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Executive Summary

This assessment by the ad hoc Committee to Review the Next Decade Mars Architecture was conducted at the
request of Dr. Mary Cleave, NASA’s Associate Administrator for the Science Mission Directorate, who asked
theNational Research Council (NRC) to address the following three questions:

1.Is the Mars architecture reflective of the strategies, priorities, and guidelines put forward by the National
Research Council’s solar system exploration decadal survey and related science strategies and NASA
plans?

2.Does the revised Mars architecture address the goals of NASA’s Mars Exploration Program and optimize
the science return, given the current fiscal posture of the program?

3.Does the Mars architecture represent a reasonably balanced mission portfolio?

It is important to note that the original order of the questions posed by Dr. Cleave was 2, 3, and 1. That is, the
one that now appears first was originally listed as last. The committee has taken the liberty of reordering
thequestions because it is strongly of the opinion that logic dictates that it start its assessment of the Mars
architecture by first addressing the architecture’s scientific foundations.

Following presentations, discussions, and deliberations, the committee developed the following findings and
offers specific recommendations relating to each:

1. Is the Mars architecture reflective of the strategies, priorities, and guidelines put forward by the NRC’s
solar system exploration decadal survey and related science strategies and NASA plans?  The committee finds
that the proposed Mars architecture addresses some of the strategies, priorities, and guidelines promoted
by the solar system exploration (SSE) decadal survey and the Mars Exploration Program Analysis Group
(MEPAG) and is basically consistent with NASA’s plans as exemplified by the agency’s 2006 strategic plant
and the Vision for Space Exploration.2 However, the absence of a sample return mission and a geophysical/
meteorological network mission runs counter to the recommendations of the SSE decadal survey and
significantly reduces the architecture’s scientific impact. Other topics of concern include the lack of well-
defined mission parameters and scientific objectives for the Mars Science and Telecommunications Orbiter,
Astrobiology Field Laboratory, and Mid Rover missions; issues relating to the phasing and responsiveness
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of these missions to the results obtained from past missions; and the incompletely articulated links between
these missions and the priorities enunciated by the SSE decadal survey and MEPAG.
The committee offers the following recommendations to NASA:

¢ Recommendation: Include the Mars Long-Lived Lander Network in the mix of options for the 2016
launch opportunity.

¢ Recommendation: Consider delaying the launch of the Astrobiology Field Laboratory until 2018 to
permit an informed decision of its merits and the selection of an appropriate instrument complement
in the context of a mature consideration of the results from the Mars Science Laboratory and other
prior missions.

* Recommendation: Establish science and technology definition teams for the Astrobiology Field
Laboratory, the Mars Science and Telecommunications Orbiter, the Mid Rovers, and the Mars
Long-Lived Lander Network as soon as possible to optimize science and mission design in concert
with each other. (This model has been employed successfully by the heliospheric community.)

* Recommendation: Devise a strategy to implement the Mars Sample Return mission, and ensure that
a program is started at the earliest possible opportunity to develop the technology necessary to
enable this mission.

2. Does the revised Mars architecture address the goals of NASA’s Mars Exploration Program and optimize
the science return, given the current fiscal posture of the program? The committee finds that it cannot defini-
tively say whether or not the revised Mars architecture addresses the goals of NASA’s Mars Exploration
Program because the architecture lacks sufficient detail with respect to the science and the cost to allow a
complete evaluation. The various mission options are, as stated above, incompletely defined, and the strategic
approach to, and the selection criteria to distinguish among, various mission options are lacking. The
presence of Mars Scout missions in the architecture is welcomed because they help to optimize the science
return and provide balance. Nevertheless, the Mars architecture as a whole is not optimized, because the
importance of foundational strategic elements—for example, research and analysis programs and tech-
nology development—is not articulated.

In response to this finding, the committee offers the following recommendations to NASA:

* Recommendation: Develop and articulate criteria for distinguishing between the three options for
missions to launch in 2016. Similarly, define a strategy that addresses the short lead time between
science results obtained from the Mars Science Laboratory and selection of the mission to fly in 2016.

* Recommendation: Clarify how trade-offs involving mission costs versus science were made for the
various launch opportunities to justify the rationale behind the proposed sequence of specific missions
and the exclusion of others.

* Recommendation: Maintain the Mars Scouts as entities distinct from the core missions of the Mars
Exploration Program. Scout missions should not be restricted by the planning for core missions, and
the core missions should not depend on selecting particular types of Scout missions.

* Recommendation: Immediately initiate appropriate technology development activities to support all
of the missions considered for the period 2013-2016 and to support the Mars Sample Return mission
as soon as possible thereafter.

¢ Recommendation: Ensure a vigorous research and analysis (R&A) program to maintain the scientific
and technical infrastructure and expertise necessary to implement the Mars architecture, and
encourage collaboration on international missions.

3. Does the Mars architecture represent a reasonably balanced mission portfolio?The committee finds that

in the context of the basic types of missions, the Mars architecture is a reasonably well balanced one: both
landed and orbital missions are included in an appropriate mix, given the current state of Mars exploration.
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To the extent that the specific science objectives of the proposed missions are defined, one of the three
crosscutting themes for the exploration of Mars identified in the SSE decadal survey is largely neglected, as
are very high priority topics related to understanding near-surface and boundary-layer atmospheric
sciences, and so, in this respect, balance is sorely lacking.

To optimize efforts to implement a balanced portfolio of missions, the committee offers the following recom-
mendations to NASA:

* Recommendation: Include the Mars Long-Lived Lander Network in the mix of options for the 2016
launch opportunity.

* Recommendation: If the Mars Long-Lived Lander Network cannot be implemented in the period
under consideration, provide for an effort to make some of the highest-priority measurements on the
landed missions that are included in the proposed Mars architecture.

* Recommendation: Ensure that the primary role of the Mars Science and Telecommunications Orbiter
is to address science questions, and not simply to serve as a telecommunications relay. This distinc-
tion is particularly important with respect to the required orbital parameters that are adopted.

NOTES

1.National Aeronautics and Space Administration (NASA), 2006 Strategic Plan , NP-2006-02-423-HQ, NASA, Washington, D.C.,
2004. Available at <www.nasa.gov/pdf/142302main_2006_NASA_Strategic_Plan.pdf>.

2.National Aeronautics and Space Administration (NASA), The Vision for Space Exploration, NP-2004-01-334-HQ, NASA, Washington,
D.C., 2004. Available at <www.nasa.gov/pdf/55583main_vision_space_exploration.pdf>.
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Introduction

SCIENTIFIC AND PROGRAMMATIC BACKGROUND

The United States and the former Soviet Union have been sending spacecraft to Mars since the beginning of
the space age. ! Indeed, as early as 1966, the exploration of Mars was highlighted as a priority target for NASA
spacecraft.? After several unsuccessful prior attempts, the Soviet Union achieved partial success when its Mars 1
spacecraft made a distant flyby of the Red Planet in 1963. A NASA spacecraft, Mariner 4, made the first successful
close flyby of Mars in 1965 and returned images of the planet’s cratered surface. Numerous additional spacecraft
were dispatched from both sides of the Cold War divide during the remainder of the 1960s and early 1970s.
Although there were many failures on both sides, there were some notable firsts, included the first attempted
landing (unsuccessful) by Mars 2 in 1971 and the first successful Mars orbiter, NASA’s Mariner 9, also in 1971.
The culmination of this first era of Mars exploration was the successful landing of NASA’s Viking 1 and 2 on the
martian surface in 1976. The twin landers, supported by twin orbiters, operated successfully for many years.
Although the primary experiments on the landers were designed to search for evidence of life—a task that was
unsuccessful—additional, non-biological experiments did return a treasure trove of scientific data. Nevertheless,
Viking was widely regarded as a programmatic failure because the life detection experiments did not return
evidence of life on Mars. The lack of clear positive results from the life detection experiments undercut political
support for additional Mars missions in the United States until the launch of NASA’s Mars Observer in 1992.
Perhaps the key lesson learned from the Viking experience was that the search for life on Mars should be
undertaken only in the context of a comprehensive understanding of the origin and evolution of the martian
environment. In the absence of a clear understanding of key parameters of the martian environment—e.g., the
chemistry of the martian regolith—the design of biological experiments and the interpretation of the results from
such experiments will be fraught with difficulties.

The failure of Mars Observer shortly before entering orbit about the Red Planet in 1993 led to a fundamental
revision of NASA’s Mars exploration strategy. Rather than relying on large spacecraft with comprehensive,
multidisciplinary payloads as was the case with Mars Observer, future missions would embody the faster-cheaper-
better design philosophy. That is, missions would be smaller, would be more focused on a narrow set of scientific
goals, and would be launched at every possible Mars launch opportunity. Mars Global Surveyor and Mars
Pathfinder, both launched in 1996, were the first missions to embody this new approach. 3 The programmatic and
scientific success of both missions—combined with the political impetus fueled by claims of evidence of past life
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in the martian meteorite, ALH 84001—prompted the federal government to devote greater resources to NASA’s
Mars Exploration Program.*

The failure in 1999 of both of NASA’s next two Mars missions—Mars Polar Lander and Mars Climate
Orbiter—Iled to major revisions in the Mars Exploration Program and to the abandonment of many aspects of the
faster-cheaper-better philosophy. 3 Despite the two failures, scientific interest in Mars did not wane; nor did
political and financial support for a robust program of Mars Exploration. The lander mission planned for launch in
2001 was canceled, but the 2001 orbiter mission, Mars Odyssey, proceeded on schedule and has, subsequently,
provided much valuable scientific data concerning Mars’s global geochemistry.

Interest in Mars exploration is not confined to NASA. In 1998, Japan’s Institute for Space and Astronautical
Science launched Nozomi, a small orbiter designed to focus on studies of Mars’s upper atmosphere and interactions
with the solar wind. Unfortunately, this spacecraft suffered multiple failures and was unable to enter orbit around
Mars. In 2003, the European Space Agency launched Mars Express and NASA launched the twin Mars Explora-
tion Rovers. Finally, in August 2005 NASA launched the Mars Reconnaissance Orbiter, and this spacecraft
successfully entered orbit around Mars in March 2006. As a result of this unprecedented level of activity, there are
currently six operating spacecraft on or in orbit about Mars.

The resilience of the Mars Exploration Rovers, Spirit and Opportunity, and the wealth of data that they and
their companion spacecraft have gathered on Mars, are opening a new chapter in understanding of the Red Planet.
Discoveries of stratigraphic layers, evaporite deposits, and mineral forms show clearly that Mars experienced a
somewhat Earth-like warmer and wetter era. 7 Questions remain as to how this era came to be and how Mars
changed to its current cold and dry climate. Another significant set of results from Mars concerns the putative
spectroscopic detection of methane in the planet’s atmosphere by ground-based telescopes-® and the Mars Express
spacecraft.!® Although the result obtained from Mars Express is still somewhat controversial, all three sets of
observations indicate methane at concentrations of about 10 parts per billion. This is significant in that methane is
unstable in the martian atmosphere and would disappear in ~300 years if not replenished. Although the origin of
the methane has not yet been determined, possible sources include volcanic activity, chemical reactions between
water and iron-bearing minerals in a hydrothermal system, and biological activity. 1!

These and other recent advances are not the only factors influencing NASA’s Mars Exploration Program.
Other factors include the following:

» The development of a highly effective, community-based group, the Mars Exploration Program Analysis
Group (MEPAG), which devised a comprehensive series of Mars exploration goals and priorities and has
drafted topical reports on specific Mars exploration opportunities; 12

¢ The publication in 2003 of the NRC’s first solar system exploration (SSE) decadal survey report, New
Frontiers in the Solar System: An Integrated Exploration Strategy,'? which places the exploration of Mars
in the context of other SSE activities and also provides specific recommendations and priorities for a
variety of Mars exploration activities;

+ The enunciation on January 14, 2004, of the Vision for Space Exploration, President Bush’s overarching
plan for “a sustained and affordable human and robotic program to explore the solar system and beydfidiid
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