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There was a lively discussion following the speeches, centering on
questions concerning the nature of space law and its relevance to practical
problems on earth. Dr. Galloway defined space law as responding fo "legal
problems arising from the uses and exploration of outer space.” =

Dr. Eilene M. Galloway
Honorary Director, IISL

Other Events

The European Centre Space Law Workshop on "Legal Aspects
Protection of Satellite Data" took place May 16-17, 1991 in Frascati,
Italy. ' '

The 10th Annual Classified Military Space Symposium,
was organized by the American Astronautical Society on May 22-23, 1991
in Washington, D.C. .

The Ninth IAA Man in Space Symposium was held on June 17-
21, 1971 in Cologne, Germany.

The 6th International Conference on Commercial and
Industrial Activities in Space in the 1990's: Insurance
Implications was organized by Assicurazione Generali in Rome on Sept.
16-17, 1991, ‘ J

A course of study on Artifical Space Debris: Technical and
Policy Issues was arranged by.the AIAA on July 30-August I, 1991 in
Washington, D.C. S '

The Third Annual Symposium on the Law and Outer Space took
place on Sept. 5-6, 1991 at the Georgeiown University Law Center in
Washington, D.C. : :

The UN/IAF/CSA Workshop eoen Space Techrology for
Developing Nations was held in Montreal, Canada on October 2-12,
1991, The fifty participants included twenty-three invited delegates from
seventeen different countries. The Workshop brought together
representatives from spacefaring and developing nations in order to help
developing countries become more aware of space techmologies, and to learn
how applications of these technologies can enhance their development and
solve present day problems such as communications to remote areas. The
Workshop recommended the setting up of Regional Training Centers in
developing countries. A similar workshop is planned in conjunction with
the World Space Congress in 1992,

Telecom 91, held under the general theme "An interconnected
world: improving the quality of life for all," brought together leaders of the
world telecommunications industry, together with decision makers, system
providers, operating agencies, regulatory bodies and user groups, Divided
into five symposia, the discussions centered around the new developments
and main problems - of telecommunications of today, as they related to
political, technical, regulatory and economic aspects, or to the special
requirements of the disabled.
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A conference, sponsored by NASA, NOAA and the Environmental
Research Institute of Michigan on "Earth's Observations and Glgbal
Change Decision Making: A National Partnership," was held in
Ann Arbor, Michigan, October 22-23, 1991.

A Space Education Conference was sponscred by the Florida
Space Grant Consortium on October 23-25, 1991 in Cocoa Beach, Florida.

An international Colloquium on "Commerecialization of Space
Activities: A Positive and Prospective Legal Analysis" was
organized on October 24-26, 1991 in Dijon, France by the Centre de
Recherche sur le droit des Marchés et des Investissements Imternationaux.

The program of Space Exploration 91, the 2nd Annual
Conference and Exposition organized by NASA Alumni League, on October
29-31, 1991 included the U.S., Ewropean and Japanese perspectives of
space station utilization as well as a review of international space
activities.

' The European Regional Telecommunications Development
Conference took place in Prague, Nov. 19-23, 199! with the aim of
promoting a coordinated, harmonious and accelerated development of
telecommunications in countries of Central and Eastern Europe in
transition.

Brief News

On October 28, 1991 President. Bush signed legislation
authorizing his administration to proceed with building the Space Station
Freedom. . . Astronauts aboard the space station are to conduct onboard
experiments and operate observation equipment in addition to operating
and maintaining the space station, ~ Inmitially, there will be four astronauts
and their number will -increase to eight. Astronauts -from the participating
countries will live together for a maximum of 180 days, working two shifts
a day in a team of four. Assembly of the space station on orbit is to start
around 1995 and is to enter its operational phase around the year 2000.

-For the first time in six years the Space Shuttle Atlantis landed
at the Kennedy Space Center. On their most recent November mission
Atlantis astronauts were to determine how much detail can be seen on the

ground from a distance of 224 miles wp. . . Because of malfunction in
Orbital Sciences' Pegasus booster, seven communications satellites were
placed into a lower orbit that will shorten their useful lives. . . A shuttle

servicing mission is planned for 1993 to replace the Hubble telescope's
three gyroscopes that failed. '

Lack of uniform policies for testing of spacecraft before launching
was criticized in a GAQO study. . . Receni scientific evidence suggests that
the reflective substance shown at Mercury's polar caps may be ice. . .
Astronomers believe that a newly discovered distant quasar is emitting
million times the energy of the entire Milky Way galaxy. . . The first
closeup picture of an asteroid, called QGaspra, revealed a big crater-dotted
rock which probably resulted from the collision of larger objects.
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NASA's 1992 budget was reduced by $1.4 billion over the $15.7
billion requested by the administration, but left the space station program
unchanged . . . Congress authorized the development for deployment of a
new anti-missile defense system . . . A special engineering panel, review-
ing NASA’s planned Earth's Observation System's Data and Information
System (EOSDIS) designed to acquire, process and distribute scientific
data on the complex environmental processes that affect our planet,
recommended that EOSDIS undergo a thorough review by an outside panel! of
experts. It also stressed that the environmental offshoot of SDI's
controversial Brilliant Pebbles, the Brilliant Eyes, perhaps could do
the job for $750 million instead of NASA's estimated $30 billion for EOS,
though it would be premature to rely on it entirely. . . EOSAT operates.
LANDSAT 4 and 5 and is building LANDSAT 6 under contract with the
Commerce Department. EOSAT urges funding by the government for
LANDSAT 7 to gather data on global change. .-, Hughes is suing NASA for
the Agency's 1986 decision to ban commercial satellites from the Space
Shuttle.

The first major space research project between the U.S. and the
Soviet Union since the Apollo-Soyuz mission in 1975 took place recently
when a Soviet rocket carried the first U.S. instrument ever placed aboard a
Soviet satellite. The instrument, a Total Ozone Mapping Specirometer, is to
measure the Earth’s ozone layer and monitor holes in it.

Kazakhstan declared that the Baikonur Cosmodrome which is
located on its territory belongs to Kazakhstan. It is reported that the space
center would be turned into an international spaceport to offer its launch
services commercially in competition with the Ariane consortium, the U.S.
and China, This would be done in the form of a joint stock company with
Kazakhstan, Russia and the Ukraine holding 80% of the shares, while the
rest would be sold to private interests . . . The Soviet Union joined
INTELSAT. '

NASA's upper atmosphere research satellite launched on September
12, 1991 carried Canada's Wind Imaging Interferometer (WINDII).
WINDII is a joint project sponsored by the Canadian Space Agency and the
French Centre National d'Etudes Spatiales. ‘The instrument is designed to
measure winds and temperatures at high altitudes iIn the atmosphere. . .
Canada has contracted with Arianespace to launch the first Canadian
mobile communications satellite, MSAT 1, in 1994 . . .The Canadian
Space Agency became the 126th member of IAF. '

The Council of telecommunications ministers of the European
Coummunity agreed to break government monopolies and deregulate the
satellite communications industry.

The French civilian space budget for 1992 shows an increase of
7.9 percent over the 1991 expenditures, thereby permitting development of
a new launch vehicle, a piloted spaceplane and a contribution to the space
station activities.

Germany increased its 1992 space budget by 12%, but officials
believe this increase is still too low to meet German commitment to the
European space effort.
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In preparation for a meeting of experts on the tramsborder use of
mobile satellite earth stations, INMARSAT carried out a survey of
regulations and policies in countries around the world relating to mobile
satellite terminals.

Discovery by British astronomers of a planet beyond our solar
system suggests that planets may be common throughout the umiverse. . .
India's second remote sensing satellite was succesfully launched from the
Baikonur Cosmodrome in Kazakhstan on August 29, 1991.

The National Space Development Agency of Japam {(NASDA) is to
begin recruiting and selecting Japanese astronauts for the space station in
fiscal 1991 and the assembly of the Japanese Experiment Module is to start
around 1998.

India's second remote sensing satellite was successfully launched
from the Baikonur Cosmodrome in Kazakhstan on August 29, 1991,

Arabsat awarded a contract to Telespazio of Rome for the
preperation, launch, and in-orbit testing of its Arabsat 1C communication
satellite,. Telespazio's work is to be carried out at the Aerospatiale center
in Cannes, the French Guaiana Center and the Mission Control Centers in
Toulouse and Riyadh. . . Italspazio designed two small communications
satellites, Ministar and Leostar, for geostationary and low earth orbits for
the European Space Agency.

B. FORTHCOMING EVENTS

The Eighteenth International Symposium on Space
Technology and Science is to take place in Kagoshima, Japan, May
17-23, 1992, One of the sessions will be devoted to Space Law and
International Cooperation.

An international interdisciplinary Colloquium on Manned Space
Flight - Legal Aspects in the Light of Scientific and Technical
Development is organized by the Institute of Air and Space Law of
Cologne University on May 20-22, 1992,

Huntsville, Alabama will be the site of the International
Aerospace Convention which is to discuss issues of international
cooperation and competition on July 16-20, 1992

The 35th Colloquium on the Law of Outer Space will be held
Aug, 28-Sep. 5, 1992 in Washingten,  D.C. (USA) during the IAF
Congress. Topics to be discussed include: (1) Emerging and Future
Supplements to Space Law, Specifically in the Context of the International
Space Year (Papers are invited describing newly emerging national laws,
bilateral agreements, international agreements and regional arrangements
relating to activities in space, or addressing the needs for supplements to
the existing space law, or. supplements not covered by these instruments),
(2} Managing Environmental Issues, Including Space Debris. (Papers are
invited dealing with legal aspects of environmental impacts of space
activities, including but not lHmited to aspects of managing space debris.
Authors may, for instance, focus their atiention on the use of nuclear and
solar energy in outer space, or on the legal questions concerning the
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protection of the ozone layer (earth and space environment), (3) Legal
Regulation of Economic Uses of Quter Space. (Papers are invited to address
subjects which arise in the economic activities of states and private
enterprises. The discussion of specific issues in detail, such as the law
governing commercial transactions concerning activities in. or of outer
space (international or municipal law) or the delegation by States of
actions to private institutions, is recommended). (4) Other Legal Subjects.
[Authors may suggest their topics, but in particular papers are invited to
deal with the role of the UN in implementing the law of outer space (e.g. the
role of the Secretary General), the legal status of aeorospace vehicles, the
regulation of mobile satellite stations and the matter of overcrowding of the
geostationary orbit]. :

An International Symposium on Benefits from Space
Activities, cosponsored by the Chinese Society of Astronautics and the
International Academy of Astronautics, is planned for Ocfober 11-14,

1992 in Beijing, China.



Book Reviews

Developments in Space Law - Issues and Policles by Stephen Gorove,
Dordrecht, Martinus Nijhoff, 19931, pp. 416, hardbound.

There are authors who contend that the development of space law
-can be distinctly divided into two phases. The first phase, lasting from
1957 to circa 1980, was the era of international public law., The second
phase begins around 1980 and allegedly “"can be categorized by the atrophy
and obsolescence of most space treaties and the shift toward a domestic law
of outer space. Under this domestic law, private enterprise and other
actors have begun to enmter space, answering chiefly to the laws of their own
nation states.”! On the other hand, there are people who still think that
space law is a part of science fiction.

The new fundamental treatise Developments in Space Law, Issues
and_ Policies, which is published by Martinus Nijhoff Publishers, is solid
evidence that both of the assumptions are incorrect. The author of the new
treatise, Professor Stephen Gorove, is a world-renowned expert on space
law. He is the Director of Space Law and Policy Studies at the University of
Mississippi Law Center and the Chairman of the Editorial Board of the
Journal of Space Law, which is the only periodical in the world totally

devoted to the issues of space law.

Building on the space law developments which occurred after the
appearance in 1977 of his previous book, Space Law: Its Challenges and
Prospects, Professor Gorove presents in thirty-three chapters of his new
book basic topics associated with the recent developments in international
and American space law and the projected expectations. It is neither a
systematic exposition of the current international and domestic space law
nor a texthook for beginners; rather, it is a collection of essays, some of
which are based on the previous writings and presentations of the author.
on the most acute issues of space law.

The beook consists of nine parts organized around the following
subjects:  Background, Resources, Environment, Transportation, Liability,
Arms Control, Remote Senging, Space Stations and the Future. Major
international space instruments are reproduced in the Annex.

In the first part of his book, Professor Gorove gives a brief overview
~of domestic regulations of space activity in the United States. He
highlights U.8. legislative, regulatory and judicial developments pertaining
to space activities and shows that U.S. national space laws "may well serve
for other space-faring nations as useful tools for study and analysis when
they consider drafting their own national regulations" (p. 12).

In the second part, the author atiracts the attention of the reader to
the major legal issue of international law arising from the use of the

1 NATHAN C, GOLDMAN, AMERICAN SPACELAW, INTERNATIONAL AND DOMESTIC, Iowa State
University Press, Ames, Iowa, 1988, p. vii.
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Geostationary  Orbit, Direct Television Broadcasting by Satellites and Solar
Power Satellites. Some of the key considerations in this part of the book
are also devoted to the concept of "common heritage of mankind" as it
relates to the exploitation of space resources and to the principle of
*equitable access," advocated by developing countries with regard to the
geostationary orbit and the services utilizing it.

The third part of the treatise deals with the role space law in the
protection of the human environment and focuses on the issue of space
debris. Although the author takes a cautious approach to this problem and
avoids any concrete legal recommendations before sufficient scientific and
technological data are available, he definitely expresses the opinion that
under the Liability Convention of 1972 "the liability would also extend to
what we regard as space debris, such as the broken-up pieces of a space
object" (p. 165).

While treating the space tramsportation problems (PART 1IV),
Professor Gorove concenirates on the legal implications of the space shuttle
program and the legal aspects of international space flights. The logical
_ continuation of these subjects is the legal and policy issues of the
U.S./International Space Station "Freedom" and the future aerospace planes
considered respectively in PARTS VI and IX of the book.

Among other topics studied by the author, the essays devoted to
liability issues comnected with the Cosmos 954 accident and the Challenger
disaster (PART V), limitations on the use of arms in outer space (PART V),
possible controversial issues associated with the U.N. Principles on Remote
Sensing (PART VII), and the teaching of space law {(PART IX) are
noteworthy.

Not ail of the recent developments in space law have received egual
attention from the author and, hence, not all have been given equal in-
depth amalysis. Thus, there exists a voluminous literature on the problem
of the so-called liberal or restrictive interpretation of the ABM Treaty.
Unfortunately, the reader will not find an adequate coverage of this acute
subject in the book. One could also expect a more detailed analysis of the
modern developments in national American space law and of the
interrelationship between international space law and domestic law from
the perspective of American legal theory and practice.

Some of the propositions of the author seem debatable. For
instance, while discussing the “eternal" issue of international space law
about the meaning of 'peaceful" and “military" in international legal
instruments, the author expounds the view that “"the objects of the research
(in outer space),” whether the advancement of science, military defense, or
perhaps even outright aggression, would have no bearing on the lawfulness
of any research activity" (p. 257). It is hard to agree, though, that the
clearcut provision of international space law demanding the use of the
moon and other celestial bodies “exclusively for peaceful purposes”
permits such a broad interpretation.

Phrase in parenthesis has been added by the. reviewer.



1991 EVENTS OF INTEREST 189

A wide range of challenging problems of international public space
law discussed in the new bock by Prafessor Gorove is vivid evidence to the
fact that public international law will continue to play a major role in the
regulations of space activities. Certainly, another movement in space law
has manifested itself clearly alongside of that. This is the development of
national legislation in the space field which has been called forth, to a
considerable degree, by the commercial uses of space technology. I
absolutely agree with the remark by the author "that lawyers and policy
makers must continually bear in mind the close interrelationship between
national and international space laws so that the two areas of law will
develop in harmony and will not become a source of potential conflict" (p.
13).

Every new book written or edited by Professor Gorove is received
with great interest by the international community of space lawyers and by
all those who follow the developmenis in space law. I am firmly convinced
that his latest book will not be an exception to this rule,

Professor V.S. Vereshchetin
Deputy Director, Institute of State and Law,
Soviet Academy of Sciences

Handbuch des Weltraumrechts, edited by Karl-Heinz Bdckstiegel
{Cologne et al., 1991), 893 pp., hardbound, 480 DM.

The recently published Handbuch des Weltraumrechts (Manual on
Space Law) is the first of its kind in German, Edited by Bdckstiegel, it
contains the contributions of twenty-one authors, mostly from Germany but
also from Switzerland, Austria, and the United States.

The manual gives an encompassing overview of all legal problems of
current space law, It is divided into ten parts entitled: A. Basics of Space
Law (Bdckstiegel); B. Basic Notions and Principles of Space Law (Virz,
Biickling, Rehm, Bittlinger, Schwenrk); C. Space.QObjects (Hintz); D. Humanus
in Outer Space (Bittlinger); E. Space Research (von Kries); F. Utilization of
Outer Space (Bdckstiegel, von Kries, Wolfrum, Malanczuk, Benkd, Schmidt-
Tedd, Reifarth, Pritzsche, Vitt, Frantzen); G. International Cooperation in
Outer Space (Focke, Spude}; H. Liability (Malanczuk); I, Settlement of
Disputes (Bdckstiegel); J. National Space Law (Reifarth, Miiller, Fasan,
Guldimann, Gorove) and includes a bibliography (Focke) at the end.

Due to the comprehensiveness of the manual, a detailed review of
each contribution is almost impossible. Nonetheless, it can be said that the
aim of the editor, to pool the knowledge of experts in the different fields of
space law and provide compact and useful information has fully been
achieved.

After Bdckstiegel’s comprehensive introduction in Part A into the
basics of space law, namely its notion, its development and its sources, Vit
opens Part B offering a definition of outer space and celestial bodies along
the line of the current delimitation debate. Then Biickling discusses the
principle of freedom of outer space which, in his opinion, is not decisively
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limited by the “benefit-clause” of article I,-~para. 1 of the Outer Space
Treaty. Next, Rehm discusses another limitation of the freedom principle,
the prohibition of national appropriation in article II of the Outer Space
Treaty. After Bittlinger’s discussion of the rights and obligations to be
derived from the mutual respect clause of article IX of the Quter Space
Treaty, Schwenk helps in clarifying the importance of air law for outer
space activities by explicitly discussing the problem of so-called. innocent
passage rights of spaceplanes during the starting and landing process.
Part C is devoted to "space objects" presented by Hintz and not defined in
international space law. In particular, the doctrinal discussion of the
space object quality of the Spacelab and of the International Space Station
as well as of the different aerospace vehicles (Space Shuttle, Hermes,
Saenger) elucidate the eminent relevance of having a precise understanding
of the notion of space object. '

In the following Part D, Bittlinger gives an overview of the legal
problems associated with humans in outer space, before von Kries, in Part
E, investigates the legal framework for space research, Bdckstiegel opens
Part F on utilization of outer space with a discussion of the general legal
framework. by stressing the importance of the "freedom of use" principle
and its limitations. Based on this framework, the same author discusses
the legal problems of commercial use of outer space which he sees
developing more and more as a branch of internatiomal economic law.
Afterwards, different forms of use of outer space are “discussed, Von Kries
starts with an investigation of military uses of outer space and
demonstrates impressingly the still limited range of legal rules
prohibiting such use. Then Wolfrum discusses the legal regime for using
the geostationary satellite orbit. He states.a significant change during the
past thirty years toward a limitation of the freedom of states to use this
orbit.  Starting from almost unlimited freedom, the present legal regime
exhibits a growing tendency toward a planning approach, thus establishing
at least, in part, a regime of international administration by the ITU. The .
aim of this administration is the establishment of equal chances for the use
of this orbit, in other words a grarantee of an equality of opportunity in its
use, mostly for the benefit of the developing countries. Moreover, this
tendency demonstrates the emerging shift of public international law from
a law of coexistence toward a law of cooperation., The same author also
presents the legal regime for the use of satellites for direct broadcasting,
navigation and weather forecasting, whereas Malanczuk discusses the legal
regime of remote sensing of the earth by satellite. Benkd then explains the
growing legal framework for the use of nuclear power sources in outer -
space focusing on a diligent description and evaluation of the current
discussion in UNCOPUQS. Next, Schmidi-Tedd gives an overview of the
political, economical, and technical aspects of the development of
launching systems and thoroughly discusses the legal regime.  Besides
more general questions like the legal regime for activities of private
launchers, the author discusses the legal mnature of launch service
contracts. In his contribution, Reifarth explains the legal regime for the
international space station "Freedom."  Pritzsche discusses the legal
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regime for the utilization of natural resources, thereby indicating a
progressive development from the "benefit-clause"” of article I, para. 1 of
the Outer Space Treaty to the principle of the common heritage of mankind,
as contained in article 11 of the Moon Treaty. This section continues with
a contribution by Vit who demonstrates the legal regime for colonies in
outer space, and correctly states the still anthropocentric feature of the
law regulating outer space activities. Finally, Frantzen discusses the
environmental law of outer space which he considers inadequate with
regard to the problem of space debris. He, therefore, proposes some
changes, mainly in the Liability Convention and, additionally, traffic rules
for outer space overseen by an internatiomal organization,

The next Part G on international cooperation is subdivided into two
sections. First, Focke investigates general questions of international
cooperation, then Spude explains the legal regime of ESA. He stresses that
ESA is an important and impressive example of European cooperation and
thus greatly contributes to the process of European integration. In part H,
Malanczuk examines the liability system for space activities. He correctly
states that, except in the case of article II of the Liability Convention,
there is still no general regime of strict liability for damage on earth
caused by space objects and that, therefore, all states should adhere to the
Liability Convention. Bdckstiegel then explains in Part I the main rules
for a convention on the settlement of space law disputes.

Finally, in the last Part J, different authors describe the natiomal
space laws which in many states are still in statu nascendi.  Reifarth
explains the law of the Federal Republic of Germany and briefly illustrates
the new structure of (German space management, as well as the laws of
Sweden and the United Kingdom. Mueller discusses the law of the former
German Democratic Republic, Fasan the law of Austria, Guldimannr the
Swiss law and Gorove the still most imporiant law, that of the United States.

In sum, the Handbuch des Weltraumrechts can be regarded as an
important contribution to the doctrinal discussion of space law and a
useful tool for any practitioner. Its high quality would also justify. an
edition in English if care could be taken that, unlike in the German edition,
the price would make the volume a bit more accessible to the average
customer.

Stephan Hobe,
Deutsche - Agentur fiir

Raumfahrtangelegenheiten (DARA)
Bonn, Germany
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Exploring the Moon and Mars:

Choices for the Nation®

Since July 1989, President Bush has urged that the
United States develop a permanent presence on the
Moon early in the next century, land a human
crew on Mars by 2019, 50 years after the first Apollo
Moon landing. The Administration has termed this
challenge the Space Exploration Initiative {(SEI}. The
Advisory Committee on the Future of the U.5. Space

" Program recently suggested that SEI be thought of
s part of a Mission from Planet Earth, which would
focus on the long-term exploration of space, using
advanced robotic systems and human crews.

During this decade, Congress will be faced with a
series of decisions concerning whether or not to
invest public dollars to meet these objectives, and if
50, how. This assessment, which was requested by
the House Subcomumittee on VA, HUD, and Inde-
pendent Agencies and the Senate Committee on
Appropriations, explores the role of automation and
robotics technologies in pursuing them. 1t also
examines the broader issues of how a Mission from
Planet Earth relates to U.S. national goals.

Both humans and machines can contribute as
partners in a Mission from Planet Earth. This
partnership raises the following question: What is
the. appropriate mix of humans and robotic ma-
chines on the surface of the Moon and Mars? The
answer {o this question will shape the program and
necessary funding over decades.

At one extreme, the United States could mount
Apollo-like expeditions to the Moon and Mars, in
which the United States would place maximum
emphasis on science and technology to support
humans in transit and on the surface, but put
relatively little emphasis on automation and robot-
ics (A&R). In the Apollo era, because the available
A&R technologies were quite primitive, the United
States sent men to the Moon with very little robotic
support, Most of the control remained on Earth
where thousands of support personnel followed
every detail of the crew’s progress and controlied
most of their actions.

At the other extreme, the United States couid
focus on the development of advanced A&R tech-
nologies for exploration and indefinitely defer send-
ing humans to the Moon and Mars.

*®

In the most cffective exploration program, peo-
ple and machines would funclion as interactive
partnets, with people on Earth or perhaps on the
sutface of the Moon or Mars, as need and funding
allow. A&R experts believe that it will socon be
possible {o develop machines, guided by controllers
on Earth where appropriate, but acting autono-
mously most of the e, to carry out many explora-
tion dubies. On the Moon, robots controlied from
Earth could be used to explote for hunar resources,
to conduct scientific observations, and to carry out
a variety of simple construciion tasks. On Mars,
robots could be employed to survey the planet's
composition and structure, monitor its weather, and
return samples for analysis on Earth,

However, experts in field research methods be-
lieve that, even with advances in A&R, human
expiorers would be needed to carty out geological
field studies on the Moon or Mars, or search for
signs of indigenous life on Mars—tasks that require
a broad expeniential database and the ability to link
disparate, unexpected observations in the field.
Nevertheless, robotic devices would be needed to
assist human explorers in a wide variety of Lasks as
they work on either planetary body.

In the past, A&R technologies have received
relatively little emphasis, in part because they have
lacked capability. In the fulure, giving A&R lech-
nologies a more central role in exploration activi-
ties could greatly enhance scientific understanding
and contribute to increased human productivity in
other parts of the economy. Congress can play an
important part in assuring that the partnership
between humans and machines evolves as produc-
tively as possible. It could, for example, encourage
NASA to:

+ devote greater and more consistent effort to
A&R research and development; and

s include far more A&R technologies in future
projects involving space exploration and hu-
mans in space than is the practice today.

EXPLORATION TIMETABLE

Congress also faces a decision regarding the
timetable of a Mission from Planet Earth. Given the

Taken from OTA Report Brief, July 1991



1991

existing Federal budget crisis and chronic short-
ages of public capital, acceplance of the President’s
limetable (2019) for landing humans on Mars
might require a major emphasis on the develop-
ment of technologies to support human crews and
thus greatly constrain the options for developing
A&R technologies.

Spme argue that the United States should demon-
strate its leadership in advanced lechnology to the
rest of the world by embarking on' the human
exploration of Mars as soon as possible. However, it
is far from dlear what the United States would gain
from demonstrating leadership in human explora-
tion. For the next decade or even two, the United
States has no effective competitors in sending
human missions to the Moon or Mars. If the United
States emphasized human exploration and failed
to fund the development of A&R lechnologies
directly related to the U.5. economy, it might slip
in economic competition with other nations, A
U.S.-led Mission from Planet Earth could assist in
boosting international leadership in space activities,
but only if it were part of a balanced space program
that rested on a solid foundation of space science
and technology development.

In the near texm, Congress could:

1. defer decisions on @ Missien from Plangt Earth
“indefinitely and fund the scientifi: exploration of
the Moon and Mars within the existing planciary
exploration program; or

2. agrez in principle with the goals of @ Mission from
Planet Earth, but emphasize the development and
use of A&R technologies to accompligh them; or

3. agree in principle with the long-lerm goals of a
Mission from Planet Earth, but wish ko focus on
measured efforts o develop technologies suppori-
ing human exploration; or

4. accept the President’s timetable o & reachin
Mars by 2013. dais d

Options 1 through 3 would tend to extend the
timetable for humans to reach Mars beyond 2019,

MANAGEMENT OF A MISSION
FROM PLANET EARTH

U.S. experience with large science and technology
projects having long-range goals suggest that pro-
gram planners need to maintain considerable
planning flexibility and a broad set of intermedi-
ale objectives within the general program plan.
Operational success in each successive phase
should be favored over forcing a fit to a detailed
long-term plan.

The scientific success of inissions to the Moon and
Mars will depend directly on the quality of the
scientific advice NASA receives and the relative
influence of engineers in designing robotic missions
to the Moon and Mars. If the Nation wishes to
maximize the quality of its scientific returns,
planetary scientists should have a major role in the
decision process for the exploration program.
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EXPLORING AND EXPLOITING THE MOON

Despite US. and Soviet successes during the
1960s and early 1970s in studying the Moon, scen-

- tists still have a relatively rudimentary understand-

ing of its structure and evolution. A detailed scien-
tific study of the Moon would assiat in understanding
the geological and climalological history of the
Earth. Most of this work could ‘be carried out
robgtically with a variety of instruments.

The United States may in time wish to establish a
permanent lunar base in order to study the Moon
more intensively and to exploit its unique properties
for scentific observations and experiments. For
example, the Moon would provide an excellent site
for astronomical observataries aperating at all wave-
lengths. However, the costs of lunar observatories
would have to be balanced against the costs of
placing observatories in competing locations, e.g.,
geostationary orbit, or on the Earth.

Exploitation of the Moon's materal resources
might eventually prove cost-effective, for example,
in constructing surface or orbital infrastructure, or in
providing additional sources of energy. Robotic
devices would provide human explorers with sup-
port for field studies, emergendies, surveys, and
construction.

EXPLORING MARS

It is too early to plan a detailed, integrated
program of robotics and human exploratien of
Mars, However, it is not too early to begin a series
of projects to continue the scientific investigation of
Mars, and to study human physiology in space in
order to reduce the uncertainties facing human
exploration of the planet.

Robotic exploratory missions will first be needed
to explore Mars, whether or not the United States
decides to land humans on Mars by 2019. These
missions could provide important geological and
atmospheric data about Mars, help refine planning
for human missions, and assist in choosing potential
landing sites.

If the United States ultimately decides that it is-
important to send human crews to Mars, A&R
technologies could provide crudal assistance to
these crews while on the Martian surface. A&R
could provide support for field studies; assistance in
surveying prior to human exploration, espedally
over dangerous terrain; and emergency support.

A trip to and from Mars would experience much
higher risk than a relum to the Moon, but would
alsc provide greater challenge and adventure. If
the United Statés decides to send human crews lo
Mars, it mus! accept the potential for loss of life,
either from human error or mechanical failure.

A&R RESEARCH AND DEVELOPMENT

Robotics exploration will be needed as a prerequi-
site to human exploration. The United States has
many promising A&R technologies, but to date it
has not spent suffident time or funds to incorporate
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them into devices for exploring the Moon and Mars.
Yet, aggressive pursuit of robotic devices would
assisi exploration efforls and make humans much
moere capable on the Moon and Mars Lhan they
could otherwise be. However, at present NASA
lacks the A&R capabilily lo carry out a vigorous
exploration program using advanced robotics. Since
the development of robotic technologies does not
receive high priority within NASA, there is litlle
evidence to suggest this will change.

A number of reports, including the revent report -

of the Advisory Comumiittee on the Future of the 1.5.
Space Program, have urged increased attention lo,
and funding for, developing the requisite US.
technology base. Congress could assist the develop-
ment of A&R technologies by funding a set of A&R
projects that culminated in a variety of sclentific
capabilities for missions to the Moon and Mars.

The potential applications for A&R technologies
extend far beyond the space program and include
manufacturing and service industries, as well as
the defense community. Yet because the A&R
discipline derives from a widely splintered set of
subfields, only in weak contact with one another,
. NASA has a relatively thin technoiogy base upon

whith to draw for its own needs. An integrated
A&R program to serve government needs and
assist industry will require the collaborative ef-
forts of the universities, government laboratorics,

and industry,

COSTsS

Sending humans back to the Meon and/or on to
Mars would be extremely expensive, According to
experts OTA consulted, because of the need to
support human life in extremely harsh environ-
ments, exploration by human crews could cost more
than ten times the costs of robotics exploration. Yet,
because cost estimates depend aritically on the range
of planned activities, schedule, and new information
developed in the course of the program, it is too
early to judge the total costs of a Mission from Planet
Earth. As more information is gained from robotic
misgions, €.g., Mars Observer, and from technology
research and development, it will eventually be
possible to develop more credible cost estimates,

A comprehensive search for cost-reducing meth-
ods and techniques and for alternative approaches
will be of high priority. Congress should ask
NASA how it plans to control costs. NASA’s plans
should also include plans for controlling opera-
Honal costs. As experience with the space shuttle
has demonstrated, operational costs for crew-
carrying systems can constitute an extremely high
percentage of total system costs,

A return to the Moon and the exploration of Mars
would have a major impact on NASA's yearly
budget, and, in times of constrained budgets, pur-
suit of these goals would almost certainly adversely
affect the funding of NASA’s other activities, e.g.,
space science, and the Mission fo Planet Earth
(NASA’s program to address environmental and
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other Earth-bound problems). Hence, it will be
important for Congress and the administration to
test continually whether the President’s aspirations
for human activity in space can be accomnodated
within NASA's likely budget, and adjust its projects
accordingly.

INTERNATIONAL COOPERATION
AND COMPETITION

Issues of international competition and coopera-
tion will continue to play important roles in the
development of U.S. space policy. The United States
is part of a rapidly changing world in which the
political and military challenge from the Soviet
Union has gubstantially decreased but the techno-
logical and marketing capabilities of Europe and
Japan have markedly increased. How the United
States invests in its space program could deeply
affect other segments of the economy. The experi-
ence gained in applying A&R technologies to tasks
in space could assist their development in other
parts of U.S. industry and help the United States to
compete in this impottant arena of the world
economy. It is less clear how investments to support
human exploration of space would benefit U5,
industry.

Politically and technologically, the United States
could gain from leading an international coopera-
tive program to advance in space exploration. But
for such a space program we will have tolearmn how
to pursue shared goals, which would. give the
United States less latitude in setting the program
objectives. Cooperative activitics with other coun-
tries also could reduce U.S. costs and increase the
return on investment for exploration by bringing
foreign expertise and capital to bear on the chal-
lenge. The Soviet Union has far more experience
with supporting humans in space than any other
country. More extensive cooperation with the Soviet
Union could markediy reduce U.S. expenditures for
life sciences research, and lead to much better
understanding of the risks of extended spaceflight
and how to reduce them.

Japan, Europe, and the Soviet Union have made
significant progress in applying A&R to space
activities. Cooperative scientific programs that would
incorporate robotic devices contributed by several
countries might significantly advance US. experi-
ence in this important area. For example, nations
might cooperate in sending small rovers to the
Moon of to Mars to do reconnaissance and simple
chemical analysis, and to return samples 1o Earth.
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