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Executive Summary

The goal of intensive Mars exploration by robotic systems coupled with
the return to Earth of martian materials is one of historic proportions and

is widely recognized as a premier objective of solar system investigation.
The discoveries and understanding generated in such an endeavor will be of

fundamental scientific importance in their own right and will be a focus of
worldwide interest. The scientific results will be basic to further exploratory
activity and technological developments.

The National Research Council's Space Studies Board has previously
recommended that the next major phase of Mars exploration for the United
States involve detailed in situ investigations of the surface of Mars and
the return to Earth for laboratory analysis of selected martian surface
samples/ In addition, Mars exploration is of wide scientific and technical
interest to several other nations. More recently, the European space science
community has expressed general interest in the concept of cooperative
Mars exploration and sample return. The USSR has now announced plans
for a program of Mars exploration incorporating international cooperation.
If the opportunity becomes available to participate in Mars exploration,
interest is likely to emerge on the part of a number of other countries,
including Japan and Canada, among others.

The Space Studies Board's Committee on Cooperative Mars Explo-
ration and Sample Return was asked by the National Aeronautics and Space
Administration (NASA) to examine and report on the question of how Mars
sample return missions might best be structured for effective implementation
by NASA along with international partners.



The committee examined alternatives ranging from scientific missions
in which the United States would take a substantial lead, with interna-

tional participation playing only an ancillary role, to missions in which

international cooperation would be a basic part of the approach, with

the international partners taking on comparably large mission responsibil-

ities. On the basis of scientific strategies developed earlier by the Space
Studies Board, the committee considered the scientific and technical basis

of such collaboration and the most mutually beneficial arrangements for
constructing successful cooperative missions.

GENERAL PREMISES

The committee's charge was to examine the opportunities and benefits

of various approaches to international cooperation in Mars exploration as

these derive from the scientific objectives. That examination requires certain

assumptions about the quality and character of future U.S. and world space
science. A large number of the developed nations have evinced interest

in Mars exploration. However, as will be developed in this report, the

committee noted that the United States and the USSR currently occupy
special positions with respect to experience, capability, and commitment to

intensive space exploration in general, and to Mars exploration in particular.
For this reason, the committee concluded that the character of intensive

Mars exploration will be determined by program commitments made in the

United States and the USSR and that the participation of other nations will

be shaped largely by opportunities deriving from those programs. Thus the
level and the nature of U.S.-Soviet cooperation are critical elements that

will determine the character of Mars exploration as well as its international

aspects. Consequently, this report takes the potential and the problems of

U.S.-Soviet cooperation as its primary, though not exclusive, focus.

The response of this committee to its charge rests on premises of

overall policy upon which the recommendations depend. The committee

has summarized and briefly discussed these premises as follows:

1. There is a need for the United States to reestablish its leadcr-

ship in some aspects of space science, including planetary exploration. At

present, the architectural goals of the U.S. space science program require
both definition and a firm plan for implementation. The committee as-

sumes, for the purpose of this report, that the United States will carry

forward a vigorous national space science program of high quality. This

program is assumed to include international participation and cooperation
as enunciated in the National Aeronautics and Space Act of 1958 and in

the 1988 "Presidential Directive on National Space Policy."2, 3

2. Mars is an appropriate focus of a program that supports intensive

scientific investigation of our solar system, with the goal of developing



our understanding of the evolution of the terrestrial planets. The Space
Studies Board has defined Mars as the key immediate objective of this
effort because the evolutionary track that Mars has followed, while clearly
divergent from the Earth's, has still produced some remarkable similarities
in the two planets. Moreover, by virtue of its proximity and environment,
Mars is unusually accessible to the intensive scientific investigations that
are required to address these questions of terrestrial planet science.

3. The nation or group of nations that makes the necessary commit-
ment to intensive Mars exploration with sample return will create a focus
of intense international attention and interest, both scientifically and in
the public at large. The principal nations involved will thus play a leading
role in space science activities and technological development for at least a
decade.

SCIENTIFIC AND TECHNICAL PREMISES

In formulating recommendations, the committee took careful note
of the breadth and intensity of the investigations that will be needed
to accomplish the Mars scientific objectives. The motivation for intensive
scientific exploration of Mars is to understand that planet at a level that will

allow important questions to be answered about the planet's history and
evolution and about the character and stability of its environment. In some
respects, the character of the questions that we seek to answer in exploring
Mars is similar to the character of questions that we address in studies of
Earth. To achieve these scientilc goals, it will be necessary to conduct a
sequence of missions to Mars that involve both in situ investigations and
sample return. The committee envisions that a first phase of such detailed
Mars investigations should entail several missions, conducted over a number

of years, to a set of selected, diverse sites. Such a program would provide a
major increment of knowledge about the planet Mars and about the states
and evolutions of terrestrial planets in general. It would also provide the
basis of fact that is needed to inform future decisions about further levels

of Mars investigation, including the potential for human exploration of that
planet.

This breadth and character of Mars exploration, as they are dictated by

the scientific objectives, provide the framework of anticipated exploratory
and scientific endeavors on Mars that should be the focus of cooperative
international activity.

Certain technical issues also enter into determining the most effective
approach to international cooperation in the exploration of Mars. Coop-
eration between two or more independent technical organizations involves
costs as well as benefits. The magnitude of the costs is especially dependent
on the character of the technical and management interfaces involved. The



costsof a major joint undertaking are also highly susceptible to variations
on the existence of stable long-term working relationships, an established
means of communication, and mutual understanding about the partner's
institutions. The committee's recommendations attempt to balance the
benefits and the costs of cooperation, within the specific framework of

the required scientific and technical activities, and to provide a path along
which relationships can be built that can lead to closer cooperation in the
future. However, it is also recognized that decisions to undertake cooper-
ative programs may be based on other national policy considerations and
social motivations. Such an approach could dictate more intimate coopera-
tion from the beginning to achieve objectives connected with demonstrating
the ability of the United States and the USSR to cooperate. Thus the need
to establish cooperative relationships and understanding might be seen as a
net benefit rather than a net cost. Such an expansion of the initial coopera-
tion would not be inconsistent with the committee's recommendations, but
rather would constitute an acceleration of the recommended, longer-term

evolution of the cooperative relationship. This issue lies in the realm of
U.S. national policies that are outside the purview of this report.

GENERAL BACKGROUND

The accomplishments of the 1976 U.S. Viking mission generated a
major advance in the study of Mars. The further commitment of the United
States to the 1992 Mars Observer mission represents a logical next step
in a Mars exploration program. Beyond Mars Observer, the United States
has announced no specific plans for defining and implementing a strategy
for continuing intensive exploration of Mars. There exists a clear need for
the United States to reestablish vigorous leadership in crucial aspects of
space science, including planetary exploration. A commitment to leading
participation in a multinational program of Mars investigation would meet
this need and would be in full consonance with the 1988 "Presidential
Directive. ''3

Intensive Mars exploration is an appropriate focus of international sci-
entific cooperation. The breadth and significance of the scientific problems
to be investigated on Mars--as well as the expected expansion of knowledge
about terrestrial planets in general, including Earth--make Mars investiga-
tions of deep and persistent interest to a broad, international community
of scientists. The scope of investigations and operations needed to explore

Mars provides a rich opportunity for a variety of missions that can fruitfully
involve all of the interested nations and space agencies. The number of

missions required to survey and sample an appropriate diversity of sites
on Mars means that substantial economies can be realized by combining
the resources of several nations in a joint program of the highest quality



andproductivity.Theintrinsicsignificanceof Marsexplorationandsample
returnhasevokeda majorannouncedactivitywithin the SovietUnion
to aggressivelypursuethescientificexplorationof Mars;thefirstmission
in this long-termSovietendeavorwasthe 1988Phobosmission,which,
however,did notachieveall of itsscientificobjectives.

Establishmentof a multinationalMarsexplorationprogramwill de-
mandeffectiveinternationalcooperationandcommitmentto thelongevity
of thatcooperation.ThereisatraditionofcooperationbetweentheUnited
StatesandEuropeanscientificandindustrialcommunities.Thisrelationship
hasbeenhighlysynergistic.Continuingsuchrelationshipsin thecontextof
internationalinvestigationof Mars,with full appreciationandrespectfor
thescientificandtechnologicalmaturityof Europeanspacescienceand
for thepotentialimportanceof Europeancontributionstosucha program,
wouldrepresenta naturalandmutuallybeneficialevolutionof pastand
presentassociations.It is importantin thiscontextto recognizethatthe
EuropeanscientificcommunityhasbecomeincreasinglyinvolvedinSoviet
spaceprogramsasU.S.launchopportunitiesandspacescienceprograms
havediminishedandasUSSRprogramshaveincreasinglyencouragedpar-
ticipationbyWesternnations.Thistrendislikelytocontinue;theEuropean
nationsandscientificcommunitieshaveimportantinterestsof their own
andshouldbeexpectedto pursuetheseinterestsby the mosteffective
meansavailableto them.

At leastthreespaceagencies--thoseof theUnitedStates,theUSSR,
and the Europeancommunitywarecapableof planningand executing
ambitiousplanetaryexplorationprograms.A largernumberof nations
andspaceagenciesareeagerto participatein thescientificandtechnical
opportunitiesofferedbythesethreeagencies.Highinteresthasbeenshown
by severalEuropeannations,andby the EuropeanSpaceAgency, in
participating in Mars exploration; there is the possibility, in the context of
an exciting international opportunity for Mars exploration, that many other
nations will wish to participate, including Japan and Canada, among others.

Although many nations have a broad interest in Mars exploration, the
United States and the USSR will play unique roles in any comprehensive
international Mars initiative because of their historic commitments to space
exploration and because of their launch capabilities and their established
scientific and technical infrastructures for planetary exploration. The United
States and the USSR are the only nations currently in a position to take
on the lead role in a major Mars program that includes surface exploration
of the planet and sample return. Therefore, the committee has assumed
that the gross structure of any intensive Mars exploration program will be
determined by policy and programmatic decisions made in the United States
and the USSR and that, for at least the next decade, the opportunities for
other nations to participate in intensive Mars exploration will depend on



the programs undertaken by the United States and the USSR. It is for

that reason that the present report focuses primarily on the possibility of
U.S.-USSR cooperation and on the question of how best to achieve the

potential of such cooperation. This focus is not intended to underestimate

the importance of participation by other nations and space agencies. The

highly developed scientific and technical talents and capacities that exist
in these nations would render their participation extremely valuable and
important.

There is little precedent for long-term or close cooperation between

the United States and the USSR in major space endeavors. However,

one cooperative mission (Apotlo-Soyuz) has been carried out, and mech.

anisms of scientific exchange have been increasing regularly to the point
that longer-term plans and mission possibilities are now exchanged. The

exchange of scientific and technical data during and after missions has
become increasingly common. In addition, there have been instances of

limited cooperation and technical interchange in space projects. There is

no compelling constraint, at the scientific level of consideration, on the

expansion of existing relationships between the two nations, or on the cre-
ation and formalization of those new modes of interaction that would be

needed to implement a cooperative program of Mars exploration. How-

ever, a prudent approach would be to begin cooperating in activities that

are especially resilient to unforeseen technical and nontechnical problems,
and to anticipate building closer kinds of future cooperation on the basis of

accumulated success and experience. Considering the complexity of such

an enterprise, a time scale of perhaps a decade may be required to achieve
this goal.

The committee assessed a range of possible approaches to U.S.-USSR

cooperation in the exploration of Mars. The approaches considered have
been divided into three general categories:

• Independently conducted programs. In this approach, there would

be essentially no significant level of cooperation. Each side would plan and

conduct its own program. Opportunities that might fortuitously arise would

be candidates for possible low-level cooperative activities. But the planning

for such opportunities would not play a major role in the shaping of either

nation's program. This approach would continue the status quo.
• Split responsibilities and joint technical operations. This is the most

ambitious approach insofar as international cooperation is concerned. The
two sides would divide specific technical responsibilities in the context of

missions that would be conducted jointly. The dependence of each side on
the other and the intimacy of the technical interfaces would be maximized

in this approach. The success of each mission would hinge on the success
of the interaction.



• A highly coordinated exploration program. In this approach, the two
sides would define, plan, and carry out a joint program of Mars exploration

and sample return. The program---extending over a period of years--
would consist of a sequence of highly coordinated missions, carried out in
pairs, one mission by each side. Each mission could largely succeed without
depending on its counterpart, but the success of the overall program would
depend on the overall success of the cooperation and the contributions of
the two sides.

The committee considers that the best approach to carrying out coop-

erative exploration of the planet Mars would strike a balance between very
close cooperation that involved division of responsibility and joint technical

operations, and independent, nearly noninteracting programs. Insofar as
the major participants would be the United States and the USSR, the commit-
tee recommends an approach in which the two nations initially would agree
to carry out a hilly coordinated program of intensive Mars exploration and
sample return, consisting of independently conducted missions. The two sides
would work together at all levels, from the initial planning of scientific
objectives, experimental approaches, principles of sample collection, and
site selection. However, in the early stages, the two sides would conduct

their own serf-contained and independently designed missions, with specific
interaction at Mars limited to the coordination of networked investigations,

where that is beneficial, and to mutual support and backup of commu-
nications and data telemetry. The exchange of instruments and scientific

investigators would be encouraged in cases where it would be beneficial.
An important element in the planning of this program would be to provide
opportunities for participation by other interested nations.

RECOMMENDATIONS

In analyzing the possibilities for international cooperation in Mars
exploration and sample return, the committee identified both substantial
benefits and potential costs. Mars presents a large and complex system and
poses planetary-scale scientific questions, obtaining the answers to which
will require an ambitious program of in situ investigations and sample
return. The scale of needed Mars investigation is such as to make it
desirable to combine the resources of the world's major spacefaring nations

in this scientific, exploratory, and technical endeavor of historic proportions.

1. It is recognized that the United States must be selective in its

objectives in space exploration. Because of the importance of a Mars
program in terms of the quality and significance of the scientific objectives,
the prestige and scientific importance associated with the return of the
martian materials, and the substantial implications for new technologies



such as robotics and artificial intelligence, this committee concurs with

previous recommendations of the Space Studies Board and recommends that

the vigorous scientific exploration of Mars with the return of martian materials

be a prominent part of the US. national space science program and part of a
continuing balanced exploration of the solar system.

2. To answer fundamental questions related to the origin and evolu-

tion of the terrestrial planets requires a coherent program of excursions to

the surface of Mars. The committee recommends robotic study of the martian

surface and the return of martian materials from several diverse sites, ranging

from equatorial to polar, in order to understand the rich diversity of martian

processes. These excursions will require extended and advanced robotic mobil-
ity, robotic manipulative capability, and on-board artificial intelligence in order

to adequately study, sample, and return selected materials from the various

sites and to conduct scientific measurements and experiments on the surface.
3. The committee recommends that intensive Mars exploration be un-

dertaken initially in an international program coordinated with the Soviet

Union. Longer-term evolution of joint activities with the USSR, based on

accumulated experience and success along with lines of communication and

working relationships that would be created, may lead to a more intensively

cooperative and mutually dependent program in the future.

4. The United States should develop the capability to undertake

several of these excursions independent of the performance of the USSR.

Within the context of the recommended cooperative international program,

the committee recommends that the actual design of spacecraft hardware and

conduct of early missions be carried out independently and in parallel by the

two nations. The committee further recommends that the United States and

the USSR cooperate to identify the scientific objectives of their programs and
to coordinate mission planning in detail to optimize the scientific return of

the missions. The commitment to cooperation in such a program should

be announced jointly by the United States and the USSR to make it clear

that the two parties are major collaborators. The committee recommends

that nonmission-critical hardware, such as individual scientific experiments, be

considered for inclusion on the spacecraft of the other nation when there is

a distinct scientific or performance advantage. The evolution of these work-

ing relationships may grow to a point that more complex interdependent
missions can be considered.

5. The returned martian samples will be of utmost scientific impor-

tance and will have immense prestige associated with them. The control,

care, and distribution of these materials will be under the jurisdiction of the

nation returning the samples, but the committee recommends that there be a

commitment to a joint scientific research program with the USSR that ,,ill

provide these materials to qualified scientists throughout the worM. The in-

terchange of scientific information and close collaboration on all aspects of



the science derived from these missions shouM be intrinsic and continuing
components of the program, from its inception through the advanced stages of
scientific analysis.

6. The committee recommends that the United States encourage close
cooperation with its more traditional scientific collaborators following the

mechanisms that are already established. The U.S. program will make use
of the knowledge of these collaborators in determining scientific mission
objectives and in contributing to mission design. The committee recommends
that this cooperation also allow the traditional collaborators to provide mission-
critical subsystems as well as scientific packages when there is a distinct benefit
to the program. Such a substantial commitment among nations may require
an improved mechanism for ensuring the needed long-term commitments
to approved missions or programs.

CONSEQUENCES

If the committee's recommendations are carried out, several prominent
consequences will ensue.

• The United States will have reo_tablished a role of international

leadership in space science in the context of a new and constructive coop-
eration with the world's major spacefaring nations.

• A very-high-priority sciefitific goal will have been accomplished
through international effort, thus advancing the state of knowledge about
Earth-like planets.

Altogether, the recommended approach

• would allow a rapid start on international cooperation for Mars
exploration and sample return;

• would yield substantial economies in the context of a program that
realized the recommended science objectives for Mars investigations;

• would aid in defining launch capabilities required for deep-space
exploration;

• would allow a graceful path to increasingly close levels of coopera-
tion with the Soviet Union as experience is gained and as the international
situation might permit and make desirable; and

• could be implemented now without undue concern for technology
transfer or extraordinary burdens associated with interfacing and integration
across unfamiliar international boundaries.



1
Introduction

The goals of planetary exploration are to understand the origin and

evolution of the solar system, how the planets formed, and how the planets
evolved to their present states and environments. The history and evolution
of Earth indicate that life can have profound effects on the development
of a planet's surface and atmospheric environment. Parallel goals are to
understand the chemical precursors of life and the conditions that led to

the origin of life on Earth and to ascertain the prevalence of analogous pre-
biotic or biotic environments elsewhere. Altogether, planetary exploration
seeks to answer questions that are fundamental to our understanding of
our existence on Earth, as well as to the present state of our planetary
environment and its evolution.

These planetary questions have stimulated human thought and scien-
tific investigation throughout history. They continue to be among the most
basic and pressing of scientific questions today. Thus planetary exploration
has been recognized as a fundamental element of the U.S. space program
and as a source of great international prestige. Investigation of the terres-
trial planets has been put forward by the Space Studies Board (SSB) as
a principal focus of planetary expiorationl; the importance of terrestrial
planet studies has subsequently been reiterated in program implementation
plans put forward by the National Aeronautics and Space Administration
(NASA) 4'5 and by the SSB. 6 In the context of this focus, it is recognized
that Mars occupies a special position as a target for intensive investigation.

The triad of terrestrial planets--Earth, Mars, and Venus--has been
a major target of investigation by both the United States and the USSR

10
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becausethesethreeterrestrialplanetsposea particularlysharpset of
scientificquestionsand becausetheir proximitymakesthemattractive
targetsfor investigation.Earth,Mars,andVenusaresimilarin their sizes,

masses, compositions, and locations with respect to the Sun. Yet these
planets have evolved to have widely different surface conditions in ways
that are of special interest to human beings, whose existence and survival
depend on the special surface conditions of Earth. Studies of these three
planets have already revealed that terrestrial planet environments may
change their states in highly unstable ways. It is possible that, at times
past, the conditions on both Mars and Venus may have been more similar
to present-day terrestrial conditions. It is important to understand the
possible varieties and causes of changes in terrestrial planet environments,
especially today, when human perturbations of Earth's environment are no
longer negligible and are growing larger.

In these three planets we observe three natural experiments in plane-

tary evolution. One experiment produced the Earth, where abundant free
water on its surface and in its atmosphere has enabled the origin and
persistence of life. Another experiment produced Venus, where most of
the outgassed volatiles remained in a carbon-dioxide-rich atmosphere but
where the water apparently escaped. And the third experiment produced
Mars, which either has lost part of its atmosphere or never had one of large
substance, but which has undergone extraordinary environmental change.

For these reasons, investigation of the triad of terrestrial planets with
persistent atmospheres has very high scientific priority. The primary scien-
tific objective of studying this group of terrestrial planets is to understand
the reasons for their diverse evolutions and their very different present
environments. An additional motivation for giving a high priority to the
investigation of terrestrial planets is that such investigations will illuminate
our understanding of the planet Earth.

Early investigations of Mars, undertaken in the U.S. space program
during the past 20 years, have revealed that that planet poses numer-
ous profound questions about the behavior of terrestrial planets and their
environments. Evidence of broad climatological changes, apparently en-
compassing ancient temperate episodes with flowing water as well as the
cold dry conditions that we observe today, challenges our understanding
of the behavior of planetary environments and raises questions about the
stability of planetary environments, including that of Earth. Moreover, from
a practical point of view, after Earth, Mars is the terrestrial planet most
accessible to investigation, because of both its proximity and its relatively
benign surface conditions. Altogether, the intensive investigation of Mars
offers a broad spectrum of important scientific reward, technical challenge,
and opportunity.
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The NationalResearchCouncil'sSpaceStudiesBoardhasrecom-
mendedthatthenextmajorphaseof Marsexplorationinvolvedetailedin
situinvestigationsof thesurfaceof Marsandthereturnto Earthfor lab-
oratoryanalysisof selectedmartiansurfaceandsubsurfacesamples,x Mars
sample return and intensive Mars surface investigation have been accepted
by NASA as essential to accomplishing very-high-priority terrestrial planet
scientific objectives within a balanced program of planetary and space sci-
ence and have been included in NASA planning by NASA and its internal
advisory panels. 4,5 In addition, Mars exploration is of wide scientific and
technical interest in several other nations. _ A Mars surface rover project,
recognized as a necessary element of a Mars sample return program, has
been identified as a desirable candidate for joint NASA-European Space
Agency (ESA) collaboration by the U.S. National Academy of Sciences-

European Science Foundation Joint Working Group on Cooperation in
Planetary Exploration. s The ESA has also expressed general interest in a

broader program of cooperative Mars exploration and sample return. The
USSR has announced national plans for an extensive program of Mars
investigation that incorporates substantial international cooperation.

The present Committee on Cooperative Mars Exploration and Sample
Return was established at the request of NASA. The charge to the commit-
tee was to examine and report on the question of how Mars sample return
missions might best be structured for effective impIementation by NASA
along with international partners. The committee considered alternatives
ranging from scientific missions in which the United States would take a
substantial lead, with international cooperation playing only an ancillary
role, to missions in which international cooperation would be a basic part
of the approach, with the international partners taking on comparably large
mission responsibilities. The committee considered the scientific basis of
such collaboration and the most mutually beneficial arrangements for con-
structing missions of separate supporting elements. Although the committee
considered the possibility that the United States would play only a minor
role while intensive Mars exploration was carried on by other nations, this
alternative is not treated in detail in this report. The committee agreed with
previous recommendations of the Space Studies Board as to the importance
and priority of intensive Mars exploration and sample return and took as a
premise the desirability of a high level of U.S. participation.

The Joint Working Group on International Cooperation in Planetary
Exploration also reported specific details of recommended candidate joint
projects and made specific recommendations as to the types of cooperation
that could serve as a basis of U.S.-European joint projects in several
aspects of planetary exploration, including the investigation of Mars. s The
recommendations for U.S.-European cooperation in planetary exploration
were based on the relatively long record of experience with various levels of
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cooperationbetweenU.S.andEuropeanscientists and between NASA and
the several European space agencies. Those recommendations also took
into account the long tradition of open communication, travel, cooperation,
and technical exchange that has existed between Western Europe and the
United States.

For reasons given in Chapter 2, the United States and the USSR
occupy unique positions with respect to the intensive levels of exploration
associated with the next steps of Mars exploration and Mars sample return.
Because of this, the present study has focused on developing policy rec-
ommendations for possible cooperation between the United States and the
USSR, specifically in the context of strongly stated interests by both nations
in conducting intensive scientific explorations of Mars that include in situ
investigations at Mars and the return of samples to Earth for laboratory
analysis. The high scientific importance that is attached to such intensive
studies of the planet Mars, the ambitious nature of the needed Mars inves-
tigations, and the fact that the two leading spacefaring nations have both
expressed strong interest in and have announced plans for Mars investiga-
tions create a strong motivation to explore possible means of cooperation
in this historic and consequential endeavor.

The scope of the present study and the recommendations in this
report have purposefully been constrained to deal with those issues that
are especially pertinent to the specific question of U.S.-USSR cooperation
in a program of Mars investigations with sample return. A great many other
issues and questions arise that are not dealt with in detail in this report.
Many of these issues---including the pertinent scientific objectives and the
detailed strategy of investigating Mars and collecting surface samples--
have been addressed in previous scientific policy reports of the National
Research Council 1,s and in implementation plans of NASA and are not

taken up further here. This report relies on those earlier recommendations
to define the scientific context within which U.S.-USSR cooperation would

take place.
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General Considerations

NATIONAL POLICY

The National Aeronautics and Space Act of 1958 and subsequent
statements of U.S. national policy charge NASA to conduct, for the United
States, a vigorous program of space activities and to establish a position
of international leadership in the exploration and understanding of the
solar system and the broader universe. It is recognized that space science
and exploration are an important international enterprise in which many
of the world's nations wish to participate. For two decades, during the
1960s and 1970s, the United States led the world in planetary exploration.
Investigations by U.S. scientists, with the participation of many international
colleagues, yielded discoveries and conceptual insights that have profoundly
advanced our understanding of the solar system as a cosmic phenomenon.
Information returned from space flight missions in the U.S. program has
expanded human perception about the varieties and behaviors of planetary
bodies. During the two decades of vigorous U.S. activity in planetary
exploration, the space program played an important role in projecting an
international image of U.S. leadership in cooperative and peaceful scientific
enterprises.

For more than two decades the advancement of science has been one

of the most important aspects of the U.S. space program. In its unmanned
exploration program, the United States has carried out brilliant recon-
naissance missions to Mars, Mercury, Venus, Jupiter, Saturn, Uranus, and

Neptune that have established U.S. preeminence in planetary exploration.

14
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The success of the Apollo missions has served both as a symbol of national
achievement to the world and as a source of pride to all parties from the
many nations that have had the opportunity to participate in the study
of lunar samples. Although the scientific component of the U.S. lunar ex-
ploration program was only a small segment of the total enterprise, it is
evident that the scientific advances that grew out of that work have been

most impressive.
In February 1988, the president approved a new directive on national

space policy, the "Presidential Directive on National Space Policy, ''3 which
restates the U.S. commitment to vigor, leadership, and cooperation in the

conduct of the nation's space program. The directive states that the goals
of U.S. space activities include the promotion of "international cooperative
activities taking into account United States national security, foreign policy,
scientific, and economic interests," and the expansion of "human presence

and activity beyond Earth orbit into the solar system." In addition, the
directive states that the "United States will conduct international coopera-

tive space-related activities that are expected to achieve sufficient scientific,
political, economic, or national security benefits for the nation. The United
States will seek mutually beneficial international participation in its space

and space-related programs."
Among the guidelines given for implementing the directive, several

stand out as especially pertinent to the subject of the present report:

• Space science. NASA, with the collaboration of other appropriate
agencies, will conduct a balanced program to support scientific research,
exploration, and experimentation to expand understanding of (1) astrophys-
ical phenomena and the origin and evolution of the universe; (2) Earth,
its environment, and its dynamic relationship with the Sun; (3) the origin
and evolution of the solar system; (4) fundamental physical, chemical, and
biological processes; (5) the effects of the space environment on human
beings; and (6) the factors governing the origin and spread of life in the
universe.

• Space exploration. NASA should conduct a balanced program of
manned and unmanned exploration in order to investigate phenomena and

objects both within and beyond the solar system.
• Manned exploration. To implement the long-range goal of expanding

human presence and activity beyond Earth orbit into the solar system,
NASA should begin the systematic development of technologies necessary
to enable and support a range of future manned missions. This technology

program (Pathfinder) will be oriented toward a presidential decision on a
focused program of manned exploration of the solar system.

• Unmanned exploration. NASA should continue to pursue a program
of unmanned exploration, where such exploration can most efficiently and
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effectivelysatisfynationalspaceobjectiveswhenthepresenceof humansis
undesirableor unnecessaryor wheretherisksor thecostsof life support
areunacceptablefor thepurposeof exploration,andfor providingdata
vitalto supportfuturemannedmissions.

• International cooperation. The United States should foster increased

international cooperation in civil space activities by seeking mutually benefi-
cial international participation in its civil space and space-related programs.

The intensive investigation of Mars and the establishment of interna-
tional cooperation for that purpose would constitute major strides in the
direction of implementing central elements of the space policy outlined in
the 1988 "Presidential Directive." Such an investigation, carried out with
the use of robotic instruments and artificial intelligence, would provoke
technological developments important in their own right and would serve
as essential precursors of any program leading to the manned exploration
of Mars. Mars exploration offers a range of exciting scientific and techno-
logical challenges and opportunities that could serve as a focus for mutually
beneficial cooperation among the world's nations.

THE STATUS OF THE U.S. PROGRAM AND PROGRAMS
OF OTHER NATIONS

The United States pioneered the scientific exploration of the planet
Mars. Between the Mariner 4 flyby in 1964 and the Viking landings in 1976,
the United States obtained global images of the martian surface, made

the first determinations of the chemistry of martian soil and the martian
atmosphere, established strict upper limits on the presence of biogenic
material and biological activity, and conducted initial meteorological and
seismological measurements. At the time of this writing, however, the
United States has launched no further missions to Mars since Viking;

indeed, only two planetary missions (Magellan to Venus in May 1989 and
Galileo to Jupiter in October 1989) have been undertaken since 1978. Due
to the Challenger accident in 1986 the United States had no operational
civilian launch capability for 18 months. As a result of this loss and related
fiscal constraints, a long and growing queue of planetary missions awaited
reestablishment of an adequate launch capability, either with the Space
Shuttle or with expendable vehicles, thereby creating a mission backlog that
still persists. The launch date for the only approved future U.S. mission to
Mars, the Mars Observer, was recently moved back by 25 months to 1992.
As this report is written, progress toward recovery of the U.S. civil space
program remains slow and unsure. The operational status and ultimate
capacity of the Space Shuttle remain to be established, and the restoration
of a reliable, routine launch capability is still to be accomplished.
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Duringthis long hiatus in U.S. space exploration, other nations have
mounted scientifically sophisticated and highly successful planetary mis-
sions. During the 1970s and 1980s, the USSR sent to Venus a series of
spacecraft that made important measurements of atmospheric and soil com-
position and obtained radar images of one-quarter of the planet's surface.
The year 1986 saw encounters with Comet Halley by five spacecraft from
Japan, the USSR, and the ESA; these spacecraft made pioneering measure-
ments of the properties of the nucleus, coma, and solar wind interaction
of an active comet. The USSR VEGA probes incorporated instruments
from several European nations, and the program was managed with a large
degree of international participation. U.S. scientists also participated in the
Soviet VEGA project as team members and by building a small number of
scientific instruments and components that were included in the payload.
The USSR has announced specific plans to mount an intensive study of
Mars and its satellites, starting with the 1988 Phobos mission (which, as this

report is going to press, has failed) and extending into the 1990s with Mars
orbiters, landers, roving surface vehicles and, ultimately, sample return.

The emergence of capable and ambitious space programs in a number
of other nations presents both opportunities and challenges. The oppor-
tunity to undertake solar system exploration with major components of
international cooperation will allow advantage to be gained by combining
complementary and overlapping capabilities for science and technology.
To capitalize on this opportunity, however, and to sustain a position of
scientific leadership, it will be necessary for the United States to reestablish

a robust capability for solar system exploration. At the time of this writing,
the United States occupies an ambiguous position with respect to continued
major participation and leadership in planetary exploration. Decisions are
needed at the highest levels to determine the future of U.S. participation
and leadership in planetary exploration.

The resumption of vigorous participation and leadership in space
science and solar system exploration by the United States is not assured.
However, in formulating the present recommendations, the committee
made necessary assumptions about the U.S. commitment to reestablishing
a vigorous space program. Specifically, for the purpose of this report, the
committee makes the assumption that the United States will resume and carry
forward a vigorous national space science and solar system exploration program
of high quality. The committee also makes the assumption, for the purpose
of this report, that the program will include international participation and
cooperation as enunciated in the Space Act of 1958 and the 1988 "Presidential
Directive."2. a
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THE ENVIRONMENT FOR INTERNATIONAL COOPERATION

The United States has traditionally conducted an open civil program
of space science and exploration, inviting participation by a broad cross-
section of participants from the international community. In recent years
a broad internationalization of space science has developed. The USSR
has begun to announce major planetary exploration initiatives in advance
and to invite broad-scale international participation. The Soviet VEGA
mission to Venus and Comet Halley apparently marked the beginning of
a major internationalization of the USSR space science program. The
internationalization of the Soviet program is expanding in the context of
announced Soviet plans for Mars studies and appears to represent a recent
move by the USSR toward the use of peaceful space science and exploration
as an instrument of national and foreign policy. The ESA marked its entry
into deep-space planetary exploration activities with its Giotto mission
to Comet Halley. Current ESA planning includes commitment to further
planetary missions. 8 Japan also entered independently into deep-space
planetary investigations during the recent appearance of Comet Halley and
has discussed plans for future planetary investigations.

In these circumstances, the appropriate role and structure of inter-
national cooperation should be considered for any major space projects.
Exploration of the planetary system is an especially appropriate arena in

which to foster and develop increasing levels of international cooperation.
It is in part through the results of space exploration that a sharp under-
standing of the uniqueness, finitude, and fragility of our own terrestrial
environment has been fixed into the minds of all Earth's people. This has
caused a better appreciation of the need for cooperative, unified steps to
ensure Earth's future. Moreover, at this early stage of planetary exploration,
the enterprise is not entangled with complicated problems of immediately
nationalistic and territorial concerns. Thus exploration of the planets offers,
at this time, an arena for international cooperation that can be free from
many directly competitive and complicating factors and that potentially can
help lead to more constructive international relationships in the future.

At least three space agencies--those of the United States, the Soviet

Union, and the European community--are capable of planning and exe-
cuting ambitious planetary exploration programs. Only the United States
and the USSR are now capable of executing programs of the scale involved

in intensive Mars investigations. A larger number of nations and space
agencies are eager to participate in the scientific and technical opportu-
nities offered by these three agencies. Ambitious space projects require
a long-term, stable commitment, even if executed by individual nations.

International cooperation on such projects amplifies the need for a stable
commitment among the participating nations that can best be assured by



19

a clearnationalpolicy aimed toward international cooperation in space
exploration. According to a 1987 NASA report examining options for fu-
ture U.S. space exploration,"The broad spectrum of space activities and the
increasing number of space-faring nations make it virtually impossible for
any nation to dominate. ''9 Leadership, however, requires that a nation not
only enunciate its objectives but also have the perceived and real ability to
carry out programs and achieve the objectives. Because Mars exploration
necessitates a multimission program, the commitment among nations to
cooperate in this endeavor offers a long-term, multifaceted opportunity to
develop and evolve cooperative exper/ence and to benefit substantially from
the economies that a cooperative approach can offer.

If it is to be undertaken, international cooperation in the intensive

exploration of Mars should be implemented so as to effectively accomplish
the pertinent scientific goals. The opportunities for cooperation, and the
benefits, depend on the nature of the specific scientific activities involved.
The study that is reported here (1) examined the elements that will be
required in order to address the scientific objectives that have been defined
for Mars and (2) analyzed the opportunities for international cooperation
in that context.

This report focuses on the question of how best to approach the poten-
tial of U.S.-USSR cooperation. This focus is not intended to underestimate

the importance of participation by other nations and space agencies. High
interest has been shown by several European nations, and by ESA, in
participating in Mars exploration; there is the possibility, in the context of
an exciting international opportunity for Mars exploration, that many other
nations will wish to participate, including Japan and Canada, among others.
The highly developed scientific and technical talents and capacities that are
found in these nations would render their participation extremely valuable
and important. However, the United States and the USSR are unique in

that they are the only nations presently in a position to take on the lead
role in a major Mars program that includes surface exploration and sam-
ple return. Therefore, the committee has assumed that the gross structure

of any intensive Mars exploration program will be determined by policy
and programmatic decisions made in the United States and in the USSR,

and that, for at least the next decade, the opportunities for other nations
to participate in intensive Mars exploration will depend on the programs
undertaken by the United States and the USSR; it is for that reason that
this report focuses on the possibility of U.S.-USSR cooperation. It should
also be recognized, however, that because of the announced commitment
by the USSR, international cooperation in Mars exploration is likely to be
implemented whatever the U.S. decision is with respect to participating or
adopting a position of leadership. There is a high probability that many na-
tions in Europe and elsewhere will be very enthusiastic about participating
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in theSovietprogram,evenif theUnitedStatesdecides to remain on the
sidelines.

This report finds that the nature and scope of Mars investigations
provide a rich opportunity for international cooperation. Cooperation can
both enhance the science and provide substantial economies to the nations
involved. Moreover, there is a variety of possible and beneficial cooperative
modes. Full-scale cooperation could be initiated at this time and in such a
way as to realize the major benefits of cooperation without major suscep-
tibility to either the concerns about undesirable technology transfer or the
possibility of large unexpected burdens that might arise in administering
technical and management interfaces between unfamiliar partners.

Both the United States and the USSR have made major advances
in understanding the origin and evolution of the solar system and the

evolution of planets and their environments. These advances have resulted
from vigorous spacecraft investigations of various solar system bodies, from
intensive laboratory studies of extraterrestrial materials, from theoretical
research and modeling calculations, and from astronomical observations.
The vigorous planetary science and exploration programs of the United
States and the USSR over the past quarter century have precipitated
the growth, in both nations, of impressive scientific communities with
parallel interests and research activities. The committee believes that these
communities could work together in a cooperative fashion with some facility
and with positive results.

International cooperation may entail special costs and burdens that
should be weighed against the benefits. The administration of technical and
management interfaces is a major task even for projects conducted within a
single agency. Such problems are exacerbated by the need for long-distance
communications, by language barriers, and by different ways of conducting
business in a major international project. The costs and burdens imposed
by these problems vary with the degree of previously existing cooperative
experience. The record of actual intensive and close cooperation between
U.S. and USSR scientific communities, and between the governments and
their respective space agencies, is not a long one, although there exist
important specific examples of very fruitful and valuable collaborations
on several levels and in a variety of areas. Therefore, the establishment
of cooperative programs involving intensive technical interaction betwcen
the United States and the USSR presents special problems that arise as
a result of the lack of experience with intensive cooperation, especially
for a program as ambitious and complex as that envisioned for intensive
Mars exploration. International cooperation requires an infrastructure in
which mutual exchange can occur freely. In the context of U.S.-USSR

cooperation, there is limited experience in cooperative ventures and the
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addedburdenof sensitivityaboutsuchmattersastheexposureor transfer
of technologiesrelatedto nationalsecurity.

Significantcooperativespaceprojectsareinherentlyof longduration.
Evenaprojectrunbyonenationaloneentailsacommitmentof morethan
a decadefor planning,design,construction,flight,operations,anddata
analysis.Thetypicaltimebetweentheformalnewstartof a spaceproject
in theUnitedStatesandthelaunchisapproximately5years.Theplanning
leadingup to a newstartnormallyentailsat least2 to 3 years,generally
more.Added to that are the flight time of about 1 year to Mars, 1 or 2

years of spacecraft and instrument operation time on Mars, and several
years of analysis following the flight mission, so that the duration of the
project begins to approach 15 years. A program involving several flights
over several years will further increase the overall duration of the project.

Finally, the added complications entailed in very close technical integration
of major project parts across national boundaries would inevitably add
more time to the schedule. The inherent duration of a project such as the
exploration of Mars is longer than the previously demonstrated stability of
the U.S.-USSR relationship.

International cooperation may be undertaken to accomplish a variety
of goals beyond those of a purely scientific nature. Although the present
report is oriented toward analyzing cooperation in exploring Mars on the
basis of the science that might be accomplished, it is also recognized
that any major cooperative endeavor is likely to be shaped so as to be
responsive to other national goals. Indeed, some aspects of cooperation
that might be seen as negative in the context of accomplishing the science
alone--such as the management of difficult technical interfaces across
poorly established channels of communication--might be seen as positive
and advantageous in the context of international relationships. For instance,
scientific cooperation could be seen as a benign arena in which to begin
improving international communication and technical cooperation. In that
case, meeting the challenges posed by managing new and difficult interfaces
might be seen as major motivation from the outset. The pace with which
such objectives are to be addressed involves policies and political questions
that are outside the scope of the present study. However, the results of
this study indicate that substantial scientific benefits may be derived from
various forms of cooperation.
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Intensive Investigations of Mars

GENERAL CHARACTERIZATION OF THE PLANET

The martian surface has clearly evolved under the influence of a variety
of processes of internal, surficial, and external origin. The major processes
that shaped the surface of Mars include eruption and emplacement of vol-
canic deposits, water erosion and sedimentation, impacts, and faulting and
other tectonic processes, as well as glacial phenomena. Valles Marineris,
a canyon system more than 4000 kilometers long, seems to have been
the result of rifting and other tectonic processes as well as major erosion.
Extensive layered deposits are visible in the sides of the canyons and in
the associated mesas. Some of these deposits may have arisen as sediments
in vast lakes that once filled parts of the canyon system. However, other

speculations are that some layered deposits resulted from lava flows, ex-
plosive volcanic deposits, or wind-laid sediments. Regardless of the origin,
these layered deposits and the canyon walls may reveal critical clues about
a large part of martian history, in much the same way that the deposits and
walls in Arizona's Grand Canyon reveal much about Earth's history.

Some regions of Mars are dissected by large and small channels ap-
parently cut through young rock, indicating that liquid water existed on the
surface of Mars relatively late in the planet's history. Other, more degraded,
channels dissect ancient terrain and appear to have formed earlier in the

history of the planet. Altogether, the present indirect clues suggest the
likelihood of profound climatic change on Mars, including the possibility
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thatflowingwateroccurredatleastseveraltimesthroughoutthehistoryof
theplanet.

Marshasdistinctseasons,withcarbondioxidecyclingbetweenthe
polarcapsdrivinga majorcomponentof the atmosphericcirculation.
Layeredsedimentarydepositsnearthe martianpolesprovideadditional
evidenceof long-termclimaticchangeswhoseoriginsarepoorlyunderstood
andthatposesomeof themostfundamentalscientificquestionsmotivating
intensiveMarsinvestigation.OnEarth,suchclimaticchangehasgivenrise
to theoccasionaliceage,aphenomenonalsostill poorlyunderstood.

The Vikingmissionindicatedthe absenceof evenrelativelysmall
amountsof organicmoleculesonMars.Vikingalsoconfirmedtheexistence
of intenselyoxidizingconditionsat the martiansurface.Thesefactors
stronglysuggestthatlivingorganismsarenotnowpresent.WhetherMars
waslesshostileto thedevelopmentoflifeduringearliertimes,whenit may
havehada denseratmosphere,highersurfacetemperatures,andliquid
water,is still an openquestion.Sofar as is known,Earth is the only
planetwith surfaceconditions,anatmosphere,anda hydrospherethat
haveallowedtheformationof lifeaswellasitssustenanceandevolution
overa longperiodof time.Terrestriallife formshavesubstantiallyaltered
thechemistryof theatmosphere,oceans,andmajorsedimentaryrockson
Earth'ssurface.

Fundamentalquestionsto beaddressedthroughinvestigationsof Mars
alsoincludequestionsabouttherole that life playsin the evolutionof
a planetarysurfaceandenvironment;thesequestionsaremosteffectively
addressedthroughdetailedInvestigationof anotherplanetonwhichlife
seemsto haveplayeda muchsmallerrolethanit hasonEarth,or norole
at all.OtherbasicquestionsaboutMarsincludethestateandevolutionof
theplanet'sinterior,thephysicalprocessesthathaveshapedthesurface,
thefateof theapparentlymissingwater,andthenatureof currentandpast
hydrologicalcyclesthatlinkthepolarcaps,groundwater,andatmosphere.

THE SCIENTIFIC AND TECIINICAL CHARACTER OF
MARS EXPLORATION

The scientific

stand the planet's
cesses that govern
environment, and

ronmental change.

objectives of intensive Mars investigation are to under-
gross planetological characteristics, the principal pro-
its present state, the history of variation in the martian
phenomena that have been responsible for such envi-
It is also a principal objective to ascertain whether any

stages of chemical and biological evolution might have occurred on Mars
and to determine whether evidence can be found for the existence of life

at any time during the history of the planet. Strategies and approaches for
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achievingthesescientificgoalshavebeenanalyzedinpreviousSpaceStud-
iesBoardandNASA reports. 1,5,6,x° In this report the committee briefly
summarizes those conclusions in order to define the context of scientific

objectives in which its recommendations about cooperation are made.
Investigation of the structure and dynamics of the martian interior will

require the use of a globally distributed network of sensitive seismometers---
at least three---on the surface of the planet, with a substantial period

of simultaneous operation extending over the order of 1 year or more.
Investigation of the atmospheric circulation and climate will require at
least a similar number of widely spaced monitoring stations distributed
over the martian globe in latitude and longitude and operating for an
overlapping interval lasting at least 1 martian year.

To obtain the variety of samples needed to answer the principal sci-
entific questions, it will be necessary to obtain planetary material of a
variety of ages, including material from the most ancient sites on the
heavily cratered terrains, material more recently brought to the planet's
surface on the intermediate-aged, resurfaced plains areas, and materials
from the youngest identifiable volcanic deposits. Material spanning this
range of planetary age will be necessary for tracing the planet's interior
and crust. Material capturing stratigraphic records will be recoverable from
crater ejecta as well as from material on channel walls. Sedimentary de-
posit material--including such material from beneath the surface--will be
important for exploring questions pertaining to the history and nature of
flowing water on Mars, and to possible biochemical and biological aspects
of the planet's history. The margins of the polar ice caps, seasonal ice-
related deposits, and the ice sheets themselves hold important information
about the planet's volatile inventory and about climatic variation on Mars;
the polar margins are also essential targets of study for questions about
the past and present biological potential of the planet. Identifiable regions
of contemporaneous volcanism would be important targets of investigation
for studying geochemical and geophysical questions, as well as questions
pertaining to the planet's biological potential.

Altogether, Mars exhibits a variety of geological terrains and envi-
ronments that are widely separated and distributed over the planet. The
scientific objectives dictate that a variety of sites be investigated for several
reasons: investigation of the global questions requires an absolute mini-
mum of three widely separated sites; and the varieties of materials required
for scientific analysis are distributed widely over the planet's surface; and
the varieties of environments and manifestations of evolutionary history arc
distributed in many different locations on the planet. The exact number
of missions needed in the next phase of Mars intensive investigation will
depend on technical details not yet resolved, including such questions as
rover range and maneuverability, accuracy of lander targeting, and feasible
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modesof deployingscientificinstruments.Toobtainanswersto themajor
scientificquestionsandto buildanunderstandingof Marsat the level
neededto addresscomparativeplanetologicalquestionswill requirethe
explorationof, andsamplereturnfrom,severaldiversesites--intherange
of fourto six.A program of this nature would also provide the base of in-
formation needed to determine the value of possible human exploration of
Mars and to assess the technical questions involved in planning for possible

future human exploration.
Investigations of Mars will play a critical role in achieving a general

understanding of the terrestrial planets and their environments. Because of
the importance of a Mars program in terms of the quality and significance
of the scientific objectives, the prestige and scientific importance associated
with the return of the martian materials, and the substantial implications for

new technologies such as robotics and artificial intelligence, this committee
concurs with previous recommendations of the Space Studies Board and
recommends the vigorous scientific exploration of Mars, with investigations on
the martian surface and the return of martian materials from several diverse
sites, ranging from equatorial to polar, in order to understand the rich diversity

of martian processes.
To fulfill the scientific objectives, investigations on the surface of Mars

that include a variety of in situ measurements and analyses, as well as the
collection of a set of selected and documented martian samples for return
to terrestrial laboratories, are needed. Investigations on the surface will

require substantial mobility to allow the selection of measurement sites and
manipulative capability to enable the emplacement of instruments. Sample
collection will require the mobility to reach the most promising sample
sites; the manipulative capability to use sample collection tools, including
drills, for sample collection; the ability to divide samples and analyze them
at a level needed for selection; and the ability to package and store samples

in such a way as to maintain their scientific integrity during the return
to Earth. Thus the committee recommends that operational capabilities at
Mars include extended robotic mobi_ty, manipulative capacity, and artificial

intelligence in order to adequately study, sample, and return materials from the
various sites on Mars.
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Possible Cooperative Mission Modes and
Their Implications

Various approaches to establishing cooperative investigation of Mars
are possible. For the purposes of this report, the essential aspects of
the major approaches, and their implications, can be captured by several
general considerations.

The USSR has announced intentions for a Mars exploration program,
which appears to include in situ surface investigations with robotic rovers,
orbiting spacecraft, and sample return. In view of the USSR's announced
intentions, the major variables in the set of alternative program modes
that the committee has examined are the level of U.S. participation in
Mars science and the character of U.S.-USSR cooperation, if any. Three
levels of U.S.-USSR cooperation in intensive Mars exploration have been
considered by the committee:

• Independently conducted programs;
• Split responsibilities and joint technical operations, and
• A highly coordinated exploration program.

Each of the possibilities also assumes that other nations and space
agencies would play substantial roles in the planning and execution of Mars
exploration within a framework largely defined by the U.S. and USSR

programs. The final recommendations are based on an analysis of the
implications, for the United States, of each of these possibilities.
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THEPRESENTSTATEOF U.S. MARS INVESTIGATIONS
AND PLANNING

At the time of this writing, the U.S. program for further exploration of
Mars consists of the Mars Observer mission, scheduled for launch in 1992,

as the only specifically planned initiative. The broad survey measurements
to be carried out by Mars Observer address a number of important global-
and regional-scale questions. The overall understanding of Mars as a planet
will be greatly advanced by the Mars Observer's mapping of the planet's
surface structure and chemistry, investigations of the atmosphere, and
measurement of Mars's magnetic field, all of which will set the stage for

intensive investigations to follow. The very-high-resolution images that will
be obtained of selected small areas will also prove important to the planning
of future Mars surface explorations. NASA has undertaken studies of
possible future Mars exploration initiatives that might be carried out either
by the United States with the participation of international partners or as
part of a truly joint international endeavor with comparable contributions
from one or more major partners. As yet, the United States has not
announced national plans to undertake any intensive investigations of the
martian surface.

Experience with the Soviet VEGA project, with the Phobos mission,
and with planning for follow-on Mars missions indicates that the USSR
will continue to invite and welcome participation from scientists in Western
nations, including the United States. Should the United States fail to

assume a major role in the exploration of Mars, there is likely to be some
opportunity for U.S. scientists to participate in continuing Mars science
through direct affiliations with the Soviet program or, indirectly, through
affiliation with scientific teams from the other nations that will participate

in a Soviet-led program.
However, if the United States forgoes a primary role in Mars explo-

ration, then any cooperation is likely to be restricted to a low level, and
U.S. scientists are likely to be involved only in minor or supportive roles
as international leadership in this historic scientific endeavor is assumed by
the USSR. Primary consideration by the USSR in planning its own projects

would likely be directed toward cooperation with European nations and
space agencies, and the result would be a highly intensified relationship
between those partners.

VARIETIES OF U.S.-USSR COOPERATION

In this section, the committee summarizes an analysis of the major

possible approaches to U.S.-USSR cooperation and, for the purpose of this
analysis, notes that (1) the USSR has announced its intentions for Mars
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explorationin sufficient detail to suggest the scope of that nation's plans and
ambitions; (2) USSR leaders have publicly stated a desire for cooperation
with the United States in the exploration of Mars; and (3) the USSR
is conducting detailed discussions with numerous other nations about the

possibilities of participation in Mars exploration. Therefore, the committee
assumes that during the next two decades the USSR will conduct a Mars
exploration at a level approximating the announced plans. Moreover, on
the basis of the public pronouncements, the committee takes as given
that the USSR is open to international cooperation in a variety of modes,
depending on the desires of potential partners.

As has already been noted, the future vigor of U.S. programs and
a U.S. posture of international leadership in this area are not assured.
However, the remainder of this analysis assumes that the United States
will engage in intensive Mars investigation beyond the Mars Observer. This
analysis also assumes that any cooperation will involve a program extending
over a decade, entailing several missions to several diverse sites on Mars,
and including both in situ investigations and sample return, as described
earlier.

The committee considered many possible program scenarios, ranging
from strongly linked missions in which mission success would depend on
the success of mutual interactions, to more weakly coupled versions, with
cooperation implemented in a different way. The analysis of possible co-
operative modes includes consideration of several discriminating factors,
including (1) impact on the overall science return; (2) the possibility of
reduced cost to the United States, within a fixed anticipated overall science
return; (3) impact on mission risk; (4) impact on technology development;
(5) susceptibility to concerns about technology transfer; (6) contribution to
enhancing scientific relationships with the traditional U.S. partner nations;
and (7) possible contribution to improving the U.S.-USSR relationship. In
addition, several other factors were considered, such as the contribution to

building U.S. national prestige.

Independently Conducted Programs

The lowest level of U.S.-USSR cooperation considered in this report
involves a situation in which each nation conducts an independent program
of Mars investigation with minimal levels of cooperation or coordination.
At this level, it is still assumed that the usual scientific interactions generally
characteristic of basic scientific research will continue to occur, including
the exchange of data obtained by the missions.

This level of cooperation does not preclude the possibility of some op-
erational coordination and interaction to take advantage of circumstances
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that mightarisein theconductof the separate programs; however, it is
assumed that, at this low level of cooperation, such fortuitous possibilities do
not play a major role in shaping the plans of either nation. This is the level
of cooperation that exists today between the United States and the USSR.
Examples include the use of one nation's spacecraft as a communications
relay for the other nation. Although even this relatively low level of
interaction requires advanced planning during the spacecraft design stages
and for operations, the interfaces that are involved are generally simple
and straightforward.

With respect to the discriminating factors:

• Science return. Assuming that a commitment to achieve the scientific
objectives is actually carried out, conducting independent programs may
have little fundamental effect on accomplishing the scientific objectives; the
United States is fully capable of accomplishing all Mars scientific objectives.
However, the ability to maximize scientific return within the constraints of

the present technical capabilities of the two sides would be lost if programs
were conducted separately.

• Cost. The cost of conducting an independent Mars exploration
program is significant. Assuming fixed scientific objectives, the United States
will be forced to provide full resources for carrying out an independent
program and for accomplishing the objectives, regardless of the plans and
programs of the USSR.

• R/sk. The committee identified no inherent impact on mission risk
from conducting an independent program, inasmuch as this is the normal
mode of carrying out space science missions.

• Technology development. The independent approach has the poten-
tial to greatly benefit U.S. technology development. Planning and carrying
out an intensive program of Mars exploration and sample return will focus
development efforts and implementation in a variety of important techno-
logical areas, including scientific instrumentation, propulsion and launch
systems, and robotics and artificial intelligence. Many of these develop-
ments will have application to other activities on the ground and in space.

• Technology transfer. An independent program eliminates any addi-
tional risk of technology exposure or transfer that might result specifically
from cooperation with the USSR.

• Relationships with traditionalpartners. Inasmuch as the United States

is assumed, in this approach, to be conducting a Mars exploration program
of its own, then the usual opportunities will be available for cooperation
with traditional U.S. partners and allies. This would serve to reinforce a
significant area of existing cooperation and would provide many nations

with a path to Mars exploration as an alternative to, or in parallel with,
participation in a Soviet program.



30

• U.S.-USSR relationships. An independently conducted program
makes no contribution to developing U.S.-USSR experience in coopera-

tive technical and social endeavors. It could also ignite a space competition
similar to the race to the Moon.

Split Responsibilities and Joint Technical Operations

In this approach the United States and the USSR would undertake

a significant level of joint technical operations within the context of one
or more missions. The planning and execution of such missions would be

conducted collaboratively, and the achievement of major mission objectives

would depend on sustaining successful cooperative efforts from the time
of initial mission design through to the completion of data analysis. This

level of cooperation generally would involve substantial hardware, software,

and management interfaces at the level of major spacecraft systems and at

institutional and governmental levels.

There are potential advantages to this high level of U.S.-USSR co-

operation. A commitment by both nations to a fully cooperative venture

of the magnitude and duration of a Mars sample return program would

have a greater, presumably positive impact on U.S.-Soviet relations than
would Options involving lesser degrees of interaction and reliance. A high

level of cooperation would permit the undertaking of ambitious and sci-

entifically outstanding missions, such as the return of Mars samples from

a diversity of terrains at less cost to each nation than if the same set of

missions were executed unilaterally, although this advantage also accrues

to some cooperative options that involve less entanglement at the systems

level. Finally, this high degree of cooperation would enable missions that

take full advantage of the complementary and mutually supportive capa-
bilities of the two space programs (e.g., the present advantage in heavy lift

capability of Soviet launch vehicles and the advantage of high analytical

precision, sophistication, and computational capacity enjoyed by U.S. flight

instruments and systems).

Against these potential advantages must be balanced several disad-

vantages. A mission with a high degree of dependence on the cooperative
efforts of both the U.S. and Soviet space programs would sit as a po-

tential hostage to political events that might disrupt communication and
interaction between the two nations. Missions can be envisioned in which

the science could be successfully accomplished by either side even if the

bilateral cooperation were truncated for political reasons during the mis-

Sion pIanning or operation stages. However, such mission configurations
either involve a considerable redundancy of effort, substantially offsetting

the cost advantage mentioned above, or admit the possibility of a substan-

tially degraded scientific return if full cooperation is not sustained through
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the project. A project with a high level of U.S.-USSR cooperation, if it
is to yield a savings in cost over unilateral missions of similar scope and
if it is to take maximum advantage of the complementary capabilities of

the two space programs, involves the assignment of responsibility for major
engineering modules to one or the other nation. Whether either nation will
agree to relinquish to the other the development of major components of
enabling technology is not apparent. There is, in addition, a substantial bur-
den on resources and personnel involved in coordinating and managing the
interfaces involved in such intimate cooperation; this would be exacerbated

by lack of experience in this kind of activity. This burden would offset the
potential savings to an unknown degree and must be weighed carefully in
assessing the financial implications of the high degree of cooperation and

mutual dependence involved in this approach.
In one frequently discussed example of a mission conducted at this

level of cooperation, one nation would build a lander and a sample-return
vehicle while the other nation would build a roving vehicle for collecting

samples and conducting in situ science. The roving vehicle could be carried
on the same lander as the sample-return spacecraft or on a separate
lander, and one or both nations could launch Mars orbiters to serve as
communication links and to conduct global remote-sensing measurements.

Obviously, design and logistical considerations would differ depending on
the configuration of the one or more landed packages.

This type of mission seems attractive, from a cost standpoint, as an
individual mission: it would share the cost of an otherwise unilaterally

executed rover and sample return mission. Because the rover and the
sample-return vehicle--with the latter also assumed to have some limited
sample-acquisition capability---each would accomplish important indepen-
dent scientific objectives, significant science would accrue even if one of the
two vehicles were to fail. As long as the rover and the sample-return vehicle
were launched separately from Earth, the two parts of the mission could
also proceed independently of one another should political considerations
force a termination of cooperative efforts. However, the science return
would be severely diminished if the separate components were not able to
complete their combined, fully interactive mission. The lift capabilities of
the launch vehicles of the two nations--with the present Soviet capabilities

far exceeding those of the United States--and the present U.S. lead in
technologies associated with the rover, suggest that the most natural divi-
sion of responsibilities would be for the United States to develop the rover
and for the USSR to construct the sample-return vehicle.

Such an assumed configuration would, of course, leave the United

States without an independent sample return capability and would relin-
quish the actual return of martian samples to the USSR (although in such
a scenario the returned samples would be jointly controlled by the two
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nations).Thisconfigurationalsodoesnot acknowledge the Soviet interest
in developing and deploying robotic roving vehicles for use on Mars. If the
USSR were to go ahead, in any case, with its plans to develop rovers, the
benefit to the USSR of cooperation with the United States might be largely
political and scientific, but the financial advantage to the USSR would not
be so clear. The longer-term scientific and political benefits of cooperation
for the United States would be partly offset by ceding the development of
Mars sample-return vehicle technology to the Soviet Union. Altogether, to
the extent that technology development is likely to be a major motivation
on both sides and to the extent that both launch capability and artificially
intelligent robotic technology are seen as desirable by both sides, it is likely
that both parties will be reluctant to abdicate the development of either
technology.

The committee considered the possibility that this approach, taking
advantage of the existing complementary strengths of each side, might
speed progress toward a launch and result in the earliest initiation of Mars
exploration and sample return. The needed technological developments
could proceed in parallel. However, the technical, social, and political
obstacles associated with inaugurating such a complex cooperative effort
in the absence of prior experience could be expected to introduce delays
that would be difficult to estimate a priori. Therefore, the committee is
not convinced that mission modes involving such very intimate technical
interdependence and joint activities at Mars would indeed lead to the most
rapid initiation of Mars exploration.

With respect to the discriminating factors:

• Science return. This approach potentially allows the greatest opti-
mization of overall science return within the constraints of the present tech-
nical capabilities of the two sides. With nontechnical restrictions removed,
the project could be planned to take advantage of the best capabilities,
wherever those might reside.

• Cost. The cost of conducting missions involving split responsibili-

ties and joint technical operations on Mars is significant. Assuming fixed
scientific objectives, then each side would have responsibility for only a
part of the overall system, thus opening the possibility for considerable cost
savings. However, there are significant costs associated with establishing co-
operation of this kind between two nations on opposite sides of the globe,
with little prior cooperative experience, and with poorly established com-
munications. These costs would offset an unknown fraction of the savings

that might otherwise be realized.
• Risk. This approach must be considered to be inherently very risky.

The United States and USSR have no prior experience with the degree of
cooperation necessary to carry out a technical project of this complexity or
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magnitude.Thereare no previously established modalities of cooperation
and relatively few existing lines of communication. Each side has little

preexisting working knowledge of the other's technical and management
practices or institutions. The demonstrated stability of the relationship
is such as to at least raise concerns, at this time, about relying on the
consistency of the relationship over a period of a decade or more into the
future. The failure of all or part of the system as a consequence of these
risks would, at best, result in a severely degraded scientific return.

• Technology development. This approach minimizes the effort to
develop the necessary technology by taking advantage of the best capabilities
available on each side and by dividing the respons_ility so that neither side

is responsible for all aspects of a mission. However, it is not clear that either
side will wish to yield to the other the most challenging and beneficial of
the technology developments.

• Technology transfer. This mode of cooperation inherently involves
the exposure and transfer of large amounts of technology and technical
knowledge.

• Relationships with traditional partners. In this approach, the oppor-
tunities for participation by traditional U.S. partners and allies would occur
within a multilateral framework shaped by agreements between the United
States and the Soviet Union. This modality would foster international,
multilateral approaches to technical cooperation.

• U.S.-USSR relationships. This approach has the potential to make
a large and positive contribution to developing cooperative relationships
between the United States and the USSR.

A Highly Coordinated Exploration Program

In this approach, the United States and the USSR would agree to
conduct a highly coordinated program of intensive Mars exploration and
sample return missions at roughly equal levels of scientific and technical
commitment. The two sides would work together at all stages, including the
initial planning of scientific objectives, experimental approaches, principles
of sample collection, and site selection. However, the two sides would con-
duct their own self-contained and independently designed missions, with
specific interaction at Mars limited to the coordination of networked in-
vestigations, when that is beneficial, and to mutual support and backup
of communications and data telemetry. The post-mission scientific analyses
and sample distribution would be conducted with a high degree of coopera-
tion and collaboration. This approach would also permit the United States
and the USSR to carry forward, in their individual fashions, other aspects
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of internationalcooperation.Europeanscientistsandagencieswouldun-
doubtedlyact to enhancetheir scientificparticipationin thecontextof
opportunitiesarisingin theU.S.andSovietprograms.

Theapproachof conductinga highlycoordinatedprogramof sepa-
ratelyimplementedmissionscaptureselementsof eachof theothertwo
approachesdiscussedabove.On the onehand,thescientificobjectives
wouldbefullymet.Ontheotherhand,withinfixedscientificobjectives,a
largecostadvantageisapparent.Recognizingthatthescientificobjectives
dictatea sequenceof severalmissions,eachsidewouldneedto commit
to roughlyone-halfof theneededmissions,assumingcooperationin the
selectionof sitesandinvestigations.

Thecommitteeconsidereda numberof variationson thisapproach,
whichhavethe effectof increasingthe levelof joint technicalopera-
tionswhilestill remainingwithintheframeworkof coordinatedmissions
conductedseparately.Onevariantat this levelof cooperationcouldbe
constructedsoasto takeadvantageof thesimultaneouspresenceof two
groupson themartiansurface.Forexample,in thecasethatbothnations
mounta completesurface-roverandsamplereturnmission,it wouldbe
possibletochoosecomplementarylandingsitesandrovertraversepathsso
asto optimize the return of a diversity of samples, visit a wide variety of
geological features and units, and deploy network instruments over a geo-
graphical region that enhances the scientific return from those instruments.

While scientific, political, and social benefits of full cooperation would
accrue from such a mission configuration, there would be little if any cost
penalty, above the cost of conducting separate missions entirely. The failure
of one of the missions would result in a decrease of the overall scientific

yield but would not precipitate a failure in the coordinated program.
The committee also considered mission scenarios in which landing sites

would be coordinated and closely spaced so that each rover could conduct
a traverse to the sample-return vehicle of the other nation and deliver its
collection to that vehicle. Modest scientific gains might include a richer
diversity of samples and an enhanced opportunity for some in situ investi-
gations (e.g., rover-to-rover electromagnetic or seismic sounding) and net-
work science (meteorology, seismology, and magnetometry) experiments.
A dual surface-rover and sample return mission to landing sites situated
within rover traverse range could provide additional robustness if one of
the roving or sample return vehicles were to fail mechanically, although
providing for this contingency would require substantial advanced planning
and hardware coordination. Based on the present state of knowledge of
the martian surface, the present limitations on achieving highly accurate

targeted landings, the uncertainties associated with operating rover vehicles
past unexpected barriers in the martian terrain, and the limited level of

enhancement in the scientific return that would occur from such complex
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operations,thecommitteeconcludedthatsuchcomplexmission,scenarios
were not warranted for early stages of Mars exploration, but might be
considered for later missions.

The primary distinction between this approach and the approach based

on split responsibilities and joint technical operations is that each side would
be fully responsible for the overall systems involved in its own missions;
there would be no need for intimate technical and management interfaces

at the system level that could affect the likelihood of mission success, The
committee believes that this would relieve the large extraneous burdens

and costs that otherwise could be associated with a cooperative program.
However, there would remain the highly desirable possibility of exchanging
scientific instrument packages built by one side and included on a vehicle of
the other side. The interfaces--both technical and management--associated
with such instrument exchanges are relatively simpler than the overall

system interfaces and could be designed so as to minimize the likelihood
of a major mission failure in the event of problems, Also, in this approach,
it is expected that there would be substantial collaboration and exchange
of personnel at the science-team level.

With respect to the discriminating factors:

• Science return. This approach allows all of the scientific objectives
to be realized.

• Cost. The cost-benefit impact of conducting a program of highly
coordinated but separately implemented missions is large. Neither side
would be responsible for mounting missions to the entire suite of required
sites on Mars. Assuming fixed science objectives, each side would have
responsibility for only a part of the overall program. Moreover, because each
side would be planning and carrying out its own missions, the overhead costs
associated with implementing close technical and management interfaces
would be eliminated.

• R/sk. Risk is minimized in a program that has a high level of

cooperation. Because each side would be implementing missions on its
own, the interfaces would be minimized. There would be no risk of mission
failure due to technical, management, or political failures.

• Technology development. This approach provides each nation with
the advantages of undertaking full technical development--in the areas

of spacecraft launch systems, automation, and scientific instrumentation--
needed for Mars exploration and sample return.

• Technology transfer. This mode of cooperation minimizes the trans-
fer of technology and technical knowledge. The committee believes that
incorporation of modular scientific packages from one nation on a vehicle
of the other nation could be accomplished with little concern that unwanted

technology transfer would occur.
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• Relationships with traditional partners. Opportunities for participa-
tion by traditional U.S. partners and allies would occur within a context of
two separate programs carried out in parallel. It is likely that other nations
would seek the best opportunities, among those offered in the U.S. and the

USSR programs, for participating in Mars exploration.
• U.S.-USSR relationships. This approach has the potential to make

a large and positive contribution to developing cooperative relationships
between the United States and the USSR.
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Summary and Concluding
Recommendations

Although this report addresses the question of U.S.-USSR cooperation,
a more basic issue underlies the formulation of U.S. policy in this area. A

policy leading to international cooperation cannot usefully be enunciated
in the absence of clearly stated U.S. objectives and intentions toward

Mars exploration in particular and toward space science more generally.
The United States needs to reestablish its leadership in some aspects of
space science, including planetary exploration. At present, the architectural
goals of the U.S. space science program require both definition and a
firm plan of implementation. This report takes as a premise that the
United States will undertake a significant program of Mars exploration,
and it focuses on the implementation of U.S.-USSR cooperation in that
context. From a scientific perspective, international cooperation can be
utilized to accomplish scientific objectives in a most effective manner. There
may be many other benefits of a political and social nature to be gained
from international cooperation in space science. However, the committee
considers that the greatest total benefit will be derived if international

cooperation is directed toward realizing objectives that are, of themselves,
of the highest scientific importance and toward programs that are already
regarded by all participants to be of high priority. Therefore, the committee
considers it essential that a U.S. policy be enunciated that recognizes the
high priority that has been given to intensive Mars investigations and sample
return and that clearly states U.S. intentions with respect to such activities.

To accomplish the Mars scientific objectives that have been formulated
by the Space Studies Board, it will be necessary to conduct a sequence

37
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of missionsto Mars,involvingboth in situ investigationsand samplc
return.1,5,6,1°ThecommitteeconsidersthatdetailedMars investigations
shouldbeinitiatedin thecontextof a programaimedat visitsto a setof
selectedsites(four to six)andentailingseveralmissionsconductedover
a numberof years.Sucha programwouldprovidea majorincrementof
knowledgeabouttheplanetMarsandaboutthestatesandevolutionof
terrestrialplanetsingeneral.It wouldalsoprovidethebasisof factthatis
neededto informfuturedecisionsaboutfurtherlevelsof Marsinvestigation,
includingthepossibilityof mannedexplorationof thatplanet.

Thescaleof neededMarsinvestigationis suchasto makeit desir-
ableto combinetheresourcesof theworld'smajorspacefaringnationsin
thisscientific,exploratory,andtechnicalendeavorof historicproportions.
InasmuchastheUnitedStatesandtheUSSRare theonlytwonations
presentlycarryingout spaceactivitiesof thescaleandscopeneededto
effectmajorMarsexploration,thecommitteeconsidersthattheplansand
programsof theUnitedStatesandtheUSSRwill determinetheoverall
conditionsof Marsexploration,andthat, for at leastthe nextdecade,
othernationswillengageinmajorMarsexplorationto theextentthatthey
participateineithertheU.S.or Sovietprograms,orboth.Thecommittee
soughtto recommendan approachin which(1) eachparticipantwould
makea substantialcontribution,(2) thecooperationwouldenhancethe
totalscientificbenefitandwouldachieveeconomies,and(3) thecoopera-
tionwouldberobustagainstunforeseendifficultiesandwouldprovidethe
greatestlikelihoodof success.

A U.S.-USSR joint program would double the number of martian sites
accessible with a fixed level of expenditure on each side. Exploration and
sampling by robotic rovers among the several individual landing sites would
greatly increase the surface area of Mars that could be explored and the
quality of global network studies that could be undertaken. While the same
objectives could also be achieved in the context of a single national program,
such a unilateral approach would require a much larger commitment of
resources. In a cooperative joint program of the kind recommended here,
U.S. scientists would play a leading role in defining the scientific objectives,
and U,S, scientists and engineers would be critical in the formulation and
evaluation of scientific objectives, and in determining the nature of systems
and instrumentation, as well their development and deployment. In the
alternative event that they merely participate in missions conducted by

another nation, U.S. scientists could not expect to have a substantial role,
either in the scientific return or in the formulation and development of
associated exploration systems.

All of these considerations have led the committee to the conclusion

that a program of cooperative Mars exploration with joint leadership by
the United States and the USSR, and with significant contributions, yet to
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bedefined,fromtheworldscientificcommunity,includingtheEuropean
nationsandpossiblyJapanandCanada,is byfarthepreferredapproach.
The committee considers that the best approach to initiating cooperative Mars

exploration with the USSR would be a highly coordinated exploration program
of independently conducted missions that strikes a balance between the two
extremes of very close cooperation involving split responsibilities and joint
technical operations, and independently conducted, nearly noninteracting,
parallel programs. Concurrent but independent missions will not yield, in
comparable measure, the above benefits. The committee considers that the
other extreme of fully joint missions, involving major systems hardware,
software, and management interfaces, is too risky an undertaking, at this
time, to be justified on the basis of scientific and technical considera-
tions alone. An evolutionary program of several missions is recommended,
one that starts with an easily implemented but serious level of joint plan-
ning, coordination, and scientific cooperation, followed in the future by
subsequent missions with substantially greater levels of coordination and
possibly leading, ultimately, to missions that involve mission coordination
with substantial hardware and software system interfaces and divided re-

sponsibilities.
Such a program could effectively be carried out jointly with the Soviet

Union. Coordination should be implemented at the inception and at all

levels of program and mission planning. This should include discussions and
agreement about science objectives, sites for sample collection, approaches
to and coordination of in situ investigations, sample collection strategies

and techniques, and mission schedules.
The recommended framework for cooperation calls for exchange of

scientific investigators on the various teams, specific coordination of in-
vestigations (in real time and otherwise) where useful and appropriate,
exchange of data and samples, and jointly conducted data analysis. All of
these elements of cooperation could be implemented now without undue
concern about technology transfer or the burdens associated with inter-
facing and systems integration across international boundaries. Moreover,
this framework provides considerable latitude for increasing the intimacy
of cooperation in staged degrees; from the beginning, it allows modular sci-
entific instrument packages from one nation to be flown on the spacecraft
or Mars surface vehicles built and operated by the other nation.

In summary, the committee recommends that intensive Mars exploration

be begun in an international program coordinated with the Soviet Union.
Longer-term evolution of joint activities with the USSR, based on accumu-
lated experience and success along with the lines of communication and
working relationships that would be created, may lead to a more intensively

cooperative and mutually dependent program with joint operations.
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ToimplementMarsexplorationandsamplereturn,theUnitedStates
shoulddevelopthe capabilityto undertakeseveralof theseexcursions
independentof the performanceof the USSR.Within the context of the
recommended cooperative international program, the committee recommends
that the actual design of spacecraft hardware and conduct of earty missions be
carried out independently and in parallel by the two nations. The committee
further recommends that the United States and the USSR cooperate to identify
the scientific objectives of their programs and to coordinate mission planning
in detail to optimize the scientific return of the missions. The commitment to
cooperation in such a program should be announced jointly by the United
States and the USSR to make it clear that the two nations are major
collaborators. The committee recommends that nonmission-critical hardware,

such as individual scientific experiments, be considered for inclusion on the
spacecraft of the other nation when there is a distinct scientific or performance
advantage. The evolution of these working relationships may grow to a
point that more complex interdependent missions can be considered in the
future.

The committee recognizes the danger, inherent in this recommended
approach, that the intended cooperation could deteriorate into a race for
Mars. However, the recommendation specifically calls for a program in
which the schedule is planned and paced in a manner agreed to by both
sides. In such a context, the deleterious aspects of a "race," which might
otherwise arise, should be well controlled. At the same time, the committee

recognizes that some elements of competition are beneficial in science
and in technology development and are inevitable in any such programs,
cooperative or not. With a coordinated schedule and targets of exploration
agreed upon in advance and by mutual consent, the competitive elements
of Mars exploration could be confined to those areas in which they would
indeed be beneficial: the enhancement of the science as well as the related

and required technologies.
Altogether, the recommended approach would allow a rapid start on

international cooperation for Mars sample return, would yield substantial
economies if the program were to achieve the recommended scientific ob-
jectives for Mars investigations, could be implemented now without undue
concern for technology transfer or burdens associated with interfacing and
systems integration across unfamiliar international boundaries, and would
allow a graceful path to increasingly close levels of cooperation as ex-
perience was gained and as the international situation might permit and
make desirable. This approach would be resistant to failure resulting from
unforeseen changes in the political relationship.
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PARTICIPATION OF OTHER NATIONS

The United States has a long record of scientific and technical co-
operation, as well as social ties and economic interchanges, with many
Western nations. As a result, there exist well-established and effective lines

of communication, as well as mutual familiarity with programs, practices,
and institutions. With varying levels of participation, European scientists,
engineers, industries, and space agencies have played important roles in
numerous joint projects with the United States. Because of this tradition, it
is often desirable to engage in high levels of scientific and technical cooper-

ation that enrich programs of the United States and the USSR. The present
committee considers the general modalities of close technical cooperation
between the United States and European nations that were recommended
in the U.S. NAS-ESF joint working group report s to be equally applicable
in the context of a U.S.-USSR cooperative program as recommended in
this report and in the context of an independent U.S. program.

The committee recommends that the United States encourage close coop-
eration with its more traditional scientific collaborators following the mecha-
nisms that are already established. The U.S. program should make use of the
knowledge of these collaborators in determining scientific mission objec-
tives and in contributing to mission design. The committee recommends that
this cooperation also allow the traditional collaborators to provide mission-
critical subsystems as well as scientific packages when there is a distinct benefit
to the program. Such a substantial commitment among nations may require

an improved mechanism for ensuring the needed long-term commitments
to approved missions or programs.

SAMPLE RETURN AND

SUBSEQUENT SCIENTIFIC ANALYSIS

A principal objective of the next phase of Mars exploration is to select,
gather, and return to Earth for analysis a scientifically representative sam-
ple of martian material. Because of the nature of the scientific questions,
steps will be required to protect the integrity of the material so that im-
portant evidence is preserved. Inasmuch as the surface of Mars is relatively
cold, questions about volatile constituents of the material, as well as about
chemical states that would be altered by exposure to high temperatures, will
be of high scientific importance. Similarly, answering questions pertaining
to the past and present biological potential of martian material will require
that stringent steps be taken to protect martian samples from alteration
during collection, during the return flight (including such steps as cryogenic
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storage),andduringtheirexaminationonEarth.Avoidingsuchalteration
meansthatsamplescannotbesubjectedto heator chemicalsterilization.
Protocolsgoverningtheintroductionofextraplanetarymaterials,asaresult
of purposefulspacemissions,arethesubjectsof internationalagreements.
In preparationfor eventualMarssamplereturn,it will benecessaryto re-
viewtherelevantprotocolsandpracticesinordertoensurethepreservation
of thescientificvalueof returnedsamples.

A majorcomponentofthescientificprogramassociatedwithanyspace
explorationprojectinvolvesthecontinuinganalysis,experimentation,and
developmentof theorythat continuesafterthe missions.Thereturned
martiansampleswill be of utmostscientificimportanceandwill have
immenseprestigeassociatedwith them.The control, care, and distribution

of these materials will be under the jurisdiction of the nation returning the
samples, but the committee recommends that there be a commitment to
a joint scientific research program with the USSR that will provide these
materials to qualified scientists throughout the world. The interchange of
sc&ntific information and close collaboration on all aspects of the science
derived from these missions should be intrinsic and continuing components
of the program, from its inception through the advanced stages of scientific
ana?ysis.
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