
T he RAND Corporation’s federally funded 
research and development centers (FFRDCs) 
serve the government organizations respon-
sible for U.S. national security. They help 

tackle problems whose solutions require both the 
multi-year analytic attention of varied disciplines and 
the trust engendered by rigorous safeguards against 
conflict of interest. Through their continuous con-

nection with decisionmakers, the three FFRDCs at 
RAND (see box) have developed unsurpassed exper-
tise and analytic tools—together, research capital— 
on issues of policy concern and on the technological, 
operational, and resource dimensions of these issues. 
In serving its Department of Defense (DoD) spon-
sors, RAND applies its research capital in ways that 
help policymakers innovate and otherwise solve prob-
lems in meeting their mission objectives. We provide 
examples in the subsequent pages that illustrate how 
DoD has used RAND analysis across the spectrum 
of DoD activities to improve:
• Military capabilities and concepts of operations 

(CONOPS)
• Key enabling activities, such as acquisition and 

logistics
• Force management and supporting services.

These recent projects are representative of numer-
ous RAND analyses that have been conducted 
within the FFRDCs over the years and that have 
yielded similar benefits. (For work described here, 
references and links are provided for further infor-
mation when a publicly accessible document is 
available.)
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Using Novel Gaming Mathematical 
Models to Inform U.S. and NATO 
Posture in Europe 

Russia’s two invasions of Ukraine in 2014 spurred RAND 
researchers to rapidly prototype the RAND Framework for Live 
Exercises, a wargame known as R-FLEX. R-FLEX was designed 
to simulate a NATO-Russia conflict in the Baltic Republics, 
using classic map-based wargame techniques combined with a 
novel “open adjudication” mathematical model that, together, 
have proven useful for multiple gaming scenarios situated in 
Europe and Asia.

The R-FLEX wargames are yielding important insights about the 
potential threat to NATO’s northeastern flank from an aggres-
sive Russia. Already, this work has helped DoD understand the 
implications (for deterrence and assurance) of the current allied 
basing posture and capabilities in Western and Central Europe. 
The games’ core findings are unambiguous: As currently pos-
tured, NATO cannot successfully defend the territory of its most 
exposed members (Estonia, Latvia, and Lithuania). However, 
the findings also suggest that relatively modest investments in 
an improved NATO posture could undermine the confidence of 
Russia to score quick, cheap victories. 

Building on a long history of wargaming research, RAND’s 
recent gaming work is now contributing to innovation in how 
DoD assesses threats and vulnerabilities in Europe and responds 
to them. RAND’s R-FLEX wargames have greatly improved 
the level of understanding among defense policymakers today 
about the need to strengthen deterrence in Europe and have 
prompted much better informed discussions of NATO posture 
at the Pentagon. DoD is now considering ways to improve U.S. 
and NATO posture in northeastern Europe by taking steps that 
closely resemble the recommendations arising from the games.

David A. Shlapak and Michael Johnson, Reinforcing Deterrence on 
NATO’s Eastern Flank: Wargaming the Defense of the Baltics, 2016,  
www.rand.org/t/RR1253

Helping DoD Adapt to High-Threat 
Environments

Development of anti-access/area denial (A2/AD) capabilities by 
potential adversaries could severely limit DoD’s ability to achieve 
U.S. operational objectives in Pacific theater contingencies. In 
the past five years, RAND has undertaken a broad body of work 
sponsored by senior leaders across DoD with the objective of 
increasing operational resiliency, i.e., the capacity of a force to 
withstand attack, adapt, and generate sufficient combat power to 
achieve campaign objectives in the face of continued, responsive 
enemy action. 

Drawing on RAND’s expertise in modeling combat opera-
tions and logistics, this body of work began with an assessment 
of the capabilities developed by potential U.S. adversaries and 
their implications for U.S. combat effectiveness. This in turn 
led to the identification of strategies and investments potentially 
mitigating these threats and to the assessment of their costs and 
effectiveness. 

This research is helping DoD improve the way it prepares for 
potential operations in the Pacific. It highlights the nature of 
increasing operational risk, and it identifies and assesses the 
cost-effectiveness of alternative basing, operational concepts, and 
investments in active and passive defense capabilities. 

This research has directly informed, and in some cases signifi-
cantly reshaped, the decisions through which DoD seeks to 
enhance its capabilities, including investment requests for base 
operating support resources, requirements for expeditionary 
medical capabilities and infrastructure, requirements for active 
and passive defense, and new concepts for adaptive basing. In 
January 2015, this work was highlighted by the Air Force’s 
Advanced Capability and Deterrence Panel (ACDP) as a hall-
mark of innovation in resiliency for the Pacific.

Brent Thomas et al., Project AIR FORCE Modeling Capabilities for  
Support of Combat Operations in Denied Environments, 2015,  
www.rand.org/t/rr427

John Gordon IV et al., Enhanced Army Airborne Forces: A New Joint 
Operational Capability, 2014, www.rand.org/t/rr309

Alan J. Vick, Air Base Attacks and Defensive Counters: Historical Lessons 
and Future Challenge, 2015, www.rand.org/t/RR968

Eric Heginbotham, The U.S.-China Military Scorecard: Forces,  
Geography, and the Evolving Balance of Power, 1996–2017, 2015,  
www.rand.org/t/RR392
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Air Force leadership. RAND assessed the options for creating 
manned versus unmanned systems and for targeting advanced 
enemy defenses with penetrating bombers and standoff missiles.

The RAND work challenged some common thinking at the 
time: that a subsonic, low-observable penetrating bomber was 
no longer cost-effective. By employing a range of innovative ana-
lytic and modeling techniques, RAND found that this kind of 
bomber was indeed still viable and cost-effective. Combined with 
internal DoD analyses, the RAND studies contributed to DoD 
creating the current B-21 bomber program. RAND continues 
to provide advice to the Air Force and others in DoD on issues 
related to long-range strike forces, including the B-21.

Breakthroughs in Development of 
Offensive Cyber Operations Through 
Improved Approaches to Estimating 
Effects

The 2015 DoD Cyber Strategy calls for offensive cyber operations 
that can synchronize with kinetic operations to meet military 
objectives. To effectively integrate offensive cyber operations into 
broader operational planning, DoD must acquire and sustain the 
ability to estimate the likelihood that offensive cyber will be able 
to achieve its intended effects. 

The Air Force asked RAND to develop an approach to estimat-
ing the effects of offensive cyber operations that would be similar 
to the well-established ability to estimate the effects of kinetic 
weapons. RAND examined mathematical modeling, improved 
testing procedures, and the collection of intelligence to create an 
approach that answered the Air Force’s needs. 

This approach allows cyber planners to move past the consider-
able uncertainty that has been associated with cyber operations 
and that has stymied decades of prior attempts to estimate 
cyber effectiveness. Planners first identify knowable information 
(from intelligence and testing) and only then try to estimate the 
remaining uncertainty contingent on the operational setting. 

The DoD cyberspace operations community, including devel-
opers, testers, planners, and intelligence personnel, is currently 
working to adopt the RAND recommendations. Once validated, 
this new approach is expected to enable significant DoD innova-
tion in the design, planning, and employment of offensive cyber 
capabilities.

Transformation in Air Force Operational 
Planning for Medical Capability in 
High-Intensity Conflicts

The Air Force’s framework for providing medical care in 
deployed environments involves transport of the seriously injured 
to the nearest field hospital or theater hospital. This framework, 
which has worked well in the Middle East, will face challenges 
in the Asia Pacific region, where area denial environments could 
be the norm. Conflicts could involve missile attacks on friendly 
airbases, with high incidence of severe injuries. These combat 
conditions are also likely to impose limitations on patient move-
ment. Field hospital capacities could quickly be exceeded, as 
could capacities for safe transport elsewhere. 

In light of such challenges, RAND’s analysis suggests that medi-
cal care should no longer be viewed simply as a support func-
tion to treat injured personnel. Rather, it should enter deliberate 
planning as a key capability for supporting the fight. To allow 
for this, RAND analysts developed ways to link the number of 
injured personnel to decrements in operational effectiveness. One 
such linkage was established by relating the number of wounded 
aircraft maintainers to decreased levels of sortie generation.

Additionally, RAND developed mechanisms to estimate how 
quickly the injuries could be treated, integrating RAND models 
of operations in A2/AD environments with DoD-accredited 
medical models. RAND is utilizing this innovative model-
ing framework to evaluate the costs and benefits of enhancing 
expeditionary medical capability to mitigate the A2/AD threat. 
Potential options for analysis include augmenting the credentials 
of first responders and expanding the footprint of expeditionary 
treatment facilities.

Helping Lead to the B-21 Bomber 
Program

A2/AD threats posed by some U.S. adversaries require U.S. forces 
to operate from bases increasingly far from the territories of those 
adversaries. RAND’s work on long-range strike alternatives—
such as new penetrating bombers, additional standoff munitions, 
and unmanned systems—has been pivotal in helping DoD hold 
an adversary’s interests at risk despite its A2/AD threats.

After Secretary of Defense Robert Gates canceled work on 
the Air Force’s next-generation bomber in 2009 and called for 
a wider exploration of long-range strike alternatives, RAND 
launched a series of analyses of the choices facing DoD and 
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Integrating Energy and Other Support 
Needs into Combat Effectiveness 
Modeling

Combat forces depend on logistics activities, such as fuel opera-
tions, to deploy and to sustain their operations, and support 
forces depend on combat forces for protection. This symbiotic 
relationship drives the success of military campaigns and opera-
tions. Despite this relationship, combat performance tends to be 
the main focus in new weapon system designs, while costs and 
risks associated with some support activities, such as operational 
energy, receive limited or no analytical consideration. The suc-
cess of fuel logistics in Operation Iraqi Freedom and Operation 
Enduring Freedom may have reinforced the impression that fuel 
is a resource freely available to warfighters. But despite that rela-
tive success, support forces were exposed to high levels of threat, 
resulting in significant numbers of casualties. The high risk to 
logistics operations and the high cost of fuel and its transporta-
tion to the tactical edge of the battlefield have motivated some 
DoD leaders to push for a change.

Driven by such considerations, the Office of the Secretary of 
Defense asked RAND to develop a modeling-and-simulation 
methodology to incorporate operational energy considerations 
into assessments of combat effectiveness and to apply it to the 
Army’s Ground Combat Vehicle design concept. Traditional 
combat modeling and simulation methodologies have focused 
on assessing the interaction between the combat force and the 
enemy threat. RAND extended these traditional approaches to 
incorporate support and protection forces, enabling analysts to 
examine the impact of the enemy threat on such forces as well  
as on combat effectiveness. The impact of losses in fuel capacity 
can then be linked to combat effectiveness outcomes. 

This methodology also allows for a broader system-level assess-
ment. Rather than measuring the performance of the system 
or only the combat portion of the unit, the entire unit, includ-
ing support forces, on the battlefield can be assessed, reveal-
ing unit-level effectiveness gains or losses that a system-level, 
combat-focused approach would have missed. Thus, as concept 
developers conceive new ways to operate, this approach can help 
to provide a broader assessment of force effectiveness.

Endy M. Daehner et al., Integrating Operational Energy Implications into 
System-Level Combat Effects Modeling: Assessing the Combat Effectiveness 
and Fuel Use of ABCT 2020 and Current ABCT, 2015,  
www.rand.org/t/RR879

Challenging the Assumption That Joint 
Fighter Programs Save Money

For years, the conventional wisdom within DoD has been that 
joint fighter aircraft programs, in which two or more services 
participate in the development, procurement, and support of a 
single baseline design, save money. Therefore, DoD has repeat-
edly pursued joint fighter programs, with the F-35 Joint Strike 
Fighter (JSF) program as the most recent example. High cost 
growth in the F-35 program led the Air Force to ask RAND to 
assess whether anticipated savings from joint fighter programs 
are realized across the life cycle of the program, to inform the 
acquisition strategy for future fighter aircraft. 

While joint programs are thought to save life-cycle costs by 
eliminating duplication and achieving economies of scale, 
RAND found that the need to accommodate different service 
requirements in a design that shares many features and sub-
systems can lead to greater program complexity, increased tech-
nical risk, and functionality and weight in excess of what any 
individual service requires. These factors can increase the total 
life-cycle cost of a system, despite the early development efficien-
cies gained. In short, RAND found no evidence that historical 
joint aircraft programs have saved money; in fact, they may have 
cost more than comparable single-service aircraft developed 
separately would have.

Moreover, joint aircraft programs have obliged the services to 
accept unnecessary design compromises and have contributed to 
the shrinking of the military aircraft industrial base. Having a 
variety of fighter aircraft platforms across the service inventories 
provides a hedge against design flaws, maintenance problems, 
and safety hazards that could cause fleet-wide stand-downs. 
Moreover, having a variety of platforms increases the options 
available to meet unanticipated enemy capabilities. RAND con-
cluded that, unless the participating services have identical and 
stable requirements, DoD should avoid taking a joint approach 
to acquiring future fighters and other complex aircraft.

RAND’s work has helped change the internal DoD dialogue on 
joint fighter programs. The current JSF program executive officer 
now cautions about the difficulty of pursuing fully joint fighter 
programs in the future. 

Mark A. Lorell et al., Do Joint Fighter Programs Save Money? 2013, 
www.rand.org/t/MG1225

Mark A. Lorell et al., Do Joint Fighter Programs Save Money? Technical 
Appendixes on Methodology, 2013, www.rand.org/t/MG1225z1
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Demonstrating the Performance 
and Cost Benefits of a New Way of 
Organizing Aircraft Maintenance

The Air Force’s logistics system has been stressed during the 
past two decades by the need to plan for and execute a series of 
nearly continuous deployments that have included operations 
with unanticipated locations, durations, intensities, and other 
characteristics. Recognizing these stresses and the need to fun-
damentally re-assess the way it provides support to operational 
units, the Air Force asked RAND to identify and rethink the 
basic issues and premises on which the service plans, organizes, 
and operates its logistics enterprise. One aspect of this multi-year 
analysis was an examination of aircraft maintenance activities 
traditionally provided by each operating unit. Air Force leader-
ship asked whether there would be performance and cost benefits 
associated with consolidating selected tasks at centralized repair 
facilities. RAND developed a novel approach to analyze this 
question through application of the model the Air Force uses to 
set maintenance manpower requirements (the Logistics Compos-
ite Model, developed by RAND many years ago). 

RAND analysts found that focusing unit-level maintenance on 
activities needed to launch and recover aircraft and consolidat-
ing other back-shop activities, such as scheduled inspections 
and component repairs, within a global repair network would 
be more effective and efficient than the current system, in 
which every wing has significant maintenance capabilities to 
accomplish these activities. The Air Force used this analysis as 
the business case for its Repair Network Integration initiative, 
which is changing the way the Air Force organizes unit-level and 
enterprise-level maintenance activities.

Robert S. Tripp et al., A Repair Network Concept for Air Force 
Maintenance: Conclusions from Analysis of C-130, F-16, and KC-135 
Fleets, 2010, www.rand.org/t/MG919

Ben D. Van Roo et al., Analysis of the Air Force Logistics Enterprise: 
Evaluation of Global Repair Network Options for Supporting the C-130, 
2011, www.rand.org/t/TR813

Ronald G. McGarvey et al., Analysis of the Air Force Logistics Enterprise: 
Evaluation of Global Repair Network Options for Supporting the F-16 and 
KC-135, 2009, www.rand.org/t/MG872

Ronald G. McGarvey et al., Supporting Air and Space Expeditionary 
Forces: Analysis of CONUS Centralized Intermediate Repair Facilities, 
2008, www.rand.org/t/MG418

Michael Boito et al., Managing U.S. Air Force Aircraft Operating and 
Support Costs Insights from Recent RAND Analysis and Opportunities for 
the Future, 2016, www.rand.org/t/RR1077

Reshaping the Supply Chain to Save 
Hundreds of Millions of Dollars per Year

From 1995 to 2010, DoD made a number of supply chain 
improvements, increasing performance and efficiency. However, 
these improvements aimed at enhancing processes within func-
tions rather than by looking across the entire supply chain. A 
RAND team showed that large opportunities for improvement 
remained by taking a “total systems view” and formulating 
solutions from a cross-functional perspective spanning DoD 
organizations and suppliers. For instance, RAND worked with 
the Defense Logistics Agency (DLA) to create stock-positioning 
logic for minimizing total system costs. The core principle in this 
logic was the need to incorporate all functional costs for system-
wide optimization rather than minimize the cost of each isolated 
function, which can lead to suboptimal system-level outcomes. 
DLA adopted this new logic into its resource planning system.

Through extensions of this logic, RAND also proposed both a 
long-term plan for DoD’s strategic distribution network, affect-
ing the number and roles of major DoD distribution hubs, and a 
scheduled-truck planning model. These proposals were adopted 
as well. 

In 2014, the RAND recommendations for optimizing total sup-
ply chain outcomes and costs were incorporated into the DoD 
Supply Chain Materiel Management Instruction and Manual. 
The associated DoD innovations are now generating savings of 
$100 million to $200 million per year. These innovations will 
have a direct impact on military personnel deployed to conflict 
zones by helping ensure that they have what they need, when 
they need it—all at less cost.

RAND has also helped the Army improve its inventory manage-
ment, particularly of Organizational Clothing and Individual 
Equipment, leading to savings of more than $200 million over 
five years.

Eric Peltz et al., Improving DLA Supply Chain Agility: Lead Times, 
Order Quantities, and Information Flow, 2015, www.rand.org/t/RR822

Eric Peltz and Marc Robbins with Geoffrey McGovern, Integrating the 
Department of Defense Supply Chain, 2012, www.rand.org/t/TR1274

Carol E. Fan and Elvira N. Loredo, Improving Inventory Management 
of Organizational Clothing and Individual Equipment at Central Issue 
Facilities, 2013, http://www.rand.org/t/RR137

Eric Peltz et al., DoD Depot-Level Reparable Supply Chain Management: 
Process Effectiveness and Opportunities for Improvement, 2014,  
www.rand.org/t/RR398
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Cost-Effectiveness Analyses of the Mix 
of Forces in the Active and Reserve 
Components

Each of the military departments must make choices regarding 
the size, mix, capability, and posture of its military services. It is 
a constant challenge to balance the active and reserve component 
mix within each of the services, in times of peace and conflict, 
while balancing strategic and operational risk. In doing so, it 
has sometimes been assumed that, for missions compatible with 
their training, a given function may be performed more cheaply 
by the reserve components. The application of tools developed 
at RAND has permitted a more nuanced understanding of the 
costs involved in placing a given unit in the active or reserve 
components. 

The analyses enabled by these new tools have shown that some 
types of units tend to have a cost-per-output advantage in the 
reserve components, while others have an advantage in the active 
components. Cost-per-output factors tend to favor the active 
component when unit training and other readiness costs are  
high and the relevant output is capacity for operational deploy-
ment or employment in place. For example, attack aviation 
forces are shown to be more expensive in the reserve compo-
nents. By contrast, other types of reserve component aviation 
units—including some critical to homeland defense missions, 
such as cargo and medical evacuation units—are more cost-
effective in the reserve components. These same types of analyses 
have been applied to Army ground combat, combat support, and 
combat service support forces, and to selected Air Force fighter, 
tanker, and mobility fleets. 

The Army has used these analyses to inform a series of force 
structure decisions over recent years. These analyses were also 
used during the 2013 Strategic Choices and Management 
Review and Quadrennial Defense Review, for instance, to foster 
a better understanding of the relative costs of Army active and 
reserve component forces. Further, several recommendations 
from the National Commission on the Structure of the Air Force 
were influenced by the findings from this analysis. Adoption of 
these new methods by DoD would permit further analyses sup-
porting innovative decisionmaking. 

Joshua Klimas et al., Assessing the Army’s Active-Reserve Component Force 
Mix, 2014, www.rand.org/t/RR417-1

Albert A. Robbert et al., Suitability of Missions for the Air Force Reserve 
Components, 2014, www.rand.org/t/RR429

Albert A. Robbert, Costs of Flying Units in Air Force Active and Reserve 
Components, 2013, www.rand.org/t/TR1275

Informing Military Compensation 
Reform

Growing recognition of the key role of compensation (includ-
ing retirement benefits and special pays) in sustaining retention, 
together with the rising cost of compensation, has led to reviews 
of the effects and costs of the existing compensation system  
relative to various alternatives. RAND was asked to support 
these efforts through evaluation of reform options for the con-
gressionally mandated Military Compensation and Retirement 
Modernization Commission (MCRMC). 

RAND’s analyses were based on its Dynamic Retention Model 
(DRM). Recent innovations in the model’s capabilities were 
key to the team’s ability to evaluate options being considered by 
the MCRMC within its decision timeframe. These innovations 
include active and reserve component retention; faster estima-
tion, policy simulation, and costing to respond to quick-turn 
requests; and the ability to model service member behavior dur-
ing policy transitions, as incumbents are allowed to continue 
under the old policy (or opt into the new) and new personnel 
enter under the new policy. 

Informed by RAND analyses, a new “blended” retirement plan 
was endorsed by the MCRMC and incorporated into the FY16 
National Defense Authorization Act. The plan modernizes the 
military retirement system by blending its defined-benefit plan 
with a defined-contribution plan. The latter allows service mem-
bers to contribute to a portable account that includes a govern-
ment contribution-matching program. The RAND analysis of 
this plan showed that the current size and experience mix of the 
force could be sustained while decreasing the overall cost of the 
military compensation and retirement systems. The cost savings 
of the MCRMC plan could range from $2.3 billion to $7.7 bil-
lion per year, depending on how the plan is ultimately structured.

Throughout the reform process, RAND’s DRM provided an 
agile capability to answer a wide range of questions within DoD, 
MCRMC, and Congress. RAND continues to support DoD in 
refining implementation of the new legislation.

Beth J. Asch et al., Reforming Military Retirement: Analysis in Support  
of the Military Compensation and Retirement Modernization Commission, 
2015, www.rand.org/t/RR1022

Beth J. Asch et al., Toward Meaningful Military Compensation Reform: 
Research in Support of DoD’s Review, 2014, www.rand.org/t/RR501

Beth J. Asch et al., A New Tool for Assessing Workforce Management  
Policies Over Time: Extending the Dynamic Retention Model, 2013, 
www.rand.org/t/RR113
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Helping the Military Health System 
Become a “Learning Organization”

DoD seeks to turn the Military Health System into a high- 
reliability learning organization that makes improvements in 
patient care over time through ongoing assessment of practices 
and process improvement. DoD turned to RAND for support  
in these efforts. 

With the increased need for mental health services during the 
height of Operations Iraqi Freedom and Enduring Freedom, 
there was a proliferation of programs designed to help service 
members address behavioral health and traumatic brain injury 
problems. The Defense Centers of Excellence for Psychological 
Health and Traumatic Brain Injury asked RAND to describe 
and assess the programs that exist across the military health  
system to address these problems. 

RAND’s Innovative Practices study catalogued more than 200 
unique programs to treat psychological health and brain injuries. 
RAND then conducted 11 program evaluations of the largest 
and most prominent programs, including Operational Stress 
Control and Readiness (OSCAR), Re-Engineering Systems of 
Primary Care Treatment in the Military (RESPECT-MIL), and 
the National Intrepid Center of Excellence (NiCoE), to develop 
recommendations for improving the delivery of care. 

Recommendations from RAND’s evaluations led to program 
changes to enhance their effectiveness and development of guid-
ance for establishing ongoing program monitoring. These efforts, 
and other RAND analyses to develop and assess performance 
metrics for ongoing monitoring and process improvement in 
the Military Health System, have become the cornerstone of the 
Military Health System’s improvement efforts. 

Catalog of Programs to Address Psychological Health and Traumatic 
Brain Injury,  
http://www.rand.org/nsrd/ndri/centers/frp/innovative-practices/ 
catalog-of-programs.html

Christine Anne Vaughan et al., Evaluation of the Operational Stress  
Control and Readiness (OSCAR) Program, 2015, www.rand.org/t/RR562

Eunice C. Wong et al., Evaluating the Implementation of the  
Re-Engineering Systems of Primary Care Treatment in the Military 
(RESPECT-Mil), 2015, www.rand.org/t/RR588

Lynsay Ayer et al., Care Transitions to and from the National Intrepid 
Center of Excellence (NICoE) for Service Members with Traumatic Brain 
Injury, 2015, www.rand.org/t/RR653

Kimberly A. Hepner et al., Measuring the Quality of Care for Psychologi-
cal Health Conditions in the Military Health System: Candidate Quality 
Measures for Posttraumatic Stress Disorder and Major Depressive Disorder, 
2015, www.rand.org/t/RR464

Kimberly A. Hepner et al., Quality of Care for PTSD and Depression in 
the Military Health System: Phase I Report, 2016,  
www.rand.org/t/RR978
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