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RAND headquarters is located in this award-winning building in Santa Monica, California.



Restoring the Army’s Balance 

2007 marks RAND Arroyo Center’s 25th year of providing unbi-
ased, objective research on issues of critical importance to 
the U.S. Army and the nation. Throughout our history, we 

have remained firm in our belief that fact-based, nonpartisan analysis can improve 
decisionmaking, enhance system performance, and help bring about needed organi-
zational change. And, needless to say, the Army has undergone many changes over 
the last quarter century, as it evolved from the so-called “hollow army” of the post-
Vietnam era to the world’s preeminent land power we know today.

Our work for the Army during this period reflects these many changes. Early 
studies that focused on defending the Fulda Gap and implementing AirLand Battle 
doctrine gave way to analyses of post–Cold War force reductions, response to major 
regional contingencies, and planning for military operations other than war. More 
recent efforts stressed making light forces more potent, improving unit modular-
ity, and dealing with the demands of irregular warfare. Throughout this time, we 
also remained engaged in other, long-standing research streams: manning the all-
volunteer force, enhancing the effectiveness and efficiency of the logistics system, 
and assimilating lessons learned through field research on unit training. Looking 
back, Arroyo research has been important in helping the Army to make informed 
decisions. Looking ahead, we see demands on the horizon that will make our work 
even more important.

The 2007 Arroyo Center Annual Report comes at an increasingly trying time for 
the Army. As General George W. Casey, Jr. has explained, the Army is “out of balance” 
after six years of war in Afghanistan and Iraq. There are several reasons for this, includ-
ing a demand for forces that exceeds supply; the reserve component performing an 
operational role for which it was neither designed nor resourced; a necessary focus on 
counterinsurgency that detracts from the Army’s ability to prepare for other missions; 
the stress on soldiers, families, and equipment from lengthy and repeated deploy-
ments; and health care, education, and family support systems that were designed in 
an earlier era and are straining under current pressures.1 

Restoring balance to the Army will require clear vision, skilled leadership, ade-
quate resources, and time. It will also demand an in-depth understanding of what 
drives the key issues confronting the Army and how best to resolve them in the face 
of constraints. Quality analysis will be crucial here, and, as it has for 25 years, RAND 
Arroyo Center stands ready to provide that.

The pages of this year’s annual report describe the skills and abilities that have 
been carefully developed over Arroyo’s history with an eye on large, complex insti-
tutional problems the Army is likely to face. While particular research streams have 
evolved over time, generic areas of substantive focus have remained largely intact and 

Jeff Isaacson
Vice President, Army Research 
Division
Director, RAND Arroyo Center

MESSAGE FROM THE DIRECTOR                                                   5

1 Statement by General George W. Casey, Jr., Chief of Staff, U.S. Army, before the Senate Armed Services 
Committee, November 15, 2007.
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are reflected in our four programs of research: Strategy, Doctrine, and Resources; 
Force Development and Technology; Military Logistics; and Manpower and Training. 
The table below illustrates how RAND Arroyo Center’s four programs, along with the 
specific research streams they maintain, can support the four “imperatives” that Gen-
eral Casey sees as essential to restoring the Army’s balance: sustain the Army’s soldiers, 
families and civilians; prepare forces to succeed in the current conflict; reset units and 
rebuild readiness; and transform the Army to meet the demands of the 21st century.2

Taken together, Arroyo’s research programs contain the intellectual capital that 
enables them to deal with any aspect of restoring balance to the Army. As the table 
shows, each program maintains expertise to support multiple imperatives in differ-
ent ways, and each maintains a research focus on both near- and long-term issues. As 
the lines distinguishing work in one program from another are sometimes indistinct, 
collaboration among these programs is strong on issues that transcend nominal pro-
gram boundaries.

In general terms, the Strategy, Doctrine, and Resources Program takes a broad 
look at what the strategic environment may look like several years out to help the 
Army assess its present capabilities against plausible future demands. A growing 
emphasis in this program has been on understanding the Army’s ability to carry out 
operations across the full spectrum of warfare, including the resources required for 
pragmatic planning.

The Force Development and Technology Program helps to ensure that our sol-
diers maintain the technological advantage over our adversaries now and into the 
future. This includes developing the appropriate tactics, techniques, and procedures 
to harness that advantage. Recent contributions include work on understanding the 
effect of information networks on battlefield outcomes; defense acquisition, espe-
cially the Future Combat Systems program; and bandwidth requirements for emerg-
ing Army operational concepts.

As its name suggests, the Military Logistics Program strives to improve the logis-
tics system that provides operational support to the warfighter. Working closely with 
leaders in the Army and the joint logistics community, the program tackles a broad 
range of issues concerning inventory, distribution, and supply chain management. It 
also studies logistics process improvements, infrastructure management, and reset-
ting equipment under the Army Force Generation model.

Finally, the Manpower and Training Program has a long history of helping the Army 
maintain a top-quality, all-volunteer fighting force capable of achieving success across 
the range of missions the Army might face. Recruiting incentives, youth demographics, 
combat skills proficiency training, leader development, and reserve component man-
ning are just some topics on which researchers in this program remain engaged.

In the pages that follow, you will find a brief history of RAND Arroyo Center, 
tracing it back to its very beginnings at the Jet Propulsion Laboratory and bringing 
it forward to today. It shows how Arroyo’s research agenda has supported the Army 

2 Ibid.
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as it confronted many challenges over two and a half decades. It next presents brief 
descriptions of each of the four programs, cataloguing the range of each one’s capa-
bilities and describing recent projects in some detail by way of providing examples 
of the kinds of research that each can produce. Finally, the report concludes with a 
selected bibliography of Arroyo research published in 2007.

 Over the past 25 years, RAND Arroyo Center has provided objective, quantitative 
analysis of critical issues facing the Army and the nation. As its early champions in the 
Army recognized, its unique position as a trusted, independent partner ensures that 
senior leaders get unbiased advice that reflects a full range of available policy options. 
As the Army faces what will surely be a challenging future, RAND Arroyo Center 
remains committed to providing the research and analysis fundamental to making 
informed choices and implementing effective solutions. 

Sustain Prepare Reset Transform

Strategy, Doctrine, and Resources

Assess evolving operational environment

Develop capabilities to face new challenges

Develop partner capabilities

Improve capabilities for SSTRO

Improve resource management

Learn from past and present operations

Support Army wargames and analysis

Force Development and Technology

Systems and technology analysis

Networks and C4ISR

Acquisition policy

Modeling and simulation

Force and organizational development

Assessment of TTPs

Military Logistics

Supply chain management

Fleet management and modernization

Logistics force development

Infrastructure management

Manpower and Training

Recruiting and personnel requirements

RC readiness

Training (MCO and stability operations)

Retention

Officer career management

Distance learning, simulations, training support systems

Medical forces and operations



The Beginning: The Jet Propulsion Laboratory
The origins of RAND Arroyo Center trace back several years before its founding in 
1982. Discussions about the Army’s need for an external analysis agency had been 
going on since the mid-1970s among various members of the Army Staff, notably 
Lieutenant General Edward Meyer, then Deputy Chief of Staff for Operations, Dr. 
Walter La Berge, the Under Secretary of the Army, and Major General Maxwell Thur-
man, then head of the Army’s Program Analysis office and familiar with the sup-
port that the U.S. Air Force was receiving from RAND’s Project AIR FORCE. Meyer 
became Chief of Staff in 1979, and in 1981 Thurman became the Army’s Vice Chief. 
Along with James R. Ambrose, who became the Army’s Under Secretary in 1981, they 
started the process that brought the Arroyo Center into being. All were familiar with 
the relationship between the Air Force and Project AIR FORCE at RAND and thought 
it would be a good model for the Army—an organization equipped with a range of 
analytic skills that could do independent and objective research on major Army issues. 
Credibility of research findings was crucial, and for that reason they concluded that 
the organization had to stand outside the Army. Hence they chose the management 
structure of Project AIR FORCE, namely that of a federal contract research center 
(later called a federally funded research and development center, or “FFRDC”).

The Army initially chose to locate its new analysis center at the Jet Propulsion Lab-
oratory (JPL), in the Arroyo Seco (literally, “dry river bed”) just north of Pasadena, 
California. JPL had been founded as an Army laboratory, and although it had been 
transferred to the National Aeronautics and Space Administration upon its forma-
tion in response to the Soviet launch of Sputnik, the Army maintained a contract with 
JPL that could readily be expanded to include the new analysis center. Meanwhile, 
Mr. Ambrose’s earlier experience in the aerospace field had made him familiar with 
JPL and its managing officials. Accordingly, an official from the Army Study Program 
Management Office approached the California Institute of Technology, which man-
aged JPL for NASA, about establishing an analysis center patterned after Project AIR 
FORCE. This center was to be a high-quality, interdisciplinary research and analysis 
organization that would help the U.S. Army study long-range issues important to its 
civilian and military leadership. 

JPL formed a study group to consider the Army’s request in May 1982. A series 
of discussions between Army officials, including Mr. Ambrose and Walter Hollis, the 
Deputy Under Secretary of the Army for Operations Research, and JPL and Caltech 
officials, took place over the summer. The Caltech Board of Trustees approved the 
concept, and JPL appointed Dr. Martin Goldsmith as manager for what was initially 
called the Army Analysis Program. The new organization submitted its first annual 
operating plan to the Army’s Study Program Management Office in September 1982. 
The plan addressed the proposed work for fiscal year 1983, which principally entailed 
organization and program definition but also authorized some limited substantive 
work. That document, coupled with the transfer of $200,000 to JPL, marked the 
beginning of what would come to be known as the Arroyo Center. In October, a 
committee under former JPL director William Pickering was assembled to establish a 
charter and mode of operation for the Army Analysis Program. In May 1983 the name 

8                                      RAND ARROYO CENTER: ORIGINS AND GROWTH
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was changed to the Arroyo Center, and the organization began reporting directly to 
the Director of JPL. The first director of the Arroyo Center, Richard A. Montgomery, 
was hired in September 1983, replacing Martin Goldsmith.

From Arroyo Seco to Ocean Avenue
The Army’s analytical goals and the philosophy of JPL’s managing body, the California 
Institute of Technology, did not mesh well. Many Caltech faculty members believed 
that the new organization’s policy focus was inappropriate for Caltech, whose exper-
tise was primarily in technical fields. In spite of efforts by both the Arroyo Center and 
Caltech leadership to allay such concerns, the faculty voted in January 1984 to have 
the university divest itself of the Arroyo Center. Army officials considered a number 
of alternative homes for the center, each deemed to have the requisite experience 
in operating an interdisciplinary research group. These included SRI International, 
the New Mexico State University Physical Science Laboratory, the Aerospace Corpo-
ration and, of course, the RAND Corporation. In September 1984, the U.S. Army 
Chief of Staff decided to transfer the Arroyo Center to the RAND Corporation, and 
on February 1, 1985, the Arroyo Center facility at JPL closed its doors. During its 
tenure at JPL, the Arroyo Center published 27 reports on topics ranging from U.S. 
policy toward Latin America to the military uses of infrared sensors. From a research 
perspective, the transition to RAND was relatively seamless. A handful of the 25 
Arroyo researchers transferred from JPL to RAND, bringing with them three Army-
approved research projects: Lessons Learned in the Field, Fault Lines in the Warsaw 
Pact, and Projection of Soviet Forces. Those three projects, coupled with five more 
developed by the RAND staff, constituted the proposed research plan for 1985 that 
was presented to the Arroyo Center Policy Committee, the body formed by the Army 
leadership to oversee the Arroyo Center’s research agenda. At the time, the commit-
tee had five members: the Vice Chief of Staff, U.S. Army, the Assistant Secretary of 
the Army (Research, Development and Acquisition), the Commanding General of 
U.S. Army Training and Doctrine Command, the Commanding General of Army 
Materiel Command, and the Deputy Chief of Staff, Operations. The Executive Agent 
for the Arroyo Center was the Director of the Study Program Management Office. 

The Early RAND Years 
That first research agenda developed at RAND understandably reflected key Cold War 
concerns, notably how best to defend Europe against attack by Warsaw Pact forces. Yet 
it included the beginnings of research streams that continue to the present. One of 
the initial logistics projects, for example, employed the RAND Dyna-METRIC model, 
originally developed to analyze the movement of spare parts in Air Force mainte-
nance systems, to help the Army find better ways to manage its spare parts. This work 
eventually grew into the Velocity Management project, which expanded the focus 
from spare parts to the entire supply and maintenance system and contributed to 
major changes in how the Army carries out its logistics. This particular project also 
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illustrates the benefit of locating the Arroyo Center at RAND, where Army research-
ers could take advantage of the experience of their Project AIR FORCE colleagues, as 
well as colleagues in the rest of RAND’s growing number of research centers.

A second major stream of research appears in the work done at the Army’s 
National Training Center (NTC) at Fort Irwin, California. One of the first questions 
the Army asked Arroyo was whether scientifically valid quantitative research could be 
done in a field setting. The National Training Center collects an enormous amount of 
data on the mock battles fought there, but it was not clear whether that information 
would support valid research findings. Some early work indicated that it could, but 
that structured observations in the form of questionnaires, filled out by the observer-
controllers who accompany the units training there, could provide information not 
available from routine data collection. These techniques have been in use at the 
National Training Center ever since, and Arroyo Center researchers working there 
today employ the techniques developed in those early years. 

The Post–Cold War Years
Even before the Berlin Wall came down, Arroyo Center researchers began helping 
the Army think about a future in which the main focus was not armored warfare 
on the plains of Europe. With forces of change clearly at work in the Soviet Union, 
anticipating what that nation might look like in five or ten years became important, 
and Arroyo researchers turned to such topics as contemporary events in the Soviet 
Union and the effect of Gorbachev’s policies on the political scene. The withdrawal of 
the Soviet army and the reunification of Germany meant that the Army needed a new 
strategy to defend Europe. The Arroyo Center helped Army planners think about new 
strategies for Europe, while also focusing on new emerging national security needs 
that would require Army forces. Meanwhile, Arroyo’s manpower experts helped the 
Army manage a near–40 percent reduction in strength that began in 1992. 

But it was also clear that the United States was destined to play a much different 
global role, so the Arroyo Center broadened its focus to take in other arenas and 
types of conflict, including conflicts in the Third World. Some saw Operation Just 
Cause, which drove the Noriega regime from power in Panama, as a harbinger of 
other regional contingencies, and Arroyo Center researchers analyzed that opera-
tion to determine what it might imply for supporting similar operations. Operations 
other than war (OOTW) had always been in the Army’s repertoire, but they assumed 
new importance following the Cold War; indeed, some saw them as the Army’s pri-
mary role and argued for a drastically revamped force structure to deal with them. 
While recommending against that approach, Arroyo Center researchers nonetheless 
explored the ramifications of OOTW, particularly their effect on preparedness for 
traditional military missions.

As the post–Cold War decade wore on, the Arroyo Center devoted considerable 
effort to helping the Army resolve two persistent dilemmas. One was created by small 
but repetitive deployments that seemed to have a disproportionately large effect on 
the Army’s operating tempo and readiness. Arroyo Center research helped the Army 
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understand the complex effects of small deployments and how they might best be 
managed. The second dilemma was created by what some have called the “barbell” 
shape of U.S. forces: very capable but heavy forces unable to deploy quickly, and agile 
light forces able to get to the area of conflict rapidly but lacking punch and staying 
power. Well before the Army launched its ambitious “transformation” effort in the 
fall of 1999, Arroyo had begun to suggest ways for the Army to make the light forces 
more effective without robbing them of their agility. This research explored a vari-
ety of technological enhancements to give light forces more punch without slowing 
their ability to get to the fight rapidly.  These technologies included such things as 
enhanced direct and indirect fire systems that would enable light forces to strike 
heavy ones without closing with them and networked command and control and 
intelligence collection systems that would enable them to avoid close-in fights by see-
ing the enemy first.

Arroyo Today
In March 2007, the Army entered its fourth year in Iraq. And although modified 
tactics accompanied by the temporary increase in forces have brought demonstrable 
progress, the end of the conflict is not in sight, and the likelihood is that the Army 
will retain some sort of force presence in Iraq for years to come. Simultaneously, a 
resurgent Taliban has increased the level of violence in Afghanistan and is engaged 
in fierce combat with NATO forces. Those two conflicts have captured the attention 
of the Army’s leadership, and RAND Arroyo Center has devoted a considerable por-
tion of its research agenda to them and to their attendant effects.

In the past year, Arroyo has completed projects on the broader implications of 
irregular warfare for the Army and how it might improve its doctrine. The Army’s 
ARFORGEN process and the life-cycle manning associated with it depart substan-
tially from recent rotation and staffing policies, and Arroyo has launched a number 
of research projects to help the Army come to grips with the many implications of 
these new programs. The ARFORGEN process has important effects on how units go 
about their training (and when) and on a number of personnel policy issues. Ongo-
ing Arroyo research is addressing both of these, including what it means for officer 
and enlisted development when soldiers stay in the same tactical unit for three years. 
Another study is examining the effect of life-cycle manning on unit proficiency, which 
is widely believed to enhance unit performance. The ARFORGEN cycle has impor-
tant and differential effects on unit equipment depending on whether a unit is in the 
reset/train, ready, or available pool. For example, how does a unit recently returned 
from a deployment train when many of its major items of equipment are being rebuilt 
or refurbished at the depot? Answers to questions such as these will enable the Army 
to prioritize its resources and manage them more effectively.

But as important as the conflicts in Iraq and Afghanistan are, the Army also has 
many other important issues to contend with. It has major responsibilities within the 
United States, and RAND Arroyo Center has used the Army’s response to Hurricane 
Katrina as a test case to assess the Army’s readiness to carry out such responsibilities. 
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Looking further into the future, Arroyo researchers are analyzing the implications  
of complex terrain, given that a clever adversary can use it to offset many of the 
advantages the Army enjoys in terms of maneuver, stand-off, and precision strike. 
And they are exploring how different command and control architectures will affect 
force effectiveness. Finally, they are helping the Army come to grips with the require-
ments of managing complex acquisition projects. The systems the Army is acquiring 
have become increasingly complex, involving significant increases in software and 
automation. Frequently, items are only one part of a system. At the same time, the 
defense acquisition system has fundamentally changed and has done so at a time 
when the Army had reduced the number of people involved in acquisition. All of 
this has major effects on how the Army manages the procurement of its equipment, 
and Arroyo research is helping the Army understand what it means for its acquisition 
personnel and organizations.

The Army’s need for independent, objective research—precisely what RAND 
Arroyo Center was created to deliver—has never been greater. Over the past two 
decades, Arroyo has recruited the research staff, developed the analytic tools, and 
created the research capital to meet this need, and it has helped the Army negotiate 
many crises in the past. Today, it looks forward to many more years of helping the 
Army serve the nation. 



RAND Arroyo Center benefits from the oversight and guidance of an important 
group of senior Army leaders, known officially as the Arroyo Center Policy Committee  
(ACPC). Its guidance transcends individual projects that address issues of immediate 
concern to the Army to focus on the development of major lines of research critical 
to the Army’s long-term effectiveness. The ACPC plays an indispensable role in moti-
vating the Army and RAND Arroyo Center to initiate research on the fundamental 
policy questions that cut across jurisdictional boundaries within the Army and the 
overall defense community. Its membership comprises the following individuals.

General Richard A. Cody: (Co-chair) Vice Chief of Staff, U.S. Army

The Hon. Claude M. Bolton, Jr.: (Co-chair) Assistant Secretary of the Army  
(Acquisition, Logistics and Technology)

The Hon. Ronald J. James: Assistant Secretary of the Army (Manpower and Reserve 
Affairs)

General Charles C. Campbell: Commanding General, U.S. Army Forces Command

General Benjamin S. Griffin: Commanding General, U.S. Army Materiel Command

General William S. Wallace: Commanding General, U.S. Army Training and  
Doctrine Command

Lieutenant General Ann E. Dunwoody: Deputy Chief of Staff, G-4, U.S. Army

Lieutenant General John F. Kimmons: Deputy Chief of Staff, G-2, U.S. Army

Lieutenant General Michael D. Rochelle: Deputy Chief of Staff, G-1, U.S. Army

Lieutenant General Jeffrey A. Sorenson: Chief Information Officer, G-6, U.S. Army

Lieutenant General Stephen M. Speakes: Deputy Chief of Staff, G-8, U.S. Army

Lieutenant General James D. Thurman: Deputy Chief of Staff, G-3/5/7, U.S. Army

Lieutenant General Robert W. Wagner: Commanding General, U.S. Army Special 
Operations Command

Lieutenant General Robert Wilson: Assistant Chief for Installation Management, 
U.S. Army

Major General William T. Grisoli: Director, Program Analysis and Evaluation, 
Executive Agent for the Arroyo Center

Major General Gale S. Pollock: Deputy Surgeon General/Acting Surgeon General 
United States Army/Chief, United States Army Nurse Corps, U.S. Army
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RAND Arroyo Center serves the U.S. Army by analyzing the key policy issues 
that confront it. Arroyo shares RAND’s commitment to objective, empirical research 
and analysis. In Arroyo’s case, this means a focus on mid- to long-term issues affect-
ing the Army’s efficiency and effectiveness, with special attention to projects whose 
content cuts across the Army’s many subordinate organizations and agencies.  

RAND Arroyo Center’s status as a federally funded research and development 
center gives it two important advantages: objectivity and a long-term perspective. Its 
nonprofit status means that it has no commercial or proprietary stake in its findings. 
Because it is independent, apolitical, and guided solely by the public interest, it can 
give the Army impartial analysis of even the most controversial, sensitive, and criti-
cal issues. The way Congress provides most of the funding separates the reactions of 
Army sponsors to Arroyo findings from funding decisions. RAND Arroyo Center’s 
long-term contract provides a stable environment in which Army officials and Arroyo 
analysts can work together to build continuity of expertise on issues of enduring 
interest to the Army’s leadership. This continuity helps RAND and Arroyo attract and 
retain high-quality analysts and enables them to develop analytic tools—databases, 
simulation capabilities, and the like—that serve the Army’s needs. RAND Arroyo 
Center represents a reservoir of continuously deepening and expanding understand-
ing of key Army issues. Thus, not only can it tackle the most complex issues that may 
require several years of analysis, but it also has the capability to draw on the expertise 
it has developed over many years to meet the Army’s urgent short-term needs. 
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The Strategy, Doctrine, and Resources Program analyzes the dynamic 
security environment and what it implies for future strategic concepts, Army roles 
and missions, force structure, doctrine, and resourcing requirements. To this end, 
the program conducts research that (a) assesses the longer-term implications of stra-
tegic challenges and newly prominent missions and tasks, including counterterrorism 
operations, stability and support operations, and homeland defense, and (b) devel-
ops options for the Army to meet the full spectrum of future demands it is likely to 
face. Below are some examples of research done in support of these goals.

The new environment has broadened the Army’s focus from major combat opera-
tions to include stability and support operations. The program’s research in this area has 
included a user-friendly model that gives planners a defensible way to calculate troop 
requirements in stability operations. Another project analyzes the interagency arena 
with an eye to identifying capabilities across the government needed in such operations 
and suggests ways the Army might capitalize on them. The program also looks to the 
future, and is working with the Army to identify ways to organize and train a force ready 
to adapt rapidly to operations across the spectrum of conflict as they arise.

Another issue apparent in the new environment is the value of working with part-
ners, and the program has a vigorous research stream here. For example, one project 
provides the Army a conceptual template for integrating the various considerations 
that go into making long-term investments in developing the capabilities of partner 
armies.1 Another study develops a high-level assessment mechanism to allocate Army 
International Activities resources more efficiently and to execute the programs more 
effectively.2 With respect to the Army’s homeland responsibilities, another recent proj-

1 Jennifer Moroney, Adam Grissom, and Jefferson P. Marquis, Capabilities-Based Strategy for Army Security 
Cooperation, MG-563-A, 2007.
2 Jefferson Marquis et al., Assessing the Value of U.S. Army International Activities, MG-329-A, 2006.

http://www.rand.org/pubs/monographs/MG563/
http://www.rand.org/pubs/monographs/MG329/
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ect analyzed the Army’s part in the response to Hurricane Katrina, not only because 
it was a major natural disaster involving Army forces but also because many of the 
ensuing lessons would apply to a major terrorist attack.3 (This project is discussed in 
greater detail below.)

In the resource arena, just-published work examines funding instability in Army 
acquisition programs and determines its effects.4 It concludes that instability, regard-
less of the source, causes schedule slips, cost increases, and to a lesser degree, techni-
cal compromises. An ongoing project is assessing the effect of resource constraints on 
Army acquisition and operations. 

A continuing area of emphasis is the program’s analysis of the implications of 
operations—such as Operation Allied Force, Operation Enduring Freedom, and 
Operation Iraqi Freedom—aimed to help the Army analyze and develop options to 
support its future roles and missions. The program also assists the Army in develop-
ing and analyzing its future concepts and wargames, and it supports the reengineer-
ing of staff planning and programming processes, organizations, and products. One 
of the strengths of RAND Arroyo Center’s research organization is that it maintains 
expertise that all programs can draw on for specific projects. One example is the 
regional expertise that different programs use to assess long-term political and mili-
tary developments in regions of current and potential U.S. national security interest 
and to develop new analytical tools and methodologies. 

Maintaining expertise in these strategy, doctrine, and resource issues also allows 
RAND Arroyo Center to provide timely short-term assistance on issues of interest to 
the Army. For example, Arroyo analysts red-teamed issues during the 2001 Quadren-
nial Defense Review and also supported an irregular warfare working group during 
the 2005 QDR.

The following two articles illustrate different dimensions of the work done in the 
Strategy, Doctrine, and Resources Program. One explores the writings of various 
jihadi strategists to glean lessons that can inform U.S. military strategy. The second 
offers an analysis of the military response to Hurricane Katrina and sketches out 
actions to take in anticipation of the next natural (or man-made) disaster. 

3 Lynn Davis et al., Hurricane Katrina: Lessons for Army Planning and Operations, MG-603-A, 2007.
4 David Kassing et al., How Funding Instability Affects Army Programs, MG-447-A, 2007.

http://www.rand.org/pubs/monographs/MG603/
http://www.rand.org/pubs/monographs/MG447/
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Assessing Jihadist Strategies

The attacks on the World Trade Center brought home to the United States the 
nature of the threat posed by al-Qa’ida and its network. The better the nation 
and its military understands that threat, the better positioned it will be to 

counter it. Critical to any understanding of al-Qa’ida is a firm grasp of the strategic 
thinking that underpins the al-Qa’ida transnational salafi-jihadi movement.5 To gain 
such an understanding, Arroyo researchers analyzed a dozen key jihadi texts in detail 
and reviewed many more. The results of that analysis give insight into the particular—
some might say peculiar—view of Islam held by salafi-jihadists, their strategic goals 
and how they plan to accomplish them, what might derail their plans, and what actions 
the United States might consider taking to limit the prospects of the movement. 

The Salafi-Jihadi View of Islam
Most Muslims regard as fellow Muslims those who adhere to the Five Pillars of Islam.6 
Not so the salafi-jihadis. This conservative and militant strain of Islam is highly exclu-
sionary. Its practitioners hold that the only true Muslims are those who observe Islam 
in the salafi way, ostensibly as Mohammed and his immediate successors practiced 
it in Medina in the seventh century. They regard all others as infidels or apostates. 
This exclusionary view is coupled with the view that violent jihad is another pillar in 
its own right. Their beliefs enable them to construct creedal and legal arguments to 
declare non-Muslims and non-salafi Muslims unbelievers and to justify using violence 
against them. An analysis of the writings of a line of conservative Islamic thinkers 
who influenced salafi-jihadi strategic thinking reveals a shift from the early thought 
of overthrowing local apostate regimes (“the near enemy”) to a more recent focus on 
the United States and other perceived external enemies (“the far enemy”) who prop 
up these regimes.

Ends, Ways, and Means of Contemporary Jihadi Strategy
The analysis of salafi-jihadi writings leads Arroyo researchers to conclude that one of 
the most prominent motives animating jihadi strategic texts—and many other Isla-
mist texts as well—is the restoration of an Islamic caliphate. These visions range from 

5 Salafi-jihadis are extremist Sunni Muslims who believe themselves the only correct interpreters of the 
Qur’an and consider moderate Muslims infidels, and they seek to convert others to ensure that their 
own fundamentalist version of Islam will dominate the world. Most observers believe that salafi-jihadis 
constitute only a small minority of the salafi movement, which is dominated by pietistic and politically 
oriented currents.
6 The five pillars are the central rituals of Islam and constitute its core practices. As described in the 
Qur’an, they are the profession of faith in Allah as the one God and Mohammed as the last messenger 
(shahada), five daily prayers (salat), almsgiving (zakat), fasting during the month of Ramadan (sawm), 
and pilgrimage to Mecca (hajj).
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comparatively modest aims for a regional caliphate in the core Arab region to far 
more grandiose ones. Maps on salafi websites depict an Islamic caliphate in which 
Muslims control much of Asia, the Middle East, and Africa by the end of the 21st 
century and the rest of the world after 100 years.

Figure 1 depicts the two major components of the salafi strategy: jihad and 
exploitation of the media. It is important to understand the tight connection between 
these two strategic prongs. The media exploitation is aimed at boosting the morale 
of jihadis, eroding that of the movement’s enemies, and mobilizing the larger Muslim 
population. It is also a way of magnifying the effect and importance of tactical suc-
cesses (or of minimizing setbacks).

Many jihadi strategic texts suggest that al-Qa’ida’s grand strategy involves entic-
ing U.S. forces into conflict in Muslim lands in the hope of mobilizing large numbers 
of Muslims into armed jihad against the United States, thereby stretching U.S. forces 
while increasing the costs of the war. Ultimately the goal is to exhaust the U.S. mili-
tary establishment and U.S. political will. However, the central strategy will be subject 
to a variety of influences, which can affect it in positive or negative ways. Figure 2 
depicts those influences.

As described in the figure, among the factors that could push the main trend 
in salafi-jihadi strategic thinking in a particular direction, from a U.S. perspective 
either a beneficial or a harmful one, are the relative balances between the following: 
the influence of al-Qa’ida central leaders versus that of theater emirs; pragmatism 
and a willingness to compromise versus creedal purity and intolerance and exclusion; 
advances to the jihadi project versus setbacks; opportunities that may arise out of 
external shocks (e.g., a U.S.-Iran war, an Israeli-Palestinian peace agreement) versus 
vulnerabilities; and unity of purpose within the movement versus factionalization. 

Jihad

Exploit media, propaganda for morale, “hearts & minds”

Draw U.S. forces
into Muslim lands

Stretch U.S. forces
Increase U.S. costs Exhaust U.S.

Exploit zones
of savagery

Dispersed
cellular

organizations

Secure
lodgment

(Iraq)

Create
Islamic
emirate
(Iraq)
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(al-Sham)

Destabilize/
export
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neighbors
(al-Sham)

Figure 1
Emerging Trends in Salafi Strategy
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Changes in the relative balances between these varying influences must be watched 
carefully, because they could lead to important changes in jihadi strategy, operations, 
and tactics. More specifically, researchers identified six major issues or debates in con-
temporary jihadi strategic discourse that should be closely monitored because their 
resolution could greatly influence the future path of jihadi strategy. Those issues and 
their signposts appear in Table 1.

Main strategic trend

OpportunitiesAdvancesCreedTheater emirs Unity of purpose

VulnerabilitiesSetbacksPragmatismAl-Qa’ida leaders Factionalization

Figure 2
Forces That May Influence the Main Strategic Trend

Issue Key Signpost(s)

Outcome of Iraq Degree of Iraqi Sunni opposition to al-Qa’ida in Iraq and 
its Islamic State of Iraq

Outcome of debate between 
creedal purists and political  
pragmatists

Shift by al-Qa’ida away from inclusive “big tent” rhetoric to 
narrower, doctrinal position or shifts by al-Qa’ida regional 
affiliates to more pragmatic stance

Debate about the Shi’a and Iran Shift by regional emir or al-Qa’ida favoring war with Iran

Strikes against U.S. or Europe Increased discussion among jihadi strategists and chat 
rooms of attacks against U.S. and Europe

Al-Qa’ida branding and franchising 
activities

Announcement and confirmation of affiliate status by  
al-Qa’ida central and regional affiliates

Establishment of strategic  
benchmarks

Extent to which increasing consensus emerges on near- 
and far-term objectives, benchmarks, and timelines for the 
realization of strategic objectives

 

Table 1
Key Issues and Signposts
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The Strategic Preeminence of the Theater Emirs
One thing the analysis of the jihadi writings makes clear, however, is the influence of 
the regional emirs in developing and carrying out operational strategies; it not only 
trumps the pull of the strategic thinkers but also can eclipse the senior al-Qa’ida lead-
ers. The now-deceased Abu Mus’ab al-Zarquawi is a case in point. The “al-Zarquawi 
model” is one in which a battlefield commander feels that his position close to the 
fighting affords him a better perspective on what actions will advance the larger inter-
ests of the group and leaves him free to disregard or even act counter to the dictates 
of the more remote al-Qa’ida senior leaders like bin Laden as well as jihadi strategists. 
Of interest is the fact that al-Zarquawi’s use of brutal tactics against Shi’a Muslims, 
while criticized by the likes of al-Qa’ida number two Ayman al-Zawahiri, is defended 
by other theater emirs. This suggests that jihadi strategists and their texts have at best 
an indirect influence on jihadi action; moreover, the extent to which strategic ideas 
have any influence at all seems to be largely attributable to their endorsement by a 
theater emir. 

Conclusions 
Key findings of the study include the following:

Jihadi strategic statements are of secondary importance compared with the influ-
ence of theater emirs in tactical and operational decisionmaking. 

As the example of al-Zarquawi shows, theater emirs have considerable latitude in 
charting the course of jihad in their theater, including tactics and targets. Further-
more, in comparison with the al-Qa’ida senior leadership, they appear less concerned 

U.S. Army MAJ Mark Reeves 
sits and talks with village 

leaders from the village of 
Musayd, west of Mosul, Iraq, 
on April 25, 2007. Reeves is 

attached to the 2nd Battalion, 
7th Cavalry Regiment, 4th 
Brigade Combat Team, 1st 

Cavalry Division. DoD photo 
by Staff Sgt. Vanessa Valentine, 

U.S. Air Force.
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about winning the hearts and minds of Muslims, which explains their tendency toward 
extremes in their creed and methodology and the level of violence they employ.

Some evidence suggests that the al-Qa’ida creed, doctrine, and strategy make the 
organization intrinsically incapable of expanding from a vanguard element to a 
mass movement. However, some uncertainty remains about the limits on its ability 
to leverage itself into a mass movement.

Al-Qa’ida’s internally generated need to remain an elite vanguard that can scorn 
the faith of most Muslims limits its ability to expand and attract new recruits. Fur-
thermore, most Muslims are repulsed by its willingness to use brutality and violence 
against civilians, including other Muslims, which also limits its attractiveness. That 
said, with an estimated 1.3 billion Muslims in the world, an appeal that only recruits 
one out of 10,000 could still generate a force of 130,000 fighters.

The theoretical, empirical, and analytic foundations for strategic communications 
efforts to counter ideological support for terrorism are presently lacking, and a 
more holistic and comprehensive approach is needed to track and assess the U.S. 
campaign in reducing support for al-Qa’ida.

Such an approach would draw from strategic and campaign plans to develop 
metrics and indicators and would also develop indicators relating to debates among 
jihadis, clerics, ideologues, and others. Efforts to counter terrorism must support a 
strategy and operational concept that identifies long-term vulnerabilities in al-Qa’ida 
actions and rhetoric, based on a more detailed understanding of its messaging and 
the resonance of its words and deeds among ordinary Muslims. 

Al-Qa’ida is doing a reasonable job of damaging its own prospects for success, and 
the United States must be careful to avoid missteps that would give al-Qa’ida an 
opportunity for recovery.

The Muslim world judges the United States—and al-Qa’ida—more by what it 
does than what it says. Therefore, the United States must avoid doing things that 
might enable al-Qa’ida to recover and redeem itself with Muslims at large. Its “mis-
management of savagery” has limited its appeal, and the United States must avoid 
being drawn into situations or carrying out activities that build support for al-Qa’ida 
and thereby help it mobilize Muslims into jihad and extend its reach beyond the cur-
rent vanguard.

Importantly, many of the writings of jihadi strategists evince a much different 
perspective than do the pronouncements of bin Laden and al-Zawahiri, in that they 
regard a focus on the “far enemy” as a potential path to ruin. It remains unclear at 
present, however, whether the next generation of jihadi leaders and strategists will 
constitute a more formidable set of opponents than the current one, or whether they 
will pursue strategies that avoid the calamity that befell the movement after the Sep-
tember 11 attacks. U.S. actions to influence the strategic perceptions, preferences, 
and choices of the next generation of leaders will be absolutely critical in determin-
ing this outcome. 
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Learning the Lessons of Hurricane Katrina for 
the U.S. Army

Hurricane Katrina exacted an enormous toll in death, destruction, and suffer-
ing. But however tragic the effects of the storm, they give the nation an oppor-
tunity to become better prepared not only for natural disasters but also for 

terrorist attacks. Such attacks, especially those involving weapons of mass destruction, 
could require responses similar in nature and scale to those demanded by Katrina. 
Researchers from RAND Arroyo Center took a case-study approach to uncover the 
lessons from the U.S. military’s response to Hurricane Katrina, drawing on published 
reports as well as detailed information describing the operations of civilian and mili-
tary organizations throughout the country. They documented how and why problems 
arose in the military’s response, with an eye to the design of future Army policies. The 

results of their analyses appear in Hurricane Katrina: Les-
sons for Army Planning and Operations.

What the Lessons Learned Showed
Analyses of the many lessons learned showed that the 
nation’s response to Katrina was both impressive and 
unprecedented. It was also inadequate. Focusing on the 
issues that had a major effect on the responses to the 
hurricane, Arroyo researchers found that although the 
most important problem was how quickly local, state, 
and federal civilian organizations were overwhelmed, 
the military response had its own problems, particu-

larly in the critical first few days. Researchers also concluded that absent changes in 
how the Army plans for, responds to, and operates in catastrophic domestic emergen-
cies, future responses will not look very different. However, the research also shows 
that the Army can take steps to make its response quicker and more robust.

What the Army Should Do
The National Guard is the military force of first resort for domestic emergencies and 
played a central role in the response to Hurricane Katrina. Accordingly, many of the 
recommendations pertain to the National Guard. Arroyo researchers recommend 
that state governors and adjutants general do the following to improve the response 
of their units in out-of-state emergencies:

-
ties, as is the case today in counterdrug operations.

also for emergencies in other states.
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units deployed overseas.

units to out-of-state emergencies.

However, a National Guard focus on preparations within and among states will 
not be sufficient. The National Guard needs to adopt a regional focus in its prepara-
tions for catastrophic domestic emergencies. The researchers recommend the cre-
ation of ten regional task forces that would work closely with the Federal Emergency 
Management Agency and other civilian agencies.

For both active-duty and National Guard units, the Army should take advantage 
of the ARFORGEN process (the structured method by which units move through a 
series of scripted steps to improve their readiness) to enhance its ability to respond to 
catastrophic domestic emergencies. All units in the ARFORGEN “ready” pool should 
be given more extensive homeland security training, and then some active-duty and 
Guard units in the “available” pool could be assigned a homeland security mission. The 

Army National Guardsmen 
SPC Clint Aucoia from Morgon 
City, La., and PFC Christopher 
Tiffit from Spokane, Wash., 
attach cargo hooks supporting 
large bags of sand to a CH-47 
Chinook helicopter in New 
Orleans, La., on September 7, 
2005. The bags are being used 
to plug the levee that burst 
during Hurricane Katrina and 
caused devastation within 
the city, leaving thousands 
either homeless or dead. 
The humanitarian assistance 
operations are a joint effort 
led by the Department of 
Defense in conjunction 
with the Federal Emergency 
Management Agency. Photo by 
Department of Defense.
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number given the homeland security mission would be  
defined in light of currently available civilian responders.

Multiple command-and-control structures compli-
cated the military response to Katrina. Given the uncer-
tainty of future events, designating a single command-
and-control arrangement is neither feasible nor wise. A 
set of predefined alternatives could be designed to give 
the lead to federal or state task forces, thereby enabling 
decisionmakers to make a quick selection depending 
on the circumstances of the emergency.

These recommendations do not come without cost. 
But what is most needed is a change from past prac-
tices and in perspectives on the military’s role in cata-

strophic domestic emergencies. Hurricane Katrina came with ample warning. A ter-
rorist attack would not. The need for trained and ready military forces to deal with 
homeland security is no less important than for contingencies overseas. 
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The Force Development and Technology Program focuses on maintain-
ing the technological edge, principally by seeking opportunities in new technologies, 
shaping and applying new analytic methodologies and simulation tools, evaluating 
alternative force structures, and identifying efficiencies from acquisition reform. The 
Army requires this program to accomplish the following:

Examples of the types of projects that the program carries out to meet the Army’s 
requirements include the following:

The Future Combat Systems (FCS) represents the Army’s largest acquisition pro-
gram, and its size and complexity pose substantial management challenges. The Army 
asked RAND Arroyo Center to review the effectiveness of aspects of the FCS acquisi-
tion. Researchers reviewed the application of the lead system integrator to the FCS 
program and the rationale for decisions with respect to low-rate initial production. 

Two examples of new technologies that the Force Development and Technol-
ogy Program has analyzed for the Army are automated fusion and robotic systems. 
Army transformation hinges on information superiority, which in turn depends on 
the rapid collection, transmission, and fusion of large quantities of intelligence data, 
from all sources, into an accurate running estimate of a battlefield situation. Pro-
gram researchers are working with the Army to determine what is reasonably achiev-
able in this area. With respect to robotics, the Army is working to increase the num-
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ber of robotic systems it uses. Incorporating a significant number of robotic systems 
into the force structure raises a host of issues, and researchers, using the program’s 
substantial modeling and simulation capabilities, are helping the Army work through 
the implications of a large increase in such systems.

Operations in Iraq and Afghanistan vary considerably from the major combat 
operations that were the staple of Army training for years. These operations involve 
different technological considerations than do traditional operations. For example, 
locating small insurgent bands poses different technological challenges than does 
finding larger armored forces. Program researchers are working closely with the 
Army to analyze the differences and identify technologies to meet them. Projects 
are exploring how intelligence and surveillance systems can be used to identify high-
value targets, how complex terrain (especially urban) affects the way the Army fights, 
and how best to fuse diverse sources of information to support stability and support 
operations.

Civilian industry is critical to the Army’s ability to acquire modern weapon sys-
tems. Researchers from the Force Development and Technology Program undertook 
a two-year project to determine how members of U.S. firms that deal with the Army 
view the acquisition process and the Army personnel involved in it. That analysis is 
particularly relevant now, since the Army’s acquisition workforce has shrunk substan-
tially while workload has increased and the weapon systems that the Army seeks to 
acquire have become more complicated and have evolved from individual systems 
to systems of systems. Researchers interviewed officials from companies that do sig-
nificant business with the Army and catalogued their impressions.1 They then vetted 
these impressions with Army officials involved in the acquisition process and found 
significant concurrence with industry’s view of the Army acquisition workforce. Based 
on their findings, the researchers made numerous recommendations that the Army 
might implement to improve its acquisition workforce. 

1 Kenneth P. Horn et al., Industry’s View of the State of the Army’s Acquisition Workforce, OP-182, 2005.
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Equipping the Army in Uncertain Times

The Army finds itself in a difficult position as it decides what equipment to 
buy in preparation for future conflicts. On the one hand, the Future Com-
bat Systems, the centerpiece of its transformation effort, has proved to be 

more expensive and technologically complicated than originally anticipated. On the 
other hand, current operations have pushed many of the Army’s key combat systems 
to near the end of their service lives. They will have to be either rebuilt or replaced 
much sooner than planned. Further complicating the picture is the fact that these 
same operations have caused the Army to procure equipment unthought-of only a 
few years ago, with the Mine Resistant Ambush Protected vehicle being only one 
example.2 The future poses an additional set of challenges with the need to be ready 
to carry out operations at any point on the full spectrum of warfare against a set of 
dangerous and determined adversaries. Clearly, the Army needs a carefully planned 
yet flexible acquisition strategy that will enable it to balance a wide range of demands 
against finite resources. What would such a strategy look like? Furthermore, as the 
past few years have shown, demands can change quickly, raising the question of how 
the Army should assess the appropriateness of its investment strategy over time. The 
Army asked RAND Arroyo Center to provide some 
insight into these issues, which responded by describ-
ing a new way for the Army to assess investments across 
a broad range of options. This method, the Acquisition 
Investment Management (AIM) model,3 incorporates 
Assumption-Based Planning (ABP), a tool developed by 
RAND to assist in planning during uncertain times.4 

Assumption-Based Planning and How It Works
ABP is a way to evaluate plans to determine the extent to which they rely on vulner-
able assumptions. ABP rests on the notion that an organization’s operations or plans 
will change if its underlying assumptions about the world change. The main steps in 
the ABP process appear in Figure 3.

Arroyo applied the five main steps in the ABP process to Army acquisition policy, 
first by identifying the assumptions that underlie that policy. Next, researchers identi-
fied the load-bearing assumptions, i.e., important assumptions that underpin and shape 
Army acquisition plans. If a load-bearing assumption “breaks,” the organization’s 

2 Congress added $11.6 billion to the budget to buy nearly 9,000 of these vehicles.
3 The research discussed here is treated in depth in John E. Peters et al., A Methodology for Developing Army 
Acquisition Strategies for an Uncertain Future, MG-532-A, 2007.
4 James A. Dewar, Assumption-Based Planning: A Tool for Reducing Avoidable Surprises, Cambridge, U.K., and 
New York: Cambridge University Press, 2002.

The Army needs a carefully planned 
yet flexible acquisition strategy that 
will enable it to balance a wide range 
of demands against finite resources.

http://www.rand.org/pubs/monographs/MG532/
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plans would be at risk. Therefore, they identified a series of signposts, i.e., indicators 
that an assumption is becoming vulnerable. For example, presume that a fundamental 
assumption is that “the Army will maintain technical dominance over potential foes.” 
A signpost of vulnerability would be if a potential foe significantly increased its defense 
investments in research, development, test, and evaluation. Researchers also identified 
shaping actions that can be used to keep assumptions viable and hedging actions that can 
be taken to prepare for unwelcome but unpreventable developments. For the acquisi-
tion community, shaping and hedging actions both take the form of investments.

The AIM Methodology Incorporates Additional Information
The traditional ABP process would involve just the five steps described above. How-
ever, AIM goes further by also incorporating information about current and alter-
native threats and the relative likelihood of the Army’s involvement in each. This 
step was needed to ensure that the Army’s acquisition strategy could respond to new 
threats that require high levels of Army involvement. To understand the threat envi-
ronment, researchers drew on the Department of Defense’s Strategic Planning Guid-
ance, particularly its threat characterization of irregular and conventional adversar-
ies and of disruptive-to-catastrophic effects. They evaluated each threat in terms of 
its potential consequences for the United States and the likelihood of Army involve-
ment. They used this information to build a plot that relates the level of threat posed 
to the United States (disruptive to catastrophic) to the likelihood and depth of Army 
involvement (from low to high). They populated the plot with alternative sets of plau-
sible circumstances, as shown in Figure 4.

SOURCE:  Adapted from Figure 3.1 in Dewar (2002).
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Using AIM to Specify an Army Investment Strategy
The ultimate objective of the AIM process is to identify a balance of investments that 
takes into account the relative severity of the plausible alternative circumstances and 
the relative likelihood of Army involvement. To do this, researchers associated each 
signpost of vulnerability with different alternative circumstances and related shaping 
and hedging actions. For the acquisition community, the appropriate responses to 
signposts are investments: investments in shaping activities (e.g., more investment in 
a particular technology area) to negate the effect of dangerous signposts, and invest-
ments in hedging activities to cope with circumstances when an assumption becomes 
vulnerable and begins to fail.

The AIM methodology would allow the acquisition community to review its plans 
and investment decisions regularly to check their congruence with national-level 
planning guidance. The process would also provide a check on the recommendations 
from the bottom-up activities that typify current acquisition and force development 
decision support. Thus, the new process overcomes the problem of competing visions 
and preferences and replaces them with a new calculus that acquisition leaders can 
use to guide their investment strategy decisionmaking.

Because AIM is designed to help increase the strategic responsiveness of materiel 
acquisition in the Army, it should be used as part of the planning and programming—
not the budgeting—process. AIM might be incorporated into existing processes and 
activities in the following ways.

The Office of the Assistant Secretary of the Army for Acquisition, Logistics, and 
Technology (OASA(ALT)) could use AIM to help support G-8 in maintaining and 
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updating the Research, Development, and Acquisition Plan (RDAP) database for 
the Program Objective Memorandum (POM). 

The RDAP is a 15-year plan that provides a detailed view of what the Army intends 
to spend on the development and production of technologies and materiel. Using 
AIM to assist with RDAP updates could help inform the development of Army POMs, 
which specify how the Army intends to allocate its budget. Under the current biennial 
approach, “full” POMs, i.e., POMs that address how every dollar is allocated, are pre-
pared only in even calendar years. In odd calendar years, the POM from the preceding 
year may be updated as necessary. Therefore, OASA(ALT) would perform AIM runs 
in time to support the regularly scheduled RDAP updates that G-8 makes each year, 
whether before a “full” POM-build in an even year or a “POM-update” in an odd year.

The G-3 could use AIM outputs to help support the Army’s input to the DoD Stra-
tegic Planning Guidance. 

G-3 is responsible for providing strategic planning guidance to the Army plan-
ning and programming process; this guidance is used by the Secretary of Defense 
to drive overall DoD planning and programming. This would be a natural place to 
incorporate AIM outputs.

The Army’s deliberative forums for assembling the POM could also use AIM in 
performing their development, oversight, and review roles. 

These forums include the Council of Colonels, the Planning Program Budget 
Committee, the Senior Review Group, and the Army Resources Board. All of these 
play a role in the POM-building process.

Army SPC Frank Guerra 
prepares to fire rounds from 
an M109A6 Paladin howitzer 

as part of a counter fire 
mission against insurgents near 

the town of Falluja, Iraq, on 
November 5, 2004. Guerra 
is assigned to Alpha 382nd, 
2nd Brigade Combat Team, 
1st Cavalry. DoD photo by 

Senior Airman Christopher A. 
Marasky, U.S. Air Force. 
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AIM outputs could also play a role in the capabilities needs analysis that Training 
and Doctrine Command (TRADOC) performs to assess battlefield materiel capa-
bilities and determine modernization alternatives for input to the Army POM. 

The needs analysis is an interactive process involving TRADOC’s schools, propo-
nents, and Army Headquarters staff. AIM could help inform those interactions and 
the conclusions they produce regarding how materiel-development resources should 
perhaps be reallocated if important changes occur in the projected national security 
environment.

Recommendations
Arroyo researchers made four recommendations with respect to implementing AIM.

Form an acquisition strategy working group. An informal yet official working 
group could be formed to meet periodically to consider the location of alternative 
sets of circumstances within the threat-likelihood plot and to conduct the necessary 
assessments and recommend reallocations of funds across accounts in response to 
movement of some of those conditions.

The working group might include G-2 staff members and other intelligence offi-
cers, representatives from the combatant commands, congressional liaison, and the 
Joint Capabilities Integration Development System community. It would also be pru-
dent to include representatives from the Program Executive Office, and perhaps a 
representative from Office of the Secretary of Defense Industrial Policy.

Consider other alternative circumstances. The different sets of circumstances 
posited by researchers represent their translation of global security trends into the 
Strategic Planning Guidance’s threat-likelihood space. Other analysts might have bet-
ter information and might populate that space somewhat differently. Moreover, as 
time passes, other concerns may become plausible. Therefore, the Army acquisition 
community should periodically convene the acquisition strategy working group to 
consider new influential factors that could recast the threat-likelihood space. Such 
meetings might include the relevant national and defense intelligence officers respon-
sible for the regions and topics of concern.

Exploit Assumption-Based Planning. It is important to review key plans periodi-
cally and to search them for indications of new or different assumptions. When new 
assumptions are found, the acquisition community will want to identify new sign-
posts and associated shaping and hedging strategies. The signposts and shaping and 
hedging should then be associated with alternative sets of circumstances to keep the 
acquisition investment strategy development process current.

Plan acquisition investment strategy reviews. Researchers also recommend that 
the acquisition community establish a schedule to begin these activities. The process 
might begin in the off-budget year. One possible approach would be to look for emer-
gent alternative futures and to consider where alternative futures might lie in the 
threat-likelihood plot every other year. 
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Modeling Fusion Intelligence: An Initial Step 

The Army has committed itself to becoming an information-based force. To do 
that, however, it will need ways to make effective use of the intelligence that 
its many assets, to include soldiers on the battlefield, generate. The process 

known as fusion—combining bits of information to produce higher-quality infor-
mation, knowledge, and understanding—will play an important role in determin-
ing how effectively military intelligence is used to support a force that depends on 
information for success. Considerable analysis is required of the command, control, 
communication, computer, intelligence, surveillance, and reconnaissance capabili-
ties available to combat units to ensure their most effective employment, and con-
structive models can provide substantial help in this regard. Unfortunately, fusion is 
often poorly represented in such models. The Army asked RAND Arroyo Center to 
help, and its researchers described the “knowledge matrix” approach to representing 
fusion and implemented it in a constructive simulation.5 This representation does 
not attempt to replicate the actual method used in military intelligence systems, nor 
does it aim at an explicit model of every facet of the actual fusion process. Rather it 
proposes an implicit process that may be incorporated into a simulation.6 This work 
is intended to further the thinking about the fusion process as a whole.

How Does It Work?
The knowledge matrix approach involves a sequential process of determining the quality 
of a piece of information and the likelihood that two pieces of information concern the 
same entity or, indeed, two separate entities.7 The process entails putting the observa-
tions through a sequence of operations to determine whether they (1) are close enough 
geographically with respect to their separate location errors to be the same entity,  
(2) have consistent identities that would not prevent them from being considered the 
same entity, and (3) contain good enough information to warrant the combination.

The fusion model represents four types of battlefield entities:

8) 

5 This article is based on Christopher G. Pernin, Louis Moore, and Katherine Comanor, The Knowledge 
Matrix Approach to Intelligence Fusion, TR-416-A, 2007.
6 The advantage to an implicit process is that it allows the use of a much wider variety of data than do 
explicit models.
7 As used in the study, an entity is both an object on the battlefield such as a tank or a building and more 
conceptual things such as events and relationships.
8 “Order of battle” identifies the strength, command structure, and organization of the personnel, units, 
and equipment of a military force.
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Army SPC Kerry Lampkin  
points a satellite communications  
antenna during an operation 
to find weapons caches and 
known terrorist suspects 
within the village of Malhah in 
the Kirkuk province of Iraq on 
December 22, 2006. Lampkin 
is from the 35th Infantry 
Regiment, 25th Infantry 
Division. DoD photo by  
Staff Sgt. Samuel Bendet,  
U.S. Air Force.
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The last entity is not something that can be sensed directly but typically must be 
developed through analysis of collected data. 

Quality of Information
Prior to starting the process, modelers need to assess the quality of the information, 
which can be affected by a host of influences (weather, terrain, sensor capabilities, tar-
get activity). The quality of an observation is determined by how closely it represents 
what actually exists on the ground. High-quality observations are close to ground 
truth, and low-quality ones are not. The knowledge matrix approach quantifies the 
quality of an observation according to six knowledge types (location, identification, 
track, activity, capability, and intent), and can be expanded to include additional 
knowledge types as data allow. Levels range from low to high quality, and each level 
has associated with it a probability that the observation meets or exceeds a given 

level. This information is collected into a table called 
the knowledge matrix. Table 2 illustrates this quantitative 
approach to observation quality for a given observation 
using two of the knowledge types.

The detection reflected in the table has a relatively 
high probability of identifying the entity (that is, a 70 
percent probability that it will produce the highest level 
of quality), but a relatively low likelihood of locating it 
accurately. The knowledge matrix can also be used to 
capture sensor capabilities. For example, a given sen-
sor might be good at identity information. Another sen-
sor might be very good at tracking an object but rather 
poor at identifying what it is. In each particular sen-
sor case, the quality of its observation is captured in its 
knowledge matrix.

Fusing Information
The differing capabilities of sensors underscore the need for and value of fusion, 
which takes either multiple inputs from a single collector or inputs of multiple col-
lectors and melds them into a more accurate combined picture. The real-world chal-
lenge of multiple observations is determining whether they are two observations 
of the same entity or single observations of two entities. To deal with this issue in a 
simulation requires a series of steps, the first of which is aging the information that 
goes into making up what is called the common operational picture (COP). Battle-
fields are not static: vehicles and units move, weather conditions change, and forces 
change their composition and organizational alignment. Thus, it is important to 
purge COPs of dated information. The simulation approach described here employs 
a concept called data half-life, which is the time it takes for half the information 
quality to be lost. Generally, the faster an entity moves, the more rapidly its data 
quality decays.

Quality Level Location Identity

5 (high) 0.10 0.70

4 0.20 0.80

3 0.60 0.90

2 0.80 0.95

1 0.90 0.99

0 (low) 1.00 1.00

Table 2
Quantitative Assessment of Observation Quality as a 
Probability of Achieving Quality Levels



THE FORCE DEVELOPMENT AND TECHNOLOGY PROGRAM      35

Once an observation has been aged, the next step is to determine if it will be 
combined with an observation already on the COP, which also needs to be aged. To 
be combined, observations need to pass the following three tests:

Are They Close Enough?
The first test to determine whether two observations should be combined is to check 
whether they are close enough. This entails using information about the error in 
the locations and relating it to how far apart the two sightings are. The observations 
should be close enough relative to the errors in the sighting to be considered for com-
bination. The simulation applies a mathematical solution to determine if they are 
close enough. If the sightings pass the proximity test, the next step is to determine if 
the observations are consistent.

Are They Consistent?
Consistency does not require that the perception of identity be the same for both 
observations, but rather that the perception does not conflict. For example, perceiv-
ing one entity to be a vehicle, but not knowing what type of vehicle, would be consis-
tent with an observation that indicated that the entity was a T-72 (a specific type of 
vehicle). In the absence of any ambiguity in misidentification or other effects that may 
cause a false identification (and not just an identification of lower quality), individual 
observations of a specific entity will always have consistent knowledge of identity and, 
therefore, will always pass this test.

Are the Observations Good Enough?
The third criterion that must be measured before two observations can combine is 
the adequacy of the quality of the observation itself. This entails calculating a qual-
ity score for each knowledge type and an overall quality score, which indicates the 
average overall quality of a given observation. The overall quality of the observation 
is the average of all the individual quality scores calculated from the columns of the 
knowledge matrix. This score is multiplied by the score of another observation, and 
the resulting fraction is considered the likelihood that the two observations are of the 
same entity on the battlefield. If the likelihood is high enough, the two observations 
can be combined. 

Combining Observations
Once the observations have been aged, and if all three criteria have been met, the two 
observation matrixes can be combined. Figure 5 shows the decision-tree processes 
that yield a combined observation. The diamond shapes represent observations, in 
this case a new one and one from the COP. If an observation is too old, it is rejected. 
If not, it is then subjected to the three tests. If it passes all three, it is then combined 
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with other information and fed into the COP. If not combined, the new observation 
is fed into the COP as an independent sighting.

The combined observation yields a new knowledge matrix with new values for 
each type of knowledge. These may exceed the value of either independent observa-
tion, because the information improves the overall picture being pieced together. 
In cases in which additional information about an entity is generated—for example, 
knowledge of the location of a superior unit gleaned from knowing where the sub-
ordinate is—the process is able to capture the information in the COP. Higher-level 
fusion, such as the generation of aggregates, is also captured in the fusion process.

Although this model will require additional refinement, it offers the analyst a use-
ful tool to explore issues that stand central to the Army’s vision of transforming itself 
into an information-centric force. It provides the Army a way to explore complicated 
issues and tradeoffs before committing to a given course of action.  

Figure 5
Steps Involved in Populating the COP: Combining Operations
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The Military Logistics Program conducts high-quality, objective analyses to 
help the Army improve support to operational forces, enhance the effectiveness of 
its business processes, and improve the cost-effectiveness of the industrial base and 
support infrastructure. At the strategic level, the program’s research helps Army 
leadership in the development of a compelling vision of future support capabilities 
and an effective strategy for executing that vision. Recent research has developed 
and evaluated policy alternatives in a wide range of policy domains, including sup-
ply chain management: from supply chain integration to inventory and distribution 
management to supplier and supply base management, concepts for supporting expe-
ditionary and sustained operations, prepositioning and deployment strategies, fleet 
management, and installation sustainability. Additionally, many studies identify and 
evaluate changes to logistics processes that will improve effectiveness, reduce costs, or 
both. Researchers also provide analytic support to Army efforts to implement study 
recommendations. 

A series of Arroyo studies originating in the 1990s helped the Army logistics com-
munity develop, apply, and institutionalize a highly effective approach to process 
improvement based upon Six Sigma and lean principles. Referred to originally as 
Velocity Management (VM), the approach is now embedded in Army logistics man-
agement practices.1 Arroyo helped the Army apply the VM approach to a number of 
key logistics processes, with particular success in improving the order fulfillment and 
tactical stockage determination processes. VM-based research laid the groundwork 
for similarly successful RAND joint research devoted to improving strategic distribu-
tion, particularly in the areas of global stock positioning and overseas distribution. 

1 See John Dumond et al., Velocity Management: The Business Paradigm That Has Transformed U.S. Army 
Logistics, MR-1108-A, 2001.

http://www.rand.org/pubs/monograph_reports/MR1108/
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Both of these projects led to Army and joint logistics databases and metrics broadly 
used today to manage and improve logistics processes. Finally, the research capital 
developed through these research streams and the improved management tools were 
crucial to intensive Arroyo research support throughout Operation Iraqi Freedom 
(OIF) that has produced a number of long-term policy recommendations, many of 
which have been acted upon, and that has helped resolve a number of major joint 
logistics issues affecting support to Army forces, such as load consolidation problems 
early in OIF.2 

As reflected in the OIF research, the program frequently provides timely short-
term analytic assistance to senior decisionmakers on urgent logistics issues. For 
example, in the last year short-term assistance was provided on transportation modal 
choice problems and the implications of proposed joint distribution policy changes.

The Military Logistics Program and its research staff have been honored many 
times for the quality of its studies. In 2006, the program’s development of a joint sup-
ply chain vision, developed through Army-sponsored research, received first place in 
the Institute for Defense and Governmental Advancement’s annual competition for 
outstanding achievement in military logistics strategy. In 2007, one of the program’s 
senior researchers, Dr. Kenneth Girardini, was inducted into the Order of Samuel 
Sharp, an honor bestowed by the Ordnance Branch. The award recognized Dr. Girar-
dini’s many years of leading research to help improve the Army’s inventories, which 
culminated in a recent major change in Army policy to move to centralized tactical 
inventory management employing algorithms developed by RAND Arroyo Center. In 
the past two years, the combination of the new algorithms and the policy change has 
doubled the effectiveness of tactical inventories in every brigade combat team, combat 
aviation brigade, and support brigade in Southwest Asia, boosting equipment readi-
ness.3 Dr. Girardini has also played a central role in research from 2003 through 2007 
that has helped save hundreds of millions of dollars in total costs through improved 
theater-level inventory in Southwest Asia. Dr. Girardini is the third researcher in the 
program to be inducted into the order; previously, in 2003, Dr. Girardini was inducted 
into the Army Quartermaster Branch’s Order of Saint Martin.

Looking to the future, the Military Logistics Program will continue to build upon 
its OIF logistics and joint supply chain vision research with a focus on continuing to 
improve and better integrate Army and DoD supply chain management. Additionally, 
the program will continue its research on helping the Army develop equipping strate-
gies in support of its implementation of the Army Force Generation model.  

2 See Eric Peltz et al., Sustainment of Army Forces in Operation Iraqi Freedom: Major Findings and Recommenda-
tions, MG-342-A, 2005.
3 See Kenneth Girardini et al., “Stockage Determination Made Easy,” Army Logistician, Vol. 39, Issue 4, 
July–August 2007. http://www.almc.army.mil/alog/issues/JulAug07/easy_stockage.html

http://www.almc.army.mil/alog/issues/JulAug07/easy_stockage.html
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Leveraging Complementary Distribution 
Channels to Provide Effective, Efficient  
Support to Units in Theater

The Department of Defense wants to get supplies to troops in theater quickly 
but also cost-effectively. There are a number of different ways to transport items 
to U.S. military forces overseas and a number of different places where items 

can be stocked until they are needed. Decisions about where materiel should be stocked 
and how it should be transported result in a set of distribution channels. When transporta-
tion and stock positioning decisions are well integrated and the resulting distribution 
channels are used in ways that leverage the channels’ strengths, these channels become 
complementary elements of an effective, efficient global supply chain. 

For several years, RAND Arroyo Center has conducted research for the U.S. 
Army, the Defense Logistics Agency (DLA), and the U.S. Transportation Command 
to assess the performance of DoD’s global supply chain and identify opportunities for 
improvement. One area of recent research has been to analyze the mix of distribu-
tion channels, determining whether all are needed and how each should be used. 
How well the ideal mix is employed by DoD is illustrated by the case of distribution 
channels used to support units in Iraq.4 

There Are Six Major Distribution Channels 
Figure 6 shows the supply chain used to transport materiel to troops overseas. This 
supply chain is used for repair parts and other items requested by units to fix broken 
equipment and fill other operational and personnel needs. Supply and distribution 
managers in the services, the General Services Administration (GSA), and the DLA 
decide, for the items each organization manages and owns, how much inventory to 
hold in stock and where materiel should be located. DLA operates two strategic distri-
bution platforms (SDPs) as well as other distribution centers. The SDPs are unique in 
their capabilities for consolidating shipments, whether for overseas delivery or within 
the continental United States (CONUS). 

The inventory locations and methods of transportation resulting from the deci-
sions of the supply and distribution managers combine to form six major distribution 
channels from the CONUS to other theaters:

Military air. Air Mobility Command (AMC) flies materiel overseas using either 
military aircraft or chartered commercial aircraft. There are three military air 
channels, which differ depending on whether items are consolidated for shipment 
at DLA distribution centers (MILALOC, Military Air Line of Communication) 

4 The research described in this article is published in Eric Peltz and Marc Robbins, Leveraging Comple-
mentary Distribution Channels for an Effective, Efficient Global Supply Chain, DB-515-A, 2007.

One area of 
recent research 
has been to 
analyze the mix 
of distribution 
channels, 
determining 
whether all are 
needed and how 
each should be 
used. How well 
the ideal mix 
is employed 
by DoD is 
illustrated by 
the case of 
distribution 
channels used 
to support units 
in Iraq.

http://www.rand.org/pubs/documented_briefings/DB515/


40      THE MILITARY LOGISTICS PROGRAM

or at AMC airports (MILAIR, Military Airlift), and depending upon whether or 
not MILALOC shipments are for items stocked at a unit’s supporting SDP: MILA-
LOC SDP or MILALOC NON-SDP.
Commercial premium air (WWX). Worldwide Express (WWX) refers to the use of 
blanket contracts with commercial premium air delivery carriers such as FedEx, 
DHL, and UPS to transport supplies.
Direct sealift. Items can be transported directly from the CONUS to the theater 
by ship and then trucked to the unit.
Centralized theater inventory with sealift. Sealift can also be used to transport 
select items to centralized theater warehouses, from which items can subsequently 
be flown or trucked directly to units upon demand.

Performance and Costs Vary for Different Channels
As summarized in Table 3, the six distribution channels offer varying levels of per-
formance and transportation cost. To support customers in Iraq, there are three fast 
channels at different transportation “price points.” 

Figure 6
Major Distribution Channels
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MILALOC SDP offers fast service (averaging just over 10 days) at a moderate cost 
(about $3.40/lb). 

(about $10/lb) than MILALOC SDP in areas without well-developed commercial 
infrastructures. 

-
vides similar performance, at about half the transportation cost per pound of 
MILALOC SDP from the United States. But effective use of theater inventory 
entails additional inventory and materiel handling costs that can be more or less 
than the transportation cost difference, depending upon the item.

In contrast to these fast channels, when the items to be transported are stocked 
at sites other than the unit’s primary SDP, MILALOC NON-SDP is slower with moder-
ate transportation cost, and, when shipments are put in pallets at airports (MILAIR), 
times are slower still. Costs for MILAIR and MILALOC NON-SDP are similar to those 
for MILALOC SDP. Direct sealift to units in theater is slow but also inexpensive.

 
Feasibility and Effectiveness Also Count
While performance and transportation costs for each distribution channel are impor-
tant in determining which channel should be used, the conditions under which each 
channel is feasible and effective are also key, as summarized in Table 4. The faster 
military air option, MILALOC SDP, is effective only when a unit requires enough  
sustainment materiel to fill reasonably full air pallets that are shipped frequently; 
moreover, the materiel needs to be stocked at the unit’s primary SDP and eligible to 
be put in a pallet at an SDP. The use of WWX is restricted by contract to items weighing 
300 pounds or less, and thus is not feasible for many items. The advantage of MILAIR 
is that it has no restrictions.

Although centralized theater inventory offers performance similar to that of air-
lift, it is cost-effective for different types of items. When considering the use of cen-
tralized theater inventory, the cost of purchasing additional inventory to cover the 
sealift time and to stock theater warehouses must be considered in addition to trans-

MILALOC 
SDP

MILALOC 
Other  

(Not SDP) WWX MILAIR
Theater  
Sealift

Direct  
Sealift

Distribution speed Fast Med Fast Med Fast Slow

Transportation cost Med Med High Med Low-Med Low

Inventory/warehouse costs Lower Lower Lower Lower Higher Med

Table 3
Performance and Costs for Different Channels



42      THE MILITARY LOGISTICS PROGRAM

portation costs. The key to building an effective theater inventory is to use theater 
warehouses for items that require only a small increase in inventory holding costs, but 
that offer big savings in terms of reduced transportation costs. Good candidates for 
centralized theater inventory are items with a low ratio of price (which drives inven-
tory cost) to weight (a proxy for transportation cost); these include track, tires, batter-
ies, vehicle fluids, and other commonly ordered, heavy, inexpensive items. 

Direct sealift is an effective option only in certain cases. Sealift is too slow and 
variable to be used except when delivery time is not important or planning offers a 
long lead time, as is the case for some major construction projects or production-line 
type programs such as armor kit installation.

Each Channel Has an Ideal Role
By considering the combination of performance, transportation cost, inventory 
cost, and the conditions under which the channels are feasible and effective, Arroyo 
researchers identified the ideal roles for each. 

Airlift. When items are needed quickly but it is not cost-effective from a total cost 
perspective to stock them in theater (e.g., because the cost of holding the items in 
inventory is too high), airlift is the preferred option. 

MILALOC is fast and relatively inexpensive and is the ideal choice for units re-
quiring a moderate to high volume of materiel—as long as most of the materiel 
to be shipped is stocked at the unit’s primary SDP. 

 commercial premium air/WWX becomes the alternative of choice; 
this is the only means of ensuring fast, reliable distribution for units that have 

MILALOC 
SDP

MILALOC 
Other  

(Not SDP) WWX MILAIR
Theater  
Sealift

Direct  
Sealift

Distribution speed Fast Med Fast Med Fast Slow

Transportation cost Med Med High Med Low-Med Low

Inventory/warehouse costs Lower Lower Lower Lower Higher Med

Stock at SDP X

CCP-eligible item X X

High-volume unit X X

Up to 300 pounds X

Not CCP- or WWX-eligible X

High item-weight-to-cost ratio X

Long distribution time okay X

Table 4
Performance, Cost, and Other Considerations
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a low volume of shipments or when materiel is stocked in locations that will not 
support the effective use of MILALOC. 

MILAIR option must be 
used rather than WWX. Similarly, MILAIR is used to back up MILALOC when 
items cannot be put in pallets at SDPs.

Theater inventory with sealift. Theater inventory, with replenishment by sealift, 
is the best way to provide high-volume, low-price-to-weight items to units in theater. 

Direct sealift. This option is best for relatively low-cost items ordered in bulk 
either when time is not a factor, or when the unit can plan far in advance. 

Moving Toward the Ideal Supply Chain: Iraq as Case Study
As we have seen, three factors are particularly important to establish the ideal mix of 
distribution channels that will ensure that customers get the support they need and 
that total system costs are minimized:

-
tory and replenished regularly by sealift. 

customers should be stocked at units’ supporting SDPs. 

activities involving large volumes of inexpensive materiel far in advance. 

The use of distribution channels for Iraq has moved gradually toward the ideal. 
To illustrate this, Arroyo researchers examined how distribution channels are being 
used by different types of representative units in Iraq, as shown in Table 5.

The BCT’s primary distribution channel from CONUS is MILALOC. This is as 
it should be, since the BCT requires a relatively high volume of materiel and most of 
these items are stocked at the unit’s supporting SDP. Because the BCT also requests 

Type of Unit
Volume  

of Materiel
Items at Unit’s 
Primary SDP?

Items Eligible  
for MILALOC? Primary Channels Used

Army heavy brigade 
combat team (BCT) High Yes Yes

MILALOC 
Theater inventory

Army combat  
aviation brigade High Some Yes

Commercial premium air
MILALOC for some items
Theater inventory

U.S. Air Force  
base supply unit Low No Yes

Commercial premium air
MILAIR for larger items
Theater inventory

U.S. Marine Corps  
aviation logistics unit High No Yes

Commercial premium air
MILAIR for larger items

Table 5
Use of Distribution Channels by Representative Units in Iraq
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U.S. Army HMMWVs from  
the 82nd Airborne Division,  
Fort Bragg, N.C., are loaded 

onto the Large, Medium-speed 
Roll-on/Roll-off Ship  

USNS Pililaau (T-AKR 304) 
docked at New Orleans, La.,  

on September 28, 2005. 
Department of Defense  

units are mobilized as part 
of Joint Task Force Rita 
to support the Federal 

Emergency Management 
Agency’s disaster-relief 

efforts in the Gulf Coast areas 
devastated by Hurricane Rita. 

DoD photo by Tech Sgt Denise 
A. Rayder, U.S. Air Force. 
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many big, heavy items, centralized theater inventory is also an appropriate major 
channel. 

WWX is the most frequently used channel for the other three units, though for 
different reasons. Although the Army combat aviation brigade requires a relatively 
high volume of materiel, many of the items needed are not stocked at the unit’s pri-
mary SDP, and thus cannot be transported quickly via MILALOC. However, some 
items for this unit are also shipped from the SDP via WWX. For the U.S. Air Force 
base supply unit, the low volume of demands precludes 
the use of MILALOC. The U.S. Marine Corps aviation 
logistics unit has a relatively high volume of shipments, 
but only a small fraction of its shipments in terms of 
weight are stocked at the primary SDP, thus making 
MILALOC ineffective. The Army combat aviation bri-
gade and the U.S. Air Force base supply unit also make 
use of theater inventory, although the U.S. Marine 
Corps aviation logistics unit does not.

Most units have few large, long-lead-time projects at their levels; hence, direct 
sealift should not generally be the primary distribution channel for a tactical unit.

Improvement Opportunities
There are near-term opportunities for more effective leveraging of the complemen-
tary nature of the six available distribution channels. 

reducing overall distribution times. 
-

cal items not at the unit’s primary SDP. However, WWX should not be used for 
any shipments to these units of materiel stocked at their supporting SDP.

these items will continue to suffer unless MILAIR is improved, an alternative chan-
nel such as a special charter is established, or more items are stocked in theater.

should be stocked in centralized theater inventory to reduce total costs.

should be established based upon unit volume and where the materiel it needs is 
stocked.

In conclusion, the six distribution channels all play important, complementary 
roles in providing cost-effective support to soldiers, sailors, airmen, and marines 
around the world. With these roles well understood, all of the organizations involved 
in their operation and use will be better able to integrate the supply chain and deter-
mine the best paths to improved support. 

The six distribution channels all play 
important, complementary roles in 
providing cost-effective support to 
soldiers, sailors, airmen, and marines 
around the world.
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Improving the Performance of Deployed  
Supply Support Activities: Key to High  
Equipment Readiness

Every brigade combat team (BCT) and support brigade in the Army has a 
mobile distribution center, known as the supply support activity (SSA), that 
stocks repair parts along with other items such as vehicle fluids and construc-

tion materials. A high-performing SSA is the key to high equipment readiness. When 
equipment fails and becomes not mission capable (NMC) but the needed parts are 
on hand in the SSA, the equipment can be returned to action very quickly. However, 
when the parts are not available in the supporting SSA, there are significant delays 
in returning equipment to a mission-capable status, even when airlift is used to trans-
port some items into theater.

Since the late 1990s, RAND Arroyo Center has worked with the Army to improve 
its process for determining what to stock in its SSAs and, in particular, to ensure 
that SSAs perform well in stocking readiness drivers, those items that are necessary 
to return equipment to mission-capable status. We describe here the evolution in 
approaches and tools developed by Arroyo to improve SSA performance.5

Increasing the Breadth and Depth of Parts in Mobile SSAs
Despite the advantages of having parts available from the SSA, Army inventory manag-
ers determining what to stock cannot base their decisions solely on the desire to achieve 
a high level of customer service by stocking as many items as possible. Instead, they 
must balance performance goals against the realities of budgets, workload, and stor-
age capacity constraints (the latter derived from the need for a highly mobile SSA). 

In the late 1990s, the Army was not achieving satisfactory levels of performance 
with the algorithm used to determine what to stock in SSAs. SSA fill rates were often 
under 20 percent because of very limited breadths of parts (“breadth” refers to the 
range of different parts stocked) as well as insufficient depth of some parts (“depth” 
refers to the number of each part stocked). 

To address the low SSA fill rates, Arroyo researchers developed a new stockage deter-
mination algorithm, known as dollar cost banding (DCB), for calculating SSA inventory 
levels. The idea behind the algorithm was simple: increase the breadth of authorized 
stockage lists (ASLs) by adding more of the small, inexpensive, and critical items that 
are often needed to return equipment to mission-capable condition (while also continu-
ing to stock the more-expensive critical items such as engines). The idea was to avoid 
situations in which an SSA had a major assembly available but lacked a less-frequently-

5 The research described in this article is published in Ken Girardini, Arthur Lackey, and Eric Peltz, 
“Stockage Determination Made Easy,” Army Logistician (July–August 2007), pp. 12–15.
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demanded, but nonetheless critical, small, inexpensive 
part, thereby preventing completion of a repair. Making 
it easier for such items to be stocked would help readiness 
with minimal effect on cost and storage. 

Just as important, DCB also provided a new means 
of determining how many of a given item should 
be stocked. To do so, the approach abandoned the 
Army’s traditional “days-of-supply” (DOS) method, 
which assumed that demands are uniformly distrib-
uted throughout the year. Such a uniform distribu-
tion is almost never the case, due to the highly variable 
operational tempo (OPTEMPO) associated with Army 
training and deployments and the random patterns of 
equipment failure. Under DCB, inventory levels are set 
instead by iteratively simulating the actual demands 
for an item against different inventory levels until the 
desired customer wait time (CWT) is achieved. CWT, 
or service level, goals are set for each item based on 
the costs and storage requirements of holding the item 
in inventory. With this approach, stockage quantities 
became much better aligned with demand patterns, 
and SSAs are better able to handle spikes in demand 
during intense operational periods.

Piloted in 1998, DCB was incorporated into Army 
policy in 2000 and successfully rolled out by a central 
team through about half the SSAs in the Army. Fill rates 
increased by about 10 percent in those SSAs. In 2001, 
DCB became available in a standard Army system, which 
allowed SSAs to initiate and run their own ASL reviews.

Identifying Parts That Are Critical to Readiness 
One challenge in implementing DCB concerned the process used to identify those 
parts that are critical to readiness. Under DCB, a part was considered “critical” based 
on the essentiality code or the use of high-priority requisitions for the part. The prob-
lem was that, with these rules, most parts (85 percent) were deemed “critical,” limit-
ing the ability to prioritize among them. To address this issue, Arroyo researchers in 
2001 developed a new method for identifying readiness drivers. 

This new approach, known as enhanced DCB (EDCB), relied on data from the 
Equipment Downtime Analyzer (EDA), a tool developed by RAND to analyze the fac-
tors driving equipment downtime. The EDA archives daily NMC equipment reports 
and identifies the parts ordered to return a system to mission-capable status. With 
these data, it is possible to develop a list (by end item) of those critical parts that con-
sistently cause Army equipment to be not-mission-capable.

SSG Ceferino Lopez,  
a mobilized special operations 
Army Reserve Soldier and 
light wheel mechanic from the 
402nd Civil Affairs Battalion, 
Tonawanda, N.Y., extracts 
a generator from an M1026 
armored carrier. Photo by 
Gillian Albro.
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Using EDCB, Arroyo researchers found that a more-focused list of readiness driv-
ers derived from the EDA data includes only 35 percent of requested items—not 85 
percent. Thus, the new approach allowed the Army to concentrate the allocation of 
limited SSA storage capacity and inventory investment on these more-critical parts. 

EDCB was initially piloted with two BCTs at Fort Riley, Kansas, in 2002. This pilot 
targeted three key systems—the M1A1 Abrams tank, the M88A1 recovery vehicle, 
and the M9 armored combat earthmover—with great success. Readiness-driver fill 
rates for these systems improved considerably, allowing repairs to be completed more 
quickly and increasing readiness for each BCT. 

Identifying Parts Needed to Support Unit Readiness in  
Operation Iraqi Freedom
Operation Iraqi Freedom (OIF) has posed new challenges for deployed units in 
determining what to stock in SSAs to ensure readiness. Units deploying as part of 
force rotations have typically taken over the SSAs of the departing units, which in 
some cases had different kinds of equipment. Additionally, substantial changes in 
equipment have occurred as new equipment has been fielded, and task organization, 
which changes the mix of equipment in a unit, can also change the equipment an SSA 
supports. In such cases, if the unit were to attempt to update the ASL for that SSA 
using the Army’s standard process, the resulting inventory recommendations would 
not be appropriate since they would be based on a demand history that is no longer 
valid for the supported equipment.

To tackle these issues, RAND Arroyo Center began to assist in building “vir-
tual demand histories” for units so that EDCB could be applied. Between late 2004 
and the middle of 2006, those SSAs that implemented EDCB experienced dramatic 
improvements in performance. Where the recommendations were implemented, 
readiness-driver fill rates climbed significantly above those of items that are not read-
iness drivers. Even though not all SSAs adopted EDCB recommendations, the overall 
readiness-driver fill rate for SSAs in OIF climbed to almost 50 percent by late 2006.

However, there was substantial variability in ASL performance among SSAs of simi-
lar types, depending upon the extent to which the data-driven recommendations had 
been accepted. Due to ongoing operations, the workload to review ASL recommenda-
tions could be hard to fit in, sometimes preventing reviews and updates to the ASL 
from being completed. At other times, reviews were substantially delayed, depriving 
supported units of the benefits of an improved, targeted ASL for as much as one-third 
of a deployed rotation. And the workload associated with implementing numerous 
changes to the ASL could be difficult to complete in the midst of ongoing operations. 

Further Enhancing SSA Performance While Reducing Workload
To address the workload concerns, Arroyo researchers modified EDCB to limit 
changes while preserving most of the benefit. Potential changes that would have 
provided only limited benefit were converted to “no change.” Additionally, Army-
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wide data were leveraged to better identify which slow-moving parts to stock, further 
reducing inventory churn and workload.

With these EDCB improvements in place, in November 2006, the Army’s Deputy 
Chief of Staff, G-4, released a pilot ASL policy for Southwest Asia designed to address 
the inconsistency in ASL performance across SSAs, and to reduce unit workload. 
Under the new policy, recommendations involving only small changes to the overall 
cost and storage requirements of the SSA are provided only in summary form—i.e., 
the number of changes and new storage requirements by storage category. If the 
summary is acceptable, this portion of the recommendations is then implemented 
without a line-by-line review. A few mistakes may be made, but the financial and stor-
age investments are small, and this process avoids the much greater overall readiness 
cost or the mistake of not implementing or delaying implementation of many needed 
ASL changes due to changes in demand patterns or equipment supported. 

ASL reviews then focus mainly on items requiring significant changes in invest-
ment and/or storage space. The new, more centralized ASL-management process 
greatly reduces the workload associated with implementing an ASL review while still 
allowing units to do detailed reviews of the lines that account for 85 to 90 percent of 
the SSA storage requirements and dollar value.

This policy was first implemented for SSAs in Iraq in December 2006, and quar-
terly updates have been made since then in addition to expanding the policy to 
Kuwait and Afghanistan. For SSAs in Southwest Asia, ASL performance has risen 
to an all-time high. As shown in Figure 7, the readiness-driver fill rate for SSAs in 
Iraq has jumped from the mid-40-percent range prior to the policy change to about 
60 percent, which is the approximate limit, given storage constraints, the fact that 

Figure 7
Authorized Stockage List (ASL) Performance Metrics for Readiness Drivers
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some parts are purposely excluded from SSAs, and the large number of very-low-
demand parts. The Army also recently implemented a companion change that aligns 
the Army’s ASL metrics with ASL intent by explicitly measuring performance for 
readiness drivers only. 

This successful experience in Southwest Asia has provided impetus for changing 
the ASL review process across the Army. Accordingly, the G-4 policy for Southwest 
Asia has been expanded to Europe and Korea and indefinitely extended for SWA. 
This effort should result in significantly better performing ASLs across the Army, 
which will, in turn, result in improved Army readiness rates and help get repair parts 
into the hands of maintenance personnel more quickly.

The Next Frontier in Stockage Determination
Recently, Arroyo researchers developed an approach that determines the relative 
criticality of parts—rather than simply identifying parts as critical or not—by using 
the EDA data in a new way. This has been incorporated in a new model, known as 
the Inventory Readiness Optimizer with Constraints (IROC), which further reduces 

the workload need to review and implement the recom-
mendations from DCB and EDCB. IROC is intended to 
optimize the readiness contribution of the ASL, subject 
to constraints on inventory investment, workload, and 
the number, type, and volume of storage locations. 

The mixed-integer formulation differs from many 
optimization techniques used in the past by allowing 
more realistic modeling of the multiple constraints on 
Army SSAs. IROC was prototyped among units under-

going modularity transformation and led to improvements in performance similar to 
those shown above for SWA. In fact, many of the insights on how to develop accept-
able ASL recommendations (particularly storage feasibility and workload issues) 
that had been affecting the implementation of ASL recommendations in SWA were 
derived from IROC results.  

The mixed-integer formulation differs 
from many optimization techniques 

used in the past by allowing more 
realistic modeling of the multiple 

constraints on Army SSAs.
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The Manpower and Training Program endeavors to understand and enhance the 
contribution of Army personnel, their qualities and skills, their preparation for varied 
missions, and their ability to coordinate actions to produce a coherent operating force. 
Specifically, the program carries out research to accomplish the following goals:

effectiveness and efficiency.

support of the Army’s missions.

-
ments, and policies needed to fill those requirements given the supply trends.

and Reserve Components.

A key, long-standing aspect of the program is research that helps the Army recruit 
quality soldiers. Recent examples include a sophisticated analysis of the Army’s recruit-
ing missions and workforce to enable it to improve productivity by better managing 
its recruiters. The research shows that the Army could improve productivity by up to 
8 percent (saving up to $80 million annually) by implementing a range of personnel 
policy changes.1 Other recent work includes an assessment of the Tier Two Attrition 

1 James Dertouzos and Steve Garber, Human Resource Management and Army Recruiting: Analyses of Policy 
Options, MG-433-A, 2006.

http://www.rand.org/pubs/monographs/MG433/
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Screening Program (a new screening method to reduce the attrition of youth without 
traditional high school diplomas), research on supply and qualification trends for 
the U.S. youth population through 2015, and programs and policies to strengthen 
enlisted and officer production and diversity. 

The work the Manpower and Training Program has done at the National Train-
ing Center (NTC), ongoing since the 1980s, illustrates the advantage of long-term 
research. Researchers have assembled a database that contains information about 
how units perform in the mock battles at the NTC and includes data on several hun-
dred battlefield skills. The data are collected in a rigorous way and enable statistically 
valid judgments on overall unit performance and on specific skills. The database gives 
the Army the capability to diagnose trends and compare unit performance across dif-
ferent time periods. The most recent research has focused on trends in the ability of 
operational units to carry out tasks related to major combat operations.

One of the program’s signature capabilities and one that distinguishes it from 
many other research organizations is that of aiding the Army in conducting rigorous 
national tests to assess the effectiveness of policies or programs. Examples of this 
capability trace as far back as 1990, when the program helped the Army run the 2+2+4 
recruiting experiment, which was aimed at attracting high-quality personnel into the 
active Army and encouraging their later participation in the reserves. More recent 
examples include the College First, GED Plus, and Army Advantage Fund (AAF) 
experiments. College First offered highly qualified youth interested in attending two-
year colleges or vocational schools before entering the active-duty Army financial 
assistance to attend school followed by entry to the Army at an advanced pay grade. 
GED Plus was designed to expand opportunities for high-aptitude youth who do not 
complete high school. AAF, due to begin in FY08, will offer highly qualified recruits 
up to $40,000 toward buying a house or starting a new business upon completion of 
their service. 

The program also does quick response studies for the Army’s senior leadership, 
and recent examples of this type of research include work with Cadet Command to 
identify specific schools for programs designed to improve production and diversity. 
Other rapid response efforts provided the Army’s leadership with information on 
alternative testing and eligibility criteria for the Army Advantage Fund and its adver-
tising and marketing personnel with information to help them design market strate-
gies and ad purchases for the program.  
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Developing Army Leaders

The Army, like almost every civilian business and organization, makes experi-
ence the cornerstone of its leader development process. Army careers are 
designed around a series of assignments of increasing scope and responsibil-

ity that progressively build experience. The fundamental experiences for developing 
leaders are operational assignments, where leaders master tasks at each level and thus 
develop higher levels of expertise through sequential experiences. But leader develop-
ment transcends unit-level tasks and extends to broader but equally necessary skills. The 
Army’s leadership requirements model includes many attributes and competencies, such 
as values, empathy, military bearing, and the ability to create a positive environment, 
to name a few.2 Commanders are responsible not only for ensuring that their soldiers 
are tactically and technically competent, but also for nurturing the leader attributes 
and competencies of their soldiers. They are expected to do this through unit leader 
development programs. But few studies indicate whether Army units even have leader 
development programs, and if they do, what the programs consist of and how well they 
are executed. The Center for Army Leadership asked RAND Arroyo Center to help the 
Army identify effective and feasible leader development programs in operational units. 
Arroyo researchers focused on leader development programs for junior-grade officers.3 

How RAND Arroyo Center Researchers Went About Answering  
the Question
The Arroyo research team carried out an extensive series of interviews. Over 450 
officers met with teams of researchers during the summer of 2006 to discuss leader 
development in Army units. The teams met with officers at the Army War College, 
National Defense University, the National Training Center, the Command and Gen-
eral Staff College, and five captains’ career courses (CCCs). The CCCs chosen rep-
resent the combat arms (armor, infantry, and engineer), combat support (chemical), 
and combat service support (combined logistics) branches.

In addition to the interviews, 405 officers up through the grade of major com-
pleted a written questionnaire that inquired about the leader development activities 
in their last operational assignment. After completing the questionnaire, those offi-
cers participated in 30-minute discussions with the Arroyo teams. The 61 participat-

2 The Army’s leadership requirements model can be found in Headquarters, Department of the Army, 
Army Leadership: Competent, Confident, and Agile, FM 6-22, Washington, D.C., October 2006, p. 2-4. Colo-
nel (ret.) Jeffrey McCausland, former Dean of Academics at the Army War College, describes these com-
petencies and attributes as being necessary for leadership in an environment of uncertainty. They are, 
he argues, required increasingly earlier in an officer’s career due to advancing technology and a chang-
ing strategic environment. See Jeffrey D. McCausland (ed.), Educating Leaders in an Age of Uncertainty: The 
Future of Military War Colleges, Carlisle, PA: Dickinson College, 2005.
3 Results of the research are published in Peter Schirmer et al., Leader Development in Army Units: Views 
from the Field, MG-648-A, 2007.
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ing colonels and lieutenant colonels did not complete a written questionnaire but 
participated in longer discussions, often lasting two hours. During these discussions 
researchers shared some of the results from the questionnaires completed by the 
more junior officers, and used these as a means of focusing discussion and gaining 
insights from the higher command-level perspective of the senior officers. 

Participating officers had extensive and recent operational experience. Almost 
all of the junior captains—the students at the CCCs—were platoon leaders in their 
last assignment, and a large percentage had deployed. Most of the majors and senior 
captains were company commanders in their last assignment and, again, a large per-
centage had deployed. Almost all of the colonels and lieutenant colonels were recent 
brigade or battalion commanders, and half had deployed.

What the Research Showed
Responses to our questions indicated that all units train on a host of collective and 
individual tasks, but activities intended to develop the broader range of leadership 
skills vary greatly in content, frequency, and perceived quality. In short, no set of 
activities could be characterized as a standard or typical unit-level leader develop-
ment program. Figure 8 shows the percentage of officers who said they participated 
in various leader development activities in their last operational assignment.

Figure 8
Percentage of Officers Who Participated in Various Unit-Level Leader
Development Activities
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The data show that no one activity figured in all leader development programs, 
and that content of the programs varied widely. This applies even to those items 
that are directed by regulation, such as keeping a written self-development plan and 
reviewing it with the rater. Indeed, fewer than 40 percent of the officers had a plan, 
and an even smaller fraction reviewed them with their raters. Nor are the leader 
development programs all-or-nothing: units that do one type of activity, such as pre-
scribing required reading, do not necessarily do another, such as conducting staff 
rides. The variation is due to several factors, most importantly the unit commander, 
but also including unit roles and missions, location, geographical dispersion, and 
unit readiness.

What Has the Most Influence?
Majors and captains were given a list of 12 activities and asked to select the three 
that were most effective in developing them as leaders. Both groups ranked the 12 
items almost identically. Figure 9 shows how junior captains ranked the items. Items 
at the top of the list can be lumped into two categories: operational experience and 

Figure 9
Junior Captains’ Ranking of Effectiveness of Leader Development Activities
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personal interaction. Officers clearly regard these as more valuable than the activi-
ties that might make up a formal leader development program, such as staff rides or 
reading lists. 

The Key to Effective Leader Development: The Unit Commander
Junior officers commonly have more than one battalion commander and certainly 
more than one company commander during a three-year assignment. Changes in 
command can profoundly affect the content, frequency, and perceived quality of 
leader development activities. Unit leaders—especially battalion and squadron com-
manders—have a significant influence on the development of junior officers. 

A number of factors constrain unit commanders’ decisions about what to do for 
leader development, including deployments, the roles and missions of the units, unit 
location and geographical dispersion, readiness levels, and the amount of individual 
and team experience. To respond to these factors, a number of senior officers said it 
would be helpful to have a flexible “tool kit” of leader development ideas.

More important, unit commanders affect leader development as role models, 
mentors, and counselors. Still, there is a widespread perception among junior offi-

Army soldiers are poised to 
enter a building in Fallujah, 

Iraq, during Operation al Fajr 
(New Dawn) on November 9,  

2004. The soldiers are 
assigned to 2nd Battalion, 5th 

Cavalry Regiment, 2nd Brigade 
Combat Team, 1st Cavalry 

Division. DoD photo by SFC 
Johancharles Van Boers,  

U.S. Army.
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cers that the quality of this personal interaction varies greatly depending on the unit 
commanders’ personalities and their capacity to develop leaders.

The colonels and lieutenant colonels disagreed somewhat with the majors and 
captains about the value and frequency of counseling, coaching, and mentoring in 
operational assignments. Many senior officers insisted that counseling, coaching, and 
mentoring occur more often than the junior officers think, perhaps because it fre-
quently takes place informally. The senior officers may have been conscious of the 
example they set while they were brigade and battalion commanders and would con-
sider that a form of mentoring or counseling, whereas junior officers might not. But 
junior officers do recognize informal interactions as a forum for counseling or men-
toring that can provide valuable developmental opportunities. Furthermore, even 
the senior officers frequently said they had not received high-quality counseling more 
than a few times throughout their own careers.

What is not in dispute is the fact that the Army’s Developmental Support Form 
(DA Form 67-9-1a) is not widely used as prescribed. Many junior officers said they had 
never seen one, or had filled it out on their own but never reviewed it with their rater 
or senior rater. But a number of unit commanders create their own developmental 
support forms for use by the junior officers in their units. Also of interest was the fact 
that both senior and junior officers generally had difficulty describing what a junior 
officer’s self-development program should entail.

What Should the Army Do to Improve Its Leader Development 
Programs?
First, it is clear what it should not do. Imposing formal programs, new forms, or report-
ing requirements on unit commanders is unlikely to be beneficial. Instead, Arroyo 
researchers recommend a strategy that builds on a process that already takes place, 
in which officers learn to do leader development from role models and peers. Specifi-
cally, they recommend the following:

leader development. 

With respect to the first recommendation, counseling is one area in particular 
where Army schools can address several deficiencies in the current system. Schools 
can introduce and establish the importance of counseling by specifying when and 
how often students will meet with instructors or faculty for counseling sessions. This 
will help establish the importance of a formal process for counseling. Instructors 
can help students prepare a developmental support form in anticipation of upcom-
ing duties and provide instruction emphasizing the developmental—as opposed to 
the administrative—aspects of counseling subordinates. Everything should reinforce 
to the students that this is what they should expect of themselves and their raters 
when they are in operational units. The keys to this approach are teaching students 
through example and establishing expectations for behaviors that embrace the idea 
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of the Army being a teaching as well as a learning organization. This process has 
worked well in the past, most notably in the transfer of the After Action Review from 
the Combat Training Centers to a technique commonly used in units.

Turning to the second recommendation, senior officers expressed a strong 
preference for flexibility in adapting activities to unit circumstances and their own 
strengths and experiences. Accordingly, many expressed interest in having a selection 
of tools and activities that they can apply as needed. Many of those tools and activi-
ties have already been designed by leaders throughout the Army. Unit commanders 
share their knowledge and resources, but they tend to do it within their own group 

of friends and professional acquaintances. One role for 
TRADOC organizations should be to promote wider 
and more systematic peer-to-peer sharing of best prac-
tices. The Center for Army Leadership can support this 
initiative by compiling and organizing leader develop-
ment materials from commanders and making them 
centrally available. Other shared information could be 

a compilation of vignettes and success stories. There must be some quality control on 
shared resources, but the burden need not fall entirely upon the Center. There are 
examples from web-based companies of how to “democratize” quality control by let-
ting the users themselves review and rate resources. It may be particularly important 
that resources are shared with students at earlier stages in their careers, such as senior 
service school students sharing with precommand course students, or Command and 
General Staff College students sharing with CCC students. 

One role for TRADOC organizations 
should be to promote wider and  

more systematic peer-to-peer sharing 
of best practices.
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Training for the Future

Training an army with global responsibilities is never an easy task, but the 
one facing the U.S. Army has become increasingly complex. Ongoing chal-
lenges include the conflicts in Iraq and Afghanistan, which are supported by 

frequent rotations of active and reserve forces, while remaining prepared for major 
conflict operations. At the same time, the Army is modifying its force structure while 
repositioning and expanding it, and continuing to introduce new technologies. 

The Army’s main modernization program is the Future Combat Systems (FCS) 
program. The FCS is a system-of-systems program consisting of 18 integrated ground 
and aerial platforms, intelligence, and command and control systems. The goal of 
the program is to achieve revolutionary advances in deployability and in operational 
capability. RAND Arroyo Center researchers sought to help the Army come to grips 
with these challenges by identifying ways to improve the Army’s future training strat-
egy for brigade combat teams (BCTs) equipped with FCS.4 

To provide this help, the research team first identified increases and changes in 
future training requirements and then examined the Army’s current training capa-
bilities, including the frequency of and performance in recent leader and collective 
training exercises. Next the team assessed the key enhancements that have been 
identified for supporting the Army training strategy and identified gaps between 
requirements and what these enhancements could likely achieve; it then analyzed 
ways to plug the gaps found and to attain a more cost-effective balance among the 
enhancements. In this context, the team assessed the existing process the Army uses 
to balance investments in training support. Finally, the team identified the training 
benefits that evidenced the greatest potential and recommended related actions that 
should get priority in future Army budgets.

Future Training Requirements
Looking to the future, researchers examined design and operational concepts for 
FCS-equipped BCTs as well as the current operational environment requirements to 
pinpoint those areas where training could become more challenging. The upshot of 
this examination was the recognition that the requirements for the training system 
have grown and will continue to do so. Future operational requirements will require 
training that better addresses the full spectrum of conflict, including the ability to 
develop stability as well as combat skills. While FCS program technologies are likely to 
improve operational capabilities greatly, they will also substantially increase require-
ments for training operator and leader command and control and synchronization 

4 Research described here appears in Michael G. Shanley et al., Supporting Training Strategies for Brigade 
Combat Teams Using Future Combat Systems (FCS) Technologies, MG-538-A, 2007.
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skills. Under modular organizational concepts, FCS-equipped BCTs will assume many 
of the functions previously performed by divisions, and higher-level skills (e.g., joint) 
will be required at lower echelons across the BCTs. This is a high bar for improve-
ments to the training system for those BCTs that will get the FCS. Goals include sig-
nificantly shorter times to achieve readiness, high standards for maintaining it, the 
capability to address a much wider range of battlefield conditions, and synchronizing 
a much more complex suite of information systems and other technologies. 

Current Army Training Strategies
This phase of the research focused on the content and output of current training pro-
grams, examining what training the units could do, the limits on training programs, 
and possible improvements. Researchers found that units had trouble completing the 
recommended number of training events, both for collective and leader training exer-
cises. Furthermore, units used few virtual and constructive simulations at home station. 
That said, units appeared to have reasonable proficiency by the end of their CTC rota-
tions. However, the research also shows that units are not as proficient at battalion and 
brigade level skills as they are at platoon and company level events. Additionally, units 
did not reach an adequate level of performance in some important skill areas—includ-
ing synchronization and intelligence, surveillance, and reconnaissance—which are 
especially important to realizing the full operational potential of the FCS program.

Assessment of Planned Training Enhancements
Arroyo researchers identified the key initiatives being planned by the Army to improve 
future training. They grouped the enhancements into 12 categories and evaluated 
them by assessing the potential of each to increase desired training quality (realism, 
complexity, and effective feedback), the potential to improve output (i.e., number 
and duration of training events), or the potential of the enhancement to adapt to a 
wide range of missions, enemies, or other considerations.5 The assessment process 
also considered constraints of unit time, cost, and technological risk. 

Looking across the enhancements as a group, researchers arrived at the following 
conclusions. 

First, the planned enhancements promise important improvements across a wide 
spectrum. While the amount of improvement varies greatly by enhancement, all offer 
some potential benefit. 

Second, none of the planned enhancements will revolutionize training for the 
brigade combat teams. Indeed, live training will remain the cornerstone of the FCS-

5 The 12 enhancements are live training technologies; improvements to the CTCs; constructive, virtual, 
and simulation-based leader tactical skills trainers; embedded training; live-virtual-constructive train-
ing; home station training support; life-cycle manning; institutional training initiative; collective train-
ing support products; and initial fielding of brigades equipped with FCS.



THE MANPOWER AND TRAINING PROGRAM      61

equipped brigades, even though little potential exists for increasing this type of train-
ing. This conclusion suggests that other training enhancements that impinge on live 
training (e.g., CTC improvements) remain important and warrant continued emphasis. 

Third, despite continuing improvements to the training system, by 2016, the 
improvements currently planned are not likely to deliver a training capability that 
can fully meet future requirements, especially those generated by the contemporary 
operational environment.6 

Fourth, some further shaping and balancing of the enhancements could improve 
the overall benefits and narrow the gap between requirements and capabilities before 
2016. The leader training exercises used to train battle commanders represent the 
Army’s best chance for near-term improvement. More emphasis on training man-
power support rather than training technologies is likely also needed to generate a 
large improvement.

Finally, successful evolution of the Training Support System process to identify 
and defend the most important enhancements will be key to the Army’s success. The 
process the Army currently uses to select and fund training enhancements would ben-
efit from more unit feedback on their current programs and constraints and a greater 
evaluation capability (to include effective training metrics) to judge relative costs and 
benefits across categories. More mechanisms might also be needed to change invest-
ment strategies once imbalances are identified. 

6 The operational environment is “a composite of the conditions, circumstances, and influences that affect 
the employment of military forces and bear on the decisions of the unit commander” (Joint Pub 1-02).

A soldier with the Army’s 
101st Military Intelligence 
Battalion pushes a Shadow 
200 unmanned aerial vehicle 
in preparation for launch 
on a mission over Iraq from 
Forward Operating Base 
Warhorse near Baqubah, Iraq, 
on September 22, 2004. DoD 
photo by SPC James B. Smith 
Jr., U.S. Army. 
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Recommendations
Despite the challenges, Arroyo researchers see potential for important gains. To 
achieve these, the Army should implement the following initiatives.

 
More closely monitor and manage the program to support training strategies for 
brigades equipped with FCS technologies.

This recommendation includes two specific suggestions. One is to include imple-
menting metrics for the training Key Performance Parameters aimed at quality, 
quantity, and adaptability improvements and working more closely to monitor Key 
Complementary Programs for the FCS. Also, two new Key Complementary Programs 
should be added: the Battle Command Training Center and Training and Doctrine 
Command’s ability to produce training content. Second, the Army should work to 
obtain or protect critical resources needed to support training enhancements. These 
resources include embedded training for operators and crews as well as manpower to 
support training.

Continue to Shape Enhancements Within Available Resources
The key challenge for the Army is to develop the enhancements that provide the 

most benefit. Arroyo researchers recommend that the Army undertake a spiral devel-
opment process, which entails continual observation, assessment, and analysis. They 
recommend the Army start by implementing a spiral process in the area of battle 
command training. While constructive simulations would support this capability, the 
emphasis should fall on increasing and better organizing training support manpower 
to enable units to take full advantage of the simulations. 

Develop Integrated Funding Strategy
The current programming and budgeting process appears to have some structural 

impediments that make it difficult to identify all the resources needed to get a balanced 
and integrated training strategy. As a first step, the Army should consolidate and pro-
vide wider visibility of financial and benefit information across training enhancement 
categories. This step would facilitate balancing capabilities across programs.

Trade Off Operational Capability with Training Capability
The Arroyo recommendations imply a need for more resources to enable a more 

expansive training strategy. Without more training resources, the Army is apt to field 
highly sophisticated, costly combat systems whose full capabilities it cannot employ 
because of training system limitations. The training resource strategy should also be 
integrated with the FCS-equipped brigade training program and Army Transforma-
tion as a whole to get the right resource balance between operational capacity and 
training. 
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Building Partner Capabilities for Coalition Operations 
Jennifer D. P. Moroney, Nancy E. Blacker, Renee Buhr,  

James McFadden, Cathryn Quantic Thurston, Anny Wong
MG-635-A

Ongoing operations and emerging 
mission requirements place a heavy 
burden on Army resources, result-
ing in capability gaps that the Army 
is unable to fill by itself. This report 
argues that one way to fill those 
gaps is by building the appropri-
ate capabilities in allies and partner 
armies through focused security 
cooperation. It holds that U.S. Army 
planners need a more comprehen-
sive understanding of the types of 

capability gaps that partner armies might fill and a process 
for matching those gaps with candidate partner armies. The 
report begins by providing a theoretical context for building 
partner capacity and capabilities. It then discusses seven illus-
trative train and equip programs (TEPs) to identify specific 
lessons to inform Army planning and execution of TEPs. It 
gives insights into the importance of developing and imple-
menting metrics for security cooperation, an essential step in 
ensuring that Army activities are successful. The report then 
identifies U.S. Army capability gaps through a review of stra-
tegic and operational guidance documents and Army and joint 
studies. It outlines a five-step process for matching U.S. Army 
capability gaps with candidate partner armies, which include 
(1) determining the relative importance of capability gaps to 
the U.S. Army in specific situations, (2) considering the level 
of effort required to build the capability in a partner army, 
(3) identifying capabilities of shared interest to the U.S. Army 
and the partner army, (4) identifying candidate partner armies 
based on past participation in U.S.-led operations, and (5) 
determining existing partner army capabilities. The process 
aims to help Army planners identify which capabilities are 
of mutual benefit to the United States and partner nations. 
The report concludes with specific recommendations for 
Headquarters, Department of the Army, which should, at a 
minimum, include adopting this five-step process and focus-
ing its efforts on those capability gaps that best support joint 
requirements.

A Capabilities-Based Strategy for  
Army Security Cooperation

Jennifer D. P. Moroney, Adam Grissom, Jefferson P. Marquis
MG-563-A  

U.S. Army planners working on the 
problem of multinational force com-
patibility require a planning frame-
work to guide and focus the service’s 
long-term compatibility investments 
with partner armies of varying 
capabilities. This report defines and  
describes such a framework, called 
the Niche Capability Planning Frame-
work. It provides a conceptual tem-
plate for integrating the various 
considerations, ranging from U.S. 

Army capability gaps, to the politics of collaborating with for-
eign armies, to the coordination of Army and Department of 
Defense security cooperation activities, implicit in a strategy 
for cultivating compatible niche capabilities in non-core partner 
armies, which lack a stable, long-term, collaborative program of 
assistance with the U.S. Army. The report concludes with spe-
cific recommendations for implementing the Niche Capability 
Planning framework, which should, at a minimum, incorporate 
analyses of projected Army capability gaps, key partner charac-
teristics, and the resources required to match capabilities with 
partners in a systematic way.

The Civil-Military Gap in the United States:  
Does It Exist, Why, and Does It Matter?

Thomas S. Szayna, Kevin F. McCarthy, Jerry M. Sollinger, 
Linda J. Demaine, Jefferson P. Marquis, Brett Steele

MG-379-A

What is the potential for a divergence in views between civil-
ian and military elites (sometimes referred to as the civil- 
military gap) to undermine military effectiveness? The authors 
propose a five-stage analytical framework that encompasses 
the main areas where a civil-military gap might have an effect. 
Using an existing survey-based dataset (prepared and adminis-
tered by the Triangle Institute for Security Studies) to inform 
this framework, they find a variety of differences among the 
military and civilian respondents. However, most of those dif-
ferences disappeared when the authors focused on the atti-

http://www.rand.org/pubs/monographs/MG635/
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tudes that are pertinent to civilian control of the military and 
military effectiveness. The major exception to this pattern 
related to such military personnel policies as women in com-
bat, the military’s policies with regard to sexual harassment, 
and whether gays should serve in the military. In contrast, 
most of the other measures of military effectiveness appear 
to be influenced more by views of the military threat facing 
the country and views of foreign policy—where all military 
officers and civilians share similar perspectives. Overall, con-
cerns about a civil-military gap and possible erosion of the 
principle of civilian control of the military appear to be over-
stated.

Developing a Standard Update Process for the Army’s 
Annual MOS Availability Factors (AMAFs)

Matthew W. Lewis, Lisa Pelled Colabella,  
Margaret Blume-Kohout, Kristin J. Leuschner

DB-506-A

This documented briefing describes research conducted to 
develop a standard methodology for updating the U.S. Army’s 
Annual Military Occupational Specialty (MOS) Availability 
Factors (AMAFs). An AMAF specifies the amount of direct 
and indirect productive time (over the course of a year) that 
a soldier has available to perform MOS duties. Traditionally, 
the Army has calculated AMAFs by measuring soldiers’ non- 
available hours per day, treating the remainder of the 24 hours 
as available time, and annualizing that available time figure. 
Largely through field data collection, the Army identified spe-
cific “non-availability factors”—that is, the non-MOS-related 
activities that constitute non-available time—and measured 
how much time soldiers allocate to each of those activities. 
Because the process is costly and time-consuming, however, 
regular AMAF updates have not been feasible. Through a 
combination of literature reviews and interviews, the authors 
examined other military services’ and commercial firms’ 
approaches to manpower availability, as well as advantages 
and disadvantages of various data-collection approaches. This 
process helped generate an alternative methodology that 
may allow more regular AMAF updates—and ultimately yield 
more accurate calculations of manpower requirements. This 
document synthesizes the relevant information gathered and 
presents the approach generated on the basis of that infor-
mation. The proposed “3-Gate” approach entails beginning 
with quick, low-cost, low-rigor data collection and moving 
sequentially to a moderate-speed/cost/rigor method—and 
then perhaps to a slower, high-cost, high-rigor method—if 
certain “triggers” indicate it is necessary to do so.

Hurricane Katrina:  
Lessons for Army Planning and Operations 

Lynn E. Davis, Jill Rough, Gary Cecchine,  
Agnes Gereben Schaefer, Laurinda L. Zeman

MG-603-A

Efforts undertaken by civilian and 
military organizations in response to 
Hurricane Katrina were historically 
unprecedented, but problems did 
arise in the military response that 
contributed to delays in accomplish-
ing evacuations and relief operations 
across the storm-ravaged areas of 
Louisiana and Mississippi, particu-
larly New Orleans. A number of 
steps can be taken to enhance future 
military disaster-response efforts: 

give the National Guard the federal mission to conduct home-
land security activities; make each National Guard unit capable 
of rapid deployment; prepare governors to call up Guard units 
to state active duty for out-of-state emergencies; and design a 
regional approach in the National Guard through the creation 
of ten National Guard standing homeland security task forces. 
Designating National Guard and active-duty units for home-
land security in the Army’s unit-readiness planning process 
also deserves consideration, as does an approach to command 
and control structure that prepares decisionmakers to quickly 
select from a set of predefined alternatives giving the lead to 
federal or state task forces depending on the characteristics 
of the emergency.

Leveraging Complementary Distribution Channels  
for an Effective, Efficient Global Supply Chain

Eric Peltz, Marc Robbins
DB-515-A

DoD uses five different distribution channels to sustain U.S. 
military forces overseas. Three are air delivery channels and 
two are by sea. These channels offer varying speeds of deliv-
ery and have different costs. In addition to these variables, 
certain practical constraints must be taken into account in 
choosing among channels, and for surface transportation, the 
marginal cost of additional inventory must also be considered. 
In this briefing, researchers analyze the implications of all 
these factors for how the channels should be used—which 
transportation modes should be chosen and where materiel 

http://www.rand.org/pubs/documented_briefings/DB506/
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should be stocked—to provide effective support as effi ciently 
as possible. The researchers describe the distribution choices 
for some illustrative units in Iraq and compare them with 
the ideal model resulting from their analysis. They fi nd that, 
through gradual evolution, the sustainment structure for Iraq 
is beginning to match the model. They offer several guidelines 
for improving sustainment in the near term by bringing cur-
rent practices closer to the ideal.

A Methodology for Developing Army Acquisition 
Strategies for an Uncertain Future

John E. Peters, Bruce Held, Michael V. Hynes, 
Brian Nichiporuk, Christopher Hanks, Jordan Fischbach

MG-532-A 

This monograph addresses two spe-
cifi c questions: What should a robust 
acquisition investment strategy look 
like: one designed to perform well 
against all anticipated threats? How 
should the Army acquisition com-
munity assess the appropriateness 
of its investment strategy over time? 
The study proposes adaptation of 
a RAND tool called Assumption-
Based Planning to help Army per-
sonnel maintain proper alignment 

between strategic guidance and the Army acquisition program 
and budget. It uses this tool to create a model that recom-
mends acquisition investments across a broad range of capa-
bilities. The model works toward the goal of satisfying the 
complex and evolving requirements specifi ed in the national 
security guidance. The model applies fi ve main steps, by identi-
fying (1) the assumptions that underlie Army acquisition policy; 
(2) load-bearing assumptions, i.e., important assumptions that 
underpin and shape Army acquisition plans; (3) signposts or 
indicators that an assumption is becoming vulnerable; (4) shap-
ing actions that can be taken to keep assumptions viable; and 
(5) hedging actions that can be taken to prepare for unwel-
come but unpreventable developments. For the acquisitions 
community, shaping and hedging actions both take the form of 
investments.

Preparing the Army for Stability Operations: 
Doctrinal and Interagency Issues

Thomas S. Szayna, Derek Eaton, Amy Richardson
MG-646-A

This monograph presents the 
results of a project entitled Improv-
ing Army Doctrine and Planning for 
Stability Operations. A great deal of 
activity has been aimed at revising 
the approach to the planning and 
implementation of Stabilization, 
Security, Transition, and Recon-
struction (SSTR) operations. The 
primary emphasis of the changes is 
on ensuring a common U.S. strategy 
rather than a collection of individual 

departmental and agency efforts and on mobilizing and involv-
ing all available U.S. government assets in the effort. However, 
using a template to assess the extent of progress in build-
ing collaborative interagency capacity for SSTR operations, 
the authors fi nd that some elements essential to the success 
of the process are not yet in place. They provide a series of 
recommendations on how the Army, as a major stakeholder, 
can act to advance the interagency process. The authors also 
assess the ongoing development of Army doctrine on SSTR 
operations and compare it to the emerging guidelines for 
SSTR operations at the interagency level. They provide spe-
cifi c recommendations for the Army to consider in revising its 
doctrine on SSTR operations, to bring it further in line with 
interagency guidelines. They also point out omissions in the 
security sector of the emerging interagency task list for SSTR 
operations.

Supporting Training Strategies for Brigade Combat 
Teams Using Future Combat Systems (FCS) Technologies

Michael G. Shanley, James C. Crowley, 
Matthew W. Lewis, Ralph Masi, Kristin J. Leuschner, 

Susan G. Straus, Jeffrey Angers
MG-538-A

This study seeks to help the Army identify options to improve 
its future (i.e., circa 2016) training strategies for brigade com-
bat teams equipped with Future Combat Systems (FCS) tech-
nologies. Key fi ndings are that live training will need to remain 
at the core of training programs for FCS units and that adapta-
tion to changing operational requirements will be a primary 
training challenge. Overall, the fi ndings indicate that planned 
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training enhancements can provide important improvements 
across a wide spectrum; however, the overall training capabil-
ity achieved will likely be less than that needed to meet future 
training requirements. Unit time, the potential for techno-
logical advancement, and training budgets were found to be 
key constraints. While the study stresses greater emphasis on 
training manpower support in battle command training as the 
Army’s best chance for significant near-term improvement, it 
concludes that longer-term improvement will depend on how 
closely the Army monitors and manages its enhancement pro-
grams. The process of shaping and balancing future training 
enhancements, for example, would benefit from better infor-
mation and improved evaluative capabilities. These changes 
would be further enhanced by developing better metrics for 
the quality, quantity, and adaptability of training, by continuing 
to improve spiral development processes to evolve training 
methods and means, and by improving the visibility of financial 
information across training categories. 
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photo by Staff Sgt. Jason Robertson, U.S. Air Force.  
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