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CURRENT DOCUMENT 

Exploring the Moon and Mars: 
Choices for the Nation* 

Since July 1989, President Bush has urged that the 
United States develop a permanent presence on the 
Moon early in the next century, and land a human 
crew on Mars by 2019, 50 years after the first Apollo 
Moon landing. The Administration has termed this 
challenge the Space Exploration Initiative (SRI). The 
Advisory Committee on the Future of the U.S. Space 
Program recently suggested that SID be thought of 
as part of a Mission from Planet Earth, which would 
focus on the long-term exploration of space, using 
advanced robotic systems and human crews. 

During this decade, Congress will be faced with a 
series of decisions concerning whether or not to 
invest public dollars to meet these ob}ectives, and if 
so, bow. This assessment, which was requested by 
the House Subcommittee on VA, HUD, and Inde­
pendent Agencies and the Senate CoII'Ul'ti.ttee on 
Appropriations, explores the role of automation and 
robotics technologies in pursuing them. It also 
examines the broader issues of how a Mission from 
Planet Earth relates to U.S. national goals. 

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

At one extreme, the United States could mount 
Apollo-like expeditions to the Moon and Mars, in 
which the United States would place maximum 
emphasis on science and technology to support 
humans in transit and on the surface, but put 
re4ttively little emphasis on automation and robot­
ics (A&tR). In the Apollo era,.because the available 
A&:R technologies were quite primitive, the United 
States sent men to the Moon with very little robotic 
support. Most of the control remained on Earth 
where thousands of support personnel foUowed 
every detail of the crew's progress and controlled 
most of their actions. 

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

In the most effective exploration program, peo­
ple and nlilchines would function as interactive 
partners. with people on Earth or perhaps on the 
surface of the Moon or Mars, as need and funding 
allow. A&R experts believe that it will soon be 
possible to develop machines, guided 'Jy controllen; 
on Earth where appropriate, but acting autonD"" 
mously most of the time, to carry out many explora­
tion duties. On the Moon, robots controlled from 
Earth could be used to explore for lunar resources, 
to conduct scientific observations, and to carry out 
a variety of simple construction tasks. On Mars, 
robots could be employed to survey the planet's 
composition and structure. monitor its weather, and 
return samples for analysis on Earth. 

However, experts in field research methods be­
lieve that, even with advances in A6cR,. human 
explorers would be needed to carry out geological 
field studies on the Moon or Mars, or search for 
signs of indigenous life on Mars-tasks that require 
a broad experiential database and the ability to link 
disparate, unexpected observations in the field. 
Nevertheless, robotic devices would be needed. to 
assist human explorers in a wide variety of tasks as 
they work on either planetary body. 

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

devnte greater and more consistent effort to 
A&R research and development; and 
include far more A&R technologies in future 
projects involving space exploration and hu­
mans in space than is the practice today. 

EXPLORATION TIMETABLE 

Congress also faces a decillion t~arding the 
timetable of a Mission from Planet Earth. Given the 

• Taken from OTA Report Brief. July 1991 
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existing Federal budget crisis and chronic short­
ages of public capital,acceplanceol1he Presidenl's 
timetable (2019) for landing huntans on Mars 
might require a major emphasis on the develop­
ment of technologies to support human crews and 
thus greatly constrain the options for developing 
A&R technologies. 

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

In the near term, Congress could: 

1. defer decisions on a Mission.from Planet Earth 
indefinitely and fund the scientiji.; txploration of 
tM Moon and Mars within tlu: existing planetary 
exploration program; or 

2 agree in principle with tM goals of a Mission /rom 
Pland Earlh, but onpJuzsiu the bwlopment tlnd 
use of A&R t«hrwlogies to accomplish them; or 

3. agree in principle with the long-term goals of II 
Mission from Pu,ntt Earth, ltut wish to focus on 
mt!ItSured. efforts to develop uchnclogies supporl­
ing human e:rplonztioNj or 

4. act%pl the PrtSidenf's timdllble of people rellchi~g 
MRrs by 2019. 

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

MANAGEMENT OF A MISSION 
FROM PLANET EARTH 

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

The scientific success of missions to the Moon and 
Mars will depend directly on the quality of the 
scientific advice NASA receives and the relative 
influence of engineers in designing robotic trtissions 
to the Moon and Man. If the Nation wishes to 
maximize the quality of its scientific returns, 
planetary ac:ientiats should have a major role in the 
deciaion process for the exploration program. 

EXPLORING AND EXPLOITING THE MOON 

Despite U.S. and Soviet successes during the 
I%Os and early 19705 in studying the Moon, scien' 
tists still have a relatively rudimentary undt.'Tstand· 
ing of its structure and evolution. A detailed. scien· 
tific studyof the Moon would allsist in understanding 
the geological and climatologic..11 history of U\c 
Earth. Most of this work could -be carried out 
robotically with a variety of instruments. 

The United States may in time wish to cstablish a 
permanent lunar base in order to study the Moon 
more intensively and 10 exploit its unique properties 
lor scientific observations and experiments. For 
example, the Moon would provide an I.."xcellent sHe 
for astronomical observatories operating at all wave­
lengths. However, the costs of lunar obsen-oatories 
would have to be balanced against the costs of 
placing observatories in compcling .locations, e.g., 
geostationary orbit, or on the Earth. 

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

EXPLORING MARS 

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

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

U the United States ultimately decides that it is 
important to send human crews to Mars, A&R 
technolOgies could provide crucial assist.mcc to 
these crews while on the Martian surface. A&R 
could provide support for field studies; assistance in 
surveying prior to human exploration, especi.ally 
over dangerous terrain; and emergency I5Upport. 

A trip to and from Mars would experience much 
higher risk than a relurn to the Moon, but would 
also provide greater challeTI~e and adventwe. Ii 
the United Slates decides to send human crews 10 
Mars, it must accepl the potential for loss of life, 
either from human error or mechanical failure. 

A&R RESEAROI AND DEVELOPMENT 

Robotics exploration will be needed u a prerequi­
site to human exploration. The United States hMi 
many promising A&R technologic~, but to date it 
has not spent sufficient time or tunds to incorporate 
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them into devices for exploring the Moon and Mars. 
Yet, aggressive pursuit of robotic devices would 
assist exploration efforls and make humans much 
more capable on the Moon and Mars than they 
could otherwise be. However, at present NASA 
lacks the A&R capability to carry out a vigorous 
exploration program using advanced robotics. Since 
the development of robotic technologies does not 
receive high priority within NASA, there is little 
evidence to suggest this will change. 

A number of reports, including the recent report . 
of the Advisory Committee on the Future of the U.S. 
Space Program, have urged. increased attention to, 
and funding for, developing the requisite U.S. 
technology base. Congress could assist the develop­
ment of A&R technologies by hmding a set of A&R 
projects that culminated in a variety of scientific 
capabilities for missions to the Moon and Mars. 

The potential applications for AkR technologies 
extend far beyond the space program and include 
manufacturing and service industrietl, as well as 
the defense community. Yet because the A&R 
discipline derives from a widely splintered set: of 
subfields, only in weak contact with one another, 
NASA has a relatively thin technology base upon 
which' to draw for its own needs. An integrated 
A&:R program. to serve government needs and 
assist industry will require the collaborative ef· 
forls of the universities, government laboratories, 
and industry. 

COSTS 

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

A comprehensive search for cost·reducing meth­
ods and techniques and for alternative approaches 
will be of rugh priority. Congress should ask 
NASA how it plans to control costs. NASA's plans 
should also include plans for controlling opera· 
tional costs. As experience with the space shuttle 
has demonstrated, operational costs for crc:w­
ca.n:ying systems can constitute an extremely high 
percentage of total system cosls. 

A return to the Moon and the exploration of Man 
would have a major impact on NASA's yearly 
budget, and, in tiInes of constrained budgets, pur­
suit of these goals would abnott certaWy advene1y 
affect the funding of NASA's other .ctiviti~, e.g., 
space science, and the Mission to Planet Earth 
(NASA's program to address environmental and 

other Earth.bound problctI\S). Hence, it will be 
important for Congress and the administration to 
test continually whether the President's aspirations 
for human activity in space can be acconunodatL-d 
within NASA's likely budget, and adjust it:. projL'Ctl' 
accordingly. 

INTERNATIONAL COOI'liRATION 
AND COMPETITION 

Issues of international competition and coopera· 
tion will continue to play important roles in the 
development of U.s. space policy. The United States 
is part of a rapidly changing world in which the 
political and military challenge from the Soviet 
Union has substantially decreased but the techno· 
logical and II'W'keting capabilities of Europe and 
Japan have markedly increaS4..-d. How the United 
States invests in its space progy-am could deeply 
affect other ;,egments of the economy. The experi· 
cnce gained in applying A&:R technologies to tasks 
in space could assist their development in other 
parts oC U.S. industry and help the United States to 
compete in this importanl arena of the world 
economy. It is less dear how investments to support 
h\lll'Uln exploration of space would benefit U.S. 
industry. 

Politically and technologically, the United States 
could gain from leading an international coopera· 
tive program to advance in space exploration. But 
for such a Space program. we wiH have to learn how 
to pursue slurred goalsl which would give the 
United States less latitude in setting the program 
objectives. Cooperative activities with other coun· 
tries also could reduce U.S. ca.ts and increase the 
return on investment for explor.ation by bringing 
foreign expertise and capital 10 bear on the chal· 
lenge. The Soviet Union has far more experience 
with supporting humans in space than any other 
country. More extensive cooperation with the Soviet 
Union could markedly reduce U.s. expenditures for 
life sciences reseaJ;:ch, and lead to much better 
understanding of the risks of cxtended spaceflight 
and how to reduce them. 

Japan, Europe, and the Soviet Union have :made 
significant progress in applying AkR to space 
activities. Cooperative scientific programs that would 
incorporate robotic devices contributed by &eVeral 
countries might significantly advance US. experi· 
ence in this important area. For example, nations 
might cooperate in sending s:mall rovers to the 
Moon Of' to Mars to do reconnaissance and simple 
chemical analysis, and to return samples to Earth. 
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