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PREFACE

The U.S. Government Accountability Office is responsible for, among other things, assisting the
Congress in its oversight of the federal government, including agencies’ stewardship of public funds.

To use public funds effectively, the government must meet the demands of today’s changing world by
employing effective management practices and processes, including the measurement of government
program performance. In addition, legislators, government officials, and the public want to know whether
government programs are achieving their goals and what their costs are. To make those evaluations,
reliable cost information is required and federal standards have been issued for the cost accounting that

is needed to prepare that information.! We developed the Cost Guide in order to establish a consistent
methodology that is based on best practices and that can be used across the federal government for
developing, managing, and evaluating capital program cost estimates.

For the purposes of this guide, a cost estimate is the summation of individual cost elements, using
established methods and valid data, to estimate the future costs of a program, based on what is known
today.? The management of a cost estimate involves continually updating the estimate with actual data
as they become available, revising the estimate to reflect changes, and analyzing differences between
estimated and actual costs—for example, using data from a reliable earned value management (EVM)

system.?

The ability to generate reliable cost estimates is a critical function, necessary to support the Office of
Management and Budget’s (OMB) capital programming process.* Without this ability, agencies are at risk
of experiencing cost overruns, missed deadlines, and performance shortfalls—all recurring problems that
our program assessments too often reveal. Furthermore, cost increases often mean that the government

I Eederal Accounting Standards Advisory Board, Statement of Federal Financial Accounting Standards No. 4: Managerial Cost
Accounting Standards and Concepts (Washington, D.C.: July 1995).

211 the context of the Cost Guide, a program refers to all phases in a capital asset’s life cycle—that is, concept analysis, technology
definition, requirements planning, acquisition, and operations and maintenance.

3EVM isa project management tool that integrates the technical scope of work with schedule and cost elements for investment
planning and control. It compares the value of work accomplished in a given period with the value of the work expected in that
period. Differences in expectations are measured in both cost and schedule variances. The Office of Management and Budget
(OMB) requires agencies to use EVM in their performance-based management systems for the parts of an investment in which
development effort is required or system improvements are under way.

4Office of Management and Budget, Preparation, Submission, and Execution of the Budget, Circular No. A-11 (Washington,

D.C.: Executive Office of the President, June 2006); Management of Federal Information Resources, Circular No. A-130 Revised
(Washington, D.C.: Executive Office of the President, Nov. 28, 2000); and Capital Programming Guide: Supplement to Circular
A-11, Part 7, Preparation, Submission, and Execution of the Budget (Washington, D.C.: Executive Office of the President, June 2006).

www.whitehouse.gov/omb/circulars/index.html.
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cannot fund as many programs as intended or deliver them when promised. The methodology outlined in
this guide is a compilation of best practices that federal cost estimating organizations and industry use to
develop and maintain reliable cost estimates throughout the life of a government acquisition program. By
default, the guide will also serve as a guiding principle for our auditors to evaluate the economy, efficiency,
and effectiveness of government programs.

The U.S. Government Accountability Office, the Congressional Budget Office (CBO), and others

have shown through budget simulations that the nation is facing a large and growing structural

deficit in the long term, primarily because the population is aging and health care costs are rising. As
Comptroller General David Walker noted, “Continuing on this unsustainable path will gradually erode,
if not suddenly damage, our economy, our standard of living and ultimately our national security.”
New budgetary demands and demographic trends will place serious budgetary pressures on federal
discretionary spending, as well as on other federal policies and programs, in the coming years.

As resources become scarce, competition for them will increase. It is imperative, therefore, that
government acquisition programs deliver as promised, not only because of their value to their users but
also because every dollar spent on one program will mean one less available dollar to fund other efforts.
To get better results, programs will need higher levels of knowledge when they start and standardized
monitoring metrics such as EVM so that better estimates can be made of total program costs at
completion.

5GAO, 2Ist Century Challenges: Reexamining the Base of the Federal Government, GAO-05-325SP (Washington, D.C.: February 2005), p. 1.
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INTRODUCTION

Because federal guidelines are limited on processes, procedures, and practices for ensuring credible cost
estimates, the Cost Guide is intended to fill that gap. Its purpose is twofold—to address generally accepted
best practices for ensuring credible program cost estimates (applicable across government and industry)
and to provide a detailed link between cost estimating and EVM. Providing that link is especially

critical, because it demonstrates how both elements are needed for setting realistic program baselines and
managing risk.

As a result, government managers and auditors should find in the Cost Guide principles to guide them

as they assess (1) the credibility of a program’s cost estimate for budget and decision making purposes

and (2) the program’s status using EVM. Throughout this guide, we refer to program cost estimates that
encompass major system acquisitions, as well as government in-house development efforts for which a cost
estimate must be developed to support a budget request.

The basic information in the Cost Guide includes the purpose, scope, and schedule of a cost estimate; a
technical baseline description; a work breakdown structure (WBS); ground rules and assumptions; how
to collect data; estimation methodologies; software cost estimating; sensitivity and risk analysis; validating
a cost estimate; documenting and briefing results; updating estimates with actual costs; EVM; and the
composition of a competent cost estimating team.® The guide discusses pitfalls associated with cost
estimating and EVM that can lead government agencies to accept unrealistic budget requests—as when
risks are embedded in an otherwise logical approach to estimating costs. Since the Department of Defense
(DOD) is considered the leader in government cost estimating, the guide relies heavily on DOD for
terminology and examples that may not be used by, or even apply to, other federal agencies.

Chapters 1-17 of the Cost Guide discuss the importance of cost estimating and best practices associated
with creating credible cost estimates. They describe how cost estimates predict, analyze, and evaluate a
program’s cost and schedule and serve as a critical program control planning tool. Once cost estimates
have been presented to and approved by management, the chapters also establish the basis for measuring
actual performance against the approved baseline plan using an EVM system.

Those chapters explain how EVM, if it is to work, must have a cost estimate that identifies the effort
that is needed—the work breakdown structure—and the period of time over which the work is to be
performed—the program schedule.” In essence, the cost estimate is the basis for establishing the program’s

6Experienced and well trained staff are crucial to developing high-quality cost estimates.

"There is at this time no standard work breakdown structure for major automated information systems; there is only a generic cost

element structure that DOD requires for major automated information system acquisition decisions.
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detailed schedule, and it identifies the bounds for how much program costs can be expected to vary,
depending on the uncertainty analysis. When all these tasks are complete, the cost estimate can be used to
lay the foundation for the performance measurement baseline (PMB), which will measure actual program
performance.

Since sound acquisition management requires more than just a reliable cost estimate at a project’s outset,
chapters 18-20 provide guidance on converting the cost estimate into an executable program and a means
for managing program costs. Our program assessments have too often revealed that not integrating cost
estimation, system development oversight, and risk management—three key disciplines, interrelated and
essential to effective acquisition management—has resulted in programs costing more than planned and
delivering less than promised. Therefore, chapters 18—20 address best practices in implementing and
integrating these disciplines and using them to manage costs throughout the life of a program.

OMB has set the expectation that programs will maintain current estimates of cost. This requires rigorous
performance-based program management, which can be satisfied with EVM. Chapters 18—20 address

the details of EVM, which is designed to integrate cost estimation, system development oversight, and
risk management. Additionally, for programs classified as major acquisitions—regardless of whether

the development work is completed in-house or under contract—the use of EVM is a requirement

for development, as specified by OMB.® The government may also require the use of EVM for other
acquisitions, in accordance with agency procedures.

Since linking cost estimating and EVM results in a better view of a program and allows for greater
understanding of program risks, cost estimators and EVM analysts who join forces can use each other’s
data to update program costs and examine differences between estimated and actual costs. This way,
scope changes, risks, and other opportunities can be presented to management in time to plan for and
mitigate their impact. In addition, program status can be compared to historical data to better understand
variances. Finally, cost estimators can help EVM analysts calculate a cumulative probability distribution to
determine the level of confidence in the baseline.

But bringing a program to successful completion requires knowing potential risks and identifying

ways to respond to them before they happen—using risk management to identify, mitigate, and assign
resources to manage risks so that their impact can be minimized. This requires the support of many
program management and engineering staff and it results in better performance and more reliable
predictions of program outcomes. By integrating EVM data and risk management, program managers can
develop current estimates at completion (EAC) for all levels of management, including OMB reporting
requirements. Therefore, chapters 18—20 expand on these concepts by examining program cost planning,
execution, and updating.

8Major acquisition and investment means that a system or project requires special management attention because (1) of its
importance to the mission or function of the agency, a component of the agency, or another organization; (2) it supports financial
management and obligates more than $500,000 annually; (3) it has significant program or policy implications; (4) it has high
executive visibility; (5) it has high development, operating, or maintenance costs; or (6) it is defined as major by the agency’s capital
planning and investment control process.
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THE GUIDE’s CASE STUDIES

The Cost Guide contains a number of case studies drawn from GAO program reviews. The case studies
highlight problems typically associated with cost estimates and augment the key points and lessons learned
that the chapters discuss. For example, GAO has found that in many programs cost growth results from
optimistic assumptions about technological enhancements. Experts on cost estimating have also found
that many program managers believe they can deliver state-of-the-art technology upgrades within a
constrained budget before proof is available that the requirements are feasible. Studies have shown that it
costs more to develop technology from scratch than to develop it incrementally over time.? Appendix II
gives some background information for each program used in the case studies. (Appendix I is a list of
auditing agencies.)

THE CosT GUIDE IN RELATION TO ESTABLISHED STANDARDS

Our intent is to use this Cost Guide in conjunction with Government Auditing Standards and Standards
for Internal Control in the Federal Government, commonly referred to as the yellow book and the green
book, respectively.'’ If auditors cite compliance with these standards and internal controls and find
inconsistencies between them and the Cost Guide, they should defer to the yellow and green books for the
prevailing rules.

This guide’s reference list identifies cost estimating guides and sources available from other government
agencies and organizations that we relied on to determine the processes, practices, and procedures most
commonly recommended in the cost estimating community. Users of the guide may wish to refer

to those references for more information. In addition, we relied on information from the Society of
Cost Estimating and Analysis (SCEA), which provides standards for cost estimating, and the Project
Management Institute (PMI), which provides EVM standards.™

THE GUIDE’S READERS

The federal audit community is the primary audience for this guide. In addition, agencies that do not have
a formal policy for conducting or reviewing cost estimates will benefit from it, because it will inform them
of the criteria GAO uses in assessing a cost estimate’s credibility. Besides GAO, auditing agencies include
Inspectors General and audit services such as the Naval Audit Service and the Army Audit Agency.
Appendix I lists other auditing agencies that GAO may contact at the start of an audit. The list may help
ease the burden on agencies as they work to meet the needs of various oversight offices and should help
speed up delivery of data request items.

We intend to periodically update the Cost Guide. Comments and suggestions from experienced users are
always welcome, as are recommendations from experts in the cost estimating and EVM disciplines.

9 For more information on these studies, see GAO, Best Practices: Successful Application to Weapon Acquisitions Requires Changes in
DOD’s Environment, GAO/NSIAD-98-56 (Washington, D.C.: Feb. 24, 1998), pp. 8 and 62.

10g.. Comptroller General of the United States, Government Auditing Standards: January 2007 Revision, GAO-07-162G
(Washington, D.C.: January 2007), and GAO, Standards for Internal Control in the Federal Government: Exposure Draft, GAO/
AIMD-98-21.3.1 (Washington, D.C.: December 1997).

Y Furcher information on SCEA and PMI is at www.sceaonline.org and www.pmi.org.
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CHAPTER 1
The Characteristics of Credible Cost

Estimates and a Reliable Process for
Creating Them

More than 30 years ago, we reported that realistic cost estimating was imperative when making wise
decisions in acquiring new systems. In 1972, we published a report called 7heory and Practice of Cost
Estimating for Major Acquisitions, in which we stated that estimates of the cost to develop and produce
weapon systems were frequently understated, with cost increases on the order of $15.6 billion from early
development estimates.' In that report, we identified factors in the cost estimating function that were
causing this problem and offered suggestions for solving or abating the problem of unexpected cost
growth.

We found that uniform guidance on cost estimating practices and procedures that would be the basis

for formulating valid, consistent, and comparable estimates was lacking within DOD. In fact, evidence
showed that each military service issued its own guidance for creating cost estimates and that the guidance
ranged from a detailed estimating manual to a few general statements. In addition, we reported that cost
estimators often ignored this guidance.”®

In that 1972 report, we also stated that cost estimates for specific systems were frequently revisions of
previously developed estimates and that accurate revisions of both the original and updated cost estimates
required documentation showing data sources, assumptions, methods, and decisions basic to the estimates.
However, we discovered that in virtually every system we reviewed for the report, documentation
supplying such information was inaccurate or lacking. Among the resulting difficulties were that

= known costs had been excluded without adequate or valid justification;

» historical cost data used for computing estimates were sometimes invalid, unreliable, or
unrepresentative;

» inflation was not always included or was not uniformly treated when it was included; and

= understanding the proper use of the estimates was hindered because the estimates were too low."

Another finding was that readily retrievable cost data that could serve in computing cost estimates for new
weapon systems were generally lacking. Additionally, organized and systematic efforts were not made to

12 Comptroller General of the United States, Theory and Practice of Cost Estimating for Major Acquisitions, B-163058 (Washington,
D.C.: July 24, 1972), p. 1.

18 Comptroller General of the United States, Theory and Practice of Cost Estimating for Major Acquisitions, pp. 26-27.

u Comptroller General of the United States, Theory and Practice of Cost Estimating for Major Acquisitions, pp. 28-32.
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gather actual cost information to achieve comparability between data collected on various weapon systems
or to see whether the cost data the contractors reported were accurate and consistent.'®

Our conclusion was that without realism and objectivity in the cost estimating process, bias and
overoptimism creep into estimates that advocates of weapon systems prepare, and the estimates tend to
be too low. Therefore, staff not influenced by the military organization’s determination to field a weapon
system, or by the contractor’s intention to develop and produce the system, should review every weapon

system at major decision points in the acquisition.®

Basic CHARACTERISTICS OF CREDIBLE COST ESTIMATES

The basic characteristics of effective estimating have been studied and highlighted many times. Their
summary, in table 1, is from our 1972 report, Theory and Practice of Cost Estimating for Major Acquisitions.
These characteristics are still valid today and should be found in all sound cost analyses.

Table 1: GAO’s 1972 Version of the Basic Characteristics of Credible Cost Estimates

Characteristic Description

Clear identification of task Estimator must be provided with the system description, ground rules and
assumptions, and technical and performance characteristics
Estimate’s constraints and conditions must be clearly identified to ensure
the preparation of a well-documented estimate

Broad participation in preparing  All stakeholders should be involved in deciding mission need and

estimates requirements and in defining system parameters and other characteristics
Data should be independently verified for accuracy, completeness, and
reliability

Availability of valid data Numerous sources of suitable, relevant, and available data should be used

Relevant, historical data should be used from similar systems to project
costs of new systems; these data should be directly related to the system’s
performance characteristics

Standardized structure for the A standard work breakdown structure, as detailed as possible, should be
estimate used, refining it as the cost estimate matures and the system becomes
more defined
The work breakdown structure ensures that no portions of the estimate are
omitted and makes it easier to make comparisons to similar systems and

programs
Provision for program Uncertainties should be identified and allowance developed to cover the
uncertainties cost effect

Known costs should be included and unknown costs should be allowed for

Recognition of inflation The estimator should ensure that economic changes, such as inflation, are
properly and realistically reflected in the life-cycle cost estimate

Recognition of excluded costs All costs associated with a system should be included; any excluded costs
should be disclosed and given a rationale

Independent review of Conducting an independent review of an estimate is crucial to establishing
estimates confidence in the estimate; the independent reviewer should verify, modify,
and correct an estimate to ensure realism, completeness, and consistency

15 Comptroller General of the United States, Theory and Practice of Cost Estimating for Major Acquisitions, pp. 31-32.

16 Comptroller General of the United States, Theory and Practice of Cost Estimating for Major Acquisitions, p. 32.
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Characteristic Description

Revision of estimates for Estimates should be updated to reflect changes in a system's design
significant program changes requirements. Large changes that affect costs can significantly influence
program decisions

Source: GAO.

In a 2006 survey to identify the characteristics of a good estimate, participants from a wide variety of
industries—aerospace, automotive, energy—as well as consulting firms and the U.S. Navy and Marine
Corps corroborated the continuing validity of the characteristics in table 1.

Despite the fact that these basic characteristics have been published and known for decades, we find that
many agencies still lack the ability to develop cost estimates that can satisfy them. Case studies 1 and 2,
drawn from GAO reports, show the kind of cross-cutting findings we have reported in the past.

Because of findings like those in case studies 1 and 2, the Cost Guide provides best practice processes,
standards, and procedures for developing, implementing, and evaluating cost estimates and EVM systems
and data. By satisfying these criteria, agencies should be able to better manage their programs and inform
decision makers of the risks involved.

Case Study 1: Basic Estimate Characteristics, from NASA,

GAO-04-642

GAO found that the National Aeronautics and Space Administration’s (NASA) basic cost
estimating processes—an important tool for managing programs—Ilacked the discipline
needed to ensure that program estimates were reasonable. Specifically, none of the 10
NASA programs GAO reviewed in detail met all GAO's cost estimating criteria, which are
based on criteria Carnegie Mellon University’s Software Engineering Institute developed.
Moreover, none of the 10 programs fully met certain key criteria—including clearly
defining the program’s life cycle to establish program commitment and manage program
costs, as required by NASA.

In addition, only 3 programs provided a breakdown of the work to be performed. Without
this knowledge, the programs’ estimated costs could be understated and thereby subject
to underfunding and cost overruns, putting programs at risk of being reduced in scope

or requiring additional funding to meet their objectives. Finally, only 2 programs had a
process in place for measuring cost and performance to identify risks.

1AO, NASA: Lack of Disciplined Cost-Estimating Processes Hinders Effective

rogram Management, GAO-04-642 (Washington, D.C.: May 28, 2004).
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Case Study 2: Basic Estimate Characteristics, from Customs Service

Modernization, GAO/AIMD-99-41

GAO analyzed the U.S. Customs Service approach to deriving its $1.05 billion Automated
Commercial Environment life-cycle cost estimate with Software Engineering Institute (SEI)
criteria. SEl had seven questions for decision makers to use in assessing the reliability of a
project’s cost estimate and detailed criteria to help evaluate how well a project satisfies
each question. Among the criteria were several very significant and closely intertwined
requirements that are at the core of effective cost estimating. Specifically, embedded in
several of the questions were requirements for using (1) formal cost models; (2) structured
and documented processes for determining the software size and reuse inputs to the
models; and (3) relevant, measured, and normalized historical cost data (estimated and
actual) to calibrate the models.

GAO found that Customs did not satisfy any of these requirements. Instead of using

a cost model, it used an unsophisticated spreadsheet to extrapolate the cost of each
Automated Commercial Environment increment. Its approach to determining software
size and reuse was not documented and was not well supported or convincing. Customs
had no historical project cost data when it developed the $1.05 billion estimate and did
not account for relevant, measured, and normalized differences in the increments. Clearly,
such fundamental changes can dramatically affect system costs and should have been
addressed explicitly in Customs’ cost estimates.

AO, Customs Service Modernization: Serious Management and Technical

eaknesses Must Be Corrected, GAO/AIMD-99-41 (Washington, D.C.: Feb. 26,
999).

A RELIABLE PROCESS FOR DEVELOPING CREDIBLE COST ESTIMATES

Certain best practices should be followed if accurate and credible cost estimates are to be developed. These
best practices represent an overall process of established, repeatable methods that result in high-quality
cost estimates that are comprehensive and accurate and that can be easily and clearly traced, replicated,

and updated. Figure 1 shows the cost estimating process.

Figure 1: The Cost Estimating Process

Assessment

Cost assessment steps are
iterative and can be
accomplished in varying order
or concurrently

Initiation and research
Your audience, what you
are estimating, and why
you are estimating it are
of the utmost importance

Analysis

The confidence in the point or range
of the estimate is crucial to the

decision maker

Presentation
Documentation and
presentation make or
break a cost estimating
decision outcome

Analysis, presentation, and updating the estimate steps

can lead to repeating previous assessment steps
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We have identified 12 steps that, followed correctly, should result in reliable and valid cost estimates that
management can use for making informed decisions. Table 2 identifies all 12 steps and links each one to
the chapter in this guide where it is discussed.

Table 2: The Twelve Steps of a High-Quality Cost Estimating Process

Step Description Associated task Chapter
1 Define estimate’s = Determine estimate’s purpose, required level of detail, and 5
purpose overall scope;
= Determine who will receive the estimate
2 Develop = Determine the cost estimating team and develop its master 5and 6
estimating plan schedule;

= Determine who will do the independent cost estimate;
= Qutline the cost estimating approach;
= Develop the estimate timeline

3 Define program = In a technical baseline description document, identify 7
characteristics the program’s purpose and its system and performance

characteristics and all system configurations;

= Any technology implications;

= Its program acquisition schedule and acquisition strategy;

= Its relationship to other existing systems, including predecessor
or similar legacy systems;

= Support (manpower, training, etc.) and security needs and risk
items;

= System quantities for development, test, and production;

= Deployment and maintenance plans

4 Determine = Define a work breakdown structure (WBS) and describe each 8
estimating element in a WBS dictionary (@ major automated information
structure system may have only a cost element structure);

= Choose the best estimating method for each WBS element;

= |dentify potential cross-checks for likely cost and schedule
drivers;

= Develop a cost estimating checklist

5 Identify ground = (Clearly define what the estimate includes and excludes; 9
rules and = |dentify global and program-specific assumptions, such as
assumptions the estimate’s base year, including time-phasing and life cycle;

= |dentify program schedule information by phase and program
acquisition strategy;

= |dentify any schedule or budget constraints, inflation
assumptions, and travel costs;

= Specify equipment the government is to furnish as well as the
use of existing facilities or new modification or development;

= |dentify prime contractor and major subcontractors;

= Determine technology refresh cycles, technology assumptions,
and new technology to be developed;

= Define commonality with legacy systems and assumed heritage
savings;

= Describe effects of new ways of doing business
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Step Description Associated task Chapter

6 Obtain data = Create a data collection plan with emphasis on collecting current 10

and relevant technical, programmatic, cost, and risk data;

= |nvestigate possible data sources;

= Collect data and normalize them for cost accounting, inflation,
learning, and quantity adjustments;

= Analyze the data for cost drivers, trends, and outliers and
compare results against rules of thumb and standard factors
derived from historical data;

= Interview data sources and document all pertinent information,
including an assessment of data reliability and accuracy;

= Store data for future estimates

7 Develop point = Develop the cost model, estimating each WBS element, using 11,12,
estimate and the best methodology from the data collected,® and including all ~ and 15
compare itto an estimating assumptions;
independent cost = Express costs in constant year dollars;
estimate = Time-phase the results by spreading costs in the years they are

expected to occur, based on the program schedule;

= Sum the WBS elements to develop the overall point estimate;

= Validate the estimate by looking for errors like double counting
and omitted costs;

= Compare estimate against the independent cost estimate and
examine where and why there are differences;

m Perform cross-checks on cost drivers to see if results are similar;

= Update the model as more data become available or as changes
occur and compare results against previous estimates

8 Conduct sensitivity = Test the sensitivity of cost elements to changes in estimating 13
analysis input values and key assumptions;
= |dentify effects on the overall estimate of changing the program
schedule or quantities;
= Determine which assumptions are key cost drivers and which
cost elements are affected most by changes

9 Conduct risk = Determine and discuss with technical experts the level of cost, 14
and uncertainty schedule, and technical risk associated with each WBS element;
analysis = Analyze each risk for its severity and probability;

= Develop minimum, most likely, and maximum ranges for each
risk element;

= Determine type of risk distributions and reason for their use;

m Ensure that risks are correlated;

= Use an acceptable statistical analysis method (e.g., Monte Carlo
simulation) to develop a confidence interval around the point
estimate;

= |dentify the confidence level of the point estimate;

= |dentify the amount of contingency funding and add this to the
point estimate to determine the risk-adjusted cost estimate;

= Recommend that the project or program office develop a risk
management plan to track and mitigate risks
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Step Description Associated task Chapter

10 Document the = Document all steps used to develop the estimate so that a cost 16
estimate analyst unfamiliar with the program can recreate it quickly and

produce the same result;

= Document the purpose of the estimate, the team that prepared
it, and who approved the estimate and on what date;

® Describe the program, its schedule, and the technical baseline
used to create the estimate;

= Present the program’s time-phased life-cycle cost;

= Discuss all ground rules and assumptions;

= Include auditable and traceable data sources for each cost
element and document for all data sources how the data were
normalized;

= Describe in detail the estimating methodology and rationale
used to derive each WBS element’s cost (prefer more detail over
less);

= Describe the results of the risk, uncertainty, and sensitivity
analyses and whether any contingency funds were identified;

= Document how the estimate compares to the funding profile;

= Track how this estimate compares to any previous estimates

1 Present estimate to = Develop a briefing that presents the documented life-cycle cost 17
management for estimate;
approval = Include an explanation of the technical and programmatic

baseline and any uncertainties;

= Compare the estimate to an independent cost estimate (ICE) and
explain any differences;

= Compare the estimate (life-cycle cost estimate (LCCE)) or
independent cost estimate to the budget with enough detail
to easily defend it by showing how it is accurate, complete, and
high in quality;

= Focus in a logical manner on the largest cost elements and cost
drivers;

= Make the content clear and complete so that those who are
unfamiliar with it can easily comprehend the competence that
underlies the estimate results;

= Make backup slides available for more probing questions;

= Act on and document feedback from management;

m Request acceptance of the estimate

12 Update the = Update the estimate to reflect changes in technical or program 16, 18, 19,
estimate to reflect assumptions or keep it current as the program passes through and 20
actual costs and new phases or milestones;
changes = Replace estimates with EVM EAC and independent estimate at

completion (EAC) from the integrated EVM system;

= Report progress on meeting cost and schedule estimates;

= Perform a post mortem and document lessons learned for
elements whose actual costs or schedules differ from the
estimate;

= Document all changes to the program and how they affect the
cost estimate

Source: GAO, DHS, DOD, DOE, NASA, SCEA, and industry.

|n a data-rich environment, the estimating approach should precede the investigation of data sources; in reality, a lack of data often
determines the approach.
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Each of the 12 steps is important for ensuring that high-quality cost estimates are developed and delivered
in time to support important decisions."” Unfortunately, we have found that some agencies do not
incorporate all the steps and, as a result, their estimates are unreliable. For example, in 2003, we completed
a cross-cutting review at the National Aeronautics and Space Administration (NASA) that showed that
the lack of an overall process affected NASA’s ability to create credible cost estimates (case study 3).

Case Study 3: Following Cost Estimating Steps, from NASA,

GAO-04-642

NASA's lack of a quality estimating process resulted in unreliable cost estimates throughout
each program'’s life cycle. As of April 2003, the baseline development cost estimates for 27
NASA programs varied considerably from their initial baseline estimates. More than half
the programs’ development cost estimates increased. For some of these programs, the
increase was as much as 94 percent. In addition, the baseline development estimates for 10
programs that GAO reviewed in detail were rebaselined—some as many as four times.

The Checkout and Launch Control System (CLCS) program—whose baseline had increased
from $206 million in fiscal year 1998 to $399 million by fiscal year 2003—was ultimately
terminated. CLCS’ cost increases resulted from poorly defined requirements and design
and fundamental changes in the contractors’ approach to the work. GAO also found that

= the description of the program objectives and overview in the program commitment
agreement was not the description used to generate the cost estimate;

= the total life cycle and WBS were not defined in the program’s life-cycle cost estimate;

= the 1997 nonadvocate review identified the analogy to be used as well as six different
projects for parametric estimating, but no details on the cost model parameters were
documented; and

= no evidence was given to explain how the schedule slip, from June 2001 to June 2005,
affected the cost estimate.

GAO recommended that NASA establish a framework for developing life-cycle cost
estimates that would require each program to base its cost estimates on a WBS that
encompassed both in-house and contractor efforts and also to prepare a description
of cost analysis requirements. NASA concurred with the recommendation; it intended
to revise its processes and its procedural requirements document and cost estimating
handbook accordingly.

AO, NASA: Lack of Disciplined Cost-Estimating Processes Hinders Effective

ogram Management, GAO-04-642 (Washington, D.C.: May 28, 2004).

NASA has since developed a cost estimating handbook that reflects a “renewed appreciation within the
Agency for the importance of cost estimating as a critical part of project formulation and execution.” It has
also stated that “There are newly formed or regenerated cost organizations at NASA Headquarters . . . .
The field centers cost organizations have been strengthened, reversing a discouraging trend of decline.”

" The 12 steps outlined in table 2 are appropriate for estimating the costs of large, complex programs. We note, however, that
planning trade-offs, initial rough-order estimations, and other less visible analyses can be accomplished in less time than with the
process outlined in the table.
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Finally, NASA reported in its cost handbook that “Agency management, from the Administrator and

Comptroller on down, is visibly supportive of the cost estimating function.”®

While these are admirable improvements, even an estimate that meets all these steps may be of little use
or may be overcome by events if it is not ready when needed. Timeliness is just as important as quality.

In fact, the quality of a cost estimate may be hampered if the time to develop it is compressed. When

this happens, there may not be enough time to collect historical data. Since data are the key drivers of an
estimate’s quality, their lack increases the risk that the estimate may not be reliable. In addition, when time
is a factor, an independent cost estimate (ICE) may not be developed, further adding to the risk that the
estimate may be overly optimistic. This is not an issue for DOD’s major defense acquisition programs,
because an ICE is required for certain milestones.

Relying on a standard process that emphasizes pinning down the technical scope of the work,
communicating the basis on which the estimate is built, identifying the quality of the data, determining
the level of risk, and thoroughly documenting the effort should result in cost estimates that are defensible,
consistent, and trustworthy. Furthermore, this process emphasizes the idea that a cost estimate should be a
“living document,” meaning that it will be continually updated as actual costs begin to replace the original
estimates. This last step links cost estimating with data that are collected by an EVM system, so that
lessons learned can be examined for differences and their reasons. It also provides valuable information for
strengthening the credibility of future cost estimates, allowing for continuous process improvement.

18NASA, Cost Analysis Division, 2004 NASA Cost Estimating Handbook (Washington, D.C.: 2004), p. i. www.nasa.gov/offices/pae/

organization/cost_analysis_division.html.
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CHAPTER 2
Why Government Programs Need

Cost Estimates and the Challenges in
Developing Them

Cost estimates are necessary for government acquisition programs for many reasons: to support decisions
about funding one program over another, to develop annual budget requests, to evaluate resource
requirements at key decision points, and to develop performance measurement baselines. Moreover,
having a realistic estimate of projected costs makes for effective resource allocation, and it increases the
probability of a program’s success. Government programs, as identified here, include both in-house and
contract efforts.

For capital acquisitions, OMB’s Capital Programming Guide helps agencies use funds wisely in achieving
their missions and serving the public. The Capital Programming Guide stresses the need for agencies to
develop processes for making investment decisions that deliver the right amount of funds to the right
projects. It also highlights the need for agencies to identify risks associated with acquiring capital assets
that can lead to cost overruns, schedule delays, and assets that fail to perform as expected.

OMB’s guide has made developing accurate life-cycle cost estimates a priority for agencies in properly
managing their portfolios of capital assets that have an estimated life of 2 years or more. Examples of
capital assets are land; structures such as office buildings, laboratories, dams, and power plants; equipment
like motor vehicles, airplanes, ships, satellites, and information technology hardware; and intellectual
property, including software.

Developing reliable cost estimates has been difficult for agencies across the federal government. Too often,
programs cost more than expected and deliver results that do not satisfy all requirements. According to the
2002 President’s Management Agenda:

Everyone agrees that scarce federal resources should be allocated to programs and
managers that deliver results. Yet in practice, this is seldom done because agencies rarely
offer convincing accounts of the results their allocations will purchase. There is little
reward, in budgets or in compensation, for running programs efficiently. And once
money is allocated to a program, there is no requirement to revisit the question of whether
the results obtained are solving problems the American people care about. "

The need for reliable cost estimates is at the heart of two of the five governmentwide initiatives in that
agenda: improved financial performance and budget and performance integration. These initiatives are

19D esident George W. Bush, The President’s Management Agenda: Fiscal Year 2002 (Washington, D.C.: Executive Office of the
President, OMB, 2002), p. 27.
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aimed at ensuring that federal financial systems produce accurate and timely information to support
operating, budget, and policy decisions and that budgets are based on performance. With respect to these
initiatives, President Bush called for changes to the budget process to better measure the real cost and
performance of programs.

In response to the 2002 President’s Management Agenda, OMB’s Capital Programming Guide requires
agencies to have a disciplined capital programming process that sets priorities between new and existing
assets.?’ It also requires agencies to perform risk management and develop cost estimates to improve the
accuracy of cost, schedule, and performance management. These activities should help mitigate difficult
challenges associated with asset management and acquisition. In addition, the Capizal Programming Guide
requires an agency to develop a baseline assessment for each major program it plans to acquire. As part

of this baseline, a full accounting of life-cycle cost estimates, including all direct and indirect costs for
planning, procurement, operations and maintenance, and disposal, is expected.

The capital programming process, as promulgated in OMB’s Capital Programming Guide, outlines
how agencies should use long-range planning and a disciplined budget process to effectively manage a
portfolio of capital assets that achieves program goals with the least life-cycle costs and risks. It outlines
three phases: (1) planning and budgeting, (2) acquisition, and (3) management in use, often referred to
as operations and maintenance. For each phase, reliable cost estimates are necessary to establish realistic
baselines from which to measure future progress.

Regarding the planning and budgeting phase, the federal budget process is a cyclical event. Each year in
January or early February, the president submits budget proposals for the year that begins October 1. They
include data for the most recently completed year, the current year, the budget year, and at least the 4 years

following the budget year. The budget process has four phases:

1. executive budget formulation,

2. congressional budget process,

3. budget execution and control, and
4. audit and evaluation.

Budget cycles overlap—the formulation of one budget begins before action has been completed on the
previous one. (Appendix I'V gives an overview of the federal budget process, describing its phases and the
major steps and time periods for each phase.)

For the acquisition and management in use phases, reliable cost estimates are also important for program
approval and for the continued receipt of annual funding. However, cost estimating is difficult. To
develop a sound cost estimate, estimators must possess a variety of skills and have access to high-quality
data. Moreover, credible cost estimates take time to develop; they cannot be rushed. Their many
challenges increase the possibility that estimates will fall short of cost, schedule, and performance goals. If
cost analysts recognize these challenges and plan for them early, this can help organizations mitigate these
risks.

20 OMB first issued the Capital Programming Guide as a supplement to the 1997 version of Circular A-11, Part 3. We refer to the
2006 version. See under Circulars at OMB’s Web site, www.whitehouse.gov/omb.
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CosT ESTIMATING CHALLENGES

Developing a good cost estimate requires stable program requirements, access to detailed documentation
and historical data, well-trained and experienced cost analysts, a risk and uncertainty analysis, the
identification of a range of confidence levels, and adequate contingency and management reserves.*! Even
with the best of these circumstances, cost estimating is difficult. It requires both science and judgment.
And, since answers are seldom if ever precise, the goal is to find a “reasonable” answer. However, the

cost estimator typically faces many challenges. These challenges often lead to bad estimates—that is,
estimates that contain poorly defined assumptions, have no supporting documentation, are accompanied
by no comparisons to similar programs, are characterized by inadequate data collection and inappropriate
estimating methodologies, are sustained by irrelevant or out-of-date data, provide no basis or rationale for
the estimate, and can show no defined process for generating the estimate. Figure 2 illustrates some of the
challenges a cost estimator faces and some of the ways to mitigate them.

Figure 2: Challenges Cost Estimators Typically Face
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Some cost estimating challenges are widespread. Deriving high-quality cost estimates depends on the
quality of, for example, historical databases. It is often not possible for the cost analyst to collect the kinds
of data needed to develop cost estimating relationships (CER), analysis of development software cost,
engineering build-up, and many other practices. In most cases, the better the data are, the better the
resulting estimate will be. Since much of a cost analyst’s time is spent obtaining and normalizing data,
experienced and well-trained cost analysts are necessary. Too often, individuals without these skills are
thrown into performing a cost analysis to meet a pressing need (see case study 4). In addition, limited
program resources (funds and time) often constrain broad participation in cost estimation processes and
force the analyst (or cost team) to reduce the extent to which trade-off, sensitivity, and even uncertainty

Source: GAO.

analyses are performed.

2L For our purposes in this Cost Guide, contingency reserve represents funds held at or above the government program office for
“unknown unknowns” that are outside a contractor’s control. In this context, contingency funding is added to an estimate to
allow for items, conditions, or events for which the state, occurrence, or effect is uncertain and experience shows are likely to result
in additional costs. Management reserve funds, in contrast, are for “known unknowns” that are tied to the contract’s scope and
managed at the contractor level. Unlike contingency reserve, which is funding related, management reserve is budget related. The
value of the contract includes these known unknowns in the budget base, and the contractor decides how much money to set aside.

We recognize that other organizations may use the terms differently.
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Case Study 4: Cost Analysts’ Skills, from NASA, GAO-04-642

GAO found that NASA's efforts to improve its cost estimating processes were undermined
by ineffective use of its limited number of cost estimating analysts. For example,
headquarters officials stated that as projects entered the formulation phase, they typically
relied on program control and budget specialists—not cost analysts—to provide the
financial services to manage projects. Yet budget specialists were generally responsible
for obligating and spending funds—not for conducting cost analyses that underlay

the budget or ensuring that budgets were based on reasonable cost estimates—and,
therefore, they tended to assume that the budget was realistic.

AO, NASA: Lack of Disciplined Cost-Estimating Processes Hinders Effective

Program Management, GAO-04-642 (Washington, D.C.: May 28, 2004).

Many cost estimating challenges can be traced to overoptimism. Cost analysts typically develop their
estimates from technical baselines that program offices provide. Since program technical baselines come
with uncertainty, recognizing this uncertainty can help form a better understanding of where problems
will occur in the execution phase. For example, if a program baseline states that its total source lines of
code will be 100,000 but the eventual total is 200,000, the cost will be underestimated. Or if the baseline
states that the new program will reuse 80,000 from a legacy system but can eventually reuse only 10,000,
the cost will be underestimated. This is illustrated in case study 5.

Case Study 5: Recognizing Uncertainty, from Customs Service

Modernization, GAO/AIMD-99-41

Software and systems development experts agree that early project estimates are
imprecise by definition and that their inherent imprecision decreases during a project’s life
cycle as more information becomes known. The experts emphasize that to be useful, each
cost estimate should indicate its degree of uncertainty, possibly as an estimated range or
qualified by some factor of confidence. The U.S. Customs Service did not reveal the degree
of uncertainty of its cost estimate for the Automated Commercial Environment (ACE)
program to managers involved in investment decisions. For example, Customs did not
disclose that it made the estimate before fully defining ACE functionality. Instead, Customs
presented its $1.05 billion ACE life-cycle cost estimate as an unqualified point estimate. This
suggests an element of precision that cannot exist for such an undefined system, and it
obscures the investment risk remaining in the project.

AO, Customs Service Modernization: Serious Management and Technical

eaknesses Must Be Corrected, GAO/AIMD-99-41 (Washington, D.C.: Feb. 26,
999).

Program proponents often postulate the availability of a new technology, only to discover that it is not
ready when needed and program costs have increased. Proponents also often make assumptions about the
complexity or difficulty of new processes, such as first-time integration efforts, which may end up to be
unrealistic. More time and effort lead directly to greater costs, as case study 6 demonstrates.
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Case Study 6: Using Realistic Assumptions, from Space Acquisitions,

GAO-07-96

In five of six space system acquisition programs GAO reviewed, program officials and

cost estimators assumed when cost estimates were developed that critical technologies
would be mature and available. They made this assumption even though the programs
had begun without complete understanding of how long they would run or how much

it would cost to ensure that the technologies could work as intended. After the programs
began, and as their development continued, the technology issues ended up being more
complex than initially believed.

For example, for the National Polar-orbiting Operational Satellite System (NPOESS), DOD
and the U.S. Department of Commerce committed funds for developing and producing
satellites before the technology was mature. Only 1 of 14 critical technologies was mature
at program initiation, and it was found that 1 technology was less mature after the
contractor conducted more verification testing.

GAO found that the program was later beset by significant cost increases and schedule
delays, partly because of technical problems such as the development of key sensors.

A, Space Acquisitions: DOD Needs to Take More Action to Address

nrealistic Initial Cost Estimates of Space Systems, GAO-07-96 (Washington,
).C.: Nov. 17, 2006).

Collecting historical data and dedicating the time needed to do this continuously is another challenge
facing cost estimators. Certain acquisition policy changes and pressured scheduling have had the
unintended consequence of curtailing the generation of a great deal of historical data used for cost
estimating. Outside of highly specific technology areas, it is often difficult for the cost analyst to collect
the kinds of data needed to develop software cost estimates, valid CERs, and detailed engineering
build-up estimates.

In addition, limited program resources in terms of both funds and time often constrain broad
participation in cost estimation processes and force the analyst or cost team to reduce the extent to which
trade-off; sensitivity, and even uncertainty analyses are performed. Addressing these critical shortfalls is
important and requires policy and cultural adjustments to fix.

Program stability presents another serious challenge to cost analysts. A risk to the program also arises
when the contractor knows the program’s budget. The contractor is pressured into presenting a cost
estimate that fits the budget instead of a realistic estimate. Budget decisions drive program schedules
and procurement quantities. If development funding is reduced, the schedule can stretch and costs can
increase; if production funding is reduced, the number of quantities to be bought will typically decrease,
causing unit procurement costs to increase. For example, projected savings from initiatives such as
multiyear procurement—contracting for purchase of supplies or services for more than one program
year—may disappear, as can be seen in case study 7.
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Case Study 7: Program Stability Issues, from Combating Nuclear

Smuggling, GAO-06-389

According to officials of Customs and Border Protection (CBP) and the Pacific Northwest
National Laboratory (PNNL), recurrent difficulties with project funding were the most
important explanations of schedule delays. Specifically, according to Department

of Homeland Security and PNNL officials, CBP had been chronically late in providing
appropriated funds to PNNL, hindering its ability to meet program deployment goals.

For example, PNNL did not receive its fiscal year 2005 funding until September 2005,

the last month of the fiscal year. According to PNNL officials, because of this delay, some
contracting activities in all deployment phases had had to be delayed or halted; the
adverse effects on seaports were especially severe. For example, PNNL reported in August
2005 that site preparation work at 13 seaports had ceased because PNNL had not received
its fiscal year 2005 funding allocation.

AO, Combating Nuclear Smuggling: DHS Has Made Progress Deploying

adiation Detection Equipment at U.S. Ports-of-Entry, but Concerns Remain,
AO-06-389 (Washington, D.C.: Mar. 22, 2006).

Stability issues can also arise when expected funding is cut. For example, if budget pressures cause breaks
in production, highly specialized vendors may no longer be available or may have to restructure their prices
to cover their risks. When this happens, unexpected schedule delays and cost increases usually result. A
quantity change, even if it does not result in a production break, is a stability issue that can increase costs
by affecting workload. Case study 8, from a GAO report on Navy shipbuilding, illustrates this point.

Case Study 8: Program Stability Issues, from Defense Acquisitions,

GAO-05-183

Price increases contributed to growth in materials costs. For example, the price of array
equipment on Virginia class submarines rose by $33 million above the original price
estimate. In addition to inflation, a limited supplier base for highly specialized and unique
materials made ship materials susceptible to price increases. According to the shipbuilders,
the low rate of ship production affected the stability of the supplier base. Some businesses
closed or merged, leading to reduced competition for their services and higher prices. In
some cases, the Navy lost its position as a preferred customer and the shipbuilder had to
wait longer to receive materials. With a declining number of suppliers, more ship materials
contracts went to single and sole source vendors. Over 75 percent of the materials for
Virginia class submarines—reduced from 14 ships to 9 over a 10-year period—were
produced by single source vendors.

AO, Defense Acquisitions: Improved Management Practices Could Help

inimize Cost Growth in Navy Shipbuilding Programs, GAO-05-183
Washington, D.C.: Feb. 28, 2005).

Significantly accelerating (sometimes called crashing) development schedules also present risks. In such
cases, technology tends to be incorporated before it is ready, tests are reduced or eliminated, or logistics
support is not in place. As case study 9 shows, the result can be a reduction in costs in the short term
but significantly increased long-term costs as problems are discovered, technology is back-fit, or logistics
support is developed after the system is in the field.
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Case Study 9: Development Schedules, from Defense Acquisitions,

GAO-06-327

Time pressures caused the Missile Defense Agency (MDA) to stray from a knowledge-based
acquisition strategy. Key aspects of product knowledge, such as technology maturity, are
proven in a knowledge-based strategy before committing to more development. MDA
followed a knowledge-based strategy without fielding elements such as the Airborne
Laser and Kinetic Energy Interceptor. But it allowed the Ground-Based Midcourse Defense
program to concurrently become mature in its technology, complete design activities,
and produce and field assets before end-to-end system testing—all at the expense of
cost, quantity, and performance goals. For example, the performance of some program
interceptors was questionable because the program was inattentive to quality assurance.
If the block approach continued to feature concurrent activity as a means of acceleration,
MDA's approach might not be affordable for the considerable amount of capability that
was yet to be developed and fielded.

AO, Defense Acquisitions: Missile Defense Agency Fields Initial Capability but

alls Short of Original Goals, GAO-06-327 (Washington, D.C.: Mar. 15, 2006).

In developing cost estimates, analysts often fail to adequately address risk, especially risks that are outside
the estimator’s control or that were never conceived to be possible. This can result in point estimates that
give decision makers no information about their likelihood of success or give them meaningless confidence
intervals. A risk analysis should be part of every cost estimate, but it should be performed by experienced
analysts who understand the process and know how to use the appropriate tools. On numerous occasions,
GAO has encountered cost estimates with meaningless confidence intervals because the analysts did not
understand the underlying mathematics or tools. An example is given in case study 10.

Case Study 10: Risk Analysis, from Defense Acquisitions,

GAO-05-183

In developing cost estimates for eight case study ships, U.S. Navy cost analysts did not
conduct uncertainty analyses to measure the probability of cost growth. Uncertainty
analyses are particularly important, given uncertainties inherent in ship acquisition, such
as the introduction of new technologies and the volatility of overhead rates. Despite

the uncertainties, the Navy did not test the validity of the cost analysts’ assumptions

in estimating construction costs for the eight case study ships, and it did not identify a
confidence level for estimates.

Specifically, it did not conduct uncertainty analyses, which generate values for parameters
that are less than precisely known around a specific set of ranges. For example, if the
number of hours to integrate a component into a ship is not precisely known, analysts may
put in low and high values. The estimate will generate costs for these variables, along with
other variables such as weight, experience, and degree of rework. The result will be a range
of estimates that enables cost analysts to make better decisions on likely costs. Instead, the
Navy presented its cost estimates as unqualified point estimates, suggesting an element
of precision that cannot exist early in the process. Other military services qualify their cost
estimates by determining a confidence level of 50 percent.

AO, Defense Acquisitions: Improved Management Practices Could Help

inimize Cost Growth in Navy Shipbuilding Programs, GAO-05-183
Washington, D.C.: Feb. 28, 2005).
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A risk analysis should be used to determine a program’s contingency funding. All development programs
should have contingency funding because it is simply unreasonable to expect a program not to encounter
problems. Problems always occur, and program managers need ready access to funding in order to
resolve them without adversely affecting programs (for example, stretching the schedule). Unfortunately,
budget cuts often target contingency funding, and in some cases such funding is not allowed by policy.
Decision makers and budget analysts should understand that eliminating contingency funding is
counterproductive. (See case study 11.)

Case Study 11: Risk Analysis, from NASA, GAO-04-642

Only by quantifying cost risk can management make informed decisions about risk
mitigation strategies. Quantifying cost risk also provides a benchmark for measuring future
progress. Without this knowledge, NASA may have little specific basis for determining
adequate financial reserves, schedule margins, and technical performance margins.
Managers may thus not have the flexibility they need to address program, technical, cost,
and schedule risks, as NASA policy requires.

O, NASA: Lack of Disciplined Cost-Estimating Processes Hinders Effective

ogram Management, GAO-04-642 (Washington, D.C.: May 28, 2004).

Too often, organizations encourage goals that are unattainable because there is overoptimism that their
organizations can reach them. These decisions follow a thought process that accentuates the positive
without truly understanding the pitfall