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F R O M  T H E  E X E C U T I V E  E D I T O R

TECHNOLOGY FOR ROI’S SAKE. We have chosen a great theme for this issue of the 

M&S Journal: the return on investment (ROI) of DoD M&S. M&S is deeply embedded 

within many DoD activities and delivers real value for a wide range of critical applica-

tions. However, we are not very good at measuring, or capturing, the many aspects of 

M&S value. It is clear that the time has come to dig deeper and determine, describe, and 

defend why M&S is a pervasive and cost-effective force multiplier. The articles in this 

issue of the M&S Journal address ROI head on. Better ROI for DoD through M&S.  n n n  

Combatant Commands, Warfighters, and program managers in DoD indicate there is a 

need to define new and emerging requirements for M&S. Many of these requirements 

can be satisfied by developing and applying innovative M&S technologies, especially 

through a thoughtful enterprise approach. Efficiencies can be gained through wise 

investments in those M&S technologies that are broadly needed across the enterprise, 

rather than “pet rock” projects. The goal must be maturing robust enterprise-level M&S 

capabilities that support the full range of DoD users – capabilities that make M&S a critical 

enabling technology for the Department. Better ROI for DoD through enterprise M&S 

technology.  n n n  Another way to improve ROI is through integration with major DoD 

information technology (IT) initiatives. Costs can be reduced by leveraging tools, data, 

and IT services that are already available – we should not re-create, but re-use for M&S. 

It is also important to think strategically, communicate our M&S requirements to agen-

cies like DISA and DARPA, and understand where they expect to be in five, ten, even 

fifteen years from now. An enterprise technical approach to M&S could provide additional 

benefits by leveraging and contributing to programs such as the USD(AT&L)’s Science and 

Technology (S&T) and Science, Technology, Engineering, Mathematics (STEM) efforts; 

and internationally, with The Technical Cooperation Program (TTCP) and NATO. Another 

example is the White House Office of Science and Technology Policy’s new “Big Data 

Research and Development Initiative”, which promises to develop tools and techniques 

needed to help solve some of the Nation’s most pressing challenges. Better ROI for 

DoD through enterprise M&S technology integration.  n n n  The way forward focuses 

on developing and transitioning enterprise-level M&S technology that is needed by M&S 

practitioners in DoD. Warfighters will be encouraged to participate to ensure early adop-

tion of the technology. Metrics for M&S value will be identified and processes needed to 

measure this value will be instituted. This is a significant challenge, but absolutely required 

in these fiscally challenging times. Better ROI for DoD through integrated enterprise 

M&S technologies that remove barriers to interoperability and reuse.

J. DAVID LASHLEE, PH.D., CMSP  
Deputy Director 

DoD Modeling and Simulation Coordination Office 

The DoD Of f i ce  o f  Secur i t y  Rev iew has  c lea red  th i s  repor t  fo r  pub l i c  re lease  (D is t r ibu t ion  A )  (Case  No. 12-S-2527) .
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T h e  R O I  o f  M o d e l i n g  a n d  S i m u l a t i o n

The Value of Modeling and Simulation 
for the Department of Defense

GUEST EDITOR:

Mr. Alan R. Shaffer 
Principal Deputy, Assistant Secretary of Defense 

for Research and Engineering

T
HE DEPARTMENT OF DEFENSE (DOD) MUST IMPROVE MODELING AND SIMULATION (M&S) 

SO THAT WE CAN CONTINUE TO “SAVE LIVES, SAVE TAXPAYER DOLLARS,  AND INCREASE 

OPERATIONAL CAPABILITIES.”  THESE WORDS INDICATE THAT M&S DOES ENHANCE THE 

CAPABILITY TO PERFORM OUR MISSIONS, BUT I NEED TO SUBSTANTIATE THESE WORDS 

WITH OBJECTIVE DATA.  THE M&S COMMUNITY CANNOT CONTINUE ARGUING THAT M&S 

MATTERS BASED SOLELY ON SUBJECTIVE INFORMATION.  

The DoD spends more than $3 billion per year on M&S, 
and it is our responsibility to make sure that the depart-
ment and the taxpayers get valuable information from these 
expenditures. As DoD enters what promises to be a period 
of austerity, I am frequently asked to justify the return on 
the money we spend on M&S, and to demonstrate that we 
aren’t spending too much on M&S and that we can’t reduce 
funding for M&S activities across the department. Accord-
ingly, the time is perfect to move beyond our arm-waving 
arguments and to think seriously about how we determine 
and explain the value of M&S. This is something the entire 
department needs to address. 

Every effort underway in the DoD M&S community should 
be examined under the focus of the basic 
ideas – “saves lives, saves taxpayer dollars, 
and increases operational capabilities.” M&S 
value accrues from supporting measurable 
improvements to mission completion, and so 
one way to help grasp the depth of this issue 
is by considering what would happen if M&S 
did not exist. What would be the effects? 
What could the department do? What could 
the department not do?

First think about what DoD expects from 
M&S, and then what would happen without 
it. Think about our missions that would be 

completed poorly, if at all, without M&S. We would not 
be able to:

■■ assess analytically the cost-mission trades for new 
weapons systems. How would we determine the cost 
per unit of mission success without M&S? We couldn’t. 
While we always need to improve our analytic capability 
and capacity, M&S is central to our thinking about what 
we buy.

■■ conduct developmental or operational tests of new 
systems in a complex environment without physically 
bringing all the networked systems to the test. Without 
our distributed live-virtual-constructive modeling capa-
bility, we could neither afford our tests nor extend them 
to difficult or denied environments.

■■ �analyze the force structure needed to 
complete a specific operation.

■■ �determine the effectiveness and char-
acteristics of foreign threat systems.

■■ �train complex missions without troops 
being transported in density to high-cost 
training ranges.

There are many more examples, but even 
these few cases illustrate how and where 
M&S impacts the day-to-day operational 
and business cases of the department. I, 
for one, can’t imagine the department 
without M&S.

Mr. Alan R. Shaffer 
Principal Deputy, Assistant Secretary 

of Defense for Research and  

Engineering

The DoD Office of Security Review has 
cleared this report for public release 

(Distribution A) .
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However, while there is an ever-increasing demand and 
need for M&S, this does not mean that our current M&S 
is satisfactory. We have to improve. In general, models 
take too long to set up, data is too difficult to obtain and 
format, and effective modifications to codes are chal-
lenging. Worse yet, models and simulations are not easily 
composable and they are very difficult to reuse. Without 
an ability to interoperate, that is, to combine the inputs, 
outputs, and effects from different models, our ability to 
apply M&S efficiently is limited. It does not matter if the 
M&S application is for understanding technology, capability, 
force structure, or something else—we need to be able to  
vary the conditions (initial or boundary) more easily, and 
be able to compare and contrast model outputs in more 
user-friendly ways. We cannot do this effectively today.

I am hoping to spur dialog and encourage action through 
this issue of the M&S Journal.  With your help, we will 
use M&S to advance our understanding of the world, 
systems, and situations. We will grow new generations 
of M&S-savvy researchers and evolve new generations 
of M&S tools and technologies such as human behavior 
modeling, serious games, and mobile computing. We will 
apply effective M&S management to enable access to 
resources, the ability to understand them, and the ability 
to re-use them within an Enterprise technology framework. 
We will strengthen our society and our country. 

Imagine our future with improved M&S: we will save lives, 
save tax dollars, and increase operational capabilities.

Guest Editor’s Biography:

Mr. Alan R. Shaffer

Mr. Shaffer serves as the Principal Deputy, Assistant 
Secretary of Defense for Research and Engineering. In this 
position, Mr. Shaffer is responsible for formulating, planning, 
and reviewing the DoD Research, Development, Test, and 
Evaluation (RDT&E) programs, plans, strategy, priorities, 
and execution of the DoD RDT&E budget. Specifically, 
this position reviews the maturity of technology as part of 
the acquisition cycle, as well as develops options to reduce 
the overall technology development risk to DoD programs. 

Prior to entering the federal government, Mr. Shaffer served 
a 24-year United States Air Force career with assignments 
in weather, intelligence, science and technology manage-

ment, acquisition oversight, and programming. His career 
included deployment to Honduras in support of Joint 
Task Force Bravo in the mid-1980s and direct support of 
the United States Army 3rd Armored Division at Hanau, 
Germany. During Operation DESERT STORM, he was 
responsible for deployment of the 500-person theater 
weather force. Other assignments included Wing Weather 
Officer supporting the 320th Bombardment Wing (Heavy) 
at Mather AFB, California; Intelligence Officer at Foreign 
Technology Division, Wright Patterson AFB, OH; Deputy 
Director of Weather for Air Combat Command, Langley 
AFB, VA, numerous staff assignments in the Air Staff and 
Office of the Secretary of Defense, in the Pentagon; and 
finally, the Air Force Weather Agency, Offutt AFB, NE. 

Upon retirement from the United States Air Force in 2000, 
Mr. Shaffer was appointed to the Senior Executive Service 
as the Director, Multi-disciplinary Systems, Office of 
the Deputy Under Secretary of Defense for Science and 
Technology. In 2001, he assumed the position as Director, 
Plans and Programs, Defense Research and Engineering. 
Mr. Shaffer continues to serve as the Director while serving 
as the Principal Deputy. As the Director for Plans and 
Programs, Mr. Shaffer is responsible for the oversight of 
the Department of Defense science and technology port-
folio totaling over $10.5 billion. Mr. Shaffer has served 
as the Executive Director for several senior Task Forces. 
These included the Technical Joint Cross Service Group 
during the Base Realignment and Closure activity; DoD 
Energy Security Task Force in 2007 and most recently 
the Executive Director of the Mine Resistant Ambush 
Protection Task Force. In addition he serves as the tri-chair 
to the Department of Defense Modeling and Simulation 
Steering Committee. 

Mr. Shaffer earned a Bachelor of Science Degree in 
Mathematics from the University of Vermont in 1976. 
He earned a second Bachelor of Science in Meteorology 
from the University of Utah, a Master of Science in 
Meteorology from the Naval Postgraduate School, and 
a Master of Science in National Resource Strategy from 
the Industrial College of the Armed Forces. He has been 
awarded the Distinguished Executive Presidential Rank 
Award in 2007 and the Meritorious Executive Presidential 
Rank Award in 2004.
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Abstract

A
S BUDGETS DECREASE, IT BECOMES INCREASINGLY IMPORTANT TO DETERMINE THE MOST 

EFFECTIVE WAYS TO INVEST IN MODELING AND SIMULATION (M&S). THIS ARTICLE DISCUSSES AN 

APPROACH TO COMPARING DIFFERENT M&S INVESTMENT OPPORTUNITIES USING A RETURN ON 

INVESTMENT (ROI)-LIKE MEASURE. THE AUTHORS DESCRIBE METHODS TO EVALUATE “BENEFIT” 

(I.E., INCREASED READINESS, MORE EFFECTIVE TRAINING, ETC.) RECEIVED FROM AN INVESTMENT 

AND THEN USE THOSE METRICS IN A DECISION ANALYSIS FRAMEWORK TO EVALUATE EACH M&S EXPENDITURE. 

FINALLY, THEY CONCLUDE BY DISCUSSING THE IMPORTANCE OF VIEWING M&S INVESTMENTS FROM A DEPARTMENT 

OF DEFENSE (DOD) ENTERPRISE VIEW, EVALUATING INVESTMENT OVER MULTIPLE YEARS, MEASURING WELL-

STRUCTURED METRICS, AND USING THOSE METRICS IN A SYSTEMATIC WAY TO PRODUCE AN ROI-LIKE RESULT THAT 

DOD CAN USE TO EVALUATE AND PRIORITIZE M&S INVESTMENTS.

Introduction

Successful Department of Defense (DoD) enterprise 
modeling and simulation (M&S) investment requires 
structure, persistence, and common valuation for effective 
execution. The methodology summarized in this article 
provides a systematic process, based upon theoretical 
aspects of capital structure, by 
which DoD investments in M&S 

can be compared, evaluated, and directed in order to achieve 
the greatest return on investment (ROI) in this “national 
critical technology” (House Resolution [H. Res.] 487, 2007).

To effectively apply a technology like M&S to a DoD 
enterprise, application, or program, it is critical to define 
and assess rigorous measures of merit and metrics that 

reflect the results of M&S applica-
tion across the relevant spectra of 

The DoD Office of Security Review has cleared this report for public release 
(Distribution A) (Case No.12-S-2638).
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management, mission, and system. Such assessments are 
especially critical as budgets are reduced, opportunities 
for live tests and exercises are curtailed, and acquisition 
timelines are shortened. Currently, most M&S value 
assessments use metrics that are uneven in scope, very 
case-specific, do not allow consistent aggregation, or are 
not well structured. Additionally, some measures that are 
used, like ROI, are actually incorrectly defined; or, are 
undefined, thus making the assertions of value at best 
vague, and at worst incorrect. Finally, all too often impor-
tant distinctions are not made between and among terms 
critical to consistent ROI assessment, such as metrics, 
measure, scale, quantity, quality, cost, utility, and value. 

Prior efforts to characterize the cost-benefits of M&S 
have included surveys, assessments, and methodological 
developments. Surveys summarize the results of efforts 
already conducted (Worley, et al., 1996). Methodological 
development articles provide insights into how to improve 
M&S value calculation (Gordon, 2006). Assessments typi-
cally provide insights based on one of four approaches: 
nominal description, case-based, business-oriented, or 
multi-attribute examination. All four have advanced the 
state-of-the-art in M&S assessment, but have not yielded an 
overall, rigorous, and effective approach for placing metrics 
in a decision analysis framework to allow the evaluation 
of M&S investment. The methodology developed here 
(Figure 1) is distinctive insofar as it provides prescriptive 
guidance while allowing for the comparison of alternative 
M&S investments (M&S compared to other M&S or M&S 
compared to other alternatives [analysis, war games, etc.]) 
to support a mission or meet a goal. 

It also facilitates an assessment of an M&S alternative 
over time (how the capabilities provided change from the 
initial application to subsequent use). Such time-considerate 
assessments are especially critical in today’s environment 
of shrinking budgets. By viewing investments from a DoD 
enterprise view, evaluating investment over a multiyear 
timeline, measuring metrics developed from this viewpoint, 
and using these metrics in a systematic way to produce 
an ROI-like result, the DoD can evaluate and prioritize 
M&S investment.

Market Context and Business Practice

Stand-alone strategies don’t work when your company’s 
success depends on the collective health of the organi-
zations that influence the creation and delivery of your 
product. Knowing what to do requires understanding 
the ecosystem and your organization’s role in it. (Iansiti 
& Levien, 2004)

This quote from the Harvard Business Review addresses 
the fundamental premise that commercial businesses exist 
and thrive (or not) within the context of a business environ-
ment much larger than exists within the boundaries of an 
individual firm. To succeed, individual firms must learn 
to recognize and create value within “the ecosystem” in 
which they exist. Translated to the domain of DoD M&S 
enterprise management, the quote, as interpreted by the 
authors, could read: 

Stand-alone M&S strategies don’t work when DoD’s 
success depends on the collective value created across 
the Enterprise, and its creation and delivery of value 
derived from its investment in M&S. Knowing what 
to do requires understanding DoD’s ecosystem and 
leadership’s role in it. 

Within the DoD, many organizations influence the creation 
of value from M&S investment. On an Enterprise level, the 
key to maximizing value is understanding who shoulders 
the costs and who potentially derives value from the allo-
cation of resources to M&S. DoD investment strategies 
need to address, at a minimum, these aspects of economic 
valuation:

■■ Government (DoD) being the (only) buyer in many parts of 
its M&S market does discriminate it from private-sector 
M&S investment.

■■ A lack of “marketplace” from which to gauge economic 
valuation often complicates DoD’s efforts to make its 
own sound and credible valuation judgments. 

■■  �Government must account for intangible benefits as 
contrasted to monetized benefits or simple revenue.

■■  �Unlike commercial practice (e.g., corporation- or company-
based), when the DoD invests, a misalignment often occurs 
between the “cost bearer” (the resource sponsor) and the 
“benefit accruer” (the group that gains an advantage from the 
investment), especially when the investment creates and returns 
value to DoD components that exceeds the expected ROI.
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The last bullet is particularly significant. In assessing a 
candidate investment, a practice or methodology does not 
exist in the DoD to capture and characterize the future 
and extended value accruing to users beyond the primary 
recipients of the investment. Having a methodology to 
capture such extended benefits could change the outcome of 
an investment decision from “not possible” to “approved,” 

and provide a mechanism for assessing all beneficiaries for 
their fair share of investment costs. Additional difficulties 
arise in the fact that in many cases the DoD M&S invest-
ment cannot be monetized (translating elements of value 
to units of dollars) in a manner analogous to commercial 
business. Placing a monetary amount on lives saved, readi-
ness improved, or warfighters better trained is difficult if 
not impossible. The DoD’s characterization of value must 
often be in terms that are naturally qualitative, making the 
calculation of extended benefit (analogous to the time-value-
of-money) very different than in the commercial sector.

Across the DoD, the present practice is to base investment 
in M&S on a number of methods; at an Enterprise level, 
however, the practice is neither systematic nor consistent. 
Writing in Acquisition Review Quarterly, the Army Devel-
opmental Test Command Director for Test and Technology 
C. David Brown and co-authors G. Grant, D. Kotchman, 
R. Reyenga, and T. Szanto wrote:

Most program managers justified their M&S invest-
ment based on one or more of the following: reducing 
design cycle time; augmenting or replacing physical 
tests; helping resolve limitations of funds, assets, or 
schedules; or providing insight into issues that were 
impossible or impracticable to examine in other ways. 
(Brown et al., 2000) 

Simply put, program managers (PMs) are under intense 
pressure to complete their programs on budget and within 
timelines. They lack an institutional mandate to develop 
or use M&S tools that may have wider application to other 
programs, or that will be cheaper to operate and sustain 
in the long term (Brown et al., 2000). This focus on the 
program level, while potentially good for the PMs, can be 

detrimental to the Enterprise 
at large. When considering 
allocation of resources, PMs 
must consider not only costs, 
but also explicitly definable 
benefits. Equally important at 
the Enterprise level are values 

(economies of scope), which 

must be assigned by leader-

ship to complete the process 
of estimating ROI and other 
measures of value with respect 

to M&S assets. The methodology proposed here is a step 
in accounting for these competing, yet equally important 
value metrics.

Stakeholder and Community of Practice 
Specification

Understanding stakeholders and their role-dependent sensi-
tivities within the M&S community of practice provides 
the context within which to determine M&S metrics. 
DoD stakeholders operate within a broad M&S market, 
where “market” includes the full economic landscape over 
which M&S products and services have impact. DoD M&S 
stakeholders fall into seven categories:

1.  Consumers/Users—End users of M&S-powered prod-
ucts or of M&S services

2.  Buyers—Expenders of funds for M&S-powered prod-
ucts or of M&S services 

3.  Sellers—Providers of M&S tools, data, or services

4.  Investors—Providers/appropriators/deciders on expen-
ditures of funds for M&S products or services 

5.  Approvers/Raters—Providers of a “seal of approval” 
for M&S tools, data, or services

6.  Reviewers—Providers of “advice and consent” on M&S 
issues, including M&S products or services

Context Intent DecisionAssessment

ROI Decision

Cost

Results

Needs

Stakeholder

Use-Cases

Assets

Figure 1:  M&S Investment Methodology Process Flow
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7.  Promoters/Advocates—Independent providers of 
“encouragement” to the development of the M&S market 
for M&S-powered products or services

Each stakeholder category comes to the M&S market 
with a role-dependent perspective. These perspectives are 
designated as: Program, Community, Enterprise, Federal, 
and/or Society. For DoD M&S investment, the first three 
perspectives—Program, Community, and Enterprise—are 
considered to be internal to the DoD. The final two—Federal 
and Society—are considered to be external to the DoD. 
Stakeholders provide another dimension that is useful in 
characterizing DoD M&S investment considerations and 
elements of value.

1.  Program stakeholders’ concerns focus on applicability, 
availability, and affordability; credibility, analytic sound-
ness, user friendliness, and entertainment delivered, as 
well as modularity, interoperability, and portability; 
and concentrate on systems-of-systems or system-level 
functionality.

2.  Community stakeholders’ focus is on managing M&S 
within specific areas such as acquisition, analysis, 
planning, testing, training, and experimentation, and is 
oriented toward application-level indicators of success 
or failure.

3.  Enterprise stakeholders’ concerns focus on M&S 
capabilities that apply across diverse activities of the 
Services, combatant commands, and DoD agencies. 

4.  Federal stakeholders’ concerns focus on M&S devel-
opment across departments and agencies of the U.S 
government.

5.  Society stakeholders’ concerns focus on the role and 
impact of M&S on governments, cultures, academia, 
industries, and populations.

These concerns are broad and encompassing, and include 
standards, policies, management, tools, and people, along 
with reuse, interoperability, collaboration, interactiveness, 
and sharing of assets in a defense-wide manner. 

Use Case

Developing and understanding use cases, including stake-
holder needs and requirements, help determine, refine, and 
evaluate the process for defining M&S investment metrics. 
Use cases illustrate stakeholder issues and role-dependent 
sensitivities together with investment decision processes, 

and serve to support and guide the definition, explanation, 
and evaluation of processes and metric alternatives. We have 
developed a framework that encompasses a consistent and 
complete set of use-case descriptions for use in the analysis 
of M&S investment metrics. Table 1 lists the parameters 
of a framework that provides a consistent and complete set 
of use-case descriptions to help analyze M&S investment 
metrics. The full report of the study details three use cases 
from different perspectives (AEgis Technologies Group, 
2008). The use cases examine exercise options, Live, 
Virtual, and Constructive (LVC) middleware choices, as 
well as conceptual modeling alternatives for the Missile 
Defense Agency. In each of these, the steps in this process 
are delineated and discussed, sample data included, and 
a decision recommended based upon the given scenario. 
Due to space limitations, we were unable to include them 
in this article.

Assets

To fully understand DoD M&S investment, it is also critical 
to identify those items that DoD buys. We first define the 
difference between assets (items for DoD investment) and 
consumables (in accounting terms: expenses). Then we list 
the assets and categorize them depending upon the point 
of view (POV). For example, if one views assets from the 
DoD Community POV (Acquisition, Analysis, Planning, 
Training, Experimentation, and Testing), then the assets 
are categorized one way. Alternatively, if the POV is that 
of the DoD Enterprise (which from its M&S Vision State-
ment articulates the categories of Infrastructure, Policies, 
Management, Tools, and People), then the assets are char-
acterized differently (AEgis Technologies Group, 2008).

From a DoD perspective, an asset is defined as: “Something 

of monetary value, owned by DoD, that has future benefit.” 

A consumable, on the other hand, is: “Something capable 

of being consumed; that may be destroyed, dissipated, 

wasted, or spent.” The primary difference is the concept 
of future benefit. “Future” in this sense is typically thought 
of as more than 12 months in the future. Examples of DoD 
M&S assets include: F-16 simulators, the Navy’s Battle 
Stations 21 simulator, and the online game “America’s 
Army.” Consumables, on the other hand, are items such 
as paper, pencils, jet fuel, printer ink—all typically used 
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and depleted within 12 months of purchase. In light of 
this, those types of items that constitute DoD investment 
assets, using the DoD M&S Vision Statement and the DoD 
Communities, are shown in Table 2.

By comparing this categorization with that developed by 
cross-mapping this list with the DoD Communities (from 
both mission and organizational views), and with the DoD 
M&S Vision Statement categories, we noted some inter-
esting relationships. To start, every listed asset correlates 
to more than one major DoD Community. For example, 
every DoD M&S Community invests in the asset Models. 
While this is not surprising, it shows that there may be 
efficiencies gained by studying the Enterprise view and 
how the DoD invests in models since that investment is 
widespread. Also, the assets are quite varied from the 
tangible items to the esoteric. This means that some assets 
are easy to value, making the determination of the cost of the 
investment relatively straightforward, and some extremely 
difficult. Finally, it is difficult to place assets neatly into 
bins. All assets cross functional, mission, organizational,  
M&S Community, and DoD M&S vision category lines, 
meaning an investment in any one of these assets affects 
multiple commands, agencies, and perhaps Services. All 
categories and sub-categories invest in multiple assets. 
Because of this, to be the most effective and get the highest 
ROI, investing in M&S needs to be viewed at the Enter-
prise level, not at an individual Community level. A true 
measure of investment effectiveness cannot be achieved 
unless one considers all the costs and benefits.

Asset Costs

A decision to purchase or modify an M&S asset should be 
based on the needs of the customer(s) and the cost of the 
purchase or modification. That cost and associated deci-
sions are best understood within the context of multiyear 
fiscal calculations. In looking at costs and the ROI of those 
costs, it is important to again acknowledge that business 
and government operate differently. If a business were 
to purchase an asset, the business owner would likely 
evaluate the impact of the asset on the bottom line: profit. 
The owner would likely predict the changes in profit and 
the costs to purchase or modify the asset over the useful 
lifetime of the asset, and then compute (“discount”) all 
those changes in profit and asset costs back to the current 
year (today’s) decision point. Different options, such as 
“purchase asset A” or “modify asset B,” can be compared 
in this way, even if these options have different payoff and 
cost streams over varying numbers of years. The comparison 
of the options in terms of current-year dollars at the time 
of the decision gives a standard metric that allows a fair 
evaluation of the alternatives.

Government and industry cost comparisons differ in that 
while government generally does not compute profit, it does 
compute changes in expenses. Additionally, in government 
the changes one stakeholder or one PM makes can have 
cost impacts on another PM, so one PM can show cost 
savings while others have the burden of increased costs 
because of a change in an asset. This shows once again 
that considering the Enterprise perspective across all 

Parameter Selected Values

What/Where
Investment situation, investment goal, investment timeline, asset types, asset numbers, other as-
set information, geographical constraints …

Who Stakeholder market category, stakeholder perspective, stakeholder office …

Why Concerns, issues, forcers, drivers, constraints …

When Near-term investments, mid-term investments, long-term investments, schedule constraints

How Costs (near term, mid term, long term)

So What Result, benefit, utility, cost savings

Data Support Sources, pedigree, availability, timeliness …

Table 1: M&S Use Case Framework
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impacted programs is essential to calculating an accurate 
and complete value of M&S investment. 

Typically, cost elements for M&S assets can be grouped 
into useful classifications (Office of the Director, 2007) 
for evaluation of alternatives through the calculation of 
current-year metrics:

■■ Infrastructure: standards, architectures, networks, and 
environments

■■ Policies at the Enterprise level (including interoper-
ability and reuse)

■■ Management processes for models, simulations, and data

■■ Tools in the form of models, simulations, and authorita-
tive data

■■ People (including well-trained and experienced users)

The overall study illustrated how an increased level of 
granularity for these classifications could be tailored to 
the project and asset particulars, and could be used to 
facilitate the calculation of costs by year (AEgis Technolo-
gies Group, 2008). The following example illustrates the 
type of M&S alternatives that could be evaluated using 
a cost element structure to characterize costs of several 
alternatives over several years.

Results

To understand ROI of M&S, it is necessary to accurately 
characterize the results of its application—the return in 
ROI. Such results need to be rigorously described in a 
manner that accounts for both qualitative and monetary 
dimensions. The approach developed and detailed in this 
section describes the metrics required for such analyses, 
including types, variability, and application particularities. 
The development of such metrics is especially important 
in M&S, where the impact of investment and application 
are not exclusively monetary, naturally quantitative, or 
sometimes even intuitively obvious. Where the word 
“results” appears, its use reflects the outcome of M&S; 
includes both positive and negative; encompasses terms 
like value, utility, contribution, benefit, and return; and 
allows for both monetary and qualitative effects.

The results calculation methodology begins with a series 
of assumptions and definitions. It is assumed that decision 
makers in a governmental agency are rational actors who 
seek to optimize relevant outcomes. Also, outcomes can be 
characterized using terms that reflect the investment value 
of alternatives (meaning no hidden agendas or overriding 
private concerns). The next assumption is that the metrics 
can be accurately quantified (whether inherently numeric 
[like money] or subjectively assessed). For this effort, we 
define three organizing principles or perspectives that 
can be consistently applied: Program, Community, and 
Enterprise. Next, it is important to understand the scope of 

Hardware Software Networks Facilities People Products &  
Procedures

Computers Models Communication 
Lines Buildings Expertise Plans/Policies

Electronic HW Simulation Architecture Labs Experience Standards

Hardware in the 
Loop

Tools  
(CAD/CAM)*

Transaction 
Protocols Ranges Skills /  

Education Analysis Results

Mock-ups Data / Databases Physical Models Operational 
Knowledge

Conceptual 
Models

Spares Repositories Management 
Processes

*Computer-Aided Design/Computer-Aided Manufacturing

Table 2:  Assets Listing
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the results determination. For instance, will they be used 
to compare alternatives in meeting a goal (M&S to M&S 
or M&S to other options), or to the evolution of an M&S 
capability over time? Next, in calculating results metrics, it 
is important to define the term “metric” in context (Table 3). 
The next step of results metric calculation is measurement 
or assessment. The focus here is on qualitative or subjec-
tive judgments that can be numerically characterized and 

indices that are naturally quantitative. Finally, it is often 
very important to aggregate, calculate, or derive an overall 
measure from a decision theoretic approach. 

Three perspectives apply within the DoD to the derivation 
of relevant M&S results metrics and the calculation of their 
ROI. They are the Program perspective, which includes both 
M&S programs and programs or activities that use M&S 

   Relationships    Example 

First are the classes / categories. e.g., Technical

Associated with each group are characteristics / terms describing features. Maintainability, Design

Associate these with more specific properties. MTBF, Type

Decompose these into metrics, standards of measurement, like variables. Hours, Days / Compiled, Interpreted                 

Metrics values are relative to a scale (a specified graduated reference used 
to measure) and may be nominal, ordinal, interval, or ratio in type. 1-2-3-4-5-6-7-8-9-10 / C-I

May range from 0 or no representation to X, which X represents a com-
plete implementation of the areas.

Continuously for interval and ratio 
data

Metrics are assigned values, based on the features of the M&S (the act of 
measurement) or mission requirement. e.g., 9, Compiled

Values can be combined into aggregate measures of merit. C=2*1, I=1, Value = 18

Table 3:  Results Metrics Context

Using the Cost Element Structure to Compare Alternative M&S Courses of Action

A simulation professional was directed to establish an annual experiment in Alaska to evaluate capabilities 
such as the combat benefits of a new system for position determination of friendly ground forces. The 
simulationist will need to evaluate alternative simulations for use in this annual experiment. Could a different 
simulation be used each year depending on what systems are being evaluated, or would it be acceptable 
and cheaper to use a standard core simulation over the next 5 years? The cadre of simulation operators is 
limited in Alaska, so the simulationist must also evaluate distribution of the simulation environment from 
other locations.

In this first year, the position determination system may need to be simulated or assumed. Databases for 
geography and other environmental factors may need to be purchased with requisite lead time. Connectivity 
and simulation architecture costs will have to be evaluated. The estimated cost of conducting the experiment, 
using all live forces, would be the most costly option, and could be used to estimate cost avoidance for the 
other LVC options. 

Depending on the alternatives evaluated, some may be more costly in the current year and cheaper in the 
out-years; while others may be cheaper in the current year but with a high stream of out-year. Hence, the 
cost comparison of the alternatives is evaluated based on the sum of the discounted costs across the entire 
5 years of the experiment.
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(Oswalt & Kasputis, 2006); the Community perspective, 
as described in the Application Area Descriptions (Oswalt, 
2005) (i.e., the “Surfboard Chart”); and the Enterprise 
perspective, as articulated in the Strategic Vision for DoD 
M&S. Acknowledging these three perspectives is critical, 
since the results metrics applicable to each are different 
(Figure 2). However, due to space constraints and the 
desirability to view M&S investments from an Enterprise 
aspect, only Enterprise metrics are summarized here. 

The Enterprise perspective focuses on M&S capabilities 
that apply “across the diverse activities of the Services, 
combatant commands, and agencies” and thus presents 
goals that are necessarily broad and encompassing. They 
include standards, policies, management, tools, and people 
that are collaborative, interactive, and sharing of assets in 
a defense-wide manner that includes other “governmental 
agencies, international partners, industry, and academia.” 
Metric categories for each were derived previously (Oswalt 
& Tyler, 2008). A sample set of Leadership metrics is 
provided in Table 4.

ROI Methods

In financial analysis, the concept of return is critical and 
is principally used to measure the change in “value” over 
time. As such, return is used by the Financial Community 
to determine two important outcomes: (a) whether or not 
the benefit of an investment (or similar action) was posi-
tive or negative—this is the “direction” of the change; and 
(b) how positive or negative the change was—this is the 
“magnitude.” Financial analysts typically calculate only 
one value by which both direction and magnitude can be 
ascertained. The use of a single value is possible because 
analysts usually compare changes in a single, same quantity: 
U.S. dollars. The two most common ways to measure return 
are as a percentage increase in a holding’s value between 
two time periods. Return consists of (a) the income and the 
capital gains relative to an investment. It is usually quoted 
as a percentage (Investopedia®, 2010); and (b) as the amount 
of cash (or revenue) generated from a set, fixed asset base, 
expressed as a percentage of investment. Examples of this 
include Return on Equity (ROE), Return on Assets (ROA), 
Return on Common Equity (ROCE), Return on Invested 
Capital (ROIC), etc. Both of these methods typically use 
dollars as the unit of measure. 

So how do we apply the concepts of financial analysis 
to DoD M&S projects? The concepts of magnitude and 
directionality mentioned previously are essential to this 
endeavor. To make a decision between a finite set of 
options, a relative sense of order is needed; that is, to be 
able to distinguish which project is better than the others. 
Therefore, while we might not assign a specific dollar 
value to the benefit of one choice over another, by using 
directionality and magnitude, we can arrive at a “relative 
ranking” that will let us compare those options between 
which we are seeking to decide. Additionally, the notion 
of “internal consistency” in evaluating different options 
is vital. If we are not able to gain an absolute value (such 
as, say 83 percent), but are to rely on relative values (A 
is better than B, which is better than C), we must make 
sure that we are consistently applying the same evaluation 
criteria to all the potential choices. The methodology for 
evaluating DoD M&S investment described in the following 
discussion meets these criteria and is completely consis-
tent with the manner in which financial analysis seeks to 
evaluate return. 

Enterprise (Brain)
Leadership, Implementation, Business, Infrastructure, 
Systems of Systems
Enterprise metrics reflect orchestration and management-type 
activities

Communities (Organs)
Design, Manufacturing, Sustainment, Time to Market

Alternatives, Complexity, Sensitivity, Result Time

Projection, Familiarity, Comprehensive, Decision Time

Test Design, Augmentation, Extrapolation, Completion Time

Availability, Scenario Variation, Experimentation, Retention 
Time

Discovery, Doctrine, Technology, Cycle Time
Community metrics reflect more specific uses and yet can include both 
interprise-type and program-type metrics (when the program crosses 
boundaries within a community of between communities)

Programs (Blood)
Applicability, Availability, Affordability, Rigorousness, 
Engaging, Usability, Credibility, Technical
Program metrics reflect the key dimensions of individual M&S system 
developments or M&S use within platform development or programs.

Figure 2:  Results Perspectives
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Investment Decision Process

Having now determined metrics for the costs and results 
associated with an investment, we are in a position to decide 
whether or not to make the investment using these metrics 
and others. Our goal is to employ a decision process that 
takes into account the data gathered, does not rely upon 
chance, is fundamentally simple to explain and defend, 
and is consistent (would give the same answer each time 
with the same data). 

Rational actors, when faced with a decision, will choose 
the option that maximizes their gain by some measure. In 
previous sections, we presented methods to evaluate the costs 
and results of an M&S investment; noted that monetiza-
tion of these metrics may be difficult, if not impossible, to 
perform for the DoD; and discussed ROI methods, including 
key financial analysis elements. Given this environment 
with its constraints, we developed a decision process that 
produces an ROI-like quantitative result for use in M&S 

Enterprise Perspective Sample Metrics

Term  
(characteristics)

Definition Quality Monetary

Leadership (class / category)

Leadership

Statement of vision and 
associated advocacy / 
support of timely actions 
needed for an effective 
enterprise (property)

# / currency of vision and 
resulting / supporting docs 
(metric)
° senior leaders adopts 
vision within their (other) 
areas

% alignment of funding to 
vision
Savings from reduced 
unused sunk costs

Empowerment

Developers, managers, 
users that are engaged, 
asked, able to make sig-
nificant contributions

# innovative ideas for-
warded without solicita-
tion
% M&S decision makers 
attending key meetings

Reduction in costs to get 
new M&S concepts
Savings from innovative 
M&S use

Situational Awareness

Decision maker’s and 
users’ understanding and 
awareness of M&S stan-
dards, tools, etc.

# meetings, conferences, 
repositories, web portals
% critical information 
exchanged among com-
munities

Reduction in costs to find-
ing good M&S informa-
tion
Cost savings from reduc-
tion of duplicative efforts 

Management

Human Capital Man-
agement for recruiting, 
assigning, career develop-
ment of M&S workforce

% M&S billets staffed 
with M&S qualified people
% M&S qualified person-
nel promoted / retained

Unnecessary training / 
retraining costs
Cost-effective M&S deci-
sions

Processes

Adoption of rigorous, 
timely, and relevant stan-
dardization and certifica-
tion of M&S policy, tools, 
workforce, etc.

# promulgated processes 
consistently adopted
Decreased product (policy, 
tool, etc.) generation time

Reduced labor, travel, and 
software reworks
Savings from error-rate 
reduction

Table 4 - Enterprise Metric Sample



M&S JOURNAL    FALL 2012     PAGE 13

C a l c u l a t i n g  R O I  f o r  t h e  U . S .  D e p a r t m e n t  o f  D e f e n s e  M o d e l i n g  &  S i m u l a t i o n

investment evaluation. We use assessed metrics as input 
to a Multi-Attribute Decision Making (MADM) network, 
which has the qualities of being robust, relatively explain-
able, objective, consistent, and once established, can be 
executed fairly simply. MADM (Figure 3) is not new and 
has been shown to work well in structuring complex deci-
sions involving a multidimensional decision space. In its 
simplest form, MADM is a weighted sum. The total utility 
score is calculated by multiplying each attribute’s normal-
ized input score by its relative weighting (which would 
be assigned earlier) and summing all the products. This 
process is repeated at every layer. While other formulae 
can be used to calculate a utility score, the weighted 
linear method is most often used due to its simplicity and 
transparency (Tompkins, 2003). In this case, multilayers 
are desirable for a few reasons. 

First, it allows for the higher level DoD decision makers to 
put different emphasis on certain communities by assigning 
different weights to each community. Additionally, multi-
layers are desirable for transparency since grouping the 
metrics by community makes it easier to see how certain 
measures impact the overall utility score. 

It should be noted that attributes measured should be 
mutually exclusive (no overlap) to prevent one attribute 
from influencing the final score by a higher amount than 

intended. Additionally, the weights are typically set by a 
team of subject matter experts, which should consist of 
experts from every area affected by the decision under 
consideration, and these weights should be reviewed regu-
larly. Finally, risk for an investment can be incorporated in 
this process either as its own category or as a cost metric 
input to the framework.

Conclusions

By viewing investments from a DoD Enterprise perspec-
tive, evaluating investment over a multiyear timeline, 
measuring metrics developed from this POV, and using 
these metrics in a systematic way to produce an ROI-like 
result, the DoD can evaluate and prioritize M&S invest-
ment. The process outlined in this article meets these 
criteria and is robust, consistent, and adaptable. If followed, 

the prescribed methods and guidelines should allow the 
DoD, and similar types of organizations, to make M&S 
investment decisions that result in an increased ROI when 
compared to the current state. An important next step in 
the development and use of this methodology is its applica-
tion. Whether as an assessment technique for a historical 
examination or an approach for future M&S investment 
analysis, the techniques described herein would provide 
rigorous and useful insights.

Total Utility

Input Input

ROI 
Metrics

Acquisition

Other 
Metrics

Input Input

ROI 
Metrics

Analysis

Other 
Metrics

Input Input

ROI 
Metrics

Planning

Other 
Metrics

Input Input

ROI 
Metrics

Training

Other 
Metrics

Input Input

ROI 
Metrics

Experimentation

Other 
Metrics

Input Input

ROI 
Metrics

People

Other 
Metrics

Figure 3:  Diagram of MADM Process for DoD M&S Investment Organized by DoD Communities
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T
HE NEED TO ESTABLISH THE VALUE OF MODELING AND SIMULATION (M&S) REMAINS. THIS IS ESPE-

CIALLY IMPORTANT IN THE DEPARTMENT OF DEFENSE (DOD) WHERE BUDGETS ARE PROJECTED 

TO DRASTICALLY SHRINK OVER THE NEXT DECADE.  THROUGHOUT THE DOD, WE CONTINUE TO 

HEAR OFFICIALS CALLING FOR ACQUISITION EXECUTIVES AND PROGRAM MANAGERS TO “GET 

THE MOST BANG FOR THE BUCK” AND “JUSTIFY EACH REQUIREMENT.”  IN THIS PROCESS M&S 

CONSISTENTLY COMES UNDER THE MICROSCOPE. WHILE IN SOME SPECIFIC INSTANCES, LIKE EMERGENCY PROCE-

DURE TRAINING AND EXPERIMENTATION, M&S IS CLEARLY SEEN AS WORTHY; HOWEVER, WITHIN THE WIDE RANGE 

OF ITS APPLICATION, HOW TO OPTIMIZE ITS USE IS UNCLEAR: AND IN ALL CASES, HARD, FACTUAL, QUANTITATIVE 

EVIDENCE OF RESULTS ARE NEEDED. THE REQUEST FOR SUCH SPECIFICITY IS NOW OFTEN CALLED ARTICULATING 

THE “VALUE PROPOSITION” AND IS OFTEN SOUGHT IN RESPONSE TO CONGRESSIONAL INQUIRIES OR MANAGEMENT 

DIRECTIVES TO JUSTIFY EXPENDITURES ON M&S. 

Yet, what is being sought is often bi-polar. On the one 
hand, return on investment (ROI) is increasingly seen as 
including results or mission oriented terms that explicitly 
contain factors that are not monetary, e.g., readiness, task 
proficiency, etc. However, on the other hand, ROI is also 
being used as a stand in for “constant benefit” or least cost 
analysis. In that scenario, which has been seen in training 
applications, the benefit side of the ROI equation is held 
constant (meaning for instance, that all soldiers trained to 
a certain level are equivalent).  While most people believe 
that in reality this is not the case, much of the difficult 
calculations of subjective, qualitative factors occur in the 
benefit side.  By holding these constant 
and only analyzing the cost factors, 

it makes the task of determining ROI significantly easier 
and less costly. We have seen examples of this approach 
in analyzing training systems and determining the costs 
avoided by simulation (e.g., costs avoided by reducing flight 
hours through using flight simulators and ammunition 
costs avoided by using simulator marksmanship trainers). 
Although some of these analyses are seen as the first step 
in a complete ROI study, they are currently being used to 
examine the costs of simulator training systems.

Additionally, we are increasingly seeing the desire to place 
M&S ROI on a time continuum, for example, the return 

over the life-cycle of a system. While 
this increases the complexity of the The DoD Office of Security Review has cleared this report for 

public release (Distribution A) (Case No.12-S-2640).
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calculations, it allows for a more complete assessment of 
the value of a system. Considering the life-cycle of the 
system amortizes research and development (R&D) costs 
and accounts for the long-term benefits that may occur in 
the out years. However, life-cycle calculations increase 
uncertainty. Predicting out-year costs, life-span of a system, 
out-year performance, potential upgrades, and necessary 
enhancements is a difficult task and not one that is even 
close to an exact science. Currently, while we have heard 
and been involved in discussions along this topic, we are 
unaware of any studies that involve the life-cycle ROI of 
an M&S system.

Another concept that also increases the complexity of 
ROI calculations, yet has the potential to yield additional 
insights, is that of projecting a set of alternative futures, 
each with their own likelihood and results, and seeking to 
maximize aggregate ROI. In such an approach, which is 
in some ways similar to a response surface methodology, 
many inputs or explanatory variables are related to a set 
of outcomes or results. In that way, individual alternatives 
or branches can be examined within the context of other 
outcomes and it may be possible to determine the overall 
ROI of a set of alternatives that is robust across a wide-
range of future contingencies.  For example, fire team 
simulator trainer A has the ability to link with a helicopter 
simulator so the team can call for close air support if 
needed.  Additionally, the helicopter simulator links with 
other close air support simulators and a controller call for 
fire simulator.  Therefore, simulator A allows very robust 
inter-service scenarios.  Fire team simulator trainer B does 
not have the capability to link with the helicopter or other 
close air support simulators, but is able to link with other 
ground unit simulators, and has the capability to easily 
add or modify weapons as new weapons are developed.  
Simulator B then allows a more robust ground scenario 
within a service and is more easily modifiable to adapt 
to changing environments.  Examining critical paths and 
choices allows for an ROI calculation that will account for 
future alternatives. 

In terms of applying current ROI techniques, the need 
continues to develop a stable set of applicable metrics. 
However, these metrics continue to be specific to stake-
holder perspective, application domain, and scope of 
interest. General measurement categories are useful as a 

starting point and guideline to developing specific metric 
sets, but these sets must be developed in the context of a 
specific application.  For example, calculating the ROI 
for an M&S training system will necessitate metrics that 
measure trainee and perhaps team performance. In the 
case of a DoD application, this may lead to a metric which 
measures the percentage of bombs on target in a flight 
simulator, or bullets on target in a marksmanship simulator. 
However, in a medical M&S system, this may translate to 
the closeness of a biopsy needle to the abnormal tissue. 
All measures are similar in nature, but result in different 
instantiations in their application domains. Additionally, 
metrics vary depending upon the scope or viewpoint of 
the stakeholder. Metrics to measure effectiveness for the 
Modeling and Simulation Coordination Office would 
encompass measures that account for impact across the 
entire DoD. Contrast this to metrics that measure the 
effectiveness of M&S applied to an acquisition program 
which looks at outcomes only from the viewpoint of that 
program, and may be specific to a particular service and 
branch within that service (infantry for example).

There continues to be organizations with committees and 
sub-committees dedicated to the business practices of 
M&S.  These committees fall under the names “Economics 
of M&S,” “Business Practices of M&S,” and sometimes 
“ROI of M&S.”  The most recent, and newest, addition to 
this group is a committee of the National Modeling and 
Simulation Coalition (NMSC) on the business practices of 
M&S.  At the inaugural kick-off of the NMSC on 6 Feb, 
60+ people from a variety of application domains (manu-
facturing, health-care, education, DoD, and entertainment 
gaming to name a few) met to discuss business practices 
that relate to M&S in each respective domain space.  
While the initial meeting was brief, the plan is to conduct 
a series of subsequent meetings (the first one occurring on 
22 March) to agree upon an agenda, relevant topics, and 
envisioned products. The Simulation, Interoperability, and 
Standards Organization (SISO) has a standing study group 
on the Economics of M&S. Over the past few years they 
have discussed such topics as software re-use, intellectual 
property, and International Trade in Arms regulations, all 
topics which impact M&S. Attendance at these meetings 
has varied, with some bringing in small crowds and others 
garnering significant interest and audience participation. 
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Although the emphasis here is on the DoD, we think it is 
important to note that M&S ROI analysis is gaining trac-
tion in other areas, especially those also projecting overall 
resource reductions. This may be most clearly seen in 
healthcare, but it is true in other market sectors as well. In 
healthcare, for instance, discussions are ongoing regarding 
the formation of a panel or committee to investigate the 
ROI of M&S in healthcare as part of one of the general 
M&S or healthcare specific simulation societies.  

As mentioned above, there are a few ROI projects that are 
on-going. The USMC is performing studies on the cost 
avoidance of all of their training systems. The results of 
this study will be used to justify the expense of operating 
and maintaining simulator systems. The Department 
of Health Services has commissioned a Small Business 
Innovative Research (SBIR) project for the development 
of an ROI calculator for medical M&S.  There are several 
Phase I awards with the research on-going at this time.

As we look ahead, the methodology in “Calculating ROI 
Investment for US DoD M&S” remains sound and we see 
the potential for many more uses both within DoD generally 
and within specific domains as M&S continues to expand.  
As budgets shrink, the ROI of a project or system should 
be a crucial question asked by acquisition executives, and 
we envision an appetite for more studies on the ROI and 
efficiency of M&S. We see growth in the medical M&S 
field generally and distinct interest in measuring the effi-
ciency and cost effectiveness of simulation as it applies to 
medical education and training. While effectiveness is not 
necessarily an ROI calculation, parts of our methodology 
can be applied to rank medical M&S options, determining 
the one best suited for the task or concept being taught. 
Additionally, with the lack of expansion in medical training 
budgets (overall and within the DoD), determining the ROI 
for different healthcare training systems is increasingly 
of interest. Finally, as the NMSC is established and the 
Business Practice committee lays a foundation, we are 
eager to see established and innovative ROI techniques 
expanded and applied to additional applications such as 
manufacturing, automotive, pharmaceutical, communica-
tions, infrastructure, and more.
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Abstract

T
HE A-10 THUNDERBOLT OR “WARTHOG” AS IT IS MORE COMMONLY KNOWN, WAS CONCEIVED IN 

THE 1960’S, PRODUCED IN THE 1970’S TO EARLY 1980’S, AND HAS BEEN IN SERVICE WELL BEYOND 

ITS INTENDED DESIGN LIFE.  THE CURRENT PLAN IS TO KEEP THE A-10 IN THE AIR FORCE INVEN-

TORY FOR THE FORESEEABLE FUTURE.  THE EXTENDED LIFE REQUIREMENT OF THE A-10 PRESENTS 

UNIQUE SUSTAINMENT AND SUPPORTABILITY CHALLENGES THAT CAN BE MOST ECONOMICALLY 

SOLVED USING A VARIETY OF MODELING AND SIMULATION TECHNIQUES.  THIS PAPER WILL DESCRIBE SOME OF THE 

DIFFERENT MODELING TECHNIQUES CURRENTLY BEING USED TO SUPPORT THE A-10 WEAPON SYSTEMS AND THE 

RESULTING LIFE CYCLE SAVINGS.  THE MODELING TECHNIQUES DISCUSSED WILL INCLUDE AIRCRAFT STRUCTURAL 

FAILURE PREDICTION ANALYSIS, 3D MODEL DEVELOPMENT FOR MANUFACTURING OBSOLETE PARTS, COMPUTA-

TIONAL FLUID DYNAMIC (CFD) MODELING FOR ANALYZING AERODYNAMIC ISSUES INCLUDING OPTIMIZATION OF 

ENGINE/AIRFRAME INTERACTIONS, AND SYSTEM ARCHITECTURE APPLICATIONS FOR DEFINING AND COMBINING 

RESOLUTION OF SUSTAINMENT AND CAPABILITY PERFORMANCE GAPS.

The A-10 in action in one of many conflicts

The DoD Office of Security Review has cleared this report for 
public release (Distribution A) (Case No.12-S-2635).
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Introduction

The A-10 Thunderbolt was designed as an easy-to-maintain 
ground attack fighter or “tank buster” to counter-balance the 
Soviet Union armor buildup at the time in East Germany.  
The A-10 was designed with a 30mm Gatling gun specifically 
for destroying ground armor.  The highly reliable engines 
are mounted above and behind the wings and above the 
fuselage to protect them from ground fire and minimize 
ingestion of Foreign Object Debris (FOD) during operation 
from austere runways.  Wind tunnel modeling was used 
during the design phase to better understand the engine/
airframe aerodynamics but production schedules locked-
down the configuration before it could be optimized.  The 
A-10 has been used very successfully in its three primary 

roles, Close Air Support (CAS), Combat Search and Rescue 
(CSAR) and Forward Air Controller (Airborne) (FAC(A)
With the collapse of the Soviet Union and the reunification 
of East and West Germany the Air Force decided that the 
A-10 had finished its mission as a cold war deterrent and 
planned the retirement of the A-10 fleet.  This resulted 
in several years of low levels of sustainment funding.  
During the 1990’s Desert Storm conflict, the A-10 was 
used extensively to destroy Iraqi tanks and artillery thus 
the unique capabilities and the value of the A-10 weapon 
system became apparent.  Consequently, the A-10 was used 
with great success in Kosovo and Bosnia during Operation 
Allied Force (OAF) and Operation Joint Endeavor (OJE), 
in Iraq again during Operation Iraqi Freedom (OIF) and 
in Afghanistan as part of Operation Enduring Freedom 
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Fig. 1: Comparison of other Air Force legacy platforms with the A-10
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(OEF).  These continued and successful employments 
of the A-10 led to the decision to keep it in the Air Force 
Active inventory for the foreseeable future. 

Many A-10s in the fleet have already logged over 13,000 
flying hours, well over the original 6,000 flying hours design 
life.  (See Figure 1)  Supporting these aging airframes with 
multiple time dependent degradations at work and keeping 
the avionics systems supportable and viable in the age of 
rapid evolution of electronics are challenges being met 
using modeling and simulation.

Aircraft Structural Failure Prediction 
Analysis

As it became clear that the structural design life of the A-10 
was going to be exceeded, systems sustaining engineering 
plans were developed to model structural fatigue and corro-
sion life and then validate the modeling through testing 
and fleet experience.  These plans and models became an 
integral element of the A-10 Aircraft Structural Integrity 
Program or ASIP.

Ideally every aircraft would be outfitted with a device to 
continually measure aircraft operational parameters expe-
rienced by the airframe during every flying hour.  Using 
detail specific transfer functions, this would provide aircraft 
specific stress data and allow for customized structural 
assessments for each aircraft.  Because of years of austere 
budgets this proved to be impractical so a much smaller 
sample size of aircraft were fitted with flight data recorder 
referred to as the Improved Electronic Processing Unit 
(IEPU).  Load data is recorded on and downloaded from 
the IEPUs at regular intervals and analyzed to develop 
aircraft usage spectra that are then used as a baseline by 
which each aircraft is judged.  Based on this and detailed 
structural risk analyses, inspections for fatigue and corro-
sion induced failures and repairs are scheduled for the 
entire fleet.  

To determine when and where all critical structural fail-
ures will occur, a major stress simulation program was 
undertaken.  An entire A-10 fuselage was placed in a test 
fixture where hydraulic actuators applied loads simulating 
flying conditions to pre-determined sections.  (See Figure 
2)  After each structural failure temporary repairs were 
made to the failed area so that testing could continue 

to determine when and where the next failures would 
occur resulting in comprehensive collection of all critical 
structural failures. Photos of the critical fuselage failure 
behind the cockpit and upper longeron fatigue failure can 
be seen in Figure 3. 

To determine where and to what extent gun vibration 
influences fatigue damage, an additional fatigue simulation 
program was planned and executed in conjunction with 
the full-scale test described above.  (See Figure 4)  The 
information gleaned from this simulation and analysis 
provided for precise scheduling of inspections and repairs 
for gun induced fatigue failures.

As the simulated fatigue testing and corrosion inspections 
were completed for the entire aircraft the results were 
analyzed.  A corrective action plan was then developed and 
executed.  The plan is called Scheduled Structural Inspec-
tion (SSI) and brings aircraft into the depot for structural 
inspections and repairs based on equivalent damage hours 
and individual aircraft risk.  The A-10 fuselage fatigue test 
pointed to preventive structural repairs required to meet 
the A-10 service life.  An example of the repairs can be 
seen in Figure 5.  

Long term analysis or repair costs showed that for some 
configurations of the wing, it was more cost effective to 
replace them in their entirety versus continuing to repairs.  
This lead to the development of the A-10 wing replacement 
program, which is currently on contract.

In summary the ongoing ASIP simulations, inspections 
and analysis have resulted in optimal inspection and repair 
intervals for all A-10 related fatigue and corrosion failures.  
In turn this has resulted in significant repair cost savings 
and continued flying of close air support missions by the 
A-10 while minimizing risk of operation and ensuring 
operational safety.

3D Model Development for Manufacture of 
Obsolete Parts

The A-10 loft model describes the 3D outer moldline 
(OML) of the airframe.  Having been designed in the 
1970s, the A-10 loft model data was described using two 
dimensional drawings and subject to interpretation.  Due 
to latitude in loft model interpretation, there has been 
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Upper Longeron Failure

FWD.

Figure 3: Photos of fuselage and upper longeron fatigue failures

Figure 2: Examples of the sections tested  
as part of A-10 full-scale test simulation program
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a long history of costly and failed attempts by multiple 
vendors to manufacture structural parts that actually fit on 
the A-10.  When the new wing buy program was initiated 
organic A-10 engineers required that the entire wing and 
all of the parts were modeled in three dimensional space.  
See Figures 6-8 for examples of the detailed 3D models of 
the new wing design.  The use of 3D models on the new 
wing resulted in 5 to 1 return on investment:  $20M on 
models versus $100M program savings.

As a follow on effort to the new wing design, loft models 
were developed for the entire A-10 structure and skin.  This 
allows for the use of modern manufacturing techniques to 
precisely replicate the 3D models and deliver the part that 
fits on the first attempt.  Ongoing efforts are in work to 
continue 3D model development for various other parts on 
the A-10, the external combat fuel tank, engine and wings 
pylons, pieces of the canopy, the landing gear pods, the 
outboard and inboard nacelle doors, the aft engine cowl, 
the rudder, the vertical stabilizer, forward, center and aft 
fuselage, and so on.  (See Figure 9)

Detail
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Figure 5: Sampling of A-10 fatigue repairs and corrosion mitigation repairs

Figure 4: GAU-8, 30mm Gatling gun fatigue load test simulation
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The 3D modeling of parts has started what is anticipated 
to be continuous time and cost savings to the government 
because the accuracy of the models together with modern 
manufacturing techniques can successfully, quickly, and 
cost effectively manufacture the parts on the first attempt.  
Conservative savings are estimated at between 10 and 20% 
over the old 2D drawings method of acquisition.

Computational Fluid Dynamic (CFD) 
modeling for analyzing aerodynamic issues 
and resolving engine stall problems

The A-10 Outer Mold Line (OML) is constantly changing 
to accommodate new antennae, structural patches, and 
other aerodynamic upgrades.  CFD models are generated 
from A-10 Loft model geometries.  In addition, the struc-
tural engineering team continuously updates and refines 
its structural models based on modeling, flying hours, “g” 
loading recorded and panel surface pressures experience 
in flight.  Computational Fluid Dynamics (CFD) is used to 
model these conditions and predict changes in lift, drag, 
aerodynamic stability, engine inlet pressure distortion, 
and localized surface pressure profiles.  Figure 10 shows 
a simulation of a new antenna effects on the engine inlet 
pressure distortion representative of the flow induced by 
high side slip or high rolling rate maneuvers.  Figure 11 
displays a simulation of the Pave Penny Pod and landing 
gear pod effects on engine inlet pressure distortion for a 
specified angle of attack (AOA), side slip (AOS), and air 
speed or mach.  The A-10 Aero-Performance team uses 
Pointwise, Solidmesh, and AFLR3 to generate unstruc-
tured viscous grids which are used in the Air Force owned 
flow solver called Kestrel.  Solutions are generated by 
utilizing several hundred processors running in parallel on 
the High Performance Computing (HPC) cluster located 
at Wright Patterson Air Force Base.  Solutions are then 
processed using the FieldView tool.  The panel surface 
pressure analysis (See Figure 12) are used to verify the 
correct manufacturing specifications for surface panels 
and predict their reliability.  The engine inlet pressure 
effects are still being studied but initial results show that a 
drooped leading edge upstream from the engine will delay 
local flow separation for a wider range of flight conditions 
leading to a 45% decrease in aerodynamic induced engine 
stalls.  This would equate to approximately $20 million in 
savings over 10 years.

Figure 6: Example of 3D model of new wing design

Figure 7: Actual A-10 Wing design 
matching 3D model

Figure 8: Detail of the center wing panel and outer wing panel 
wiring harness disconnect
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A-10C Architecture: 
System architecture 
applications for 
defining and combining  
resolution of 
sustainment and 
capability gaps

While structural and CFD 
modeling provide critical 
insights into physical perfor-
mance and systems limita-
tions, avionics modeling (in 
the form of an avionics system 
architecture):

■■ Documents current capa-
bilities

■■ Supports assessment of growth potential

■■ Supports rapid assessment of impacts of obsolescence

■■ Facilitates long-term sustainment and modernization 
planning

The A-10C avionics architec-
ture is a model-based descrip-
tion of the A-10C avionics, 
captured in a DoDAF (DoD 
Architecture Framework 
Version 2.02) architecture 
model. The use of DoDAF 
architecture models provides 
a single, common point of 
reference and a common 
‘language’ that is applied 
across a broad community 
of stakeholders to commu-
nicate everything from the 
high-level concepts of A-10C 
missions through physical 

design details. The A-10C avionics architecture model is 
composed of operational, functional, and physical architec-
tures, developed in accordance with the A-10 Architecture 
Management Plan. 

Figure 9: Sampling of A-10 3D modeled parts

Figure 10: Simulation of a new antenna effects on the engine 
inlet pressure distortion during high sideslip and/or rolling 
maneuvers.  The blue streamlines indicate shed vortices.
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The purpose of the operational architecture is to docu-
ment the Who, What, When, and sometimes Where of the 
A-10’s operational concepts. The ‘Who’ aspect documents 
the operational interfaces – the required interchanges of 
information throughout the operational environment (‘Who’ 
provides information to support an A-10 mission or ‘Who’ 
consumes information produced before/during/after an A-10 
mission). The ‘What’ documents the activities involved, 
in a layered business process model that also defines the 
‘When’ aspect (‘What’ activities occur? ‘When’ in a mission 
does this activity occur?). The models that document this 
set of information consist of hierarchy models (how does 
the user decompose the process?), resource exchange 
models (what are the operational interfaces that need to be 
addressed and supported?), and business process models 
(what are the sequences of activities?).

The Integrated Operational/Mission Architecture captures 
operational needs required to perform A-10C missions.  
The A-10C missions are Close Air Support (CAS), Combat 
Search and Rescue (CSAR) and Forward Air Controller 
Airborne (FAC(A)).

The A-10C operational architecture contains three capability 
architectures, one for each A-10C mission.  The missions 
are reflected in a DoDAF OV(Operational View)-1 High 

TOTAL PRESSURE PLOTS AT SPECIFIED AOA, AOS, AND MACH

Figure 11: Simulation of the Pave Penny Pod and landing gear pod 
effects on engine inlet pressure distortion  

at high angles of attack and side slip.  

THE UPPER GRAPHIC shows a surface pressure mapping  
coupled with a pressure plane located  

at the engine fan face.

THE LOWER GRAPHIC shows a pressure iso-surface which  
identifies disturbed flow features such as shed vortices  

and separation bubbles.

Figure 12: Simulation surface pressures on the underside of the A-10 wing  
and forward fuselage at specified AoA and air speed
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Level Operational Concept Graphic.  The OV-1 is a high 
level graphical description of the A-10C operational concept 
(mission space).

The Operational Architecture is composed from Capability 
Architectures, Performers, Resource Exchanges, and an 
Integrated Operational Architecture. Operational capabili-
ties are exposed in Capability Architectures, documenting 
specific uses in isolation to provide a common reference 
point for the user and SPO communities to achieve common, 
shared understanding of the operational requirements.

Details of the operational architecture are published in 
DoDAF 2 views for socialization, review, training, and 

requirements tracking and development. Figure 13 and 
Figure 14 depict a portion of the OV-2 Operational Resource 
Flow Description, documenting a portion of the A-10C 
interconnectivity. Figure 15 is an example of a process 
model (part of the OV-5b Operational Activity Model), in 
this case the Level 0 Close Air Support mission architecture. 
These models, with their associated connectivity (in the 
systems engineering tool), support a common stakeholder 
understanding of the user’s needs, and the guidance and 
mandates that apply. They also document an operational 
concept that supports translating those needs into system 
requirements.
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Fig. 13: Example Physical Block Diagram from OV-2
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Operational, system, and subsystem requirements are 
captured in the systems engineering tool. The opera-
tional architecture is traced directly to the operational 
requirements, providing the context of each requirement. 
Operational requirements also capture key performance 
parameters and measures of effectiveness. 

System requirements are derived from the operational 
requirements, and subsystem requirements are derived 
from the system requirements. Key performance parameters 
are flowed downward, and measures of effectiveness are 
translated to measures of performance as key subsystems 
are identified.

From these subsystem requirements we form a functional 
architecture which describes the necessary behavior of the 
avionics suite. A typical subsystem requirement, when 
exposed as a part of the functional architecture, needs to 
be refined and expanded to articulate the detailed behavior 
and performance requirements expressed in higher-level 
requirements. That expansion is routinely developed in 
hierarchy models (see Figure 16). 

The functional architecture identifies the functions required 
to achieve operational requirements.  A-10C functions are 
decomposed from the Operational Architecture discussed 
previously.  

The functional architecture expresses the detailed system 
functional aspects essential to communicate unambiguously 
the system behavior in its operational environment.  The 
functional architecture articulates the lower tier functional 
and performance requirements that are allocated to the 
physical architecture. The essential benefits of a functional 
architecture are:

■■ A definition of the avionics functional baseline,

■■ 	A measure of the system’s ability to fulfill its functional 
objectives as defined by the functional requirements,

■■ 	A measure of the system’s ability to fulfill its performance 
objectives as defined by the performance requirements.

Establishing the functional architecture enables the following:

■■ 	Identifying functional interfaces and interactions 
between system elements (including human elements 
of the system) and with external and enabling systems,

Resource Flow
(Needline) Description Resources Exchanged Destination

A-10C Aircraft—
Air Refueling 
Aircraft [4]

A-10C Aircraft 
connects to 
Air Refueling 
Aircraft

Ext Air Refueling Coordination – INT [OL6.4] 
type = Analog
Air Refueling Coordination – INT [OL7.2] 
type = Analog

Air Refueling 
Aircraft [ON.2.2]
External Entities 
[ON.2]

A-10C Air 
Traffic Control 
Facility [7]

A-10C Aircraft 
connects to Air 
Traffic Control 
Facility

Air Traffic Instructions – INT [OL6.12] 
type = Analog
Air Traffic Information – INT [OL6.13] 
type = Analog
Air Traffic Coordination – INT [OL7.6] 
type = Analog
ATC Acknowledgement – INT [OL7.7] 
type = Analog

Air Traffic 
Control Facility 
[ON.2.4]
External Entities 
[ON.2]

A-10C Airborne 
C2 Platform [5]

A-10C Aircraft 
connects to 
Airborne C2 
Plat

Mission Tasking Update – INT [OL6.1] 
type = Analog
Track Report – INT [OL6.2] 
type = Digital
IFF Interrogation – INT [OL6.5] 
type = Mixed
IFF Reply – INT [OL6.5] 
type = Mixed

Airborne 
C2 Platform 
[ON.2.5]
External Entities 
[ON.2]

Figure 14: Example (partial) Table from OV-2
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■■ 	Establishing and maintaining the traceability between 
requirements and system functions,

■■ 	Performing what-if scenarios to explore stressing condi-
tions to evaluate possible risks.

■■ 	Performing rapid assessment of the impacts of obsoles-
cence and identifying opportunities for future sustain-
ment and modification actions.

Within the functional architecture, input/output models are 
developed in both N2 form (see Figure 17) and enhanced 
functional flow block diagram (eFFBD) form (see Figure 18 
on pg. 31) to document function-to-function connectivity. 
The eFFBD model also defines behavior, both in control 
form and in sequencing (temporal) form. The hierarchy, 
N2, and eFFBD models are included in our DoDAF SV 
(Systems View)-4 Systems Functionality Description 
products.  

Post Flight - CAS

Capability.1.4

 Y

Planning Inputs
CAS

Mx Data and
Updates

Mission Planning Data 
CAS

Execution Feedback
CAS

Preparation Feedback
CAS

Preparation Inputs
CAS

Execution Inputs
CAS

Perform Preflight Ground 
Operations - CAS

Capability.1.2

C.1

Joint Planning 
Phase - Capability

Depot Support
- Capability

C.10

ears

and Mission Planning - CAS

Capability.1.1

Fly Aircraft - CAS

Capability.1.3

Tactical Preparation 
Phase - Capability

C.2

Execution Phase -
 Capability

C.3

and and

Mission Debrief - CAS

Capability.1.5

A-10 Pilot

O&M Data 
CAS

Perform Maintenance
CAS

Capability.1.5

Figure 15: Close Air Support Process Model
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An intentional benefit of this functional architecture is the 
long-term sustainability enabled by separating functional 
and physical architectures. When existing systems are 
identified as candidates for sustainment or modification 
actions, the functional architecture provides the deep 
insight into the existing functional-to-physical alloca-
tion, what functionality needs to be preserved (and the 
associated requirements), and what areas of the existing 
architecture provide opportunity for growth. Conversely, 
the functional-to-physical allocation also identifies those 
areas in the existing architecture that do not have growth 
potential and must be avoided (or modified) in future 
sustainment actions.

The physical architecture is the material solution that satis-
fies not only the functional, behavior-based requirements 
but also those non-functional requirements that exist. The 
physical models used are physical hierarchies (see Figure 
19) that document the composition of subsystems – the 
parts required, and physical block diagrams (see Figure 
20) that document the interconnectivity of those parts. 

The interconnectivity information resides in the systems 
engineering tool and provides not only the graphical repre-
sentation (in the physical block diagram) but also detailed 
information often found in interface control drawings.The 
physical architecture is document using DoDAF 2 views. 
The SV-1 Systems Interface Description provides system 

Figure 17: N2 Model Showing Inputs and Outputs
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and subsystem hierarchies, system, subsystem and 
component descriptions, and internal block diagrams. 
The SV-2 System Resource Flow Description provides 
system/subsystem descriptions, interconnections (in 
the form of physical block diagrams), and resource 
flow tables documenting discrete and analog signaling, 
as well as bus-based messaging (1553 and Ethernet).

The A-10 Avionics System Architecture then is a valu-
able system engineering tool designed to facilitate the 
A-10 SPO as the system integrator.  It is being used 
for requirements tracking and development within the 
A-10 community providing a common formant and 
reference point for all A-10 contractors and engineering 
groups.  It facilitates the A-10 SPO goal of capabilities 
based sustainment which results in better integrated 
solutions for both sustainment and modernization 
producing the greatest life cycle savings.

Figure 18: Enhanced Functional  
Flow Block Diagram Model (left)

Figure 19: Example Physical  
Hierarchy Model (below)
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Mr. Jerry Coates

Mr. Coates is currently the A-10 Operational Safety, Suitability, 
and Effectiveness (OSS&E) Integrator.  His duties include inte-
grating activities of the structural, mechanical, avionics engi-
neering branches in the A-10 System Program Office (SPO).  He 
initiated the creation and support of the DoDAF 2.0 A-10 System 
Architecture as a system engineering, requirements tracking and 
modeling.  Before this he was the A-10 Technical Director and 
Deputy Chief Engineer and the Avionics Engineering Branch 
Chief.  He has 34 years of OSS&E, systems engineering and design 
experience both as a contractor and as a government engineer on 
the following aircraft: A-10, T-38, F-4, T-37, F-16, B-1 and the 
Space Shuttle.  He was the USAF Engineer Scientist Exchange 
Program (ESEP) Lead Research Scientist for Air Force Office 
of Scientific Research (AFOSR) at the German Air Worthiness 
Center, WTD 61, in Mannching, Germany for two years. There 
he supported the German Air Force Flight Test Team for fighter 

performance improvement and wrote display and ballistics 
simulation software.  He started and ran Computer Graphix 
Center, a small business specializing in commercial broadcast 
animation and 3D modeling. Mr. Coates also worked as digital 
hardware design engineer in the Boeing Military Airplane Flight 
Simulation Lab where he designed interfaces to the simulation 
gantry and integrated a major upgrade there.

Mr. Coates has been a member of the American Institute of 
Aeronautics/Astronautics (AIAA) the Institute of Electrical/
Electronics Engineers (IEEE) and Toastmasters International 
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Development and Engineering. 

Figure 20: Example Physical Block Diagram
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Corrosion Control and LO Coatings engineer for the 309th 
Maintenance Wing at Hill Air Force Base, where he maintained 
systems for the C-130, A-10, F-16, and F-22 weapon systems.  
During this time he was called as a member of a Congress 
directed Scientific Advisory Board concerning composite 
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Junior Engineer of the year 2007.  Recently Jerome has acted 
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the Structural Materials Laboratory at the Developmental 
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on numerous graduate program committees.
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T
HERE ARE TWO MAJOR FACETS OF RETURN ON INVESTMENT (ROI) CALCULATIONS: COST AND 

BENEFIT (SOMETIMES CALLED RESULTS – OSWALT, COOLEY, ET AL 2011).  MUCH OF THE TIME 

IN MODELING AND SIMULATION (M&S) TO COMPLETELY ACCOUNT FOR ALL OF THE BENEFITS 

REQUIRES ASSESSING QUALITATIVE METRICS AND COLLECTING MEASURES OF THESE METRICS.  

THESE STUDIES CAN BE TIME CONSUMING, POTENTIALLY COMPLICATED, AND SOMETIMES DIFFI-

CULT TO ENSURE THE METRICS DEVELOPED ARE MEASURABLE AND COMPLETELY COVER THE ROI SPACE.  AS AN 

ALTERNATIVE TO A COMPLETE ROI STUDY, THERE ARE TIMES WHEN STUDYING ONLY THE COSTS, BOTH THE ACTUAL 

COSTS OF THE M&S SYSTEM AND THE COSTS AVOIDED BY PERFORMING THE SAME TASK WITHOUT M&S, DEMON-

STRATES AND VALIDATES THE WORTH OF THE M&S SYSTEM WITHOUT ACCOUNTING FOR THE ALL THE BENEFITS.

Main Cost Avoidance Calculations

This technique can’t be applied in all circumstances and 
to all M&S systems.  In assessing the applicability of cost 
avoidance there are several points to consider.  First, for 
cost avoidance to validate the worth of an M&S system, 
the costs avoided should be the largest benefit, as measured 
in terms of dollars.  Additionally, data must be readily 
available to calculate the costs avoided due to using the 
M&S system.  Data must also be available to calculate the 
costs of using the M&S system.  Again, at the very least, 
the most significant costs of operating the system must be 
available.  In order to substantiate the worth of an M&S 
system both costs expended and costs avoided must be 
taken into account.

Much of the time a quick pre-study is necessary to deter-
mine the applicability of some of the statements above.  
For example, how do you know data is available for the 
most significant costs of an M&S system?  This requires 
a small bit of investigation.  Let’s 
consider an indoor marksmanship 

trainer and the initial investigation into whether or not a 
cost avoidance study would be beneficial.  The first step 
would be to determine the configuration of the system 
and what data is available.  It is found that the system is 
fielded in multiple sites and the number of simulated rounds 
fired by weapon is available as well as the operations and 
maintenance (O&M) costs for the system itself.  Armed 
with that information, you decide to obtain the data for one 
site, choosing a site that would seem to have a high usage 
thereby giving you insight into a higher percentage of total 
system usage.  To make it a bit easier you choose only a 
small sample of weapons, perhaps one that is very common, 
such as the M-16 and one that might be fairly expensive to 
fire live, such as a shoulder mounted rocket.  In gathering 
the data for this one site and one weapon you find that for 
one month there were 125,000 simulated M-16 rounds 
fired and 500 shoulder mounted rockets fired at this site 
and the people that gave you the data said that is a typical 
month.  You also find that the cost per live round fired is 

$0.41 for the M-16 and $2,000 for 
the rocket and the O&M costs for 

The DoD Office of Security Review has cleared this report for 
public release (Distribution A) (Case No.12-S-2636).
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that entire system at that site is roughly $100,000/month.  
Making a quick calculation you find that 125,000 * $0.41 + 
500 * $2,000 = $1,051,250.00/month that would have been 
expended if those munitions had been fired live.  Subtract 
from that the O&M costs (remember these costs are for 
the entire system at that site, not apportioned to just these 
two weapons) and you have a rough net cost avoidance of 
$951,250.00/month.  It is then relatively easy to see that 
the costs avoided by using simulated fire and not live fire 
is probably going to be the most significant cost and even 
though there are some operational costs not included, it is 
most likely that a cost avoidance study is beneficial.  The 
other operational costs are discussed in more detail below.

Finally, before starting any cost avoidance or ROI study it 
is worth noting that some systems may have a positive ROI, 
but whether they do or not, they are going to stay because 
of risk to personnel.  For example, the USMC has several 
trainers that are used to help Marines escape underwater 
from HMMWV and Helicopter water crashes.  If the cost 
of crashing a helicopter or HMMWV were taken into 
account, these systems would be cost effective.  However, 
a cost avoidance study would not be considered given the 
fact that performing both of these exercises with a live 
crash would unnecessarily subject US Marines to a high 
risk of losing life or limb.  Therefore, in this case, even a 
pre-study is probably not worthwhile.

This cost avoidance approach has recently been applied 
to some Department of Defense (DoD) training systems 
with a fairly high level of success.  In the specific case of 
training systems, costs avoided are typically of the nature 
of expenses not incurred by performing the training live.  
In a very simple example, to validate the worth of a flight 
simulator, one of the main costs avoided is the cost of 
flying the aircraft for the number of hours of the simulator 
mission.  This cost is potentially substantial.  Suppose each 
live flight hour costs $15,0001  and the average sortie is 
1.5 hours of flying time, and a squadron “flew” 60 sorties 
in one month.  Then the total flight hour costs avoided for 
that month is 60 sorties x 1.5 hours/sortie x $15,000/hour 
or $1.35M just in one month.  

Costs expended are those that are required for the operation 
and maintenance of the M&S system.  Many DoD M&S 
systems are contractor operated and maintained and these 
costs are reported by fiscal year in different forms.  Contracted 
Logistics Support (CLS) costs are typically delineated by 
site for operations and maintenance and the program and 
overhead costs are given for the complete simulator system. 
The program and overhead costs must be apportioned to 
each simulator in the system and then this “fair share” of 
the fixed costs is added to the operations and maintenance 
costs to obtain total operations and maintenance cost for the 
site.  In the case above let’s suppose the contractor costs to 
operate and maintain the family of simulators at this site 
are $80,000/month and the program and overhead costs 
(program management, travel, and spares) are $720,000/
year across 6 sites.  Then the total CLS costs/month for the 
simulator is $80,000 + ($720,000/year x 1year/12 months)/6 
sites = $90,000/month for each site.   

Costs expended to operate and maintain the simulator are 
subtracted to obtain net cost avoidance for the month.  This 
net value is accrued over 12 months and reported for a fiscal 
year.  In our example above the net cost avoidance for the 
example month at that site is $1.35M – $90,000 = $1.26M.  
The same calculations would be performed for the other 11 
months of the fiscal year and total cost avoidance for that 
site calculated by adding up all the months.  Total system 
cost avoidance would be calculated by performing the above 
for the other five sites and then adding the net fiscal year 
cost avoidance for all sites together to obtain the net system 
cost avoidance.  An example table that could be used to 
calculate the system net cost avoidance is provided here.

Table 1: An Example of Net Cost Avoidance 
by Quarter by Site

Site 1 2 3 4 5 6 Total

Oct-Dec 3.12 4.15 3.34 4.11 3.31 3.64 21.66
Jan-Mar 3.06 3.96 3.66 3.34 3.24 3.50 20.76
Apr-Jun 3.70 3.20 3.91 3.63 3.18 3.13 20.75
Jul-Sep 3.81 3.33 4.07 3.76 3.02 3.26 21.24
Total 13.69 14.64 14.97 14.83 12.74 13.52 84.41

All costs in $M

1Depending upon the source and the costs included in a flight hour this number is representative of an USAF F-15 or USMC F-18.  Costs of flying 
hours are reported differently due to some agencies rolling in initial R&D and procurement costs into the number.  This cost is meant to reflect 
yearly average O&M cost to fly the airplane.



M&S JOURNAL    FALL 2012     PAGE 37

C o s t  A v o i d a n c e  f o r  M & S  T r a i n i n g  S y s t e m s :   A  S u b s e t  o f  R e t u r n  o n  I n v e s t m e n t

We can easily see that the total net cost avoidance for 
this M&S system is $84.41M for the fiscal year and in the 
budgetary process may well justify the value of the system.

Other Cost Avoidance Considerations

If you have read the example and discussion above and 
thought to yourself that there are other costs, particularly 
for operating the simulator you would be correct.  Certainly 
there is electricity required to operate the simulator, 
perhaps a building to maintain, and potential physical 
security costs, just to name a few.  With respect to the 
benefit from a simulator, there may be live range costs (if 
you would otherwise perform the live event on a range), 
cost of maintenance personnel to repair and service the 
live aircraft (if not included in the cost per hour to fly the 
aircraft), and the cost of supporting units necessary to fly 
a mission such as in-air refueling support.  All of these 
are valid costs that would further enhance the cost avoid-
ance calculation.  However, gathering the data may be 
impossible or impossible in the time-frame given for the 
analysis.  Additionally, the significance of these additional 
costs compared to the costs listed in the example above 
may be small.

Let’s first consider the additional simulator costs.  Elec-
tricity is a valid cost and perhaps not that hard to calculate.  
Consider a large simulator that uses 10 kilowatts per hour 
when it is powered on2.  In our example above we used 90 
simulator hours in the example month.  That is a total of 
900 kilowatts of electricity.  The average commercial cost 
of electricity across the United States for 2011 was $0.1032/
kilowatt3.  Therefore, the cost for the electricity to run the 
simulator for the month is 900 x $0.1032 = $92.88.  This is 
an insignificant cost compared to the $90,000/month CLS 
cost as described above.

In the case of building maintenance and security issues, 
these costs can be attributed to the simulator(s) if the 
simulator(s) are housed in a separate building containing 
nothing else and used for no other purpose but the simu-
lators.  If the building houses other uses then the costs 

can be apportioned to the simulators by taking the same 
percentage of maintenance/security costs as the percentage 
of the building used by the simulators.  For example, if the 
building is 8,000 sq ft and the simulators occupy 6,000 sq 
ft of the building then 75% (calculated by taking 6,000 and 
dividing by 8,000) of the costs could be attributed to the 
simulator.  However, one can argue whether the building is 
completely utilized or not, outside maintenance still has to 
be performed. Therefore, if the building is not dedicated to 
the simulator(s), one could argue that there is no increase in 
outside maintenance and “charging” outside maintenance 
to the simulator is incorrect.  Either way, the experience of 
the authors is that building maintenance data is difficult 
to obtain and that the resulting costs are insignificant 
compared to the CLS costs listed above.

Similarly, the costs of security for the building fall under the 
same argument.  Site/base security costs are not delineated 
by building, and the incremental cost for one additional 
building, if it could be captured, is insignificant.

If there are significant costs associated with operating 
and maintaining the simulator, such as dedicated training 
personnel, scenario generation personnel, or significant 
network costs, then these costs should be calculated and 
added to the other costs of simulation operation.  However, 
the author’s experience is that CLS costs cover virtually 
all of the operations and maintenance costs for the simu-
lation system.

With respect to the additional costs avoided, the situation 
is slightly different.  In our example above we are showing 
$84.41M costs avoided just by not flying the live hours.  
Any additional costs avoided will only further justify the 
simulator’s worth.  If the data is readily available then 
one would want to add the calculated costs avoided to the 
analysis.  However, the experience of the authors is that 
much of the data for these types of avoided costs is difficult 
to obtain.  For example, the hourly cost of a live range can 
be calculated, but typically the bombing run for your sortie 
is only one of several in an exercise or event.  Again, we 
are faced with apportioning the fair cost of one bombing 

2This is a significant power load and roughly equivalent to the power consumption of a 2000 sq ft residence.  See http://www.nfpa.org/assets/
files/PDF/Research/PowerConsumption.pdf accessed 25 Mar 2012.

3See  http://www.eia.gov/electricity/monthly/epm_table_grapher.cfm?t=epmt_5_3 accessed 25 Mar 2012

http://www.nfpa.org/assets/files/PDF/Research/PowerConsumption.pdf
http://www.nfpa.org/assets/files/PDF/Research/PowerConsumption.pdf
http://www.eia.gov/electricity/monthly/epm_table_grapher.cfm?t=epmt_5_3 accessed 25 Mar 2012
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run out of several in the event and the incremental cost 
may be relatively inexpensive, if even obtainable.  There 
is a similar argument with air refueling costs.  Since a 
tanker rarely would re-fuel one aircraft the cost of the 
tanker would have to be allotted over all re-fueled aircraft.  
This is possible, but one can argue that the incremental 
cost of refueling that one aircraft pales in comparison to 
the $84.41M especially considering the cost of the fuel 
is already considered in the hourly rate for the aircraft.

Again, if there are significant costs avoided in addition to 
the most obvious ones then these costs should be included 
in the analysis.  Certainly, there are times when the data 
to calculate the amount of the avoidance is not readily 
available and if obtaining the data is impossible or highly 
unlikely, then an estimation of these costs may be required.  
Either way, all significant costs avoided should be included 
in the cost avoidance analysis.

Data Considerations

One of the main challenges to performing a thorough 
cost avoidance study is the availability of the necessary 
data.  The data for these studies can be segregated into 
two different kinds of data:  cost data, and usage data.  
Both of these, with their challenges, are described below.

Cost data is the cost per item for the live items that would 
have been expended had the M&S system not existed.  
For example, for a flight simulator one “item” that would 
have been expended had the training been performed live 
is flight hours.  Then the cost data required is the cost of 
flying that aircraft for one hour.  While that may seem to be 
a simple data point, the author’s experience is that finding 
a definitive value for the flight hour costs is somewhat 
problematic.  A search reveals at least four different values 
for the cost of flying an F/A-18 for one hour.  Certainly, 
one part of this issue is that none of these values list what 
is included in the cost for that flight hour.  Does it include: 
the cost of spare parts? Personnel costs for operators and 
maintainers?  The cost of hanger or aircraft carrier space?  
This exact issue applies to other cost data as well such as 
vehicle costs per mile, ship costs per hour, etc.  On the 
other hand, the cost of some items is well established and 

unambiguous.  For example, the cost of an M-16 round is 
reported as $0.41 (FY11).  There aren’t a lot of questions 
as to what is included and what is not since it is a well 
defined product, a physical item that can be purchased, 
and not an item that is closer to a service.

Usage data is data that depicts the operations of the M&S 
system.  In the flight simulator example discussed earlier, 
the number of simulator hours is usage data.  Number of 
pilots trained would also be usage data.  For a marksmanship 
trainer, the number of simulated rounds fired or munitions 
expended by type of ammunition/munition is usage data.  
This data is multiplied by the appropriate cost data if the 
event was performed live to calculate the cost avoidance.  
The problem with this data is that it can be difficult to obtain 
for a number of reasons.  First, it may be that the data is 
not collected.  For instance, perhaps the flight simulator 
doesn’t track actual f light hours or the marksmanship 
trainer tracks total number of shots fired, but it is not 
broken down by ammunition type.  These types of issues 
require simulator changes either to hardware or software, 
or both.  Another possibility is that the data is available 
but, it is not in a form that is easy to read and the current 
operational concept is that it is reported in aggregate, or 
not at all.  In this case, operational procedures need to be 
changed and/or software modifications may need to be 
made to the simulator software to produce the report in 
an easier to read format.  Last, it may be that the data is 
collected and in an easily accessible format but, the keeper 
of the data will not release it.  Unless this situation can 
be remedied, the success of the cost avoidance report is 
in jeopardy.

Significant Findings

In addition to calculating the cost avoidance, the process 
can yield other interesting results.  For example, a cost 
avoidance study is able to show that while an M&S system 
can overall have positive cost avoidance; there may be 
some sites where the cost avoidance is negative.  This may 
lead to reallocation of assets to where they might be more 
efficiently utilized4.  Other system performance reports 
may show different system behavior.  For example, one 

4The authors have experienced this situation in their recent studies.  However, the details are not releasable from the DoD due to ongoing 
analysis in the decision process.
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analysis may show that between two sites the number of 
personnel trained is the same, but one site uses twice the 
number of hours to perform the training.  There may be 
solid reasons for this, but these studies are able to show 
areas that need further investigation.  Another indicator 
that could appear is that one site may have lower cost 
avoidance than another site yet produce the same system 
output.  In this case, it may mean the costs are higher at 
that site for some reason (geographic wage differences, 
more system maintenance actions leading to more parts 
replaced, etc) or that the other site may be more efficient.  
Either way, this is another situation that requires additional 
examination.  There are other M&S system behaviors that 
may be uncovered from a cost avoidance study, depending 
upon the type of system.  Each of these behaviors, with 
proper review, could lead to actions that will increase the 
efficiency and effectiveness of the M&S system which is 
a substantial benefit of a cost avoidance study.

While the authors believe that a complete ROI study on 
an M&S system is the best way to determine the complete 
value for the investment, a cost avoidance study can be 
used to show the value of an M&S system and is a neces-
sary stepping stone to a complete ROI calculation.  Cost 
avoidance only considers the dollar amounts involved and 
not the more qualitative results from the system such as 
reduction of risk, increased readiness, task proficiency, etc., 
as noted in both Oswalt, Cooley, et al 2011, and Waite, et 
al, 2008.  However, the monetary piece of complete ROI 
is essentially the result of a cost avoidance study and a 
necessary part of the ROI calculation.  One could use the 
cost avoidance study not only to justify the benefit and 
value of an M&S system, but as a pre-study to determine 
if an ROI study is desired or warranted.  Therefore, we 
see worth in performing cost avoidance studies both for 
use in justifying M&S systems and as a preliminary step 
to an ROI study.

M&S System Design Considerations with 
respect to Cost Avoidance and ROI

The authors’ experience has been with performing cost 
avoidance studies on existing systems.  However, it 
becomes apparent that these types of studies should be 
planned and conceived while the M&S system is in the 
design stage.  If ROI and cost avoidance are considered 
as the M&S system is designed then the ability to collect 
and provide the correct usage data, such as types of units, 
munitions, vehicles, aircraft, type of tasks trained, number 
of students using the system, number of hours the system 
is used, and system availability, to name a few, can be built 
into the system.  By identifying these data requirements at 
the design phase the “hooks” can be built into the system 
at a fairly minimal cost (or perhaps no additional cost at 
all) rather than a software modification after the system 
has been fielded which can be relatively costly.  Addition-
ally, designing the usage data report such that the data is 
correctly categorized and delineated, and in a way that is 
easy to use for cost avoidance/ROI calculations is much 
simpler and less costly in the design phase of the M&S 
system.  Our experience has been that some of the greatest 
cost, longest time, and most difficult tasks revolve around 
data collection on existing systems.

Conclusions

There are times when a complete, full, ROI study is too 
time-consuming or the requisite data is unavailable.  In 
these times, a cost avoidance study may be a viable substi-
tute.  Assuming you can obtain cost and usage data (data 
which is needed for an ROI study as well), the study may 
provide insight into other system behaviors in addition 
to cost avoidance.  These behaviors may lead to actions 
which have the potential to increase efficiencies for the 
M&S system.  Additionally, if data for a cost avoidance 
study on the M&S system is researched when the system 
is designed the cost to obtain the data in a useful format 
could be considerably reduced.  The experience of the 
authors is that cost avoidance studies are useful to show 
the value of an M&S system in a quick and reasonably 
non-complex manner.
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About the M&S Journal

The M&S Journal is a quarterly publication that features timely articles 
about modeling and simulation—the technology, the applications, the tools, 
and the perspectives.  Our readership spans all sectors of M&S from the 
DoD M&S Enterprise, industry, and academia, to government agencies 
and our international partners.

■■ Content for each issue is theme driven, allowing for greater exploration 
from a variety of perspectives.  

■■ Content is shaped with the help of an editorial board comprised of leaders 
from all sectors of M&S who know what’s happening ‘on the ground.’  

■■ Each issue of the M&S Journal features a guest editorial, providing critical 
perspective. 

■■ Content is developed by subject matter experts recognized for their work 
in the M&S field. 

■■ Articles are peer-reviewed by M&S professionals. 

How to Subscribe

If you would like to subscribe to the M&S Journal, simply send an email to:
journal-subscribe@lists.dod-msiac.org.
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Article Submission Guidelines

■■ Length: Articles should be between 3000–9000 words. 

■■ Article Content Order: 

—Author(s) names and titles 

—Abstract of article (request abstracts not exceed 250 words) 

—Key words 

—Introduction 

—Body 

—References

—Brief biographies of each author (request biographies no exceed 200 words) 

■■ Text Format: Manuscripts should be submitted in standard Microsoft Word 
format. The content of the paper will be adapted to fit the M&S Journal layout. 

■■ Figures and Tables: Figures and tables must be labeled and referenced within 
the body of the paper. We request high resolution (300 dpi) files or large jpeg 
files. Readability is essential.

■■ Clearance: All original material must be cleared for publication (Distribution 
A) if required by author organization prior to submission to the M&S Journal. 
The Editorial Staff will submit accepted articles for DoD Public Affairs Office 
clearance. 

■■ General: 

—Authors will receive submission confirmation within a week of receipt. 

—�Authors may be contacted should the Editorial Staff have suggestions or 
questions. 

—�Notification will be given when the final acceptance/rejection decision has 
been made. 

—�The M&S Journal Editorial Staff reserves the right to modify a paper for 
the purpose of typographical or grammatical corrections. 

—�The M&S Journal does not accept papers that are structured as commercial 
advertising, or as promotions of products or services.

Submit articles via email: 
MSIACHelpDesk@dod-msiac.org

or call for information:
703-933-3323 or 888-566-7672 
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Winter 2012: 	 Interoperability for M&S	 -

Spring 2013: 	 M&S Standards	          -

Summer 2013: 	 Cyber M&S	 -

Fall  2013: 	 Reuse for M&S	 10/24/12

Winter  2013: 	 Acquisition M&S	 12/12/12 

Spring 2014: 	 Research in M&S	 03/27/13

Summer 2014: 	 International  M&S	 07/10/13

Fall 2014: 	 Logistics  	 10/23/13

Winter 2014	 Medical M&S	 12/11/13

Future Issues of the M&S Journal 
—Themes and Dates—

Issues Theme
Abstracts 

Due

Note: Themes of future issues of the M&S Journal listed above  
are subject to change.  Prior to submitting, please contact  

MSIACHelpDesk@dod-msiac.org 
or call 703-933-3331 or 888-566-7672
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