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Abstract
Political and technical concerns are tightly intertwined in the design of modern space
systems. The political environment often responds harshly associated high costs of these
endeavors. Political sustainability is therefore at least as important as the technical
performance parameters of new space systems under development. This paper outlines a
methodology by which a system architect may trace the recursive impacts of political choice
on technical choice, and vice versa. Using the implementation of the Vision for Space
Exploration as a case study, a policy-technology feedback loop is outlined. This paper then
demonstrates how political sustainability may be incorporated into the design process such
that a politically savvy system architect may appropriately trade present costs against future
costs.
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I.

Introduction

T

he primary purpose of this paper is to illustrate a methodology by which technical and political choices interact
in NASA’s directive to accomplish the Vision for Space Exploration (VSE) announced by President Bush on
January 14, 2004 [1]. This document is aimed at providing the system architect with a tool that may provide some
measure of understanding and control of the interactions between a given technical choice and the political process.
We focus on interactions between NASA, acting as an agent of the President, and Congress, the organization that
reflects the will of the American people and provides NASA funding. We explore how a system architect might
influence policy outcomes. In doing so, we hope to explicitly integrate political sustainability into system design.

A. What is Political Sustainability?
The concept of “Political Sustainability” is motivated by the 1987 Report on the World Commission on
Environment and Development, the so-called “Brundtland Report”. This work asserts that “Sustainable development
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is development that meets the needs of the present without compromising the ability of future generations to meet
their own needs”[2]
This paper recognizes that political choice requires a constant balance between fulfilling current needs and
maintaining relationships for the future. Therefore, we define political sustainability as follows:
An action is politically sustainable if it allows for the fulfillment of current political goals and resource needs
without compromising future goals and needs.
Politically sustainable actions simultaneously build support for, and advance, an item on the political agenda.
Actions that are not politically sustainable advance a current agenda item at the expense of future support.
B. Framework: The Policy-Technology Feedback Cycle
This analysis focuses on the political sustainability of using legacy components, those used in and designed for
previous systems, in the design of the new Crew Exploration Vehicle (CEV). CEV functionality is separated into
multiple “blocks” – one for Low Earth Orbit (LEO) capability and one for Lunar and Martian capability. The MIT
Concept Exploration and Refinement (CER) Study and NASA’s Exploration Systems Architecture Study (ESAS)
serve as baselines for this analysis [3, 4]. We focus on Space Shuttle thermal protection tiles and reinforced carboncarbon as a specific legacy component case study. The intent is to trace the effects of using legacy components
through the design process, and therefore to provide a framework under which decisions to use legacy components
can be evaluated.
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Figure 1: The Policy-Technology Feedback Cycle represents a framework that the system architect
can use to trace the impacts of technical performance on national policy and vice versa.
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The above diagram represents the notion that policy and technology constitute components of a techno-political
system. Just as a policy change can impact technical parameters, changes to a technical system have the potential to
propagate in such a way as to affect change in the political domain [5]. The system architect, as the interlocutor
between the political and technical domains, has the capability to trace these impacts through careful analysis. Each
section of this paper focuses on a specific set of components of this cycle, articulating how the implementation of
the VSE is driven by Congressional and Presidential political concerns, and how technical choices, such as the
decision to introduce certain kinds of legacy technology into the system design, can impact the political process.
These impacts are traced across three domains, as follows:
1. The Policy Domain: From Congressional and Presidential Policies to Law
In order for any proposal to become adopted as national law within the United States of America, it must be passed
by the Congress, the government’s Legislative branch, and then signed into law by the President, the elected leader
of the Executive Branch. The structure of the government is such that each Branch (including the Legislative,
Executive and Judicial branches) has a means to countermand an action taken by the others – the so-called “checks
and balances” of the US federal system. In practice, this ensures that laws on which the President and the Congress
do not agree do not get passed.
2. The Architectural Domain: From Law to Requirements
Once a law is passed by Congress and signed by the President, it is the role of the systems architect to determine
how an agency may best implement this directive. The architect is particularly concerned with such high-level
parameters as system cost, performance and schedule. Generally a policy directive will place bounds on all three of
these. For example, the VSE directs NASA to retire the Shuttle by 2010, construct a CEV before 2014, and return to
the Moon before 2020. Furthermore, this must occur in a “sustained and affordable” manner [6]. The role of the
system architect is to translate these policy directives into “0-level requirements”, or technical parameters that may
eventually be used for conceptual design.
3. The Technical Domain: From Requirements to Hardware and Back Again
Once 0-level requirements have been generated, it is the role of a team of system engineers, working together with
technical specialists, to generate a specific design concept. This team is then responsible for executing a
“requirements flowdown”, creating low-level requirements from higher-level requirements. These are eventually
intended to move beyond conceptual design into the detailed design phase. Nevertheless, system engineers must be
wary of how the complex parts of a technical system interact. In particular, if a policy directive inspires change in a
pre-existing design, the savvy system engineer must be aware of how that change will propagate through the system,
the effects that such a change might have on the system’s ability to operate, and how performance, cost and schedule
could be impacted. The system architect must be able to translate the assumptions underlying cost engineering
results into a format that an agency’s legislative affairs specialists will find actionable. This, in turn, will affect how
that agency approaches the Office of Management and Budget (OMB) and Congress, and how national policy is
made in the future. This new national policy will again affect architectural and technical requirements, starting the
cycle anew.
This paper will trace the process described above; focusing at times on how the use of legacy components might
affect the ability of NASA to carry out a potential Congressional directive to reduce the development time of the
CEV. The ultimate goal is to illustrate how such a policy change can propagate through the techno-political system,
eventually affecting the policy that first called for CEV development, the President’s VSE.
It must be stressed that the primary contribution of this paper is not intended to be in the results of the model.
Rather, the process by which these results are derived is intended to provide a methodology that system architects
may use to evaluate how policies affect technologies and vice versa. The role of technical and political experts
cannot be discounted, as they provide the crucial checks of the assumptions underlying this model, thereby
grounding it in reality.

II.

Within the Political Domain

C. Drivers of Political Choice
An understanding of the drivers of political change is necessary to understand the policy making process in the
Policy-Technology Feedback Cycle. Whereas technical choice is based upon tractable theory that can be pursued to
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a rational and often deterministic end, political choice is marked by an environment of information scarcity wherein
many of the options available to a decision-maker are not clear [7]. A political decision-maker is thus forced to
choose between a limited number of generally sub-optimal options, often without the time or ability to investigate
the full ramifications of these options in detail. As such, an entity that can exercise control over the information
available to policy makers can exercise some element of control over the outcomes. In particular, NASA’s technical
expertise allows a powerful role in defining options that are to be presented as policy choices [8].
It is up to the policy maker to make decisions based upon what information and options are the most salient to
his/her own values (cf. [9]). To the policy-maker, agencies, such as NASA, are tools to be used in implementing a
specific policy directive. Therefore, an agency will receive attention, and a concomitant budgetary increase, when its
work can be used to satisfy a salient directive, or when its goals are instrumental towards achieving the policymaker’s goals [9]. Since goals change, an agency cannot always fulfill a salient concern. During these periods, they
are dominated by role-based activity [10]. The budgeting process, in particular, is dominated by a particular type of
role-based activity often referred to as “incrementalism”, which describes a roughly stable yearly budget unlikely to
see large changes in magnitude [11-13]. Furthermore, there is a considerable body of space policy literature
characterizing NASA as an incremental organization [14-18]. As such we can expect NASA’s budgeting behavior to
be largely driven by the same forces that drive most incremental agencies. Generally, these act to maintain the status
quo by creating an environment of budgetary scarcity for new projects. In technical terms, this drives the agency to
reduce costs of new programs. At the same time, a need to show results encourages the agency to adopt short-term
plans and make overoptimistic promises. These twin constraints on cost and schedule can adversely affect
performance, leaving NASA as an agency “struggling to do too much with too little” [19].
D. National Policy: The Accelerated Vision for Space Exploration
The specific policy driving NASA’s actions is the Vision for Space Exploration, calling for a sustained and
affordable exploration of the Moon, Mars and Beyond. The first steps in implementing this vision include
replacement of the Space Shuttle with a Crew Exploration Vehicle (CEV) [1]. Responding to Congressional
concerns that the U.S. might lose perceived preeminence in human spaceflight, NASA Administrator Griffin
announced his intention to minimize the time between the Space Shuttle’s retirement and the deployment of the
CEV [20].

III.

Modulation of Cost, Schedule and Performance in Response to Policy Change

It is the role of the system architect to translate political directives to technical directives [5]. A savvy architect will
trace political directives through to their eventual impact on the technical design parameters that engineers must
change. The use of legacy components is one heuristic strategy that system architects have traditionally used in
when budgetary resources are scarce.
NASA’s budget constraints make use of legacy components an attractive option to accelerate the CEV. From a
performance standpoint, use of legacy components has the potential to reduce development cost, schedule and risk.
From the perspective of the political environment, this behavior will also reduce the pace of the changes in
workforce and industrial-base distribution that can be dangerous to new R&D programs [21]. The intended CEV
acceleration makes this option almost indispensable. Nevertheless, care must be taken to ensure that the unintended
system costs of such a choice do not outweigh the benefits to be gained.

IV.

Within the Technical Domain

E. Technical Component Selection
Some legacy components, such as the Solid Rocket Boosters used on the Crew Launch Vehicle, represent an
investment that will last throughout the entire lifecycle of the CEV launch system. Similarly, the External Tank will
be reused as part of the Cargo Launch Vehicle. Once these elements are re-used, they will continue to provide value
for many years to come across a range of missions extending from LEO to Mars [3].
Not all legacy components have such clear benefits. Consider a hypothetical decision to use Space Shuttle Thermal
Protection System (TPS) tiles and reinforced carbon-carbon on the CEV. [22] note that a LEO-only CEV Thermal
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Protection System based upon reuse of Shuttle TPS components could enable a successful acceleration of a “Block
1” CEV, intended only for use in LEO, while allowing more time for the development of a heat shield for “Block 2”,
that can withstand reentry from the Moon. This option is particularly salient given the fact that no human-rated heatshield materials currently exist that can return astronauts safely from the Moon or Mars [4, 22, 23]. Although NASA
has released a Request for Information (RFI) soliciting non-Shuttle LEO-only TPS concepts, the Shuttle TPS is
currently planned as a baseline [3, 24].
F. Technical Feasibility Studies and System Effects Propagation
Re-use of Shuttle TPS elements is not technically feasible for lunar and Mars missions [23]. As such, a new TPS
would have to be developed when NASA begins to execute its lunar missions. Furthermore, use of Shuttle TPS
elements will require changes that propagate throughout the entire system. For example, use of these components
would necessitate a trade between landing site targeting accuracy, maximum heat rate endured by the entry vehicle,
and total system mass and volumetric efficiency. This demonstrates the more general point that inclusion of some
types of legacy components can come with unintended consequences that can adversely affect performance or
reduce expected cost and schedule savings.
The next section attempts to characterize the cost tradeoffs associated with the use of legacy components. This
information is used to determine how a decision to accelerate the CEV through the use of legacy components might
affect the overall system and upgrade cost. This will allow for a comparison of the costs of upgrading to Block 2 at
some point in the future vs. building in a lunar capability now.

V.

Cost Estimation in the Architectural Realm

Significant uncertainty surrounds the process of estimating the cost of complex space vehicles. Nevertheless, rough
order of magnitude cost modeling techniques, such as NASA’s Advanced Mission Cost Model (AMCM) can
provide insight into how annual cost might be modulated by legacy component use and the deployment date of
specific components [25]. Present per annum costs associated with developing a LEO-only Block 1 CEV might be
reduced by delaying the development of lunar Block 2 CEV elements, such as a new TPS. Similarly, using legacy
components can reduce the costs of the Block 1 CEV, nevertheless necessitating a new heat shield design for the
lunar Block 2 upgrade. Both of these methods will increase future per annum while reducing present costs. This
potentially undermines political sustainability (i.e., these costs become so high that Congress refuses to provide
funding). On the other hand, future per annum costs can be reduced by commencing Block 2 development earlier.
By performing the most difficult development tasks early, the future costs of upgrade can also be reduced. Since the
development of these components is spread out over more time, the per annum cost is also lower. Thus, overall per
annum cost may be modulated by decisions regarding which components to use and when to use them. The question
remains as to how best to enable political sustainability through cost modulation. In particular, the savvy system
architect requires insight into when it is appropriate to trade present costs against future costs. In order to answer this
question, the next section returns to an analysis of the political environment in which NASA is situated. In
particular, we examine how NASA and Congress may engage in strategic interactions in such a way as to enable a
politically sustainable fulfillment of the Presidential Vision for Space Exploration goals and the Congressional
desire to maintain American pre-eminence in human spaceflight.

VI.

Strategic Analysis

As an Executive Branch agency, NASA is bound to execute the directives of the President. These include
construction of a CEV by 2014 and a return to the Moon by 2020. Recent Congressional testimony indicates that
key members of Congress value an American human presence in space [26-35]. A temporary removal of this
presence due to a gap between the retirement of the Space Shuttle and the deployment of the Crew Exploration
Vehicle justifiably concerns these members of Congress, particularly given the schedule overruns that NASA has
exhibited in the past when developing new vehicles. These same members have also indicated that the ability to
accelerate the CEV is “largely a question of resources”, suggesting a willingness to provide funding should NASA
request it [36-39]. In effect, the absence of American presence in space raises the salience of space exploration in
Congress, allowing for a deviation from NASA’s baseline incremental funding.
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Given the current “go as you can pay” paradigm for space exploration, there is no guarantee that future Congresses
will be willing to provide the funding required to engage in lunar exploration. This is particularly true since, once
the CEV is executing missions in LEO, the American presence in space will be restored. Just as there was no
Congressional directive to return to the Moon prior to the Columbia accident, there is unlikely to be a Congressional
directive to do so following the CEV’s deployment. As previously stated, NASA’s standard modus operandi is as an
incremental agency. During periods where NASA’s goals are not of primary importance to Congress (i.e., they are
ancillary, instead of primary, policy), we can expect funding to be scarce. Thus, if NASA is to successfully
implement the President’s directive to return to the Moon by 2020, development of the lunar capability must occur
when there is funding available to support it.
NASA is the primary organization that possesses the technical expertise and credibility, and therefore the ability,
required to determine the CEV architecture. Furthermore, NASA is the primary organization that can credibly
determine when, and how much it will cost, to deploy the CEV. Assuming that Congress does indeed value the
ability to send American astronauts to LEO sufficiently to provide extra funding for the acceleration of the CEV,
and that once the CEV has been deployed, Congress does not significantly value a return to the Moon, it is in
NASA’s best interests, in implementing the President’s directive, to develop a CEV that can be upgraded for lunar
capability at minimal future cost. For example, this case suggests that NASA should develop a new heat-shield
rather than using Shuttle TPS elements on the CEV. More generally, it is unclear whether funding will be available
in the future to execute the necessary upgrades needed to explore the Moon. Thus, the politically sustainable course
of action would be to build a CEV that minimizes future upgrade costs. Taken to an extreme, this suggests that
NASA develop a CEV with lunar capability up-front rather than engage in multi-block deployment. To the extent
that Congress is willing to provide support above an incremental level, future costs would be reduced. As such,
modulating the cost of a given architecture allows NASA to have an impact on Congressional, and therefore
national, policy.
Political sustainability is intimately tied with goals, values and interests. In particular, a program will be sustained if
it is delivering value to the stakeholders who are contributing the resources necessary to keep it going. Value
delivery is a necessary condition, but it is not a sufficient condition. This is particularly true in situations in which
there are limited budgetary resources and many worthy goals to address with those resources. Such a situation is
encountered on a regular basis by any number of government programs attempting to obtain federal funding from
Congress. A program is unlikely to receive additional funding if it is perceived that the program can maintain a
consistent pattern of operation without it. In particular, NASA provides Congress (and by extension, the American
people) with human spaceflight capability. Until that capability is absent, Congress is unlikely to support a funding
increase for human spaceflight, and may even reallocate funding in the face of more pressing concerns. The intuition
for this conclusion is that Congress, already receiving human spaceflight capability at a lower funding level, may
tend to take it for granted, driving budgetary incrementalism. Put simply, Congress will not pay more to receive
what it is already getting. If, however, there is a perception that the capability is under threat, Congress will be
willing to provide support up to the point where a determination is made that the benefits no longer outweigh the
costs. In order to maintain political sustainability, a successful case must be made on a yearly basis for why funding
is necessary to accomplish certain objectives that are consistent with both Presidential and Congressional goals. If
the objectives of NASA do not coincide with those of Congress, incremental funding will result as other, more
salient, priorities are met.

VII.

Tying It All Together

Whereas a program’s costs are driven largely by technical and organizational parameters, Congressional budgeting
behavior is driven largely by salience and political compromise. In the absence of a salient interest, NASA can
expect to receive an incremental funding baseline – approximately equal between years but for minor stochastic
perturbations. On the other hand, periods of non-incremental behavior arise when outside factors conspire to divert
funding to or from NASA’s budget. This upset in the status quo can occur for many, often unpredictable reasons.
Congressional testimony links salience of NASA’s agenda to national security in the specific context of returning
astronauts to LEO after the loss of the Space Shuttle Columbia. In addition to the motivations of national pride and
prestige associated with having an American presence in LEO, many members of Congress derive distributive
benefits from NASA’s human spaceflight programs. The threat inherent in the prospect of the loss of these values
and associated distributive benefits is sufficient to gain Congressional attention and, if the testimony of certain
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members of Congress serves as any indication, additional funding. Nevertheless, the conditions of Congressional
salience cannot be expected to last forever. If history is any indication, NASA’s budget can be expected to return to
an incremental steady-state following the fulfillment of Congress’ desire to return humans to LEO. If NASA is to
fulfill the President’s directive to affordably and sustainably explore beyond LEO, funding must be present to enable
a successful CEV upgrade. Given this environmental context, design for ease of upgradeability becomes a salient
concern for NASA. Political sustainability within this context suggests that NASA should build a CEV that may be
easily upgraded later in the future. In the specific example provided by the TPS, NASA should begin development
of the Block 2 TPS now while there is funding available. For example, if it is at all possible to minimize future
funding by including a lunar-capable TPS in a Block 1 CEV, it should be done.
Delaying lunar expenditures until after LEO deployment is not politically sustainable from a lifecycle perspective.
Indeed, if the costs of upgrade from Block 1 to Block 2 are too high, the deployment of a lunar-capable CEV will be
delayed, and possibly cancelled, in the face of more pressing national priorities. Thus, acceleration of the CEV
should be undertaken with utmost care to ensure that the means by which this acceleration is implemented do not
undermine the Vision for Space Exploration. This dynamic illustrates the differing preferences of Congress and the
President. To the extent that Presidential and Congressional goals are in alignment, one may expect definite action
accompanied by the funding required to carry it out. It is therefore unlikely that the Block 1 CEV will be cancelled
or significantly delayed. Nevertheless, if the Presidential goal of lunar exploration is to be carried out, NASA must
take advantage of the current political environment to design a CEV that does not inspire Congressional
ambivalence by exceeding future funding expectations. This will more easily enable a sustainable lunar exploration
by helping to keep future development costs for the CEV under the incremental level enforced by Congress-NASA
power dynamics.
Political sustainability on the part of NASA requires a constant attention to the details of technical design and
political choice. Although it might also seem to require a prescience that extends over several years, general
principles can apply to how systems are developed in a politically sustainable fashion. In particular, the presence of
events that raise an agency’s national salience allows that agency an opportunity to briefly increase expenditures for
the purposes of reducing future costs. So as to maintain credibility, these expenditures must be associated with the
goals of Congress. Nevertheless, NASA’s ability to control design implementation allows for the selection of a
design that can simultaneously satisfy Congressional directives while enabling ease of future execution of the
President’s VSE.

VIII.

Conclusion

This paper is largely concerned with political sustainability. In the broadest sense, political sustainability requires an
active process of cooperation and coordination between system architects, political experts and technically-trained
engineers. Most importantly, the interdependence of those in the technical and political realms must be realized.
This requires that the concerns of Congress and other stakeholders in the political process be explicitly taken into
account during the technical design process. Likewise, political actors must be informed of the consequences of their
decisions upon the technical architectures. Communications between representatives of the President and members
of Congress must be structured so as to clearly reflect the core values of our elected representatives. These
communications must focus on enabling forward thinking both among agencies and Congress. The role of the
system architect in this regard is therefore one of translator – the architect must be able link the technical parameters
of the engineering system under consideration to the salient values of the policy-makers who are supporting it. For
this support to be sustained, the architect must be able to translate the long-term considerations of system design into
short-term, frequently-delivered benefits for the system’s stakeholders. To paraphrase [2], the concept of political
sustainability does imply limits – not absolute limits but limits imposed by existing technological capabilities and
political organization on budgetary resources and by the ability of the taxpayer, through Congress, to fund the
human expansion into space. But technology and political organization can be both managed and improved to make
way for a new era of space exploration.
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