measurements of atmo-

S Activities in the field of international direct television broadcasting by satellite should be
carried out in a manner compatible with the sovereign rights of States, including the
principle of non-intervention. These activities should promote the free dissemination and
mutual exchange of information and knowledge in cultural and scientific fields, assist in
educational, social and economic development, particularly in the developing countries.
Every State has an equal right to conduct activities in the field of international direct
television broadcasting by satellite, and these activities should be based upon and
encourage international co-operation. A State which intends to establish or authorize the
establishment of an international direct television broadcasting satellite service shall
without delay notify the proposed receiving State or States of such intention and shall
promptly enter into consultation with any of those States which so requests. (RES 37/92,
Annex)
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spheric temperature and humidity as a function of altitude for use in
computer models for weather forecasting. Satellite observations over
the oceans, particularly of such parameters as sea-state, sea-surface
temperatures and precipitation, are also important for meteorologists,
as are data on snow and ice coverage of the earth's surface.

2.3. REMOTE SENSING

Remote sensing is the acquisition of information about an object or an
area without any direct physical contact. The most obvious example of a
remote sensor and closest to man is his eyes. The eyes visually sense
information from the world around us. In the present context - remote
sensing of the earth - sensors placed on a variety of air- or space-
based platforms operating at different altitudes and sensitive to
different wavelengths of the electromagnetic radiation replace the
eyes. Satellite remote sensing is just one component in an integrated
systems approach.

The sensor is the essential element of remote sensing system. With
respect to sensors used, a principal distinction has to be made between
passive and active remote sensing systems. The first requires a natural
supply of reflected (solar) or emitted (earth) radiation; while the latter
provides the initial signal itself and records the object's response, such
as reflection, scattering, fluorescence emission. There are imaging
sensors and other sensors that measure parameters along a line beneath
the satellite. The former cover, inter alia, through photography (a
passive sensor) the visible range of the electromagnetic spectrum; the
synthetic aperture radar (an active sensor) is another important
imaging device.6 Even when in orbit around the earth at altitudes of
between 200 and 600 km, satelltes can image objects on the ground
with extraordinary clarity. Radars can penetrate heavy clouds covering
the earth's surface, and heat-sensing infra-red sensors can effectively
see in the dark.

While electronic sensors tend to have poorer resolution than
photographic systems, the advantage of regular coverage over many
years offsets the resolution disadvantage. Furthermore, electronic
sensors can make observations at wavelengths beyond the sensitivity of
photographic film.

6 A synthetic aperture radar (SAR) is essentially a side-looking radar with a relatively
short antenna which is made to behave like a very long one with a narrow beam. A short
antenna can be simulated to represent a very long one by taking advantage of the motion of
an aircraft or a satellite. Signals from a short antenna are added electronically and
synthesized to give the effect of a long one. A long antenna is a requirement for high
resolution.
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Images collected by the sensors can either be recorded on film or be
converted into electrical signals. In the first instance, the exposed film
can be brought back to earth or developed and scanned on board the
satellite by electronic devices. If data, from imaging or non-imaging
sensors, are not transmitted "live" to the ground, they are generally
stored on magnetic tape.

Since 1972, remote sensing has become increasingly operational. The
United States Landsat, as well as the Soyus, Salyut, and Meteor
spacecraft of the USSR have collected extensive remote sensing data.
While until recently the United States of America and the Soviet Union
dominated the field of remote sensing from outer space, the present
trend is the proliferation of this technology to some other nations. By
the end of the decade there are likely to be six or more remote-sensing
satellite systems operated by national or regional agencies. Apart from
those of the Soviet Union and the United States, remote-sensing
satellite systems have been established, or are thought likely to be set
up soon, by Canada, China, France, Japan, India, and possibly other
countries. In addition, a remote-sensing satellite system is being
established by the European Space Agency.

Meteorological satellites as well as earth-resources and environmental
satellites use remote sensing techniques. They can be considered as
complementary and partially overlapping subsystems of a global earth-
observation system. This is the reason why certain remote sensing
applications such as large-scale air and water pollution monitoring are
also referred to in this connection.

During the past three decades, the number of nations embarking upon
space programmes has increased significantly. Many of these are
potentially capable of developing civilian satellites with capabilities
of generating data with relatively high resolution. For example, the
French Spot-1 earth-resources satellite, launched on 22 February 1986,
carries two high-resolution visible (HRV) instruments: panchromatic
images have a 10-metre ground resolution while multispectral images
have a 20-metre ground resolution.”

But even though there may be many satellites providing remote sensing
data, not many nations may be able to take full advantage of them
because the types of sensors used and the operating conditions of
satellites differ from each other. For instance, the sensors may be

7 Aviation Week & Space Technology, 3 March 1986, p. 21; 10 March, pp. 136-137. By
May 1986, before it was formally declared operational, Spot-1 had already returned
18,000 60x60 km scenes (Aviation Week & Space Technology, 5 May 1986, p. 101).
Spot-4 and Spot-5, expected to be launched in the early 1990s, are to have resolutions of
2.5 metres (Aviation Week & Space Technology, 8 September 1986, p. 38).
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operating at different spectral bands, the data may be transmitted over
different frequencies and telemetry format, and ground tracks may be
different for different satellites. Thus, different ground receiving
equipment would be needed for different spacecraft. Even the software
used for computers which analyse and enhance images may be
different.8

There is a tendency to commercialise the data. Developing countries are
particularly concerned that data on their economic resources and also
information relevant to their national security would become available

to whoever can pay for it.

The Committee on the Peaceful Uses of Outer Space (COPUOS)
formulated a draft on principles relating to remote sensing of the earth
from space, and these principles were adopted by the General Assembly
on 22 January 1987 as resolution 41/65.9

2.4. NAVIGATION, GLOBAL POSITIONING

The use of satellites for navigation began early with the use of Doppler
analysis of signals received from continuously radiating space-based
radio beacons of high frequency stability. When a satellite passes
overhead, the frequency of its radio signal changes continuously. First
the frequency increases, then, as the satellite moves beyond the zenith,
the frequency decreases. This effect, which is known as the Doppler
effect, is the basis of the operational principle of navigation satellites.
If the exact satellite location, the frequency of its radio signals and the
speed of the satellite are known, then, from the Doppler effect, an
observer on the earth can deduce his exact geographical position.
Basically, the navigation satellite's function is to transmit, on very
stable frequencies, signals that provide a constant reference frequency,

8 While all countries have been able to use remote sensing data without having their own
ground stations by obtaining data received and processed by other countries, it must be
pointed out that countries without own ground stations do not receive the raw data, but
only processed data. The need for different ground receiving equipment has significant cost
implications for countries wanting to receive data from different remote sensing
satellites.

9 Remote sensing activities shall be carried out for the benefit and in the interests of all
countries, irrespective of their degree of economic, social or scientific and technological
development, and taking into particular consideration the needs of the developing countries.
States carrying out remote sensing activities shall promote international co-operation in
these activities and make available technical assistance to other interested States. As soon
as the primary data and the processed data concerning the territory under its jurisdiction
are produced, the sensed State shall have access to them on a non-discriminatory basis and
on reasonable cost terms. (See report of COPUOS [Document A/41/20 and Corr. 1] and
the resolution, the annex of which contains the principles.)
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a navigation message describing the satellite's position as a function of
time, and timing signals. Updated navigation messages and time
corrections are periodically transmitted from the ground stations to
the satellite. In order to fix the position of a navigator in three
dimensions, simultaneous observations from at least three satellites
are needed. The US Navstar Global Positioning System (GPS) will provide
poisitioning data with an accuracy of about 10 m to US-authorized
military users and about 100 m to anyone else.

Position determination in real time with the aid of satellites is useful
for a wide range of human activities, such as civil engineering,
environmental planning, resources exploration and management,
transportation and traffic control, as well as search-and-rescue
operations.

Within the framework of an understanding signed in November 1979, the
US National Aeronautics and Space Administration, the Ministry of
Merchant Marine of the USSR, the Canadian Department of
Communications and the French Centre National d'Etudes Spatiales
started the development of a satellite-borne system to locate aircraft
and ships in distress. Low-altitude polar-orbiting satellites launched
under this programme, called COSPAS/SARSAT,10 constantly listen to
emergency transmissions (SOS signals) from aircraft and maritime
vessels in distress. The transmissions are picked up by receivers on
satellites and retransmitted-to ground stations where they are analysed
to determine the position of the signal emitter to within 20 to 25
kilometres. Search and rescue teams are then sent out.

Within this multinational co-operative venture, the USSR launched the
Cospas programme. The first satellite of the Cospas system (Cosmos
1383) was launched on 30 June 1982. The first US Sarsat satellite was
launched on 28 March 1983. The parties to the understanding of 1979
concluded after a four-year establishment, demonstration and
evaluation phase that COSPAS/SARSAT had proven to be effective, and on
5 October 1984 they agreed in a memorandum of understanding to begin
operational service of COSPAS/SARSAT in 1985. Control stations and
ground facilities are in the USA and in the USSR, as well as in Canada,
France, Norway, and the United Kingdom. A number of other States are
either taking part in the development of COSPAS/SARSAT or have
expressed their interest in joining it.11

10 COSPAS is the USSR search and rescue satellite system; SARSAT is the US, Canadian
and French search and rescue satellite system.

11 Bhupendra Jasani: "Satellite monitoring - programmes and prospects.” In: Bhupendra
Jasani and Toshibomi Sakata (Eds.): Satellites for Arms Control and Crisis Monitoring.
Oxford: Oxford University Press, 1987. p. 41.
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2.5. GEODESY

Geodesy is the science of the physical nature of the earth. It deals with
the shape of the earth, its gravitational field and the exact relationship
between the positions of various points on the earth's surface. An
accurate knowledge of the latter and the shape of the earth are
essential for mapping purposes. The earth's gravitational field is not
uniform because large parts of the earth's crust have different
densities. Geodetic satellites determine the shape of the earth and the
parameters of its gravitational field more accurately. Satellite laser
ranging and radar altimetry have also greatly contributed to a much
more detailed presentation of the earth's gravitational potential.

Similarly, satellite technology can be used to solve important problems
of geodynamics, in particular direct measurement over large distances
of plate-tectonic movements with sufficient accuracy. Laser ranging to
satellites was originally developed to improve the precision of
satellite orbit determination. It has become a geodetic tool to
determine station positions with an accuracy ranging from several
decimetres down to 1 to 2 centimetres. Studies have shown that space-
based laser-ranging equipment, with passive retroflectors attached to
ground targets might be a cost-effective alternative system for rapidly
surveying the relative positions of sites within a few tens of
kilometres of each other spread over tectonically active regions.

2.6. SCIENTIFIC RESEARCH

In addition to meteorology, earth survey (remote sensing) and geodesy
there are some other research fields the investigation of which is
facilitated by satellites.12 Several new sciences have emerged, such as
extra-atmospheric astronomy, space biology and space medicine.13

Space science has made rapid progress since the launch of the first
artificial earth satellite in 1957; the Sputnik launched by the Soviet
Union. It has brought new understanding about the solar system and
indeed about the whole universe. Because observations in the ultra-
violet, X-ray and gamma-ray wavelengths are possible only from above
the atmosphere, satellite observations have led to remarkable advances
in astronomy in the last twenty years. Space astronomy is a form of
very remote "remote sensing”. Space capabilities also provide the
possibility of observing and studying some of the relevant objects and
phenomena at close range. Landing has been achieved on the moon, both
by manned missions and by unmanned robots, and several hundred

12 Communication and navigation are less fields of research than such of application.
13 Soviet Space Studies. Novosti Press Agency Publishing House, Moscow, 1983. p. 2.
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kilograms of lunar material have been brought back to earth. Apart from
the moon, instruments have been placed on only two other celestial
bodies, namely, Venus and Mars. However, Mercury and all three of the
giant planets - Jupiter, Saturn and Uranus - have already been observed
by planetary probes and probes have also inspected Halley's Comet. The
sun interacts with the earth not only through its light and heat, but also
through emission of some of its material in the form of ions and
electrons, which impinge on top of the magnetosphere of the earth. This
stream of plasma, called the solar wind, varies in temperature,
intensity and speed. Space observations have unravelled many of the
features of this complicated interaction.

The space environment can be reproduced on earth only with great
difficulty or even not at all. In space there is a virtual absence of
gravity a a near-vacuum exists. The cosmic spectrum of radiation
cannot be sampled and studied on earth. Materials science experiments
in a space environment, coupled with ground-based research, led to a
new understanding of basic processes. Fluid physics, chemistry,
metallurgy, single crystals and pharmaceuticals are specific areas of
activity.

Manned space missions have stimulated research in space biology and
medicine. Neither the microgravity environment nor the complex spect-
rum of space radiation can be produced or effectively simulated in
ground-based laboratories. Consequently, for biology and medicine,
space is a environment that makes possible a variety of experimental
investigations which cannot be accomplished on earth. Whilst most
biological experiments in space have focussed on practical problems of
manned space flight, some missions have studied the fundamental
biological effects of micro-gravity. Effects of stimulated growth of
micro-organism, muscular and skeletal abnormalities in rats, and
multidirectional growth in plants, are some of the phenomena that were
found to be of special interest during preliminary observations.14

3. Utilization of outer space for military purposes
MILITARY SUPPORT SATELLITES AND SPACE WEAPONS

The military uses of outer space are frequently grouped into two
categories: a) the use of satellites as integral part of military
activities on earth and to enhance the performance of weapons based in
terrestrial space and targeted to that environment (military support

14 The information presented in the section on "Current and Imminent Satellite Functions"
relies in part on the Report of the Second UN Conference on the Exploration and Peaceful
Uses of Outer Space, Vienna, 9-21 August 1982; UN Document A/CONF. 101/10.
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satellites); and b) the use of outer space as environment for basing or
employing devices for the destruction of satellites, missiles and
nuclear warheads after they have been launched. In common, if not
undisputed terminology, the second category is referred to as space
weapons (or "space strike weapons", for part of the literature), which
includes weapons capable of destroying objects in outer space and
weapons which are space objects themselves. In this distinction, the
stress is on space weapons, as opposed to other systems utilizing
space.

Another distinction is also relevant for the understanding of the term
space weapons. Since the negotiation of the Outer Space Treaty in the
mid-1960s, a generic term has been sought that would distinguish
between a) "earth" weapons which enter outer space for part of their
trajectories, namely weapons targeted from terrestrial space to
terrestrial space, and b) all other weapons that could be used within, to
or from space, including weapons utilizing new technologies. The latter
category is essentially what is widely understood as space weapons. In
this distinction the stress is on space weapons, as opposed to other
weapons neither based in nor targeted to outer space.

Space weapons, so understood, could be divided into the following sub-
categories:

ground to space

sea to space space as environment where the

air to space destructive effect is produced
space to space

space to air space as the environment where the
space to sea weapons are based

space to ground

Weapons of at least one of these subcategories are officially
acknowledged to be deployed (ground to space), others are acknowledged
to have been developed and tested (ground to space, air to space,
depending on the definition of "basing" also space to space), most are
the subject of research, but regarding some categories (space to sea,
space to ground) no State is acknowledging R&D. Essentially space
weapons currently under discussion are weapons to counter satellites
in orbit and missiles in flight.

None of the arms limitation treaties regarding outer space, nor any of
the six United Nations General Assembly resolutions entitled Prevention
of an Arms Race in Quter Space, provides a general definition or
description of the arms or weapons capable of being used in that
environment which are the subject of prohibition or restriction.
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The Outer Space Treaty variously refers to nuclear weapons; weapons of
mass destruction; military manoeuvres; and any type of weapons. The
ABM Treaty does not prohibit weapons as such but limits all systems to
counter ballistic missiles or their elements in flight trajectory. The
Antarctic Treaty also refers to any type of weapons and measures of a
military nature. The Registration Convention requires information with
respect to general function. The ENMOD Convention prohibits hostile use.
In addition to prohibitions that are also contained in the Outer Space
Treaty, the Moon treaty forbids any threat or use of force or any hostile
act or threat. The Nuclear Accidents Agreement seeks action in the
event of signs of interference with missile warning systems. The
Agreement on Basic Principles of Relations endeavours to avoid
military confrontations and conflicts.

The problem of the definition of space weapons has been discussed in
the Conference on Disarmament, but no agreement has been reached.

There is no settled practice in the use of the terms based and stationed.
In this report the terms are used interchangeably, to indicate the
placement of an object in outer space that is of longer duration than
direct return to the terrestrial environment would require. There is a
close relationship between some terrestrially based and space-based
weapons. In that rsepect the two categories cannot be treated in
isolation from each other.

A further distinction has been made between dedicated and non-
dedicated weapons. Each can cause damage. Two criteria may be used to
identify a dedicated weapon: that it is specifically designed to cause
damage, or that it is efficient in causing damage.

MILITARIZATION AND WEAPONIZATION

The relevance of the distinction between the utilization of outer space
for enhancing the performance of military activities on earth and
terrestrially based weapons, on the one hand, and the utilization of
space as basing environment for weapons that are destructive in
themselves, on the other hand, is subject to dispute. To put it briefly,
one view stresses that outer space has experienced militarization (in
the sense of military utilization, including target acquisition
information; mainly through military use of satellites which are
considered an integral part of nuclear weapons systems, but also
through testing and deployment of weapons not based in space, but
designed to produce their effects in this environment) for more than
two decades. Research into technologies which would enable space-
based objects to be used in the second role (for destruction of
satellites, missiles, and warheads) is in this view just one further,
albeit significant, step in the utilization of space for military purposes.
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Another view stresses that although satellites have been used for
military purposes for at least two decades, no actualweaponization of
space has as yet taken place. Proponents of this view say that there is a
fundamental difference between satellites which enhance the
performance of earth weapons and satellites which are destructive in
themselves. Only the latter are called weapons or, more exactly, space
weapons, strike weapons or space strike weapons. It is argued that
communication, navigation, early warning and other satellites already
in military use are not weapons "in the generic sense of the word". The
existence of "military satellites"” is in this view no reason to assert
that outer space is already militarized.15

Some neutral and non-aligned countries argue that both militarization
and weaponization involve projecting the arms race into outer space.
They conceive the problem of the prevention of an arms race in outer
space a direct consequence of the nuclear arms race.'® Accordingly,
they claim that a solution to the increasing militarization of space and
the avoidance of its weaponization will be achieved by addressing the
nuclear arms issue. The debate itself, whether weaponization would
involve a qualitative leap or a mere difference of degree in relation to
the present status quo does not appear to matter to analysts from many
of these countries; in fact, they argue that it does not contribute to
adopting concrete measures for the prevention of an arms race in outer
space, and that the interpretations advanced by either parties in the
debate should not warrant the deployment of space weapons.

OFFENSIVE AND DEFENSIVE SPACE WEAPONS

In parts of the literature, a distinction is drawn between offensive and
defensive space weapons. As simple as this distinction sounds, it is
difficult to sustain in reality. The basic idea seems to be, roughly
stated, that the first group of weapons (offensive) can be used against
military, economic and other assets of the adversary in their peacetime
configuration while weapons of the second group are effective only
against the adversary's weapons, and even only after these have been
launched. Some weapons, such as earth-based terminal defenses against
ballistic missiles, cannot be used directly for launching an attack,

15 Star Wars” Delusions and Dangers. Moscow: Military Publishing House, 1985. p. 8.

16 An example of this view was forwarded by the representative of India at the plenary
session of the Conference on Disarmament that took place on 12 August 1986
(CD/PV.378). In general, non-aligned countries claim that the connection between both
nuclear and space arms resides in the process of integrating space capabilities to the
strategies and doctrines associated with nuclear weapons. Nigeria went as far as saying
that in order to stop an arms race in outer space the Conference should first agree on a
nuclear test ban treaty (CD/PV.391, 24 February 1987, p. 21).
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while some other weapons may, in contrast, in addition to their
defensive quality also be directly utilizable for launching an attack.

This is not a sufficient basis to speak of defensive and offensive
weapons. On the one hand, even those weapons that would normally be
considered offensive can be used defensively, most clearly if they are
used only to retaliate after an attack. On the other hand, all weapons -
even those which would normally be considered defensive, such as
earth-based terminal defenses against ballistic missiles - can be used
as part of an offensive strategy. Defensive tactics may serve an
offensive strategy just as well as offensive tactics may serve a
defensive strategy.

For some aspects of arms limitation, it could nevertheless be useful to
distinguish between weapons which, in themselves, have destructive
capabilities and those which do not.

BALLISTIC MISSILES

For more than 80 per cent of their overall travel time most
intercontinental ballistic missiles travel through outer space on a
earth-to-earth (or sea or air space) trajectory. In spite of this fact
they are generally not considered to fall under the definition of a space
weapon. That is not to say that they are irrelevant for the debate on
space weapons, and the utilization of outer space for military purposes.
But it does mean that subsuming ballistic missiles under the rubric of
space weapons would constitute a deviation from terminology which is
widely used.

3.1. MILITARY ASPECTS OF EXISTING SATELLITE FUNCTIONS

This section deals exclusively with support that might be given by
objects in earth orbit to assist military activities on earth and the
performance of weapons based in terrestrial space, i.e. with military
support satellites.

The available data do not allow an accurate and undisputed assessment
of how many of all satellites launched since 1957 were for military and
for civilian purposes, respectively. Such an assessment would also be
complicated by the fact that many satellites perform dual (civilian and
military) functions. While it is believed that a large proportion of
satellites serve military purposes, there is a clear divergence of views
held by different sides regarding the relative importance of civilian and
military activities performed by satellites.

It should be kept in mind that the direct military utilization of
satellites (not covering the distribution of satellite-gathered data to
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States not operating satellites) is for the time being limited to a small
number of States.

Satellites such as those used for the verification of arms limitation
agreements or those for early warning of missile attack can be helpful
for the preservation of peace, and build confidence that arms limitation
treaties are being observed. Some believe that these satellites could be
managed by an international organization.

COMMAND, CONTROL, AND COMMUNICATIONS

The transmission of data gathered by space-, air- and land-based
surveillance sensors, together with other data for military purposes,
needs highly reliable and secure communications systems. A space-
based communications network normally requires a number of operating
satellites. Satellites are believed to serve the following military
purposes in the area of command, control, and communications:

« First, they may transmit data gathered by satellites to military control and command
centres at various levels of command.

+ Second, they may transmit electronic signals between earth-based military command
and control centres and military units. They can thus provide military authorities with
a worldwide command and control capability. In comparison with traditional earth-
based communication networks, they have large transmission capacities.

« Third, they may provide communication links for mobile military forces such as air
forces, naval units and ground forces. High-orbit communication satellites cover large
geographical areas.

« Fourth, they can be used for communication between national military authorities.

High-orbit communication satellites may be less vulnerable than earth-based
communication links in wartime.

METEOROLOGY

Information about the weather has always been useful for military
operations. Military commanders have a need to know, for the success of
a mission, what the weather will be at a precise time and location. The
knowledge of cloud formation and their movements is of importance for
planning photographic reconnaissance and bombing missions. Weather
information is helpful for the selection of weapons systems and launch
times. Knowledge of the precise conditions of the atmosphere can also
help improve the accuracies of ICBMs. The accuracy of an ICBM depends
on, among other factors, the knowledge of the earth's gravitational field
(geodesy), of the relative positions of the target and the missile
launcher (reconnaissance/navigation) and the knowledge of the
meteorological conditions along the missile's possible trajectory.
Meteorological conditions determine corrections that have to be made
to the missile trajectory.
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Military weather satellites are thought to occupy characteristic orbits.
One such orbit is the "sun-synchronous" orbit. Satellites in this orbit
pass over the poles at an altitude of about 800-900 km at a period of
100 minutes. They pass over an area on the earth's surface at the same
time of the day every day.

REMOTE SENSING

Photographic reconnaissance

According to an estimate, about 40 per cent of all satellites for
military use launched in the last twenty years are photographic
reconnaissance satellites.'” One type of satellite for military use
carries photographic and television cameras, a multispectral scanner
system (MSS), infra-red sensors and microwave radars. Such
reconnaissance satellites are believed to serve the following range of
military purposes:

- targeting support for terrestrially-based conventional military forces

 targeting support for terrestrially-based nuclear weapons

- assessment of military capabilities (construction/production facilities/field testing)
» monitoring of crisis and conflicts

verification of arms-limitation agreements

Cameras operating in the visible range of the electromagnetic spectrum
are considered to be able to spot objects 0.3 m in size.'® Technical
progress is also providing civilian satellites with capabilities that
could have military significance.!®

Both the Soviet Union and the United States of America launch
photographic reconnaissance satellites regularly, and the People's
Republic of China has also launched several such spacecraft. Some other
States also plan or develop satellites for military reconnaissance.

17 Bhupendra Jasani: "The military use of outer space". In: World Armaments and
Disarmament, SIPRI Yearbook 1986. Oxford: Oxford University Press. pp. 131-157.

18 R. G. Blair: "Reconnaissance satellites”. In: Bhupendra Jasani (Ed.): Outer Space - A
New Dimension of the Arms Race . London: Taylor & Francis, 1982. p. 130.

19 Spot-1 images (with ground resolution of 20 metres) of Murmansk and Severomorsk,
headquarters of the Soviet Northern Fleet, were published in Aviation Week & Space
Technology (2 March 1987, pp. 44-45), with the comment that the photographs illustrated
the growing capability of civilian remote-sensing satellites to provide detail on military
facilities previously available only through military/intelligence reconnaissance satellites.
Further it reported that the US Deputy Under Secretary of Defense for Policy, has asked a
White House Senior Interagency Group for Intelligence Committee to report on the national
security aspects of civil remote sensing programmes.
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Electronic reconnaissance/electronic intelligence

Electronic intelligence (ELINT) satellites carry equipment designed to
monitor and detect radio and radar signals generated by military
activities, for example, from military communications between bases,
from early-warning, air-defence and missile-defence radars, or from
missiles during test flights. The latter measurements could yield data
on performance of missiles. Such satellites not only locate systems
producing military-related electronic signals but they also measure the
characteristics of the signals. This information could facilitate the
penetration of defences. In addition, ELINT satellites provide early
warning of attack by monitoring the flow of military communications.

It is possible to put electronic reconnaissance satellites into orbit
simultaneously with photographic reconnaissance satellites for co-
ordinated missions. While both the United States and the Soviet Union
have in orbit electronic reconnaissance satellites, little is known about

such spacecraft.

Ocean surveillance

A group of several satellites having ocean surveillance functions can
detect, identify and monitor the location of surface ships in all oceans.
In order to increase the capability of military reconnaissance
satellites, long-range radars, microwave and infra-red radiometers,
radar altimeters and other microwave devices are often used on board
satellites. Some of these are used to detect and track military surface
ships, while others are used to determine various ocean properties. The
latter helps in weather forecasting. A detailed understanding of the
characteristics of oceans also permits the design of better sensors for
submarine detection.

Ocean-surveillance satellites may be equipped with synthetic-aperture
radars (SARs) with imaging capabilities. Information about the location
of surface ships, gathered by means of these satellites, can be
transmitted without delay to military command and control centres.

Radar sensors require considerable power. In most satellites the power
is generated by solar cells. However, many such cells have to be used,
so that the spacecraft experiences considerable drag, causing it to fall
back to the earth's surface unless a large amount of fuel is spent to
keep it in orbit. Moreover, such large solar power panels become
vulnerable to attack. In order to overcome some of these problems,
considerable impetus was given to the development of nuclear power
generators. The two most commonly used nuclear energy sources are the
energy released when a radionuclide decays and the energy released
when a fissile atom fissions. In the former, the heat produced by
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decaying radionuclides can be converted into electricity. The most
commonly used radionuclide for this purpose is Plutonium-238; a
typical power generator is called a radionuclide thermoelectric
generator (RTG). The power output ranges from 2 to about 500 watts.
RTGs have been used by both the USA and the USSR. The radars,
particularly the SAR sensors, usually require considerably more power
(at least 3.5 kilowatts) than the RTGs can provide. Thus nuclear
reactors for use on board satellites have been developed by the USSR.
The USA is developing large nuclear reactors for use on board satellites.
On more than one occasion, accidents involving space-based nuclear
power supplies have resulted in contamination of either the earth's
atmosphere or the earth's surface, or both. This situation suggests the
need to further consider the consequences of attack to those satellites
and the need of granting protection of attack, given the widespread
adverse effects that the destruction of those satellites could cause.

Early warning

Early-warning satellites carry infra-red sensors to detect enemy
missile launches by observing the hot plume of a rocket. In the early
days, radars provided about 15 minutes warning time of
intercontinental ballistic missile attack. The use of early-warning
satellites has extended this time to some 30 minutes for ICBMs. US
early warning satellites are placed in the GEO where they are able to
observe missile and satellite launch sites of the USSR and of the
People's Republic of China. Information from such satellites is
transmitted to ground stations and then relayed to the North American
Aerospace Defense Command (NORAD)/Space Command at Colorado
Springs. NORAD receives and verifies the launch of a Soviet missile
within 180 seconds. Within 300 seconds after the launch of the missile,
NORAD is able to ascertain the nature of the launch (test/attack).20 The
Soviet Union operates early warning satellites in highly elliptical
orbits (period 12 hours), arranged that their apogees are located over
the northern hemisphere so that the satellites are for a considerable
part of their orbit in sight of both the mid-western USA and the ground
stations in the USSR. The view has also been expressed that the early
warning satellites should be part of a multilateral center for crisis
control to prevent nuclear war.

Prompt warning of nuclear attack is an element in the credibility of as-
sured retaliation to nuclear missile attack, which is thought to be
essential for maintaining the existing state of deterrence and

20 Craig Covault (1985): "USAF initiates broad program to improve surveillance of
Soviets". In: Aviation Week & Space Technology, 21 Jan 1985. pp. 14-17.
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prevention of nuclear war. It is important for States to have the means
of knowing with certainty that they are not under attack, so as to avoid
any possibility of pre-emptive steps being taken in the mistaken belief
that an attack against them had been launched.

NAVIGATION, GLOBAL POSITIONING

Modern warfare involving mobile weapons systems such as aircraft,
missiles and ships, together with the need for accurate knowledge of
targets, puts considerable demands on military navigation systems. For
accurate targeting it is important to know the exact positions of the
aircraft, missiles and surface and submerged ships. Satellites are
beginning to fulfill these requirements. Signals emitted by satellites
have replaced the light emitted by stars used by navigators for
centuries. In order to have continuous coverage around the globe, a
relatively large number of navigational satellites in orbit are
necessary.21

The military purposes of space-related navigational networks are

believed to include:

e en-route navigation and accurate positioning of mobile land-based, sea-based and air-
based military forces; this helps in achieving rendez-vous (airborne refuelling, close
air support, cargo drops)

« accurate positioning of weapons systems enhances weapons accuracy (the clearest

example are probably SSBN; bombing accuracy can also be improved through precise
knowledge about position and velocity of the aircraft)

« positioning and determination of velocity of space vehicles and satellites

Both the USA and the USSR have developed or are developing navigation
satellite systems. The US Navstar Global Positioning System (GPS), is
to include 18 satellites in 6 planes in its final stage. In his report to
the Congress in early 1986, the US Secretary of Defense stated that the
deployment of the 18-satellite network, scheduled for 1988, would
provide a global, three-dimensional navigation/position fixing and
timing capability.22 11 Navstar GPS satellites are now deployed in
space; the last of these was launched on 9 October 1985.23 After the
Space Shuttle accident it appeared in mid-1986 that it could be as late

21 In order to determine the position in three dimensions, three satellites have to be in the
user's field of view.

22 Report of the Secretary of Defense Caspar W. Weinberger to the Congress on the FY
1987 Budget, FY 1988 Authorization Request and FY 1987 FY 1991 Defense Programs,
February 5, 1986. Washington, DC: US Government Printing Office. p. 250.

23 World Armaments and Disarmament, SIPRI Yearbook 1986. Oxford: Oxford University
Press. p. 154. At least part of the present 11 satellites are part of a developmental
system and not of the production run of 28 satellites.
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as 1991 before the system would have a full capability.24 Operational
testing of GPS receivers on persons, land vehicles, aircraft, submarines
and surface ships demonstrated position accuracy of approximately 11
metres vertically and 9 metres horizontally for US-authorized military
users.25 (These figures probably are to be interpreted that the
horizontal accuracy is equal or better than 9 metres for 50 per cent of
the time. Most likely the accuracy would be equal or better than about
20 metres for 90 per cent of the time.)26

Technical details of the Soviet Global Navigation Satellite System
(Glonass) are at present not available.27

GEODESY

Without the collection of geophysical data of the earth (shape and
gravitational field) by geodetic satellites, the performance of some
weapons delivery systems would be much lower than it is now. Some of
the sytems might not even be feasible. For example, knowledge of the
earth's gravitational characteristics is needed for the correction and
improvement of a nuclear missile's flight trajectory in order to attain
increased accuracy. The lack of precise knowledge of the shape of the
earth and its gravitational field would introduce considerable errors in
the computations of trajectories and in the inertial guidance systems
of missiles, aircraft and surface and submerged ships.

24 Aviation Week & Space Technology, 30 June 1986. p. 21.
25 Aviation Week & Space Technology, 9 June 1986. p. 25.

26 For a thorough description of Navstar GPS see K.D. McDonald: "Navigation satellite
systems: their characteristics, potential and military applications". In: Bhupendra Jasani
(Ed.): Outer Space A New Dimension of the Arms Race. London: Taylor & Francis, 1982;
pp. 155-188. The Navstar satellites are also an example of satellites performing two
functions: in addition to the equipment needed for GPS, they also carry equipment for the
detection of nuclear explosions.

27 Aviation Week & Space Technology, 27 July 1987, pp. 38-39.
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3.2. SATELLITES, DISARMAMENT AND ARMS LIMITATION

Many of the capabilities of satellites that have military utility can also
be turned to verification functions. Reconnaissance and remote sensing
of every kind that could reveal threatening military activities can also
confirm the absence of such activity. This can relate to naval, air or
troop movements in accordance with restraints, the non-deployment of
certain classes of weapons, destruction or dismantling of weapons, or
the absence of testing of weapons. Thus one main task of satellites has
been to provide the technical means whereby arms limitation treaties
can be verified in order to give assurance that the provisions of those
treaties are being observed. Observations from outer space, by so-
called national technical means (NTMs)have been used for monitoring
some of the bilateral agreements between the two major nuclear
Powers since 1972, most prominently the SALT and ABM treaties.

The non-intrusive nature of observations from satellites facilitates
their use for verification purposes. The most advanced technology for
reconnaissance from outer space is classified, because it is used on
board military satellites. But in recent years, remote sensing
technology by civilian satellites has become sophisticated enough, so
that a new potential emerges for international co-operation in the
verification of arms limitation or disarmament treaties. The same
technology would also be suitable for monitoring crisis areas of the
world. A number of techniques and procedures can be employed to verify
compliance with agreements. Which type or combination of methods is
used depends essentially on the nature of the treaty and the extent to
which violations could be tolerated if they occurred. Among the
proposed treaties for which verification procedures will be important
are a chemical weapons convention, a comprehensive test ban treaty, a
radiological weapons treaty and an outer space treaty. In the following
table, a number of arms limitation agreements are listed and the
potential contribution of satellites to their verification is indicated.

Treaty Type of satellite; Type of activity prohibited Comments
sensors needed
for observation

MULTILATERAL TREATIES
Geneva Protocol (1925) Use in war of asphyxiating, poisonous See BW Convention
or other gases and of bacteriological )
agents
Antarctic Treaty (1961) Military; Any measures of a military nature, Some of the activities prohibited could
synthetic aperture radar such as the establishment of military be observed by some civilian satellites;
(SAR), optical cameras, bases, military manoeuvres and testing more details could be observed if sensors
electronic of weapons - e.g. nuclear explosions on civilian satellites were orbited at
surveillance equipment or any type of weapon lower altitudes; on-site inspection and

aerial observation allowed (article 7)
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Treaty

Type of satellite;
sensors needed
for observation

Type of activity prohibited

Comments

Treaty banning nuclear

weapon tests in the atmo-

sphere, in outer space
and under water (1963)

Outer Space Treaty (1967)

Treaty of Tlatelolco (1968)

Treaty on the Non-
Proliferation of Nuclear
Weapons (NPT, 1968)

Sea-Bed Treaty (1972)

Biological Weapons
Convention (1975))

Environmental
Modification Convention
(1978)

Moon Treaty (1984)

BILATERAL TREATIES

Limitation of
Anti-Ballistic Missile
Systems

(ABM Treaty, 1972)

Military;

nuclear radiation
detectors, X-ray
and optical sensors

Optical cameras; infra-
red sensors and SAR

Military;
optical and SAR

Military;
optical and SAR

Military;
optical sensors in visible
and IR range, SAR

Military and civilian
weather satellites;
visible, IR and micro-
wave radiometers;
optical sensors

Optical cameras, infra-
red sensors and SAR

Military;
optical and electronic
sensors; SAR

Any nuclear weapon test in the
atmosphere, in outer space and
under water

Placing in orbit of nuclear weapons

and other weapons of mass destruction;
establishment of military installations
and fortifications; military manoeuvres
on celestial bodies

Testing, use, manufacture, production,
acquisition, recelpt, storage, Instal-
lation or deployment of any nuclear
weapon by States Parties or by the
nuclear weapons States Parties to the
First and Second Additional Protocols

Transfer of nuclear weapons by
nuclear-weapon State parties and
receipt, manufacture or other
acquisition of nuclear weapons by
non-nuclear weapon State parties

Emplacement of nuclear weapons and
other weapons of mass destruction

. Development, production, stockpiling

or acqusition of bacteriological and
toxin weapons; provides for the
destruction of existing stocks

Engaging in military or any other
hostile use of environmental modific-
action techniques having widespread,
long-lasting or severe effects as the
means of destruction, damage or injury

Threat or use of force or any hostile
act on the moon and celestial bodies
including orbits around them; prohibits
the use of the moon, etc., as a base for
hostile acts; nuclear weapons, or other
weapons of mass destruction are banned
from the moon, etc.; establishment of
military bases, Iinstallations and forti-
fications, the testing of weapons and the
conduct of military manoeuvres are also
prohibited

Limits deployment of ABM systems to
national capital regions of each
country plus one other area; this was
later modified by a 1974 Protocol to a
single site for each country

Optical and heat sensors on some civ-
ilian satellites (e.g. weather satellites)
could observe atmospheric and outer
space nuclear explosions; preparatory
activities for a nuclear test and sub-
sequent radiation could be observed

Optical and radar sensors on civilian
satellites (e.g., weather satellites) could
observe construction of clandestine
nuclear facilities, particularly if they
are orbited at lower altitudes, and
preparatory activities for a nuclear test

Optical and radar sensors on civilian
satellites, particularly if they are orbit-
orbited at lower altitudes, could observe
construction of clandestine nuclear fac-
ilities, enrichment plants, roads and
railway tracks and preparatory activ-
ities for a nuclear test

Satellites cannot contribute to verific-
action of this treaty

Optical sensors and SAR on some civilian
satellites could detect some of the BW
activities if the sensors are orbited at
lower altitudes; manoeuvres connected
with testing and training drills; de-
contamination facilities and segregation
barriers; railway lines and specially
designed tanker-wagons

Although satellites may detect any
unusual developing weather pattern, it
would be difficult to know who might
have caused such a change

ABM systems normally consist of
launchers, interceptor missiles and
radars which can be easily observed by
military satellites; high-energy beams
of ABM radars are detected by electronic
reconnaissance satellites; civilian satel-
lites are not equipped with sensors to
detect electronic signals but their optic-
al sensors may be able to detect large
radar installations from low altitudes
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Treaty

Type of satellite;
sensors needed
for observation

Type of activity prohibited

Comments

Strategic Arms
Limitation Talks
(SALT |, 1972)

Threshold Test-Ban
Treaty (TTBT, 1974)

Peaceful Nuclear
Explosion Treaty
(PNET, 1976)

SALT |l Agreement
(1979)

not ratified but observed
until 1986

Military;
optical and electronic
sensors; SAR

Military;
optical and electronic
sensors; SAR

Places a freeze on aggregate
numbers of fixed land-based
ICBM launchers and ballistic
missile launchers on submarines

Underground tests of nuclear
weapons with a yield of more
than 150 kt

Underground nuclear explosions

for peaceful purposes in excess of
150 kt or aggregate yield in excess
of 1500 kt

Provides for overall ceiling on strat-
egic nuclear delivery vehicles, sub-
ceiling on launchers for all MIRVs
plus heavy bombers with air-launched
cruise missiles over 600 km range,
MIRV launchers, warheads, etc.

The following could be observed: tele-
metry of missile test; construction of
missile silos; launch and impact areas,

to obtain missile range; shipyards, for
submarine construction; some of these
activities, e.g., construction of silos, may
be detected by some civilian satellites,
but the sensors do not have high

enough resolution to observe details

Satellites cannot contribute to verific-
ation; in future sensors to measure
ground motion and atmospheric over-
pressure due to underground nuclear
explosion may be developed

Satellites cannot contribute to verific-
ation; in future sensors to measure
ground motion and atmospheric over-
pressure due to underground nuclear
explosion may be developed

Similar to SALT | and ABM treaties

An international satellite monitoring agency

The idea of international participation in the verification of arms
control treaties is not new. In 1978, France proposed the establishment
of an international satellite monitoring agency (ISMA) under the United
Nations. This proposal was examined by a group of governmental
experts who submitted their report to the United Nations General
Assembly in June 1981.28 The proposal envisaged monitoring not only
the arms control treaties but also crisis areas in order to settle
disputes between nations. The UN report concluded that the current
state of space technology was such that it were possible and feasible
to verify compliance with certain arms control treaties and to monitor
crisis areas. The report also noted that there were no provisions in
international law, including space law, that would prevent an ISMA

28 For the French proposal, see UN document A/S-10/AC.1/7, 1 June 1978. For the
report, see UN document A/AC.206/14, 6 August 1981. Also published as The
Implications of Establishing an International Satellite Monitoring Agency . Volume 9 of the
Disarmament Study Series published by the UN Department for Disarmament Affairs. New
York: United Nations 1983. (see also p. 149 of this study)
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from carrying out monitoring activities from outer space. The
constraints are of a political and financial nature.

The ISMA concept faces problems concerning the dissemination of
sensitive data. They might be made less intense if the number of
nations involved in the monitoring process were small. Thus, a regional
satellite monitoring agency (RSMA) is an alternative idea, particularly
if it relates to a regional arms control measure. The problems of
availability and dissemination of sensitive data would still exist, but
in the case of an RSMA they would be less extensive. The sensitivity of
data dissemination could be reduced if a SALT-type of standing
consultative commission were to be established.

An RSMA may, for example, be relevant to the Conference on
Confidence- and Security-Building and Disarmament in Europe. The
infrastructure needed for an RSMA already exists in Europe. The
European Space Agency (ESA) and the Interkosmos Council have active
programmes in the field of remote sensing, an essential technology for
verification of arms limitation treaties and monitoring crisis areas.
Moreover, co-operation between these organizations has already been
established.

Proposals concerning international co-operation among neutral and non-
aligned States in the use of satellites for verification and crisis
monitoring purposes have been made by neutral States in Europe. A
Canadian programme (PAXSAT) centres on assessing the feasibility of
applying space-based remote sensing technology to the tasks of
verification in the context of multilateral arms control and
disarmament.2® In the Ixtapa Declaration, the Heads of State or
Government of the Group of Six agreed to consider steps by which the
non-nuclear weapon States may co-operate in international
arrangements related to future nuclear disarmament. In this context an
international data exchange satellite was envisaged for a nuclear test
ban.

An RSMA or an arms control and conflict observation satellite would
not only provide information on the status of the arms race and crisis
development but could also provide an independent check on claims by

29 PAXSAT research has concentrated on two potential applications of space-based remote
sensing to multilateral arms control verification. The first is space-to-space remote
sensing (PAXSAT "A") which deals with verification of agreements involving space
objects. The second, space-to-ground remote sensing (PAXSAT "B") focusses on how to
assist in the verification of agreements involving conventional forces. (PAXSAT Concept:
The Application of Space-Based Remote Sensing for Arms Control Verification
[Verification Brochure No. 2]. Ottawa: Department of External Affairs, 1987.) (see also p.
154 of this Study)
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the USA and the USSR regarding research and development by the other
side of space weapons. At present, there-is no way of independently
checking such claims, despite the fact that there are no technical or
legal constraints to such an activity by any group of nations. Neutral
and Non-aligned countries would find it desirable to take part in such
an initiative because it would allow them to overcome the existing gap
in this field.30

3.3. EXISTING ANTI-SATELLITE AND ABM CAPABILITIES

The following section seeks to describe space weapons (in the more
narrow sense of the term) that have been - or are being - tested or
deployed (or both). Two categories make up space weapons in this more
narrow sense: anti-satellite (ASAT) weapons on the one hand, and anti-
ballistic missile (ABM) weapons on the other hand.3' Research
programmes which have not yet resulted in tested or operational
systems (and thus do not at present constitute "existing capabilities")
will be covered in part two, "Technological and Conceptual Challenges".

Even though currently existing ABM capabilities are not space-based,
ABM capabilities have to be described as well as ASAT capabilities.
There are several reasons for this. First, and most importantly, some
types of deployed or tested ABM systems are designed to destroy
incoming RVs above the atmosphere, thus they are weapons which could
intercept objects in space.32 Secondly, ABM weapons are now usually
considered to make up one of the categories of space weapons. Even if
this assessment is partly based on contemplated ABM/BMD systems
which might be deployed in space, this argues that the current situation
in the ABM field should be described to give an accurate picture and
provide a background to present activities.

ASAT weapons and ABM/BMD systems have some basic principles in
common, even though some operational requirements are quite
different. Technologies researched and developed for one application
are likely to be utilizable also for the other application. Both
categories, ASAT and ABM/BMD weapons, could be divided into two
kinds: kinetic-energy weapons (KEW) and directed-energy weapons
(DEW). The KEWSs, which can be propelled either by chemical rockets or

30 See for instance the statement of the representative of Pakistan at plenary session of
the Conference on Disarmament on 22 April 1986 (CD/PV.358).

31 In a third conceivable category of space weapons, such as those based in outer space
and targeted against terrestrial space, there are at present no known capabilities. No
weapons systems falling into this category have been deployed or tested.

32 ABM interceptor missiles of this type include: Spartan (USA, no longer deployed),
Homing Overlay Experiment (USA, tested), ABM-1b/Galosh (USSR, deployed).






































































































































































































































































































































































































































































































