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Resources for improving space launch infrastructure are very limited and must be used in a manner that most
effectively contributes to the safety and competitiveness of the launch vehicle industry. A bene� t–cost method-
ology for assessing the impacts of investments in space launch infrastructure is de� ned. Potential infrastructure
investments are categorized based on an analysis of existing project proposals, range requirements, and industry
needs. The categories used include space launch vehicles, improvement/modi� cation to an existing launch facility,
and new spaceports. The uses and limitations of macroeconomic input/output analysis for assessing the impacts
of space launch infrastructure investments is also covered. In considering the overall approach, economic drivers
were explicitly considered, as well as performance and safety issues. Application of such a structured approach will
yield sensitivities that provide an increased understanding of the relative importance of various economic, safety,
and environmental concerns.

Introduction

I NVESTMENTS in space launch infrastructureare consideredby
range operators, federal regulators, and launch � rms to achieve

a number of objectives: enhance the long-term economic prospects
of the nation, increase the technology intensity of a state or region,
improve ef� ciency or safety at a launch site or range, or increase the
market share of a particular � rm. In each case, potential investors
need to understand the costs and bene� ts of a proposed investment
strategy, how they are distributed, and what risks they carry.

Rationale for Methodology
A methodology for structuring cost–bene� t analyses of invest-

ments in space launch infrastructure is presented. Because many
such investments involve federal funds, the methodology complies
fullywith relevantfederalstandardsand guidelinesand incorporates
consideration of broad economic factors of interest to government
agencies, as well as more focused � nancial factors of interest to
individual � rms or range operators. There are many requirements
and mandates to assess the costs and bene� ts of government ac-
tions. For example, a federal agency cannot promulgate a major
regulation without demonstrating that its bene� ts exceed its costs,
and the Of� ce of Management and Budget publishes guidelines for
performing bene� t cost analysis of federal programs.1¡6

Recently, members of the U.S. Congress advocatedeven stronger
standards to ensure that consistent analysis practices are used to es-
tablish the costs, bene� ts, and risks of regulations and other gov-
ernment policies. Today, any agency defending its research budget
is likely to be asked why it has made certain investment decisions
and what bene� ts they will achieve to the nation. In part, this focus
on analysis re� ects the increasing attention government entities are
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paying to budget issues; at a time when the primary policy thrusts in
the United States are de� cit reduction and economic recovery and
growth, value for money is a key discriminatoramong programsand
policies.

Measuringvalue for money (costs and bene� ts) is, however,often
dif� cult. Measuring bene� ts is especially challenging when they
hinge on dif� cult to predict events such as new technology impacts
on local and global markets or when small investments may be part
of a much larger stream of costs and bene� ts.

Value of a Structured Approach
An approach is proposed to apply cost–bene� t analysis to space

launch infrastructure projects. Its purpose is to help to establish
a consistent, effective approach to making investment decisions in
spaceinfrastructurefor a wide rangeof projects.This is an important
area for critical analytic discipline because of the potentially huge
economic bene� ts of new space-relatedmarkets.

The Commercial Space TransportationStudy (conductedcooper-
atively by six major aerospace� rms) identi� es longer-termmarkets
that could include transportation, entertainment, new space mis-
sions, space utilities, extraterrestrialresources, and advertising.

Figure 1 shows the relationshipamong payloads,launchvehicles,
infrastructure, and near-term economic growth and new industries.
Space transportationcosts are a major driver for space activitiesand
limited transportationavailabilityadditionallyrestrictsspaceaccess.
Improvedinfrastructurecan help to reducecosts and enhanceaccess
to space and the utilization of space.

There have been, however, many unsubstantiatedand overly op-
timistic claims over the last decades linking space-relatedprojects,
investments, and programs to huge new space markets, which have
yet to materialize. The space program and space activities suffer
when advocacy is presented as predictive or forecast analysis be-
cause more realistic assessments of relationshipsbetween early in-
vestment and future bene� ts are perceived a priori as lacking cred-
ibility.

Framework for Analysis
The methodology presented focuses on identifying bene� ts and

costs and comparing total bene� ts to total costs. This requires trans-
forming dif� cult to quantify bene� ts into relative dollar terms, or in
some cases, into consistent nondollar terms (such as lives saved).
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Fig. 1 Space launch infrastructure and economic growth.

Fig. 2 Input/output multipliers predict macroeconomic impacts.

The methodology looks at the costs and bene� ts of a particular
project or set of projects in terms of the speci� c impacts of that
project (reduced launch costs, for example) and also in terms of the
macroeconomicimpacts that may be associatedwith such a project.

The classi� cation systems developed for the different types of
infrastructure investments and for the types of impacts that may
result from them are summarized. Event trees are developed to link
investments to impacts in a structured and consistentmanner. (This
paper does not populate the event trees; for any project or group
of projects, estimates of the magnitude of impacts will vary, and
the probability distributions associated with those impacts must be
generated and applied individually.)

Analysisof the speci� c costs and bene� ts of a project is to be pre-
ferredover applyingmacroeconomicformulaswhen making federal
investment decisions, but macroeconomicmodels may be useful in
understanding long-term impacts or impacts relative to other types
of investment (e.g., highways vs launch sites). Input/output analysis
of macroeconomic impacts is discussed. Cost–bene� t analysis of
speci� c projects or programs is also summarized and is discussed
in greater detail in the sections that follow.

Input/Output Analysis
Input/output analysis is a commonly used methodology for mea-

suring how an increase in spending in one industrial sector affects
the general economy. Input/output analysis traces the effects of an
initial change in the output of any given sector on the outputs of all
other sectors of the economy. It recognizes the interdependenceof
all sectors of the economy and that the production of any one good
or service requires, directly or indirectly, inputs from other sectors
of the economy.Input/outputanalysis is the only analyticalmethod-
ology that can specify the relationships between economic sectors
at the macroeconomic level for the entire economy.The result of an
input/output model is expressed as a multiplier, which predicts the
increase in output from other sectors of the economy.

The U.S. Bureau of Economic Analysis develops input/output
models for the U.S. economy. Currently, no models speci� cally
for the space transportation industry or the commercial aerospace

industry exist. The multipliers associated with several related in-
dustry sectors, such as guided missiles/space vehicles, are shown in
Fig. 2 (Refs. 7–9).

The multiplier for guided missiles/space vehicles is smaller than
that for highway construction. This re� ects, in part, that produc-
tion of missiles and space vehicles draws on inputs and production
capability drawn from within the same economic sector; much of
the value-added work that transforms raw materials into space ve-
hicles occurs in the guided missiles/space vehicles sector. On the
other hand, additions to the transportation infrastructure through
highway constructiondraw on a wide variety of value-addedinputs
fromother sectors.The authors speculatethat an input/outputmodel
for the commercial space transportationindustry would generate an
input/outputmultipliersomewhere in the rangebetweenguidedmis-
siles/space vehicles (1.86) and highway construction(2.43). This is
based on the assumption that space launch infrastructures require
both space vehicle engineering and facility/infrastructureconstruc-
tion.

Cost–Bene� t Analysis
As noted earlier, input/output analysis considers general macro-

economic impacts based on the magnitude of expenditure. Cost–
bene� t analysis, on the other hand, is typically more speci� c to a
project, program, or activity and is used to consider both � nancial
and economic impacts based on the magnitude, type, and circum-
stances of an investment. Cost–bene� t analyses typically measure
monetized costs and bene� ts, taking into account the discount rate,
which re� ects the time value of money. (The time value of money
refers to the fact that funds or resources available today are worth
more than funds or resourcesnot availableuntil next year; therefore,
the value of funds or resources in the future is discountedrelative to
the value of funds or resourcesof today.) The results of cost–bene� t
analyses may be presented as a ratio of bene� ts to costs, as net
present value, internal rate of return (i.e., the discount rate at which
net present value is zero), or net bene� ts (discountedbene� ts minus
discountedcosts) or in many other ways that show the relativevalue
of alternatives.
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Fig. 3 Costs and bene� ts of similar programs.

Fig. 4 Assessing regional economic impacts: total annual beni� t to regional economy (in millions).

Cost–bene� t analysis enables decision makers to compare alter-
native actions in terms of values that are important to them, such
as economic growth, safety, risk, and the timing of events. It allows
the measurement of the comparative strengths of different options.
Cost–bene� t analysis is an important input to a range of policy, in-
vestment, management, and program decisions, including program
and project management, program evaluation, competitiveness as-
sessments, and project-by-projectcomparisons.

There are limitationsto cost–bene� t analysisbecauseit is dif� cult
to quantifyall effectsof an investmentor projectin measurableunits.
In addition, there is always uncertainty associated with predicting
both the costs (e.g., demandson � nancial resources,undesirableen-
vironmental effects) and the bene� ts (e.g., gains in industry market
share, desirable impacts on regional employment rates) of a project.
Even after the fact, some impacts (such as environmental effects)
are dif� cult to measure reliably and accurately. Moreover, it is par-
ticularly dif� cult to predict the costs and bene� ts of space-related
projects.For example,thecostassociatedwith usingnewtechnology
and the impacts of researchanddevelopment(R&D)and technology
developmenton the economyand on the environmentare dif� cult to
predict. In addition, economic bene� ts associated with commercial
space activitiesare often contingenton the creation of new markets,
which cannot be predicted with accuracy.

Cost–Bene� t Analysis Results: Examples from Representative Projects
Some representativebene� t-to-costratios for R&D, aviation, and

transportationprojectsare presentedin Fig. 3. The examples include
bene� t–cost ratios calculated for the Federal Aviation Agency’s
(FAA) research, engineering and development programs,10 the
Texas Transportation Institute’s analysis of highway construction
projects, and the FAA’s assessment of the bene� ts and costs of its
air traf� c control system modernization. These examples were se-
lected to provide a representative range of values that might have
some similarity to space launch infrastructureprojects. R&D, avia-
tion, and transportationprojects were considered.

Cost–bene� t analysismay also address the economic importance
of a project or industry in terms of the regional economic activity
(goods and services it consumes), employment, and payroll that can
be attributed, directly or indirectly, to the operation of that project
or industry. Assessmentsof regional economic impacts vary widely
in their assumptions about what impacts are directly attributable to
the investment or project in question and some result in very high
impacts because economic multiplier effects are used to magnify
investment impacts.

An example of regional economic impacts due to airport devel-
opment is given in Fig. 4. This analysis considered the value of
time saved (by customers for aircraft services) and reductions in
travel costs. Bene� ts were presented in terms of dollar bene� ts as a
function of the size of the airport.11

Jobs created or eliminated are often used as a measure of impact;
jobs may, however, be a poor metric of economic success, for sev-
eral reasons. First, jobs are often transferred from one sector of the
economy to another, rather than created. Second, jobs may be elim-
inated due to increased ef� ciency of a process or approach, leading
to economic productivity gains; a jobs created metric would mask
these bene� ts. Third, not all jobs are equal. New jobs for unskilled
labor generate less income than engineering jobs in high technol-
ogy industry. The skill mix of the target population must also be
considered.

Methodology
Cost–bene� t analysis of a space launch infrastructureproject re-

quires the following steps.
1) Link investment to impacts through causal relationships.
2) Quantify investment and impacts in terms of both magnitude

and probabilities (in point estimates or distributions).
3) Determine net present value, internal rate of return, bene� t–

cost ratio, or other measure to compare alternatives.
A detailed structure for completingstep 1 and a recommendation

on the appropriate approaches for steps 2 and 3 are provided.

Compliance with Federal Guidelines
The Of� ce of Management and Budget (OMB) Circular A-94

(Ref. 1) provides guidelines for conducting cost–bene� t analysis
for federal programs and projects. According to A-94, bene� t–cost
analysis (the terminology used by OMB) consists of a policy ratio-
nale for the investmentunder consideration,the identi� cation of ex-
plicitassumptions,theevaluationof alternatives,and veri� cation (in
the form of retrospectivestudies or analyses). A bene� t–cost analy-
sis, accordingto OMB, requiresanalysisof incrementalbene� ts and
costs.12 OMB discourages the use of output multipliers for measur-
ing secondary effects on employment and outputs and encourages
explicit analysis of uncertainty and sensitivity analyses of major
assumptions,as well as analysisof signi� cant distributionaleffects.

The analytic approach discussed complies fully with OMB’s re-
quirements. Further, an enhanced space launch infrastructure can
foster economic growth in the United States by increasing the U.S.
market share of existing space launch markets and by aiding in the
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Table 1 Distribution of bene� ts (by type of bene� t)
among affected parties

Bene� ts to or impacts on the U.S. launch industry/project
investors may be in the form of

Increased national and international market share
Increased revenue
Increased competitiveness
Increased launch demand
Lower third party liability insurance requirements
Reduced per-launch costs
Increased launch rate

Bene� ts to or impacts on spacecraft manufacturers/launch
customers may be in the form of

Payload processing facility improvements
Launch campaign management
Data/telemetry capture and processing
Reduced per-launch costs

Bene� ts to or impacts on the local/regional/state
economy may be in the form of

Generation of jobs
Construction
Launch support companies
Commercial aerospace � rms established in area
Revenue into the local economy
Increased sales of products/services necessary

to operate facility
Bene� ts to or impacts on the U.S. government/national

economy may be in the form of
Lower system life-cycle costs
Lower operations costs
Increased international market share
More consumers of new products from new launch

industry segments
New markets

creation of new launch markets based on reducing costs associated
with new productsand services.The approachdiscussed is based on
making assumptions about causal relationshipsexplicit, as directed
by OMB. This is achievedthroughevent trees probabilisticallylink-
ing investment to outcomes (see Fig. 5).

Distribution of Costs and Bene� ts
The question of who bene� ts from an investment (and who does

not) is a critical one for most policy makers and investors.Distribu-
tional effects are treated in detail using this approach.The distribu-
tion of costs and bene� ts on differentparties raises issuesof fairness
(who pays and who bene� ts), ef� ciency (are those paying and ben-
e� ting facing incentives that will entice them to act ef� ciently), and
practicality (will project implementation require the cooperationor
involvement of new stakeholders).

Distributional effects may also be important in developing im-
plementation strategies, such as whether to impose user or access
fees or whether to require cost sharing by industry in infrastructure
improvements.

Table 1 lists potential impacts from investing in space launch in-
frastructureand shows the parties to whom those impacts are likely
to accrue. This list of affected parties can be used to structure an
analysis of the distribution of impacts from a space launch infras-
tructure investment.

Risk and Uncertainty
It is also important to structure a cost–bene� t analysis to explic-

itly consider the reliability of the information available. This can
be accomplished using a number of techniques, ranging from con-
ducting sensitivity analyses to identify the relative importance of
particular information, to sophisticated modeling of risk and un-
certainty (particularlyuncertaintyassociatedwith dif� cult to quan-
tify bene� ts). The methodology presented here considers point es-
timates of risk and uses expected values to determine costs and
bene� ts. The methodology has the � exibility to consider uncer-
tainty,where probabilitydistributionsareused rather than point esti-
mates.

Types of Investment
The basis of the methodology discussed here is the approach to

identifyingclear relationshipsbetween an investmentunder consid-
eration and the impacts that may result. Clear relationshipsbetween
investment and outcome or impact (ideally the outcomes will be
bene� ts, but often there are costs as well, for example, harmful en-
vironmental effects) are postulated to identify the probability of a
particular impact and develop a quantitative estimate of the magni-
tude of the impact and its timing.

To supportthisprocess,a detailedinvestment/impactdiagramwas
developed that can be applied to space launch infrastructure invest-
ments. This general set of relationshipswas then re� ned for speci� c
types of projects that are currently of interest to the space trans-
portation industry. Through analysis of dozens of proposed space
launch infrastructure improvement projects, three major types of
spacelaunch infrastructureinvestmentwere identi� ed: space launch
vehicles, improvements/modi� cations to an existing launch facility,
and developmentof new spaceports.(Projects were selectedprimar-
ily from the April 1994 study on “Dual Use of the Space Launch
Infrastructure”performed by Practical Innovations for the U.S. Air
Force and also include additional projects added to re� ect other
infrastructureareas.)

Subcategories were identi� ed for existing launch facilities (pay-
load processing, launch vehicle processing, launch vehicle integra-
tion, launchoperations,and logistics and infrastructure) and for new
spaceports (spaceport planning, development projects, and mobile
launch systems). An investment/impact diagram for space launch
vehicles is shown in Fig. 5 (launch vehicle enhancements). Addi-
tional investment/impact diagrams have been developed for several
other project types and are available from the authors by request.
These additional investment/impact diagrams include the following
project types: improvements/modi� cations to an existing launch fa-
cility, launchsite upgrade,launchvehicleprocessingimprovements,
launchoperationsimprovements,new spaceportfacility,and mobile
launch site.

These diagrams are designed to provide a consistent basis for
identifying project outcomes. The diagrams can be collapsed to re-
duce the numberof steps consideredbetween investmentand impact
or can be used at the level of detail presented here. Application of
these investment/impact relationships to alternativeprojects within
an analysis, or even to separate analyses, will greatly increase the
consistency and comparability of results.

For a particular project, this set of relationships must be popu-
lated with dollar values and probabilities. The dollar values must
be anchored in time, so that they can be considered in terms of
net present value or used to determine a project’s internal rate of
return.

Investment Costs
Assigning values to project investment costs (such as construc-

tion or research) is generally straightforward. Investment costs are
typically in dollar terms and are usually fairly predictable; there is
little uncertaintyassociatedwith whether a cost will be incurred.An
exception is the estimation of the cost associated with achieving a
technologicalbreakthroughor researchgoal,which involvesgreater
risk and uncertainty. However, standard program and project cost
estimating methodologies that focus on the cost, schedule, and per-
formance risk of space related research and hardware development
can be used.

For public investments with social bene� ts apart from decreased
federal costs, the impact of taxes must be considered,because taxes
on speci� c products distort relative prices. OMB recommends that
the marginal burden in excess of the revenues raised by taxes is 25
cents per dollar of revenue.13 Exceptions to this rule are taxes that
function like market prices, such as user fees, and costs that can be
clearlyallocatedto providingcost savingsto the federalgovernment.

Investment Impacts
Assigning values to impacts is usually more dif� cult than assign-

ing expected values to investments. There will typically be both
positive and negative impacts. The � rst challenge is identifying the
impacts that will result from a particular investment.
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Fig. 5 Example impact diagram: launch vehicle enhancements.

For purposes of this analysis, end impacts are grouped into lives
saved, economic growth, and environmental impacts. The use of
three different categories measured in different units to character-
ize end impacts does not provide the ultimate comparability that
representing all impacts in the same units (i.e., dollars) would.

On the other hand, transforming safety bene� ts (such as lives
saved) or environmental effects into monetary terms is complex
and often controversial.The categoriesas currently constitutedpro-
vide the analyst with the � exibility to either present multiattribute
outcomes or to monetize all outcomes and generate dollar values
for comparing options.

To determine the end impacts of an investment, immediate im-
pacts of that particular type of investment are de� ned, and the path
that results in one of the three types of end impacts is detailed. For
example, a launch vehicle enhancement may lead to increased au-
tomation, which results in increased operational ef� ciency, lower
operations costs, and ultimately increased competitiveness. Each
categoryof investmenthas its own investment/impact diagram.One
such diagram is shown in Fig. 5 for enhancing launch vehicle capa-
bility.

Economic and safety impacts in these diagrams are characterized
mainly as bene� ts (e.g., increased ef� ciency) because bene� cial
impacts are the goal of infrastructureinvestmentsand it is intuitively
appealing to use bene� t related terminology. However, outcomes
are not always bene� cial; ef� ciency may be impaired when vehicle
safetyis enhanced,for example.Assigningnegativevaluesto impact
categories captures negative impacts.

Applications of This Methodology and Next Steps
In a time of increasingly constrained budgets and continued

pressure to demonstrate sound management of resources, rigorous

analysisof alternativeexpendituresis critical in governmentand in-
dustry.As alreadynoted, the methodologyproposedmay be applied
to bothgovernmentprogramsand commercialinvestmentdecisions.

A � exible cost-bene� t analysis model of space launch infra-
structure applies to 1) determining international competitiveness
impacts, 2) evaluating alternative programs and program options,
3) assessing programs and policies over time, 4) managing R&D
portfolios for launch infrastructure projects, and 5) comparing in-
vestments in nonfederal launch facilities. The authors plan to in-
corporate the proposedmethodologyinto a � exiblecomputer-based
model, enabling numerous sensitivity analyses, good documenta-
tion, and traceable results. Continuing work to develop the method-
ologywill includeanalysesof speci� c markets(e.g., low-Earth-orbit
communications systems) and more explicit treatment of risk and
uncertainty.
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