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About RAND Project AIR FORCE

For nearly 60 years, decisionmakers in the public and private sectors have 
turned to the RAND Corporation for objective analysis and effective solutions 
that address the challenges facing the nation and the world. The mission of 
RAND Project AIR FORCE (PAF), a division of the RAND Corporation and 
the Air Force’s federally funded research and development center for studies and 
analysis, is to conduct an integrated program of objective, independent analysis 
on issues of enduring concern to Air Force leaders. PAF addresses far-reach-
ing and interrelated questions: What will be the role of air and space power 
in the future security environment? How should the force be modernized to 
meet changing operational demands? What should be the size and character-
istics of the workforce? How can that workforce be most effectively recruited, 
trained, and retained? How should sustainment, acquisition, and infrastructure 
be streamlined to control costs?

PAF carries out its research agenda in four programs that represent core com-
petencies:

Strategy and Doctrine seeks to increase knowledge and understanding of geo-
political and other problems in the national security environment that affect 
Air Force operations. PAF maintains expertise in defense strategy; regional 
analysis; the objectives and tasks of evolving joint operations; and the potential 
contributions of air and space power to joint operations, defense planning, and 
requirements for force development.

Aerospace Force Development identifies and assesses ways in which tech-
nological advances and new operational concepts can improve the Air Force’s 
ability to satisfy a range of future operational demands. This research involves 
assessments of technology feasibility, performance, cost, and risk. PAF assesses 
major force components needed in the future and the systems and infrastruc-
ture supporting their operations.

Manpower, Personnel, and Training concentrates on questions about work-
force size and composition and about the best ways to recruit, train, develop, 
pay, promote, and retain personnel. PAF’s research encompasses the total work-
force: active duty, guard, reserve, civilian, and contractor personnel.

Resource Management analyzes policies and practices in the areas of logistics 
and readiness; outsourcing, privatization, and contracting; the industrial base; 
planning, programming, and budgeting; infrastructure; and weapon-system 
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cost estimating. The goal of this program is to maximize the efficiency and 
effectiveness of Air Force operations in a resource-constrained environment.

PAF also conducts research on topics that cut across all four programs, and its 
research staff regularly responds to Air Force requests for help on time-urgent 
problems.
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Director’s Message

As the United States continues to face rapidly changing political and security 
conditions around the world, the U.S. Air Force is confronting a host of fiscal, 
personnel-related, logistical, and strategic challenges. The Quadrennial Defense 
Review and Base Realignment and Closure deliberations are now complete; 
actions are being taken to formalize and finalize the findings. The Global War 
on Terror (GWOT), the Long War, is still being waged. The demands for Air 
Force capabilities to meet the national security strategy and to fight GWOT 
continue to increase. At the same time, Service budgets are being redistributed 
and in some cases being cut. Air Force force structure is still aging, and the 
hope of recapitalization within fiscal constraints seems to be possible only later 
than needed and accompanied and enabled by major cuts in various parts of 
the Air Force budget. 

With increasing demands and decreasing budget and end strength, the Air 
Force is facing truly daunting challenges. The Air Force has to be able to deploy 
and employ its forces and people around the world as efficiently as possible so 
that its response to any global contingency can be as swift and sure as needed. 
This means understanding the basing and sustainment needs, developing a bas-
ing structure to support them, and having the equipment, infrastructure and 
personnel to produce the needed effects affordably. 

Retaining and developing its people is one of the Air Force’s highest priorities. 
Developing people with the right skills and placing them in the right jobs is a 
major commitment the Air Force has and is making—for enlisted, officers, and 
civilian personnel. This may be one of the largest human resources programs in 
existence.

The Air Force must also be able to develop and procure equipment as cost- 
effectively as possible. This means stating requirements carefully and holding 
to them; taking an evolutionary path that involves incremental improvements, 
if the entire capability cannot be afforded (due to money or technical risk) 
initially; having the ability to prepare accurate, independent cost estimates to 
guide investments; and devoting continuous attention to balancing the capabil-
ity needs against cost and schedule within the Air Force management structure.

New force structure will arrive later and in fewer numbers than planned. This 
means operating the legacy force structure longer, adapting it as best as possible 
to meet the needs, and dealing with the inevitable aging problems that older 
equipment presents. 
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As new missions emerge, such as counterinsurgency operations, new capabili-
ties will be needed. As the Army changes its concepts of operations to more 
distributed small-unit operations, even closer integration and interoperability 
between the Air Force and Army will be required. As has been clearly demon-
strated since 1991, the need to operate as efficiently and effectively as possible 
with joint and coalition forces has to be in the forefront of planning at every 
level. The specter of nuclear terrorism and GWOT, as well as the need to pre-
pare for possible major combat operations, places new and different demands 
on the Air Force’s own intelligence community and its partnerships with other 
intelligence agencies. 

All these factors and more present great challenges to the Air Force. As it rises 
to the known challenges and tries to retain the flexibility to deal with unfore-
seen challenges, it must look at the world through bifocals—to not only deal 
with the here and now but also to look beyond the horizon to try to anticipate 
and plan for events that we cannot see today.

RAND Project AIR FORCE (PAF) provides timely studies and analyses with 
actionable recommendations to help the Air Force address the challenges it 
faces today and to prepare it for those it is apt to face in the future. This 
annual report summarizes some of our recent work that addresses many of 
these topics.

The Challenge of Workforce Management

All the challenges that the Air Force will face must be met with a high-quality 
workforce. PAF completed two recent studies examining how to ensure the Air 
Force has the right kind of senior leaders and members of the line officer corps. 
In the first study, PAF examined the match between the qualifications of Air 
Force general officers (GOs) and the jobs they need to fill. The research found 
that most positions require both a primary and a secondary competency (e.g., 
experience as a fighter pilot and in logistics), giving rise to the need for simul-
taneous multifunctionality: i.e., a person needs both primary and secondary 
competencies to enhance his or her success in a given position. Within the set 
of jobs sharing a common primary occupational competency, grade require-
ments often do not form a neat career progression pyramid, further requiring 
an investment in multifunctionality. Recent cohorts of individuals selected for 
promotion to brigadier general approximately matched the ideal distribution 
of primary occupational competencies but met the required multifunctionality 
to only a limited degree. While most positions have characteristics that require 
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them to be filled only by a GO or a member of the Senior Executive Service 
(SES), a sizable minority of positions can be filled by either GO or SES incum-
bents, which can enhance career progression for both GOs and SES. Finally, 
a decision support system can help to more systematically manage the assign-
ments of GOs and SESs. (Page 1)

The Air Force faces a manpower shortage in many critical career fields and is 
concerned about having enough people with the right mix of skills for the tech-
nologically complex task of generating and projecting aerospace power in the 
21st century. PAF examined the causes of the shortages in the active-duty, non-
rated line officer force, a broad set of diverse career fields that make up almost 
50 percent of the officer corps. PAF found that many aspects of the prob-
lem may be due to a lack of high-level workforce coordination and planning. 
Workforce management occurs at three levels: tactical, operational, and stra-
tegic. Most management concentrates on short-term tactical problems, which 
are both challenging and time-consuming and divert attention away from the 
strong, centralized planning that would help the Air Force diagnose workforce 
problems and implement solutions across the entire force. PAF made recom-
mendations in each of the three management areas, with special emphasis on 
operational and strategic management. (Page 3)

The Challenge of Supporting the Forces

A major challenge that the Air Force continually faces is how best to sup-
port deployed forces during wartime. The Air and Space Expeditionary Force 
(AEF) concept was developed to enable the Air Force to respond quickly to any 
national security issue with a tailored force that is immediately deployable and 
sustainable. The new structure has led to new logistics challenges, which PAF is 
helping the Air Force address.

Working with the Air Force Logistics Management Agency, PAF developed an 
Agile Combat Support (ACS) system to enable AEF goals to be achieved. PAF 
researchers studied the performance of the ACS system during the first month 
of Operation Iraqi Freedom, drawing on insights gained from earlier analyses 
during Operation Allied Force in Serbia and Operation Enduring Freedom 
in Afghanistan, to determine whether ACS concepts should be modified 
further to help the Air Force meet its AEF goals. Analyses, findings, and 
recommendations fall into six areas: combat support execution planning 
and control, development of forward operating locations, preparation of 
both forward support locations and support locations in the continental 
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United States, movement of personnel and supplies, the use of technology, 
and resource planning. (Page 7)

Although the AEF structure offers advantages—such as replacing the perma-
nent forward presence of airpower overseas—it places serious demands on 
the combat support infrastructure. Aircraft maintenance is an area of special 
concern because of the large amount of facilities, equipment, and personnel 
needed to keep aircraft operational during a conflict. Locating repair functions 
within individual units or wings could speed maintenance (thus sustaining sor-
tie rates), but it would increase the size of the deployment footprint and may 
reduce the overall agility of expeditionary forces. PAF developed a combat sup-
port concept that calls for the consolidation of intermediate maintenance and 
other activities at forward support locations (FSLs) within the theater, which 
would improve performance. Centralized Intermediate Repair Facilities (CIRFs) 
are capable of supporting steady-state operations with a reduced deployment 
footprint. The system offers increased flexibility. The command and control 
network supporting CIRF operations allows the system to recognize when 
operational goals are in jeopardy and to adapt support resources to meet the 
required sortie schedule. Some areas require improvement. For example, deploy-
ment management and transportation problems can lead to delays in CIRF 
operations. Shortfalls in command and control lead to confusion of responsi-
bilities and difficulties in effectively allocating resources. The Air Force has 
undertaken studies to improve both of these systems. (Page 10)

In addition, to enable AEFs to rapidly deploy and begin operations whenever 
and wherever they are needed, the U.S. Air Force must preposition war reserve 
materiel (WRM) in forward support locations outside the United States. WRM 
includes combat support resources, such as base operating support equipment, 
vehicles, and munitions. When needed, this materiel must be transported over 
land or sea, or by air to combat forces at forward operating bases. A critical 
question for planners is where to preposition such materiel so it can support 
future combat operations and exercises at minimal cost and maximum speed. 
As part of ongoing work to develop an agile combat support (ACS) system for 
the AEF, PAF developed a set of analytic tools that can be used to evaluate vari-
ous storage options to meet a given set of operational scenarios. This analysis 
results in a portfolio containing alternative sets of FSL postures. The portfolio 
will allow decisionmakers to assess the merits of various options from a global 
perspective. PAF is now collecting data and performing analyses of global bas-
ing options to recommend a specific set of alternative FSLs that could support 
various types of deployment scenarios. (Page 13)
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PAF also supported a major study of wing-level logistics processes called the 
Chief ’s Logistics Review (CLR) to identify process and training deficiencies 
within existing organizations that contributed to declining readiness and to 
evaluate potential solutions. A major concern was that heightened operational 
tempo was putting strains on the logistics community’s ability to meet increas-
ing readiness demands. PAF researchers developed an analytic approach to iden-
tify problems and process improvement options in four areas: maintenance, 
materiel management, contingency planning and execution, and technical 
training and officer development. Several selected initiatives were field-tested 
by the Air Force at a limited number of air bases over a six-month period. 
PAF researchers found that, to further improve maintenance processes, the Air 
Force should facilitate the use of metrics to balance sortie production and fleet 
health; consider implementing additional maintenance management policy 
improvements and job performance aids; develop steps to monitor, measure, 
and evaluate policy enforcement; and proceed with implementing CLR initia-
tives. To further improve materiel management and contingency planning, the 
Air Force should continue to evaluate the Logistics Readiness Squadron struc-
ture, including the Vehicle Management Flight, aligning core functions, such 
as deployment planning and execution, force reception, and force beddown. 
The Air Force should also create metrics to gauge its success at aligning these 
structures and processes. (Page 15)

PAF also completed two studies focusing on the acquisition of services, which 
include logistics services among other areas. The Air Force has established a 
new office that is responsible for managing and overseeing a portfolio of Air 
Force service acquisition activities. It is the single point of contact for Air Force 
service acquisition inquiries and will be responsible for developing long-range 
plans for cost-effective purchases. PAF was asked to develop a portfolio of met-
rics to support these activities. These metrics measure performance in the areas 
of cost, quality, supplier satisfaction, implementation of new initiatives, and special 
interest items. Internal management metrics in such areas as personnel training 
and retention are also important. The Air Force already collects data that can 
support some of these metrics, but another study brought into question how 
accurate these data are. PAF researched the accuracy of the DD350 database 
covering all transactions of $25,000 or more and found that the accuracy of 
data collection needed to be improved considerably. The final report included 
recommendations for improving and expanding the form, providing more 
training, and communicating the importance of these data to those who collect 
it. The data can be used for spend analyses (which aim to improve supply strat-
egies and better manage the supply base), as well as for metrics. (Pages 17, 20)
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The Challenge of Controlling Costs

The Air Force continues to operate in a resource-constrained environment, 
where requirements for new systems contend with the necessity of supporting 
existing operations. It must meet the challenge of delivering capabilities while 
controlling costs in this environment. PAF undertakes many studies that in one 
way or another help the Air Force understand and manage costs.

For example, in the area of software, PAF evaluated Air Force cost-estimation 
methods and recommended a realistic approach to improvement that focuses 
on understanding and managing the uncertainties that lead to inaccurate esti-
mates. PAF researchers outlined the major sources of risk, especially at the early 
stages of a project or program, when many of the factors needed to support esti-
mation may be unknown or uncertain. Researchers developed a checklist that 
analysts can use to recognize and mitigate certain risks. In addition, because 
realistic cost estimates often depend on accurate projections of the size of the 
proposed software, the researchers evaluated methods of estimating software 
size and developed a second decisionmaking checklist that can help analysts 
choose appropriate size-estimation methods and reduce the risks inherent in 
using each method. (Page 25)

PAF has also assessed the true savings available from different aspects of acqui-
sition reform, for which bold claims are often made. In a study of price-based 
acquisition (PBA), which seeks to reduce overhead costs and to attract more 
competitors to the bidding process by eliminating the need to report certified 
cost data, PAF found that a lack of empirical data about the implementation 
of PBA has made it difficult for policymakers to know whether PBA ultimately 
holds the benefits that are claimed for it and what challenges truly exist. PAF 
found little compelling, quantifiable evidence that PBA saves overhead costs 
or shortens the contracting and oversight processes, although some contract-
ing experts believe that at least some savings have been achieved. It is also dif-
ficult to discern the role of PBA, by itself, in increasing contractor incentives to 
reduce cost. On certain types of programs with long-term production pricing 
agreements, the elimination of certified cost data has reduced government and 
contractor workloads, but on a small scale. Finally, there is little convincing 
evidence that the use of PBA has encouraged more civilian commercial firms to 
compete for DoD contracts for major military-unique items. (Page 27)

In another study, PAF examined whether new training aircraft are required to 
let pilots reach their required skill level. In the future, the operational demands 
of more-complicated missions, new aircraft capabilities, and new information 
technology systems in the cockpit will require new pilot skills. PAF found that 
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current training aircraft can accommodate these future training needs, in addi-
tion to teaching basic flying skills. Therefore, the decision to extend or replace 
the T-38C and the T-1A becomes one of cost rather than capability. (Page 29)

PAF also looked at support considerations in the acquisition of unmanned 
aerial vehicles (UAVs) to understand how the Air Force can provide for 
long-term support while rapidly acquiring new systems. Findings include the 
following suggestions: use analytic tools to examine acquisition and logistics 
trade-offs; gather key data, even during rapid development; structure a process 
for sharing UAV experience; provide funding for remediation of problems 
identified during rapid acquisition; and limit the number of configurations 
within a fleet. (Page 32)

PAF helps the Air Force capture lessons learned in acquisition. A recent study 
contrasted the experience of the F/A-22 program, which experienced cost 
growth and schedule delays, with the F/A-18E/F, which essentially completed 
its development on cost and without any significant delays. When examining 
the different approaches used by each program—and their outcomes—impor-
tant lessons emerge for acquisition planners. Concurrent development of new 
technology for the airframe, avionics, and propulsion adds significant risk to 
the program. Planners should be mindful of such risk in formulating budgets 
and schedules. Early, realistic cost and schedule estimates and appropriate use 
of management reserve can help address program problems and can mitigate 
cost and schedule growth, but funding instability and difficulties in develop-
ment lead to and exacerbate cost and schedule problems. A stable development 
team structure, proper team experience, clear lines of responsibility and author-
ity, and a lead contractor responsible for overall program progress are critical to 
success. (Page 34)

Strategic Challenges and Strategic Solutions

The operational environment continues to shift and change. The Air Force is 
supporting current operations in Afghanistan and Iraq and the GWOT. It must 
also look ahead to other possible sources of threat. One of these is the serious 
threat of proliferation of nuclear weapons. PAF looked at three cases of poten-
tial nuclear terrorism and found that nuclear acquisition is relatively difficult 
for subnational groups that lack the appropriate expertise and access to materi-
als. At the same time, controlling access to nuclear material is key to preventing 
future terrorist acquisition. (Page 39)
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Another possible source of threat lies in China’s potential to mount a serious 
military challenge to U.S. interests in Asia sometime in the next two decades. 
As China’s economy grows, that nation it is likely to have more resources for 
the acquisition of weapon systems. In a recent study, PAF found that China will 
have the economic and technological wherewithal to increase its military capa-
bilities substantially in the next two decades. PAF’s projection of the most likely 
level of future military spending through 2025 puts China’s military spending 
at the equivalent of $185 billion (in 2001 dollars) in 2025, roughly three-fifths 
of U.S. defense spending in 2003. Between 2003 and 2025, Chinese expen-
ditures on procurement and research and development are projected to more 
than double in dollar terms. Furthermore, China is less and less reliant on the 
unreliable world market for weaponry. A related PAF study argues that it is time 
to acknowledge gradual improvements in China’s defense industry. Certain sec-
tors are producing a wide range of increasingly advanced weapon systems that 
will enhance China’s military capabilities relevant to a possible conflict over 
Taiwan in the short term and its military position throughout Asia in the long 
term. (Pages 41, 44)

How can the Air Force counter these and other threats? Within the Air Force, 
a focus on how decisions are made can help commanders make good choices, 
often in the face of complex and uncertain situations. To assist in this effort, 
PAF performed a survey of modern decision science to assist the Air Force 
Research Laboratory plan its research programs for improving decision sup-
port. (Page 46)

Operations in Afghanistan and Iraq have demonstrated the need for increased 
coordination between what the Air Force and the Army provide on the field of 
operations. The Army is preparing to operate in smaller units over large areas. 
This and the current Army Transformation plan imply that the Army will have 
greater interest in and need for air attack. It will also require more terminal 
attack controllers (TACs), the Air Force specialists trained to control close air 
support (CAS). A PAF study examined how TACs should best be employed 
and how CAS doctrine can be improved with better defined missions. PAF also 
found that the Army’s own firepower remains the most efficient means of meet-
ing routine requests, especially in counter-battery fire, and that air attack and 
ground maneuver should be planned as mutually enabling activities. (Page 49)

On a broader level, the United States has many opportunities to work with 
its allies. For example, PAF analyzed the similarities and differences between 
the U.S. Global Positioning System (GPS) for position, navigation, and timing 
(PNT) and the European Galileo system, which performs many of the same 
functions. Since both systems will exist, it is important that the United States 
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and Europe work together to build a multinational global navigation satellite 
system. Both the United States and Europe may realize economic benefits with 
a cooperative approach that enables seamless use of both systems. PAF recom-
mended that the United States increase cooperation with Galileo and provide 
superior civilian service based on market research. Cooperation may enhance 
global service, and Galileo could ease the burden of the GPS civilian require-
ments. (Page 51)

Not discussed in this public-domain document is PAF research on topics such 
as conventional missile threats to overseas bases; command and control chal-
lenges in task force environments; information operations and warfare; and 
preventing U. S. adversaries from getting nuclear weapons, materials, technolo-
gies, or expertise. These studies and others, as well as those described above, are 
part of a comprehensive program of research approved by the Air Force.

RAND Project AIR FORCE represents an ongoing Air Force investment in 
objective, independent research and analysis. PAF provides the Air force with 
insights derived from six decades of continuous partnership. This collaboration 
gives PAF and the Air Force the flexibility to explore new and emerging issues 
of vital importance to the nation’s security and to apply those insights to the 
Air Force’s current and future needs.

Natalie W. Crawford
Vice President, RAND Corporation,
and Director, RAND Project AIR FORCE
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New Approaches to Developing the Air Force’s 
Senior Leader Workforce

As Chief of Staff of the Air Force in 1998, General Michael E. Ryan observed 
a mismatch between the qualifications of Air Force general officers (GOs) 
and some of the jobs they needed to fill. Too few candidates had backgrounds 
appropriate for filling senior warfighting positions, and many GOs had back-
grounds too specialized to be very useful at higher grades. To help improve the 
Air Force’s GO development approach, PAF conducted a study of GO posi-
tions and Senior Executive Service (SES) positions (which also utilize senior 
leaders) and the competencies required for each. This work resulted in new 
insights and methods for developing future Air Force senior leaders.

PAF Developed a Framework for Organizing Competency 
Requirements

Researchers found that most jobs have a primary occupational competency: prior 
experience gained in a specific operational or functional area (e.g., fighter 
pilot), or a “bin” containing a number of such areas that is critical to success 
in the position. Many positions also require a secondary occupational compe-
tency: prior experience in a second operational/functional area or bin. Primary 
and secondary occupational competencies can be considered “provider-level” 
skills—that is, the individual is expected to be able to manage the provision of 
services generated in the function. Additionally, all jobs require multiple areas 
of functional familiarity, which is defined as the ability to be an informed con-
sumer of services generated by other functions. Finally, all jobs require an array 
of cross-functional competencies: leadership skills, management skills, and other 
competencies that are common across positions in many operational or func-
tional areas.

The Air Force Can Improve Its Senior Leader Development 
in Key Areas

Major findings include the following:
• Most positions require a secondary competency, giving rise to the need for 

simultaneous multifunctionality: A person needs both primary and second-
ary competencies to enhance his or her success in a given position. 
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• Within the set of jobs sharing a common primary occupational compe-
tency, grade requirements often do not form a neat career progression 
pyramid. With expected promotion patterns, individuals cannot progress 
through grades or tiers within the same primary occupational competency. 
Accordingly, individuals must shift among primary occupational pyramids 
as they progress, giving rise to the need for serial multifunctionality. 

• Recent cohorts of individuals selected for promotion to brigadier general 
approximately matched the ideal distribution of primary occupational 
competencies but exhibited the required multifunctionality to a very lim-
ited degree. To provide the needed competencies in the future, deliber-
ate efforts must be made to expose competitive middle-grade officers to a 
broader range of operational and organizational experiences. 

• While most positions have characteristics that make them suitable only 
for GO incumbents in some cases and SES incumbents in others, a siz-
able minority of positions can be filled “flexibly,” in other words, by either 
GO or SES incumbents. Utilizing this flexibility, career progression can be 
enhanced in both the GO and SES segments of the senior leader work-
force. 

• A decisions support system (DSS) can help to more systematically manage 
the assignments of GOs. 

PAF’s Methods Are Useful Beyond the Air Force

While these findings are specific to the Air Force, the methods that were devel-
oped and used in this study are likely to be of interest to other organizations 
seeking to establish or enhance competency-based, requirements-driven lead-
ership development programs. These methods include surveys of incumbents, 
linear programming models to optimize workforce configurations, statistical 
regression analysis to quantify the relative needs for senior leaders within Air 
Force organizations, and systematic software development practices to con-
struct a prototype DSS.

TR-175-AF, Integrated Planning for the Air Force Senior Leader Workforce,
Albert A. Robbert, Stephen M. Drezner, John E. Boon, Lawrence M. 

Hanser, S. Craig Moore, Lynn Scott, and Herbert J. Shukiar
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Alleviating Air Force Workforce Shortages with 
an Overall Force Management Approach

The U.S. Air Force faces a manpower shortage in many critical career fields. At 
the end of the Cold War, all of the U.S. military services downsized their forces 
in response to a new international security environment free of superpower 
conflict. But the recent increase in deployments (for operations in Kosovo, 
Afghanistan, and Iraq, for example), the competition for workers posed by 
a healthy economy, and other factors have been blamed for chronic under-
strength conditions in some career fields. The Air Force is concerned about 
having enough people with the right mix of skills for the technologically com-
plex task of generating and projecting aerospace power in the 21st century.

PAF examined the causes of the shortages in the active-duty, non-rated line 
officer force, a broad set of diverse career fields that make up almost 50 percent 
of the officer corps. PAF found that many aspects of the problem may be due to 
a lack of high-level workforce coordination and planning. Workforce manage-
ment occurs at three levels: tactical, operational, and strategic. Most manage-
ment concentrates on short-term tactical problems, which are both challenging 
and time-consuming and divert attention away from the strong, centralized 
planning that would help the Air Force diagnose workforce problems and 
implement solutions across the entire force. PAF made recommendations in 
each of the three management areas, with special emphasis on operational and 
strategic management.

• Tactical management determines the next assignments for individual 
officers and manages their careers. Air Force personnel management has 
recently introduced development teams to help with the tasks of defining 
longer-term career goals for individual officers and reviewing each officer’s 
records regularly. The Air Force should provide the development teams 
with clear operational- and strategic-level guidance that will allow the 
management of individual careers to be informed by the overall needs 
of the force.

• Operational management is concerned with individual career fields or a 
set of closely related fields. The manager responsible for a particular career 
field—the career field manager (CFM)—should have substantive knowl-
edge of the career field being managed and access to analytic capability that 
can address complex personnel issues and model the evolution of the work-
force under different policies. PAF recommends that each CFM posi-
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tion be full-time for a senior officer and that CFMs be provided with 
dedicated analytic support that includes more-sophisticated modeling 
capabilities than are currently available.

• Strategic management considers the total Air Force workforce, including 
overall size and mix (active duty, Guard/Reserve, civil service, and contrac-
tors). The strategic management job is the most difficult and most impor-
tant for the long-term health of the force. It is at this level that financial 
and other resources are allocated so that the Air Force has the balanced 
force it needs. The Air Force should establish a senior decisionmaking 
body with authority to make personnel decisions and provide it with 
a full-time staff and access to analytic support that is integrated with 
operational-level analytic support.

MG-131-AF, Understrength Air Force Officer Career Fields: A Force 
Management Approach, Lionel A. Galway, Richard J. Buddin, 

Michael R. Thirtle, Peter S. H. Ellis, and Judith D. Mele



The Challenge of Supporting the Forces
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Improving Agile Combat Support for the U.S. 
Air Force: Lessons from Operation Iraqi Freedom

The Air and Space Expeditionary Force (AEF) concept was developed to enable 
the U.S. Air Force to respond quickly to any national security issue with a tai-
lored force that is immediately deployable and sustainable. With the Air Force 
Logistics Management Agency, PAF has developed an Agile Combat Support 
(ACS) system to enable AEF goals to be achieved. PAF researchers stud-
ied the performance of the ACS system during the first month of Operation 
Iraqi Freedom (OIF), drawing on insights gained from earlier analyses during 
Operation Allied Force (OAF) in Serbia and Operation Enduring Freedom 
(OEF) in Afghanistan, to determine whether ACS concepts should be modi-
fied further to help the Air Force meet its AEF goals. Figure 1 shows the ACS 
network as implemented during these operations (Joint Task Force Noble Anvil 
[JTF NA] was the U.S. portion of OAF). Analyses, findings, and recommenda-
tions fall into six areas:

RAND MG193-1.2
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Figure 1—ACS Network as Implemented During JTF NA, OEF, and OIF
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• Combat support execution planning and control (CSC2). PAF devel-
oped a CSC2 system to improve combat support planning processes. 
The Air Force should ensure that CSC2 successes realized during OIF are 
passed on to future leaders, perhaps through doctrinal changes. Combat 
support planners should be trained in how to integrate the detailed analysis 
and coordination that is possible during deliberate planning with the crisis 
action planning that is required during combat operations.

• Development of forward operating locations (FOLs). During OIF, the 
decision to move Air Force forces forward into Iraq created challenges. Basic 
necessities, such as fuel, water, rations, housing, and rapid runway repair, all 
had to be brought into the country. Diplomatic clearances and site surveys 
necessary to establish FOLs took a good deal of time during OIF. When 
possible, the Air Force should plan early and exploit military-to-military 
relationships and political agreements that would facilitate access to poten-
tial FOLs. Processes for establishing FOLs should be standardized within 
the Air Force, with the other services, and with U.S. allies.

• Preparation of forward support locations (FSLs) and continental 
United States (CONUS) support locations (CSLs). OEF and OIF con-
firmed that the current AEF structure of light, lean, and lethal response 
forces is highly dependent on FSLs and CSLs. The needs of the joint ser-
vices and U.S. allies should be considered in deciding whether to develop 
new facilities in different locations or to improve the old ones.

• Movement of personnel and supplies. AEF operational goals depend on 
transporting personnel and supplies reliably and quickly. However, current 
doctrine divides responsibility for the end-to-end deployment and resup-
ply system among multiple organizations. The Air Force may be delegated 
responsibility for the Theater Distribution System (TDS) because it may 
be the predominant user in the early phases of future campaigns. The Air 
Force should provide its personnel with additional training related to the-
ater distribution and consider ways to improve TDS performance.

• Technology. Significant improvements in communications technology dur-
ing OIF allowed some personnel to operate from inside CONUS, reducing 
the deployed footprint. The Air Force should explore additional opportuni-
ties to use technology in areas such as the maintenance of fuels and related 
assets to further reduce the deployed footprint.

• Resourcing. The assumptions that are used during planning to allocate 
resources such as war reserve materiel, munitions, and personnel are not in 
sync with the demands of contingency operations, resulting in shortages. 
Current resource-planning factors and methods should be realigned with 
current resource-consumption rates.
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These lessons and recommendations can help the Air Force further its AEF 
goals in future operations.

MG-193-AF, Supporting Air and Space Expeditionary Forces: Lessons from 
Operation Iraqi Freedom, Kristin F. Lynch, John G. Drew, Robert S. Tripp, 

and C. Robert Roll, Jr.
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Centralized Maintenance Can Improve Combat 
Support in the Air and Space Expeditionary Force

The U.S. Air Force is reorganizing into an Air and Space Expeditionary Force 
(AEF) that can deploy quickly and frequently from the continental United 
States (CONUS). Although this new vision offers advantages—such as replac-
ing the permanent forward presence of airpower overseas—it places serious 
demands on the combat support infrastructure. Aircraft maintenance is an area 
of special concern because of the large amount of facilities, equipment, and 
personnel needed to keep aircraft operational during a conflict. Locating repair 
functions within individual units or wings could speed maintenance (thus sus-
taining sortie rates), but it would increase the size of the deployment footprint 
and may reduce the overall agility of expeditionary forces. 

Centralizing Intermediate Maintenance in FSLs May 
Improve Performance

PAF has developed a combat support concept that calls for the consolidation 
of intermediate maintenance and other activities at forward support loca-
tions (FSLs) within the theater. As shown in Figure 2, FSLs support main-
tenance, repair, and supply for multiple forward operating locations (FOLs). 
Intermediate maintenance includes the repair and inspection of major com-
ponents such as engines, which must be removed from the aircraft and trans-
ported to a maintenance facility. The Air Force used this concept, which it 
calls centralized intermediate repair facilities (CIRFs), on an ad hoc basis dur-
ing the Air War Over Serbia. CIRFs provided an effective level of support 
at far lower equipment and personnel deployment levels than those required 
by decentralized repair. The Air Force conducted a more formal test from 
September 2001 through February 2002 to see how well CIRFs in Europe 
could support steady-state operations in Southwest Asia. The test suggested 
the following conclusions:
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Figure 2—FOL/FSL Operational Concept

• CIRFs were capable of supporting steady-state operations with a reduced
deployment footprint.

• The system offered increased flexibility. The command and control net-
work supporting CIRF operations allowed the system to recognize when 
operational goals were in jeopardy and to adapt support resources to meet 
the required sortie schedule.

• Some areas require improvement. For example, deployment management 
and transportation problems led to delays in CIRF operations. Shortfalls in 
command and control led to confusion of responsibilities and difficulties 
in effectively allocating resources. The Air Force has undertaken studies to 
improve both of these systems.

Further Steps Are Needed to Implement a Global System

The Air Force must address certain issues before it can implement the new 
combat support concept on a global scale. Under certain circumstances, CIRFs 
located in CONUS might provide the best support. The Air Force has begun 
to examine the requirements for establishing CIRFs at domestic sites. Other 
issues to resolve include the ownership of assets when units pool their equip-
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ment, facilities, and components, and the need to centralize decisionmaking in 
the command and control structure to better help units meet their operational 
requirements.

MG-151-AF, Supporting Air and Space Expeditionary Forces: Analysis of 
Maintenance Forward Support Location Operations, Amanda Geller, David 
George, Robert S. Tripp, Mahyar A. Amouzegar, and C. Robert Roll, Jr.
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New Analytic Tools Evaluate Overseas Combat 
Support Basing Options for the U.S. Air Force

To enable its Air and Space Expeditionary Forces (AEF) to rapidly deploy and 
begin operations whenever and wherever they are needed, the U.S. Air Force 
must prestore war reserve materiel (WRM) in forward support locations (FSLs) 
outside of the United States. WRM includes combat support resources such as 
base operating support equipment, vehicles, and munitions. When needed, this 
materiel must be transported over land, sea, or air to combat forces at forward 
operating locations (FOLs). A critical question for planners is where to preposi-
tion such materiel so it can support future combat operations and exercises at 
minimal cost and maximum speed.

As part of ongoing work to develop an agile combat support (ACS) system for 
the AEF, PAF developed a set of analytic tools that can be used to evaluate vari-
ous storage options to meet a given set of operational scenarios. The analytic 
approach, which is illustrated in Figure 3, involves five key steps:

Calibration
and

refinement

Optimization
model

Combat support
requirements

• Selects minimum-
cost combat support
bases from candidate
locations

• Allocates resources
among selected
combat support
locations

• Determines feasible
transportation
routings

Scenarios Force options

START
model

Transportation
options

List of existing and
potential FOLs and FSLs

RAND MG261-3.1

Figure 3—Overview of Analytic Process for the Optimization Model

1. Select a set of scenarios that would place varying demands on the combat 
support system. Scenarios may include small-scale humanitarian opera-
tions, continuous force presentation to deter aggression, and major regional 
conflicts. Each scenario would involve a combination of force options, such 
as different weapon systems. 
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2. Determine combat support requirements based on the scenarios and force 
options. 

3. Input combat support requirements, potential FSLs and FOLs, and trans-
portation options (e.g., allowing sealift or not) into the optimization 
model. 

4. Select the best FSL locations. Optimal locations minimize facility-operat-
ing and transportation costs associated with planned operations, training 
missions, and deterrent exercises that take place over an extended period 
of time and satisfy time-phased demands for WRM commodities at FOLs. 
The model also allocates the optimal WRM resources to FSLs and com-
putes the type and number of transportation vehicles required to move the 
materiel to FOLs. The result is a robust transportation and allocation net-
work that connects a set of disjointed FSLs and FOLs together. 

5. Refine and recalibrate the solution set by applying political, geographical, 
and vulnerability constraints. For example, analysts might exclude a certain 
country from the analysis if political or security considerations make access 
to bases uncertain. 

This analysis results in a portfolio containing alternative sets of FSL postures. 
The portfolio will allow decisionmakers to assess the merits of various options 
from a global perspective. PAF is now collecting data and performing analyses 
of global basing options to recommend a specific set of alternative FSLs that 
could support various types of deployment scenarios.

MG-261-AF, Supporting Air and Space Expeditionary Forces: Analysis of 
Combat Support Basing Options, Mahyar A. Amouzegar, Robert S. Tripp, 

Ronald G. McGarvey, Edward W. Chan, and C. Robert Roll, Jr.
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Improving Wing-Level Logistics in 
the U.S. Air Force: An Analytic Approach 

for the Chief ’s Logistics Review

In the late 1990s, concerns about declining readiness among U.S. air forces led 
General Michael E. Ryan, Chief of Staff of the Air Force (CSAF), to direct a 
review of wing-level logistics processes. A major concern was that heightened 
operational tempo was putting strains on the logistics community’s ability to 
meet increasing readiness demands. As shown in Figure 4, units face a tradeoff 
between readiness tasks associated with maintaining current capabilities and 
those associated with ensuring future capabilities. Day-to-day sortie produc-
tion was often taking priority over scheduled maintenance tasks (for example, 
training, phase maintenance, and time-critical technical order changes), which 
are seen as essential for investing in future capability. In response to these con-
cerns, General Ryan directed a study of wing-level logistics processes called the 
Chief ’s Logistics Review (CLR). The purpose of the study was to identify pro-
cess and training deficiencies within existing organizations that contributed to 
declining readiness and to evaluate potential solutions. PAF was asked, as an 
analytic advisor to the Air Force, to develop an analytic approach to ensure that 
the CSAF received all potential options and a costs/benefits analysis of each.

In Phase One of the project, PAF researchers developed an analytic approach 
to identify problems and process-improvement options in four areas: mainte-

RAND MG190-1.1
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nance, materiel management, contingency planning and execution, and techni-
cal training and officer development. CSAF selected the following initiatives to 
be field-tested (excluding those in technical training and officer development, 
which must be measured over a long period of time):

• In the area of maintenance, align sortie production functions under the 
Operations Group (OG) and fleet health functions under the Logistics 
Group to increase emphasis on each task (the existing structure aligned 
both functions under the OG, often sacrificing fleet health to meet sortie 
generation requirements).

• For materiel management, integrate wing-level supply and transportation 
functions under one squadron to create a single authority for the distribu-
tion process.

• For contingency planning and execution, standardize the alignment of logis-
tics planning throughout the Air Force. Whereas different commands have 
conducted logistics planning in different parts of their organizations, this 
initiative would align such plans under the Logistics Group.

In Phase Two, these initiatives were field-tested at a limited number of air bases 
over six months. PAF researchers analyzed the results. The test was considered 
to be a success in that there were no detrimental consequences from implement-
ing CLR initiatives. However, specific issues warrant further consideration:

To further improve maintenance processes, the Air Force should facili-
tate the use of metrics to balance sortie production and fleet health; consider 
implementing additional maintenance management policy improvements and 
job performance aids; develop steps to monitor, measure, and evaluate policy 
enforcement; and proceed with implementing CLR initiatives.

To further improve materiel management and contingency planning, the 
Air Force should continue to evaluate the Logistics Readiness Squadron struc-
ture, including the Vehicle Management Flight, aligning core functions such as 
deployment planning and execution, force reception, and force beddown. The 
Air Force should also create metrics to gauge its success at aligning these struc-
tures and processes.

MG-190-AF, The Air Force Chief of Staff Logistics Review: Improving 
Wing-Level Logistics, Kristin F. Lynch, John G. Drew, David George, 

Robert S. Tripp, C. Robert Roll, Jr., and James Leftwich
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How Well Is the Air Force Improving
Services Acquisition? New Approaches 

and Metrics Can Help

To satisfy requirements in the FY02 National Defense Authorization Act to 
improve the acquisition of services by the Department of Defense (DoD), the 
Air Force established a Program Executive Officer for Combat and Mission 
Support (AFPEO/CM). This office is responsible for managing and oversee-
ing a portfolio of Air Force service acquisition activities. It is the single point 
of contact for Air Force service acquisition inquiries and will be responsible for 
developing long-range plans for cost-effective purchases. To fulfill its respon-
sibilities, AFPEO/CM will need metrics to help monitor compliance with 
statutory requirements, respond to congressional inquiries about specific acqui-
sitions, and effectively manage Air Force service acquisition activities and orga-
nizations. In support of this effort, PAF was asked to develop a portfolio of 
metrics for these activities.

The Commercial Sector Suggests a Strategic Approach 
to Management and Metrics

Researchers considered the experience of commercial firms, which have recently 
begun to adopt new approaches to purchasing services. Metrics are only one 
part of a broader strategic approach that links corporate objectives with pur-
chasing strategies. A key practice is the use of commodity councils—teams of 
experts including users, acquisition personnel, and service industry special-
ists—to leverage greater purchasing power throughout an organization. This 
approach has proven to be successful at reducing acquisition costs and improv-
ing service performance in the commercial sector.

The Air Force can improve its service acquisitions in a similar way by adopt-
ing a centralized, strategic approach to purchased services. Proposed DoD-wide 
commodity councils for selected categories of services are a step in the right 
direction. Given the diversity of users and their requirements, it will be impor-
tant to include all important groups in the process of developing strategies. 
Other key stakeholders such as small business advocates should also be included 
in the process. The Air Force will need to reinforce these efforts with leadership 
support and incentives that are aligned with Air Force objectives.
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The Air Force Should Adopt a Comprehensive Portfolio 
of Metrics

In the commercial sector, commodity councils and higher-level procurement 
managers use “results-oriented” metrics to help ensure that their activities are 
aligned with corporate objectives. These metrics, which are described in Table 1, 
measure performance in the areas of cost, quality, supplier satisfaction, implemen-
tation of new initiatives, and special interest items. Internal management metrics-

Table 1

Proposed Portfolio of Metrics for the AFPEO/CM

Metrics Category Potential Metrics

Cost Change in costs versus change in market index

Actual versus projected post-study costs for recently completed 
A-76 studies

Procurement ROI

Quality Customer satisfaction with purchased services

Reliability of continuity of services

Supplier satisfaction Supplier satisfaction with doing business with the Air Force

New initiatives Process and outcome metrics for specific initiatives, which 
may include

• purchasing and supply management

• management and oversight of acquisition of services process

• customer education

Special interest Compliance

• Percentage of service dollars and contracts awarded to different 
categories of small businesses

• Percentage of service contracts that are performance based

Other

• Percentage of A-76 studies or slots that were successfully 
competed within the required time frame

• Number of protests resulting from A–76 awards

• Percentage of key staff for A–76 studies that remain in their 
jobs throughout those studies

• Percentage of provider personnel that remain in their jobs for 
a given period of time

Internal management Internal customer satisfaction with the Air Force purchasing process 
and personnel

Percentage of dollars associated with purchases executed outside 
the Air Force’s preferred strategy (i.e., maverick buying)



a n n u a l  r e port   2005 19

in areas such as personnel training and retention are also important. PAF has 
developed a similar portfolio of metrics for the AFPEO/CM. These metrics will 
allow the AFPEO/CM to assess the health of Air Force acquisition activities, 
diagnose problems, and target improvement efforts.

Populating these metrics will be challenging for the Air Force. Some of the 
required data, such as contract costs, exist in Air Force contracting data systems. 
However, PAF researchers have raised concerns about the integrity of these data 
and their usefulness in determining what services the Air Force purchases. The 
Air Force will need to implement new data collection procedures for much of 
the required data, particularly for supplier and customer satisfaction.

MG-299-AF, Air Force Service Procurement: Approaches for Measurement and 
Management, Laura H. Baldwin, John A. Ausink, and Nancy Nicosia
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More Accurate Transaction Data Are Needed to 
Improve Air Force Service Contracts

Commercial firms have successfully improved the performance and cost out-
comes of their contracts for goods and services through better management 
of their supply bases and supplier relationships and through more sophisti-
cated purchasing strategies. The U.S. Air Force is incorporating the commer-
cial world’s well-regarded practices into its purchasing and supply management 
activities for supplies and equipment. Now, the Air Force is expanding these 
efforts to improve the way it purchases services.

PAF was asked to analyze how much the Air Force spends and on what types of 
services. Such “spend analyses” are critical to constructing purchasing and sup-
ply management strategies and to identifying opportunities for improvement. 
The DD350 database provides data on Air Force contract transactions greater 
than $25,000. However, the database was designed to provide reports related 
to compliance with federal spending guidelines, rather than detailed analyses of 
expenditures. Among other limitations, it restricts the description of a transac-
tion to a single Product Service Code (PSC).

Because of concerns about the usefulness of DD350 data for spend analyses, 
PAF began by assessing key DD350 data fields that describe Air Force pur-
chases for both goods and services. To determine the adequacy and accuracy 
of these data, researchers conducted a survey of contracting officers who enter 
data into the DD350 system. The survey results summarized in Table 2, indi-
cated that in fiscal year 2002, services were undercounted in the DD350 data, 
the single PSC data field was often inadequate to fully characterize a purchase, 
and the current list of PSCs did not capture several important categories of Air 
Force purchases.
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Table 2

Summary of Findings on Adequacy and Accuracy of Air Force FY02 DD350 Data

Issue Findings

Accuracy of PSC coding 
in DD350 database

The PSC for 50 percent of contract actions (39 percent 
of contract dollars) is coded inaccurately.  

Services are undercounted.

Adequacy of using a single 
PSC in DD350 database

More than one distinct good and/or service was purchased 
in 11 percent of contract actions (27 percent of contract 
dollars).

5 percent to 11 percent of dollars are associated with 
secondary PSCs.

How well the available 
PSCs describe Air Force 
purchases

Several important categories of activities are not fully 
captured in the current codes.

New PSCs could be used to better identify at least 5 percent 
to 6 percent of contract dollars.

PAF made the following recommendations for the Air Force and the Department 
of Defense (DoD). The first two could be implemented fairly quickly; the other 
three are for the longer term.

• Communicate to the contracting workforce that DD350 data are now 
being used for an additional, important purpose—i.e., to perform analy-
ses to support implementation of new purchasing and supply management 
strategies. This communication might encourage contracting officers to be 
more precise when describing purchases. 

• Collect more detailed data to supplement DD350 data on contracts that fall 
within certain problem PSC or dollar-category areas. With enough addi-
tional data, the Air Force may be able to use statistical analysis to develop 
general guidelines so that the DD350 data could be adjusted to more accu-
rately reflect the nature of underlying purchases. 

• Work with other branches of the DoD and federal agencies to refine the list 
of PSCs to include codes that better describe Air Force activities. 

• Consider changes to the DD350 form to allow contracting officers to use 
more than one PSC and the corresponding dollar value to describe the 
activities purchased through contract actions. First, however, evaluate the 
costs and benefits of such a change. 
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• Provide training in PSC coding to contracting officers, particularly those 
working with technically complex contracts or contracts that include many 
different types of activities. 

These steps should enable the Air Force to conduct better spend analyses of 
purchased goods and services, thereby allowing it to identify areas for improve-
ment.

MG-274-AF, An Assessment of Air Force Data on Contract Expenditures,
Lloyd Dixon, Chad Shirley, Laura H. Baldwin, John A. Ausink, 

and Nancy F. Campbell
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Decisionmaking Checklists Reduce Uncertainties 
in Estimating Software Costs

Software plays an important role in U.S. Air Force projects and operations, and 
accurate estimates of software costs are a critical part of effective program man-
agement. PAF evaluated Air Force cost-estimation methods and recommended 
a realistic approach to improvement that focuses on understanding and manag-
ing the uncertainties that lead to inaccurate estimates. PAF researchers outlined 
the major sources of risk, especially at the early stages of a project, when many 
of the factors needed to support estimation may be unknown or uncertain. 
They developed a checklist that analysts can use to recognize and mitigate cer-
tain risks. In addition, because realistic cost estimates often depend on accurate 
projections of the size of the proposed software, the researchers evaluated meth-
ods of estimating software size and developed a second decisionmaking check-
list for analysts that can help them choose appropriate size-estimation methods 
and reduce the risks inherent in using each method.

Analysts Can Take Steps to Identify and Mitigate Risks

As shown in Figure 5, the sources of risk in cost estimation derive from uncer-
tainty about (1) the specifications or design of the software, (2) the method for 
developing the software, and (3) the estimation process itself. PAF’s first check-
list identifies warning signs and steps to mitigate each type of risk. For example, 
a warning sign of uncertainty in the first area, the specifications or design of 
the software, might be that an organization is unable to describe what it wants 
or that “TBD” (to be determined) appears frequently in the design document. 
To reduce these uncertainties, and thus reduce the risks associated with making 
cost estimates, analysts might conduct client meetings to review system require-
ments and design, develop system prototypes prior to developing the whole 
system, or conduct small-scale tests of the system design at the same time that 
designers flesh out system requirements.
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Figure 5—How Uncertainties in Critical Components of a Software Project Lead 
to Risks That May Affect Cost- or Schedule-Estimation Accuracy

Estimating Software Size May Require a Combination 
of Methods

Methods for estimating the size of software include the qualitative “expert judg-
ment” method, in which human experts provide cost and schedule estimates 
based on their experiences, and quantitative sizing methods, which are more 
formal and can estimate total size based on measurable items, such as the total 
number of lines of code in the finished software project. Both qualitative and 
quantitative methods have advantages, and either or both might be appropri-
ate. PAF provided a checklist of steps that analysts could go through when eval-
uating a size estimate. Analysts can apply information about when to use and 
when not to use each estimation method and take recommended actions to 
help characterize and manage the risks inherent in using the estimation method 
and the resulting software size estimate.

PAF’s recommendations and checklists should help the Air Force improve its 
current estimation methods and, if the Air Force maintains a history of its esti-
mating experiences, find new methods when existing ones become inadequate.

MG-269-AF, Software Cost Estimation and Sizing Methods: Issues and 
Guidelines, Shari Lawrence Pfleeger, Felicia Wu, and Rosalind Lewis
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Price-Based Acquisition May Have Only Limited 
Benefits for the Purchase of Major Weapon Systems

The U.S. Department of Defense (DoD) has recently experimented with chang-
ing the way it purchases major weapon systems. Typically, the government uses 
a cost-based acquisition (CBA) approach, which bases the price for develop-
ing and producing a weapon system on certified cost data that the contractor 
must supply. Critics of CBA argue that it imposes heavy regulatory burdens on 
the government and contractors and discourages potential civilian firms from 
competing for government projects. Under price-based acquisition (PBA), 
the government asks contractors to bid for projects without having to provide 
exhaustive data on what the system actually costs. Proponents suggest that PBA 
can shorten development schedules and reduce government and contractor 
overhead costs by eliminating the steps necessary for reporting and analyzing 
cost data. PBA is also thought to lower the prices for major weapon systems by 
allowing contractors to benefit from efficiencies and by making it attractive for 
more civilian contractors to compete. DoD has endorsed the use of PBA in the 
Air Force and other military services.

Unfortunately, a lack of empirical data about the implementation of PBA has 
made it difficult for policymakers to know whether PBA ultimately holds the 
benefits that are claimed for it and what challenges truly exist. PAF carried out 
a study of PBA experiences in DoD and among private defense contractors to 
provide a better understanding of how DoD can best use PBA approaches.

It Is Difficult to Prove That PBA Saves Time and Money

DoD has implemented PBA in conjunction with other reform measures, mak-
ing it difficult to measure the benefits. PAF found little compelling, quantifi-
able evidence that PBA saves overhead costs or shortens the contracting and 
oversight processes, although some contracting experts believe that at least 
some savings have been achieved. It is also difficult to discern the role of PBA, 
by itself, in increasing contractor incentives to reduce cost. On certain types of 
programs with long-term production pricing agreements, the elimination of 
certified cost data has reduced government and contractor workloads, but on a 
small scale. Finally, there is little convincing evidence that the use of PBA has 
encouraged more civilian commercial firms to compete for DoD contracts for 
major military-unique items.
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Lessons Learned for Implementing PBA

• Most major PBA-like contracts for complex military-unique noncom-
mercial items do (and should) require some contractor cost data. Many 
commercial firms find it useful to examine cost data from their contractors 
and subcontractors to ensure that prices are appropriate and to encourage 
cost-saving measures. Such data collection need not be as burdensome as 
what CBA currently requires. 

• PBA can be useful in large, sole-source, military-unique programs, if 
used judiciously. Candidates for PBA should have a high level of direct or 
indirect contractor competition; stable, clearly defined system performance 
requirements; relatively low technological risk in development and produc-
tion; relatively high use of commercial components having “real” market 
pricing information; and adequate cost and/or price data for similar pro-
grams or products available to DoD cost and price analysts. 

• If PBA is more widely adopted, DoD cost-estimating and contracting 
communities will have to rely less on certified contractor cost and 
pricing data. They will need to develop new methodologies (such as para-
metric analysis) to determine what prices are “fair and reasonable” for DoD 
procurements.

MG-337-AF, Price-Based Acquisition: Issues and Challenges for Defense 
Department Procurement of Weapon Systems, Mark A. Lorell, John C. Graser, 

and Cynthia R. Cook
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Replacing Aging Trainer Aircraft Is a Question 
More of Cost Than of Capability

As the specialized aircraft that the U.S. Air Force uses for pilot training get 
older, the Air Force faces some important decisions. Are current trainer aircraft 
adequate to give Air Force pilots the skills they need to carry out future military 
missions? Is it more cost-effective to keep the current aircraft in service through 
continued service life extensions or to replace them with new aircraft?

The Air Force is already replacing the subsonic T-37 jets with which most Air 
Force student pilots begin their training. Now it must decide on the future 
of the T-38C and the T-1A, the planes to which students are “tracked” in the 
advanced phase of the current Specialized Undergraduate Pilot Training (SUPT) 
program. As shown in Figure 6, students tracked to fly fighters or bombers 
train in the supersonic T-38C. Students tracked to fly tanker or transport air-
craft train in the T-1A.
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Unit
(FTU)

Bomber and fighter
T-38 119 hrs

Airlift and tanker
T-1      104 hrs

Helicopter
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T-34 92 hrs
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Training
(IFT)
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Introduction
to Fighter

Fundamentals
(IFF)
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Screen Primary Advanced Operational

Multiengine turboprop
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AETC

SOURCE: Maj Gen William M. Fraser III, “Training for Today and Tomorrow,” briefing, 
March 11, 2004.
RAND MG348-1.1

Figure 6—Schematic of Joint Specialized Undergraduate Pilot Training
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PAF examined the replacement decision, interviewing 229 Air Force pilots 
involved in every stage of training and with representative experience in all Air 
Force aircraft. PAF’s findings and recommendations are as follows:

The T-38C and the T-1A Provide Student Pilots the Skills 
They Need

In the future, the operational demands of more complicated missions, new air-
craft capabilities, and new information technology systems in the cockpit will 
require new pilot skills. PAF found that current training aircraft can accom-
modate these future training needs, in addition to teaching basic flying skills. 
Therefore, the decision to extend or replace the T-38C and the T-1A becomes 
one of cost rather than capability.

The Cost Analysis and Replacement Decision Should Take 
into Account the Entire Training Process

The Air Force should begin its cost analysis by comparing the cost of extending 
the lives of the T-38C and the T-1A with the cost of replacing them. However, 
PAF’s interviews suggest that decisions that are made about training in one 
phase of the process may have cost and training implications for another, so 
any decision should consider the entire training process. Two examples follow.

• Two new fighter aircraft—the F/A-22 and the F-35—introduce a new 
training challenge. Currently, SUPT graduates who are assigned to single-
seat fighters such as the F-15 and F-16 first gain some experience with the 
combat environment by flying with an instructor in two-seat versions of 
the aircraft. But there are no plans to develop two-seat training versions of 
the new F/A-22 or F-35. The Air Force should consider transition training 
to expose SUPT graduates to a high g-force environment with an instruc-
tor before they train in the single-seat F/A-22 or F-35. If the Air Force 
implements this change, the new training requirement could have ripple 
effects on what is taught in SUPT, the demands on other aircraft, and the 
decision to retain or replace the T-38C. 

• Most pilots interviewed think the tracking decision in SUPT is made 
too early. Changing when and how the tracking decision is made might 
allow both students and instructors to better determine the best training 
path for the student, but would have cost consequences. Delaying the 
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tracking decision would decrease demands on both the T-38C and the 
T-1A and help them last longer, supporting a decision to retain the aircraft. 
On the other hand, allowing all students to fly the T-38C in order to expose 
them to a higher-performance aircraft before tracking would increase the 
demands on the aircraft and might require its earlier replacement. Finally, 
analysis might show that a return to single-track training could save money 
by requiring the replacement of only one aircraft instead of two.

MG-348-AF, Assessing the Impact of Future Operations on Trainer 
Aircraft Requirements, John A. Ausink, Richard S. Marken, Laura Miller, 

Thomas Manacapilli, William W. Taylor, and Michael R. Thirtle



32 r a n d  p r o j e c t  a i r  f o r c e

Balancing Rapid Acquisition of Unmanned 
Aerial Vehicles with Support Considerations

The role of unmanned aerial vehicles (UAVs) in intelligence, surveillance, 
reconnaissance, and time-critical targeting in Operations Enduring Freedom 
and Iraqi Freedom confirmed their utility in U.S. combat operations. However, 
because of an acquisition strategy intended to field UAVs as quickly as possible, 
the Air Force did not go through the usual processes of determining system 
requirements before design and production. These processes typically reveal 
important information about how to support aircraft systems. Without this 
information, the requirements for long-term, end-to-end support of UAVs are 
unclear.

PAF analyzed support options for current U.S. Air Force UAV systems, 
including the Global Hawk, Predator, Pointer, Raven, Force Protection 
Airfield Surveillance System (FPASS), and Battlefield Air Targeting Camera 
Autonomous Micro-Air Vehicle (BATCAM), as well as the Unmanned Combat 
Aerial Vehicle (UCAV). PAF made the following recommendations to help the 
Air Force improve its support of current and future systems:

• Use analytic tools to examine acquisition and logistics trade-offs. There 
is a trade-off between the need to field aircraft quickly and the need to 
determine logistics requirements. Analytical tools, such as the RAND-
developed Logistics Implications Capabilities Assessment Model (LICAM), 
could help logisticians examine the trade-offs. For example, such a tool 
could simulate changes in fielding, operations, and support and evaluate 
how they affect a key operational metric, the ability of the UAV to cover 
the target area.

• Gather key data, even during rapid development. Many of the Air 
Force UAVs were developed as prototypes to demonstrate new capabili-
ties. Reliability and maintainability data, which are typically used to set 
appropriate levels of support, have not been gathered. In future systems, 
acquiring data for a few select components could enhance supportability 
and reduce costs to the Air Force.

• Structure a process for sharing UAV experience. The dispersion of UAV 
capabilities and responsibilities throughout the Air Force and DoD makes 
it difficult for lessons learned to be shared across locations and military 
organizations. Recent UAV conferences are steps in the right direction, 
toward a more-structured approach to sharing experience.
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• Provide funding for remediation of problems identified during rapid 
acquisition. Even when logistics support issues have been identified early 
during a rapid acquisition, funding has not always been available to imple-
ment corrections. Future budgets should include funding for resolving 
issues that arise from testing and evaluation.

• Limit the number of configurations within a fleet. UAVs have used spiral 
development, in which prototypes are fielded at the same time that lessons 
learned and technology advances are feeding a continuous cycle of redesign. 
This approach can create a fleet with multiple configurations, complicating 
maintenance and support. Some logistical issues can be alleviated if the Air 
Force puts a plan in place before production begins to standardize the air-
frame or at least limit the number of configurations within a fleet.

These recommendations should be applied to current and future UAV systems. 
In this way, the Air Force can continue to field needed systems quickly while 
planning for, and providing, end-to-end support.

MG-350-AF, Unmanned Aerial Vehicle End-to-End Support Considerations,
John G. Drew, Russell Shaver, Kristin F. Lynch, Mahyar A. Amouzegar, 

and Don Snyder
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The Challenges of Developing New Weapon 
Systems: Lessons Learned from the F/A-22 

and F/A-18E/F

Since the late 1980s, the U.S. Air Force and the U.S. Navy have been acquiring 
two multirole fighter aircraft. The Air Force has pursued the F/A-22, the world’s 
first supersonic stealth fighter, while the Navy has developed the F/A-18E/F, a 
carrier-capable fighter with air-to-air, interdiction, and close air support capa-
bility. As Figure 7 shows, the F/A-22 program has experienced significant cost 
growth and schedule delays and is still in the testing stage. The F/A-18E/F 
completed its development on cost and without any significant delays and has 
already been used in Operations Enduring Freedom and Iraqi Freedom.

SOURCE: Selected Acquisition Reports.
aIncludes government costs.
RAND MG276-1.2
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Figure 7—F/A-22 Experienced Schedule Slips and Cost Growth, While the F/A-18E/F 
Completed Development on Time and on Cost

The Air Force asked PAF to investigate the reasons behind these differences and 
to derive lessons for improving future acquisitions. Major conclusions about 
the F/A-22 and F/A-18E/F programs are as follows:
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• Each program used different methods to divide work among contrac-
tors during the development phase. Concerns about the needed mix of 
technical expertise and other industrial base issues led the F/A-22 program 
to divide work equally between three major contractors, resulting in a lack 
of integration and coordination on some of the main components. The 
program’s move from facilities in Burbank, Calif., to Marietta, Ga., may 
have contributed to further program instability. The F/A-18E/F program 
drew on preexisting relationships between the prime contractor and many 
of the subcontractors. Contractors’ preexisting expertise minimized techno-
logical risks and cost and schedule instability. 

• Concurrent development of new technology created greater technical 
challenges for the F/A-22, while incremental improvements reduced 
technical risk in the F/A-18E/F. The F/A-22 cost growth was mainly the 
result of design challenges in the airframe, the integrated avionics suite, and 
the new propulsion system. Some of these challenges were either assumed to 
be low-risk or were not accounted for in the initial program cost estimates. 
The F/A-18E/F incorporated incremental improvements with a minimal 
stealth requirement, a mostly existing avionics system, and a derivative 
engine design. 

• The programs allocated different portions of their budgets for manage-
ment reserve. Management reserve is used to cover unknown problems in 
a development program. The F/A-22 program allocated only about 2 per-
cent of its budget for management reserve. This reserve was depleted in 
about the first year of development because of the technical challenges. The 
F/A-18E/F program maintained roughly 10 percent of the contract value as 
management reserve, enough to cover unforeseen problems as they arose. 

The different approaches used by each program—and their outcomes—suggest 
important lessons for acquisition planners:

• A stable development team structure, proper team experience, clear lines 
of responsibility and authority, and a lead contractor responsible for overall 
program progress are critical to success. 

• Concurrent development of new technology for the airframe, avionics, and 
propulsion adds significant risk to the program. Planners should be mind-
ful of such risk in formulating budgets and schedules. 

• Early, realistic cost and schedule estimates and appropriate use of manage-
ment reserve can help address program problems and can mitigate cost and 
schedule growth. 
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These lessons can help the Air Force and other military services improve future 
acquisition projects, such as the Joint Strike Fighter, unmanned aerial vehicles, 
and missile programs.

MG-276-AF, Lessons Learned from the F/A-22 and F/A-18E/F Development 
Programs, Obaid Younossi, David E. Stem, Mark A. Lorell, 

and Frances M. Lussier
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Combating Nuclear Terrorism: Lessons from 
Aum Shinrikyo, Al Qaeda, and the Kinshasa Reactor

The threat of terrorist groups acquiring nuclear weapons or material is greater 
today than ever before. Subnational groups such as al Qaeda and the Aum 
Shinrikyo religious cult have had both the motivation and the resources to 
purchase or build nuclear weapons. Similarly, the nuclear weapons inventory 
and production complex of the former Soviet Union and elsewhere remain a 
vast potential source of supply. If successful, nuclear-armed terrorists would 
pose a grave threat to U.S. national security and to the United States’ friends 
and allies.

To develop an effective strategy to prevent nuclear terrorism, the United States 
needs a thorough understanding of how terrorists have attempted to acquire 
nuclear capabilities in the past. Fortunately, few groups have made a systematic 
effort to make, buy, or steal nuclear weapons or materials. Within this rela-
tively small set, three cases stand out as instructive: Aum Shinrikyo’s attempt 
to purchase nuclear weapons from high-level Russian officials in the 1990s, al 
Qaeda’s alleged efforts to purchase nuclear weapons and material from various 
sources throughout the 1990s, and the 1970s theft of nuclear material from 
the Kinshasa research reactor in the Congo and attempt to sell it on the illicit 
market in the 1990s. PAF studied these cases to better understand the supply 
and demand for nuclear materials and why these attempts failed. Researchers 
reached two major conclusions:

Nuclear Acquisition Remains Relatively Difficult 
for Terrorist Groups

Acquiring a nuclear weapon requires access to specialized material and a high 
level of technical expertise that has historically been beyond the reach of terror-
ist groups. Throughout the 1990s, Aum Shinrikyo tried without success to hire 
Russian nuclear experts, to purchase Russian nuclear technology and data, to 
mine uranium, and to steal sensitive nuclear power plant information. These 
efforts were thwarted by Russian officials’ refusal to cooperate and by the lack 
of technical expertise within the group. Similarly, al Qaeda has been exposed 
to numerous scams involving the sale of radiological waste and other non-
weapons-grade material. These difficulties may lead terrorists to conclude that 
nuclear acquisition is too difficult and too expensive to pursue. 
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Controlling Access to Nuclear Material Is Key to Preventing 
Future Terrorist Acquisition

Despite the difficulty of terrorist groups acquiring nuclear material, the United 
States and its friends and allies should take greater steps to control the sup-
ply side of the nuclear marketplace. Even with inspections and safeguards, the 
International Atomic Energy Agency could not prevent the disappearance of 
two reactor rods from the Kinshasa research reactor in the Congo in the 1970s. 
One of these rods appeared on the black market in the 1990s. The other rod 
may yet wind up in the hands of terrorists, who could extract enriched uranium 
for a nuclear weapon. This case suggests that the United States and the interna-
tional community should make strengthening the control of nuclear material a 
high priority in the fight against nuclear terrorism.

DB-458-AF, Aum Shinrikyo, Al Qaeda, and the Kinshasa Reactor: 
Implications of Three Case Studies for Combating Nuclear Terrorism,

Sara Daly, John Parachini, and William Rosenau
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Forecasting China’s Military Spending 
Through 2025

U.S. policymakers are concerned about China’s potential to mount a serious 
military challenge to U.S. interests in Asia sometime in the next two decades. 
These concerns have risen as the Chinese government has rapidly increased its 
defense budget in recent years after a prolonged period of low levels of military 
spending. However, several trends must be sustained if these concerns are to 
become a reality by 2025. First, China’s economy will have to continue to grow, 
making resources available for military spending. Second, the Chinese govern-
ment must successfully channel resources to the military. Third, improvements 
in China’s defense industry must continue if it is to produce the sophisticated 
weaponry needed to challenge U.S. forces. PAF assessed these trends and pro-
vided projections of China’s potential military expenditures through 2025.

Projections Show That China Could Increase Military 
Spending Substantially

PAF concluded the following:
• The growth rate of China’s large economy is unlikely to match that of the 

past 30 years. However, researchers assume that the economy will grow at 
an average annual rate of 5 percent through 2025. It will more than triple 
in size to be about half the projected size of the U.S. economy. 

• As China’s population becomes older and more urbanized, the government 
will face strong pressure to spend more on needed social programs such as 
pensions and health care and on public infrastructure. These demands will 
limit the resources China has available for military spending. 

• China’s defense industry is still technologically backward but is improv-
ing rapidly. Such reforms as open bidding for materials have been intro-
duced to encourage innovation and efficiency. These trends will continue 
if the Chinese government continues to push reforms and increase defense 
spending. 

These factors suggest that China will have the economic and technological 
wherewithal to increase its military capabilities substantially in the next two 
decades. PAF’s projection of the most likely level of future military spending 
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through 2025, shown in Table 3, puts China’s military spending at the equiv-
alent of $185 billion (in 2001 dollars) in 2025, roughly three-fifths of U.S. 
defense spending in 2003. Between 2003 and 2025, in dollar terms, Chinese 
expenditures on procurement and research and development are projected to 
more than double.

Table 3

RAND Projections of Chinese Military Spending Through 2025: Combined Market 
and Purchasing Power Parity Exchange Rates (billions of 2001 dollars)

2003 2010 2015 2020 2025

Midrange projection 68.6 91.2 113.7 143.9 185.2

Personnel 48.9 57.8 65.0 73.1 82.2

Operations and maintenance 8.6 15.3 23.0 34.6 51.9

Procurement and R&D 11.1 18.1 25.6 36.2 51.1

Maximum projection 75.6 145.0 207.4 287.3 403.4

Personnel 48.9 84.7 111.5 141.0 178.9

Operations and maintenance 8.3 22.3 39.6 67.1 113.0

Procurement and R&D 18.5 38.0 56.2 79.3 111.4

Ratio between maximum 
and midrange projections

1.10 1.59 1.82 2.00 2.18

How Will We Know If China Is Straying 
from the Projected Course?

Forecasts are never completely accurate because of the many unknowns 
involved. PAF’s projections are based on a variety of economic and other indi-
cators that analysts can track to determine whether China is moving in the 
expected direction or whether future military expenditures and capabilities are 
likely to diverge substantially up or down. For example, if China’s gross domes-
tic product grows 2.5 percentage points more rapidly or more slowly than PAF 
projects for three consecutive years, overall economic growth will differ from 
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that forecasted. Likewise, if the Chinese government fails to close poorly per-
forming manufacturing plants, analysts may conclude that defense industry 
reforms are not proceeding as forecasted. Analysts should take these and other 
indicators into account when evaluating China's future military threat.

MG-260-1-AF, Modernizing China’s Military: Opportunities and Constraints,
Keith Crane, Roger Cliff, Evan Medeiros, James Mulvenon, 

and William Overholt
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China’s Defense Industry Is Emerging 
from Its Troubled Past

Over the past 25 years, U.S. research has concluded that China’s defense-indus-
trial complex is rife with weaknesses and limitations. A new PAF study argues 
that it is time to shift the focus of research to the gradual improvements in 
and the future potential of China’s defense-industrial complex, rather than con-
centrate on its past and persistent weaknesses. A new PAF study argues that 
it is time to acknowledge gradual improvements in China’s defense industry. 
Certain sectors are producing a wide range of increasingly advanced weapon 
systems that will enhance China’s military capabilities relevant to a possible 
conflict over Taiwan in the short term and its military position throughout Asia 
in the long term. PAF’s research on these trends suggests the following:

• Defense-industrial revitalization and reform have taken hold and even 
accelerated over the past five years. Beginning in the late 1990s, China’s 
leadership adopted a series of policies to inject more resources into defense 
production, to revamp the structure and operations of the defense-procure-
ment system, and to reform the operations of defense enterprises. These 
moves have allowed China’s defense industry to emerge from the doldrums 
of two and a half decades of systemic neglect, inefficiency, and corruption. 

• Improvements in China’s defense research, design, and production capa-
bilities have been uneven across sectors. The missile sector has progressed at 
an accelerated pace over the past five years, suggesting that China may soon 
begin fielding land-attack cruise missiles, higher-quality anti-ship cruise 
missiles, modern long-range surface-to-air missiles, and anti-radiation mis-
siles. The shipbuilding industry has gradually modernized, resulting in 
increasingly sophisticated platforms and heightened production rates. The 
aviation industry, which has been inefficient in the past, is showing signs of 
limited progress; but important gaps in design and production capabilities 
remain. China is also leveraging improvements in the commercial informa-
tion-technology sector to improve the military’s command, control, com-
munications, computer, and intelligence capabilities. 

China’s defense industry now has the potential to become more competitive 
with the defense industries of the world’s advanced military powers in key sec-
tors within a moderate (10–20 years) amount of time. China’s senior political, 
industrial, and military leaders have called the next 20 years the “critical stage” 
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in China’s modernization of its defense-industrial base. Reform and renovation 
of the defense industry will be a gradual, deliberate, and consistent process. 
They do not appear to be part of a “crash” effort requiring a dramatic shift 
in national priorities from economic development to military modernization. 
However, if the government continues its efforts, the rate of innovation and the 
quality of weapon systems should continue to improve.

MG-334-AF, A New Direction for China’s Defense Industry, 
Evan S. Medeiros, Roger Cliff, Keith Crane, and James C. Mulvenon
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Modern Decision Science Suggests New Methods 
and Tools to Support Military Decisionmaking

Decision support systems (DSS) are intended to help commanders make good 
choices, often in the face of complex and uncertain situations. DSS includes 
methods and tools such as computer programs, models, games, and other 
means of analyzing information and presenting alternatives. These methods 
and tools are based on a diverse and evolving body of research, called decision 
science, that seeks to understand how people make decisions and how those 
decisions can be improved. Modern developments in decision science suggest 
that many changes of emphasis in decision support are appropriate. These are 
discussed in a PAF survey of modern decision science conducted to assist the 
Air Force Research Laboratory in planning its research programs for improving 
decision support.

Toward a Synthesis of Research About Decisionmaking

Recent years have seen advances in knowledge about how people make deci-
sions and the beginnings of change in the “prescriptions” as to how people 
should make decisions. The “rational-analytic” school, with its emphasis on 
examining the pros and cons of diverse options, maximizing expected utility, 
and avoiding the “cognitive biases” that sometimes arise from the use of heuris-
tics, should arguably be supplemented by lessons from the “naturalistic” school, 
which emphasizes how people use intuition, action, and adaptation to deal suc-
cessfully with situations that involve uncertainty and risk. Although the related 
academic debates are sometimes fractious and comparisons are sometimes con-
fused by philosophical differences that ultimately prove extraneous, the PAF 
survey argues that the frontier of research is seeking to synthesize these differ-
ent viewpoints and to produce practical suggestions to support decisionmaking 
that is both analytical and intuitive. For example, while commanders in the 
midst of battle will and should depend heavily upon intuition, their intuition 
can be much improved by peacetime education and training that have been 
structured to teach the right lessons, to build the right pattern-matching skills, 
and to remove true bias. Another aspect of synthesis is learning how to package 
the fruits of analysis effectively, whether in peacetime or wartime. This may, 
for example, involve alternative, coherent “stories,” alternative depictions of the 
adversary’s potential reasoning, or graphical summaries of evidence that convey 
the intended information more intuitively than do many traditional analyses.
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Paradigm Changes in Methods of Analysis

The methods of analyzing decisionmaking and their related tools have also 
evolved in recent years—indeed, rather drastically. Classical approaches, such 
as systems analysis, game theory, and cost-benefit analysis, focus on optimizing 
choices for a given situation that is often idealized. More-recent developments 
focus on the need to understand the target systems, to confront ubiquitous 
uncertainty, and to identify strategies that are flexible, adaptive, and robust 
rather than optimal for some point case. Developments include the following:

• Understanding the System and Related Modeling. There is a drive to 
build more-realistic models and simulations, enabling decisionmakers to 
employ different perspectives and levels of detail to understand a system 
more fully. This approach calls for multiresolution families of models 
and games that are better conceived and more mutually informed than in 
the past. 

• Methods for “Out of the Box” Planning. These methods help military 
planners think creatively about new challenges and develop flexible strat-
egies for dealing with them. “Uncertainty-Sensitive Planning” identifies 
branches (i.e., uncertainties that will be resolved when events proceed down 
one path or another) and shocks (i.e., events that are unlikely to occur but 
are plausible and potentially disruptive). “Assumption-Based Planning” 
encourages planners to step outside of traditional frameworks and to ask 
deep questions about their assumptions. “Day After” games force partici-
pants to confront plausible bad developments outside their normal projec-
tions and to think about how to avoid such developments. 

• Planning Under Uncertainty. Rather than focus on optimizing strategy 
subject to a great many highly uncertain assumptions, planning under 
uncertainty emphasizes exploratory analysis to assess the range of conditions 
under which a given strategy would give good enough results, the range 
of conditions under which the strategy would fail, and so on. That is, the 
paradigm of exploratory analysis is one of searching for flexible, adaptive, 
and robust strategies that are relatively less sensitive to problems such as 
being surprised by an enemy tactic. 

• Planning for Adaptiveness. In practice, a key feature of planning under 
uncertainty is planning for adaptiveness because things will go wrong. The 
issue then becomes how quickly good course corrections can be made. This 
is a function of organization (e.g., the size and character of building-block 
units), command, and plans. 
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• Capabilities-Based Planning (CBP) is a broad term now used by the 
Department of Defense for planning under uncertainty. Beyond such gen-
eralities as planning for adaptiveness, it includes some special features in 
force planning designed to ensure that when “capabilities” are acquired, 
actual operations can be executed in the field. A key to CBP is conceiving 
programs in terms of mission-capability packages based on what has been 
termed mission-system analysis. The basic idea here is that to accomplish 
a mission the commander must have all the critical components of rele-
vant capability. Weapons are not enough; the commander must also have 
command and control, logistics, and so on. Implementation of capabili-
ties-based planning is much assisted if decisionmakers have “portfolio-man-
agement” tools that highlight where proposed investment choices do and 
do not cover all of the critical components of desired capabilities. Having a 
balanced portfolio is often more important than investing even more heav-
ily in a particular, popular component of capability while ignoring other 
critical components. 

• Command and Control (C2) and Networking. Modern decision sci-
ence emphasizes C2 structures, processes, and mechanisms for adaptation, 
as well as ubiquitous networks that allow tasks to be accomplished with 
resources appropriate to a problem. Information science is playing a central 
role, especially through such concepts as shared information awareness, vir-
tual collaboration, and virtual organizations. 

These advances in decision science, methods, and tools can help make military 
decisionmaking more flexible, adaptive, and robust. The Air Force and other 
military services should internalize these advances in future development of 
DSS.

MG-360-AF, Implications of Modern Decision Science for Military Decision-
Support Systems, Paul K. Davis, Jonathan Kulick, and Michael Egner
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Beyond Close Air Support: Forging a New 
Air-Ground Partnership

Recent operations in Afghanistan and Iraq have emphasized the importance of 
integrating air forces and ground forces. The U.S. Army is preparing its forces 
to operate in smaller units across larger areas, implying an increasing demand 
for close integration with air forces. However, air forces would lose their inher-
ent flexibility and versatility if tasked solely to provide on-call support to small 
ground units dispersed across a large area. PAF examined this problem and 
concluded that the Army and U.S. Air Force should get beyond a debate over 
which force supports the other and instead develop a partnership in which 
either may predominate, depending upon the situation. The PAF report con-
tains the following key findings:

• The current Army Transformation implies that the Army will have greater 
interest in air attack and that it will demand more terminal attack control-
lers (TACs), the Air Force specialists trained to control close air support. 

• Creative use of available technologies can free TACs to concentrate on their 
essential functions and, by improving communications and connectiv-
ity, give engaged ground units greater access to fires from all service com-
ponents. The Army does not need TACs with all engaged ground units. 
Rather, it needs a system that allows engaged units to designate targets for 
air forces and provides enough TACs to properly control the attacks while 
ensuring the safety of friendly forces. 

• Disaggregating the TAC function is essential. Engaged ground units should 
perform some of the current TAC functions (e.g., target identification and 
geolocation), freeing TACs to concentrate on functions that require a fully 
certified controller (e.g., assigning targets to aircraft and clearing pilots to 
release munitions). 

• Doctrine for operations against ground targets and associated control 
measures needs revision. Currently, only close air support is satisfactorily 
defined; interdiction is poorly defined; and strategic attack is barely men-
tioned. These missions should be defined with greater clarity, linking them 
unambiguously to the actions of maneuver forces. As technology permits, 
the fire support coordination line (a coordinating measure established by 
the land force commander to facilitate attack beyond the line) should be 
replaced with a more flexible system of grids generally called “kill boxes.” 
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• The Army’s own firepower remains the most efficient means of meeting 
routine requests, especially in counter-battery fire. Air forces would require 
a huge force structure to match the degree of responsiveness attained by 
field artillery and rockets. The Army should retain sufficient firepower to 
meet the routine needs of its dispersed units. 

• Air attack and ground maneuver should be planned as mutually enabling 
activities. Whenever possible, air forces should be free to conduct opera-
tions deep within enemy territory against enemy maneuver forces, thereby 
isolating the battlefield. Friendly ground forces can operate in a dispersed 
fashion, finding and fixing enemy forces so that they become targets for 
friendly fires from any service component.

MG-301-AF, Beyond Close Air Support: Forging a New Air-Ground 
Partnership, Bruce R. Pirnie, Alan Vick, Adam Grissom, Karl P. Mueller, 

and David T. Orletsky
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The United States and Europe Should 
Work Together to Build a Multinational Global 

Navigation Satellite System

The space-based Global Positioning System (GPS) has been the preeminent 
source of positioning, navigation, and timing (PNT) data for the U.S. mili-
tary and for civilian and commercial applications. GPS is managed by the 
Interagency GPS Executive Board (IGEB), which is chaired jointly by the U.S. 
Departments of Defense and Transportation. GPS data are available for free to 
U.S. and international users, but IGEB oversight enables the United States to 
retain control of critical GPS information technology and to ensure that U.S. 
civilian and military organizations can participate in the economic growth and 
technical maturity that result from this technology.

The European Union (EU) expects that by 2008 it will begin initial operations 
of Galileo, a European space-based PNT system. Galileo will be similar to GPS 
in that it will provide free basic service for mass-market applications, listed in 
Table 4, but it will be different in that it will have civilian rather than govern-
ment control and will charge fees for enhanced services. Some U.S. policymak-
ers are concerned that the competitive environment ushered in by Galileo will 
create a fragmented user base for GPS and will have an overall negative eco-
nomic impact in the United States. PAF explored these issues and concluded 
the following:

GPS-Galileo Cooperation Offers Opportunities 
for Economic Benefits

Galileo’s economic impact in the United States should be minimal if the EU 
does not apply restrictive policies in Europe that mandate the use of Galileo 
over GPS. In fact, both the United States and Europe may realize economic 
benefits with a cooperative approach that enables seamless use of both systems. 
PAF recommended that the United States increase cooperation with Galileo 
and provide superior civilian service based on market research.
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Table 4

GPS and Galileo Services

Service Description Target Notes

GPS

Standard
positioning
service (SPS)

Free navigation and timing 
service for use by anyone

Peaceful commercial 
and civilian uses

Precise
positioning
service (PPS)

Encrypted navigation and 
timing service for use by 
U.S. military and NATO

Strategic and national 
security matters

Galileo (planned)

Open service 
(OS)

Free navigation and timing 
service for use by anyone

Mass-market applications, 
particularly low-cost/
simple receivers, designed 
to facilitate the use of 
combined services

No service guarantee, 
liability, or integrity 
information available

Safety-of-life
(SoL)

Frequency receivers that 
operation in L1 and ES 
(SoL Radio Navigation 
Satellite Service [RNSS] 
band)

Transportation applications 
in which lives are 
endangered without real-
time notice of performance 
degradation

Service guarantee for 
SoL applications, integrity 
notification, signal 
authentication

Public regulated 
service (PRS)

Encrypted fee-based 
navigation and timing 
service for police, fire, 
ambulance, military, and 
customs; access controlled 
by civil authorities

Public or strategic 
applications

Must be operational at 
all times under all circum-
stances, and must mitigate 
interference; broadcast 
on separate frequencies 
with respect to OS to 
prevent signal loss when 
OS is denied

Commercial
(COMM)

Encrypted fee-based 
navigation and timing 
service for market 
applications; controlled 
access via receiver; low 
data-rate broadcasting 
capability

Service providers offering 
applications dependent on 
this performance

Service guarantee for fee

Search and 
rescue (SAR)

Relays distress alarms 
to improve existing relief 
and rescue services

Existing systems for 
international cooperative 
effort for humanitarian 
search and rescue 
(compatible with Russian 
COSPAS [space system 
for the search of vessels] 
and SARSAT [Search and 
Rescue Satellite-Aided 
Tracking])
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GPS-Galileo Cooperation May Enhance Service 
for the Global Community

PAF found that it is important for the United States to maintain GPS as a 
reliable source of PNT data for the global community, to leverage opportu-
nities (such as Galileo) to modernize GPS and offer enhanced services, and, 
potentially, to maximize the use of GPS for future cooperative arrangements. 
To meet these goals, the United States should explore the range of options for 
working with the EU as a cooperative partner in the provision of PNT data 
and services.

Galileo Could Ease the Burden of the GPS 
Civilian Requirements

GPS will continue to provide services to both civilians and the military. 
However, at present both GPS and Galileo are trying to provide a level of ser-
vice that is difficult to meet individually but may be achievable jointly. A future 
world in which civilian users voluntarily migrate to or integrate with Galileo 
services may present an opportunity to avert or reduce future expenditures for 
GPS civilian requirements. The United States should evaluate these implica-
tions and should consider the potential benefits of sharing the responsibility for 
providing the civilian service with Galileo.

MG-284-AF, Building a Multinational Global Navigation Satellite System: 
An Initial Look, Rosalind Lewis, Michael Kennedy, Elham Ghashghai, 

and Gordon Bitko
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