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“Arroyo provides an invaluable service to the United States Army during a time of

unprecedented change. They have a unique capability and we need to leverage it.”

—Dennis J. Reimer

General, U.S. Army (ret.)

“RAND [Arroyo] provides critical analytical capability that cannot be replicated from 

any other source.”

—Charles C. Cannon, Jr.

Major General

“Arroyo analysts have demonstrated an admirable ability to develop new perspectives on

strategic issues and devise original research designs. In particular, Arroyo analysts have

exhibited a strong ability to transcend traditional mindsets and apply nontraditional

approaches.”

—Claudia J. Kennedy

Lieutenant General

“RAND Arroyo does excellent research for broad policy analysis of ODCSPER [personnel]

areas such as recruiting, retention, training and personnel readiness. Their strong past 

performance demonstrates that they are a best choice for broad policy analysis.”

—David H. Ohle

Lieutenant General

“The Arroyo Center provides objectivity . . . with unmatched expertise, scholarship and

research data . . . [Its] personnel are premier experts.”

—William P. Tangney

Lieutenant General

“As an objective and independent source of analysis expertise, the RAND Arroyo Center

has been a ‘force multiplier’ in helping TRADOC . . . [Its] expertise in conducting 

training studies at all levels has provided invaluable support.”

—Randall Rigby

Lieutenant General

“RAND Arroyo best contributes to the Army by providing the independent analysis 

of issues requiring competent expertise arriving at diverse and creative solutions—

solutions that demonstrate an understanding of the best practices from the private 

sector translated for Army use . . . RAND provides the Army with a superb set of skills.”

—Patrick T. Henry

Assistant Secretary of the Army (M&RA)

View from the Top
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Message from the Director

As its title suggests, this annual report celebrates the
Arroyo Center’s twentieth anniversary. Appropriately, it
includes testimonials from senior Army leaders, a brief history
of the Center, and, most important, summaries of some of the
long-term research “streams” we have developed over two
decades of service to the Army. These streams consist of many
individual projects, each taking off from those before it, with
the whole constituting a long-term effort to help the Army
improve its performance in areas of concern to the Army’s
most senior leaders.

This is, I believe, what the Army leadership sought when
they created the Arroyo Center twenty years ago. They wanted
a “think tank” that would at once be intimately familiar with
Army issues, people, and leaders, yet at the same time offer
objective, frank, and credible analysis and advice. Signifi-
cantly, although Arroyo did not become part of the RAND
Corporation until a few years after it was founded, its model was
RAND’s relationship with the U.S. Air Force as its “federally
funded research and development center” (FFRDC) for studies
and analysis.1 The basic components of an FFRDC—a long-
term contractual relationship, sustained funding by means of
a “core” appropriation in the service’s annual budget, and
direct oversight from a board of senior service leaders—allow
Arroyo to be both “inside” the Army in terms of its access to
data, installations, and people at all levels, yet “outside” the
Army in terms of its independence and objectivity.

This can be a hard road to walk: if we stray too far to the
inside we risk losing credibility with the Defense Department
and Congress, but if we stray too far to the outside we risk los-
ing our relevance to the Army itself. In my experience, however,
there are two essentials for protecting Arroyo’s objectivity.
The first, obviously, is to do high-quality, empirically based
and very rigorous research. RAND has been providing this

kind of research to its clients for over
half a century, and Arroyo is imbedded in
that tradition of excellence. The second,
perhaps less obvious, is to be trusted and
respected by our client to a point where
Arroyo’s research findings, which often
conflict with the Army’s consensus, are
heard, considered seriously, and often
acted upon. The more “inside” we are,
in a sense, the more we can provide the
Army with the objectivity associated
with being “outside” the organization.

A good example of this phenomenon—perhaps the
longest-running example we have—is our work on Army unit
training conducted at the Army’s National Training Center at
Fort Irwin, California. As described in the accompanying sum-
mary, this work dates back to Arroyo’s earliest years, when the
Army’s leadership asked whether the NTC could be used not
simply to train units but to generate data for deeper insights
into unit effectiveness. Arroyo’s answer was yes, so long as the
information collected routinely as units underwent two-week
rotations was supplemented with more revealing data gath-
ered systematically across many rotations. In tackling this 
mission, Arroyo’s researchers worked closely with the
“observer-controllers” at the NTC over many years, develop-
ing comprehensive survey instruments and other observation
techniques. These have generated countless insights into how
units of all types perform and how that performance can be
improved. Today we are able to give the Army a keen sense of
how ready its brigades are for tomorrow’s challenges as well as
today’s—with clear implications for how these units should
train year-round.

A more topical example, again developed more fully in
the summaries that follow, is our work on the personnel
tempo and turbulence problems that have arisen in the years
since the Cold War ended. Having spent forty years preparing
to fight a major war in Europe, the Army found itself being
deployed globally in small, often oddly-structured units, fre-
quently for humanitarian or political stabilization missions
rather than war. The numbers have been relatively small—

— 4 —

1 At the time, RAND was called a “federal contract research center” or FCRC;
the name was changed to FFRDC in 1983. The phrase “studies and analysis”
is important, since the military services also support FFRDCs for technology
development (MITRE, for example) and for systems integration (the Aero-
space Corporation). Although the Army maintains several FFRDCs in these
latter areas, the Arroyo Center is its only FFRDC for studies and analysis.

Thomas L. McNaugher
Vice President, Army
Research Division
Director, Arroyo Center



12,000 troops to Somalia in 1993, for example, or 6,000 to
Kosovo in 1999—yet each deployment generated substantial
ripple effects through the Army’s personnel system, reducing
training effectiveness and eroding quality of life. These prob-
lems spiked when the Army deployed a full division to Bosnia
in 1996; soon thereafter, Arroyo began to work with the Army
to understand why small deployments caused relatively big
problems. We found that the word “tempo,” which Army lead-
ers often used to characterize the problem, masked a more
complicated reality. Actual tempo—soldiers traveling back
and forth to various overseas commitments—was not that
high. But the turbulence, reduced unit integrity, and a grow-
ing workload at the posts from which units deployed added a
sizable “home-station” component to the overall problem. Sig-
nificantly, the understanding thus gained puts Arroyo and the
Army in a better position to deal with the increased deploy-
ments so far associated with the war on terrorism.

Being both inside and outside also puts us in a good
position to promote organizational change. We can craft pol-
icy analysis that takes account of organizational complexities,
thereby sharpening our analytical insights while also convinc-
ing our Army clients that we understand the problem as they
have experienced it. Meanwhile, we don’t disappear after the
briefing, but engage with the Army in actually implementing
our proposals. Importantly, the implementation process often
forces new and deeper analytical issues to the surface. Analy-
sis and implementation thus go hand in hand.

Perhaps nowhere is this relationship more visible than
in our work with the Army’s logisticians. The Army’s logistics
processes are the product of historical circumstances, chang-
ing missions, and innumerable previous reform attempts.
One can chant the mantras of “Six Sigma” or “Total Quality
Management” endlessly, but the only way really to change this
system is to combine an overarching concept of how the sys-
tem could work with a keen sense of what actually happens on
the ground. Working closely with the Army’s logisticians at all
levels over nearly a decade, Arroyo’s researchers have been
able to take an innovative concept—velocity management
(VM)—and help the Army move its logistics system from
expensive and burdensome reliance on mass deliveries to
something that leverages recent advances in supply chain
management to improve the delivery of spare parts while still
accommodating the unique demands of deployable forces.
They have then turned to further reforms made possible by
the faster and more reliable delivery of spare parts.

I could go on, but I am already encroaching on the
summaries that follow, not to mention the many reports and
briefings that lie beyond those summaries (check our web
page). These show, I believe, that at the twenty-year mark the
Arroyo Center is still picking up steam. Its databases, method-
ologies, understanding of the Army, and, above all, relation-
ship with the Army at all levels are still growing and
deepening. I think we are in a great position to help the Army
for the next twenty years—and beyond. ■

— 5 —
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Directors of the Arroyo Center

Arroyo Center directors form a varied group. Their academic backgrounds
range widely: science, history, mathematics, political science, and economics. Typi-
cally, they were educated at America’s best universities. But they also brought other
valuable experience to the position of director, particularly service in the govern-
ment and in the military. The combination of their academic backgrounds and serv-
ice to the government enabled them to foster research agendas that address the key
policy needs of the Army.

The Arroyo Center was created to fill a void in the total Army 

studies and analysis—both in-house and contracted. The specific 

void was the lack of an independent and objective capability focused

only on issues of importance to the senior Army leadership . . . It was

important that the center anticipate issues . . . and bring “out-of-

the-box” solutions up for consideration . . .  The initial direction has

been largely maintained and the center is serving the Army well.

—Richard A. Montgomery, 1983–1984

The Arroyo Center’s relationship with the Army is unique. [It] is “in

the family” in the sense of access, loyalty, trust and in other aspects

of the working relationship. On the other hand, the Arroyo Center 

is not “in the house” in the sense that the Army must have as a result

of this relationship an outside objective view.

—Steve Drezner, 1984–1990
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The Arroyo Center has demonstrated an ability to adapt to change,

indeed to get out ahead of some of the changes in the world. It has

defined radical and different ways of operating. It has undertaken

research on joint issues and politically sensitive subjects. It has won

respect for its objectivity. It has made unique contributions in all 

the Army’s areas of interest. The Army’s senior leadership, officials

throughout the defense community, and those in Congress have

adopted many of its recommendations.

—Lynn Davis, 1991–1993

Some say the Army travels on its stomach. Perhaps so. But the 

direction the Army travels depends on ideas. It’s Arroyo’s challenge

to contribute some of those ideas—and thus help shape the Army’s

future.

—David Chu, 1998–2001

The Arroyo Center’s ability to respond quickly to the Army’s analytic

needs is rooted in the depth and breadth of the research agenda,

which addresses problems of immediate concern as well as those of

future interest. The Army has made a long-term investment in the

Arroyo Center’s skills and people. These investments will continue to

return value in today’s and tomorrow’s defense environments.

—Jim Quinlivan, 1993–1998
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The Arroyo Center: Origins and Growth

The Beginning: The Jet Propulsion 
Laboratory

The origins of the Arroyo Center
trace back several years before its
founding in 1982. The Army’s need for
an external analysis agency had been
the subject of discussion since the mid-
1970s among various members of the
Army Staff, notably Lieutenant General
Edward Meyer, then Deputy Chief of
Staff for Operations, Mr. Walter La
Berge, the Under Secretary of the
Army, and MG Maxwell Thurman, then
head of the Army’s Program Analysis
office and familiar with the support
RAND’s Project AIR FORCE gave that
service. 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 U.S.
Air Force and Project AIR FORCE and
thought it would be a good model for
the Army, envisioning an organization
equipped with a range of analytic skills
that could do independent and objec-
tive research on major Army issues.
Credibility of research findings was cru-
cial, and for that reason they concluded
that the organization had to stand out-
side the Army. Hence they chose the
management structure of Project AIR
FORCE, namely that of a federal con-

and JPL and Caltech officials, took
place over the summer. The Caltech
Board of Trustees approved the con-
cept, and JPL appointed Dr. Martin
Goldsmith as manager of what was ini-
tially 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 FY83, which princi-
pally entailed architecture and program
definition but also authorized some lim-
ited 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 Analy-
sis Program. In May 1983 the name 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. Mont-
gomery, was hired in September 1983,
replacing Martin Goldsmith.

From Arroyo Seco to Ocean Avenue

The Army’s analytical goals and the phi-
losophy of JPL’s managing body, the
California Institute of Technology, did
not mesh well. Many Caltech faculty
members believed that the new organi-
zation’s policy focus was inappropriate

tract research center (later a federally
funded research and development cen-
ter, or FFRDC).

The Army initially chose to locate
its new analysis center at the Jet Propul-
sion Laboratory (JPL), in the Arroyo
Seco (literally, “dry river bed”) just
north of Pasadena, California. JPL had
been founded as an Army laboratory.
Although it had been transferred to the
National Aeronautics and Space Agency
when that agency was formed in re-
sponse to the Soviet launch of Sputnik,
the Army maintained a contract with
the organization that could be readily
expanded to include the new analysis
center. Meanwhile, Mr. Ambrose’s ear-
lier experience in the aerospace field
had made him familiar with JPL and its
managing officials. Accordingly, an offi-
cial from the Army’s Study Program
Management Office approached the
California Institute of Technology,
which managed JPL for NASA, about
establishing an analysis center pat-
terned after Project AIR FORCE. This
center was to be a high-quality, interdis-
ciplinary research and analysis organi-
zation that would help the U.S. Army
study long-range issues important to its
civilian and military leadership. 

JPL formed a study group to con-
sider the Army’s request in May 1982. A
series of discussions between Army offi-
cials, including Mr. Ambrose and Wal-
ter Hollis, the Deputy Under Secretary
of the Army for Operations Research,
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for Caltech, whose expertise was prima-
rily in technical fields. In spite of efforts
by Arroyo Center and Caltech’s leader-
ship to allay such concerns, the faculty
voted in January 1984 to have the uni-
versity divest itself of the Arroyo Center.
Army officials considered a number of
alternative homes for the center, each
deemed to have the requisite experi-
ence in operating an interdisciplinary
research group. They included SRI
International, the New Mexico State
University Physical Science Laboratory,
the Aerospace Corporation, and, of
course, the RAND Corporation. In Sep-
tember 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 pub-
lished 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 seam-
less. 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 additional ones developed by
the RAND staff, constituted the pro-
posed 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 committee had five members: the
Vice Chief of Staff, U.S. Army; the Assis-
tant Secretary of the Army (Research,
Development and Acquisition); the
Commanding General of U.S. Army
Training and Doctrine Command; the
Commanding General of Army Mate-

riel 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 begin-
nings of research streams that continue
to the present day. One of the initial
logistics projects, for example, employed
the RAND Dyna-METRIC model, devel-
oped to analyze the movement of spare
parts in Air Force maintenance systems,
to help the Army find better ways to
manage its spare parts. This work even-
tually grew into the Velocity Manage-
ment project, which expanded the
focus from spare parts to the entire sup-
ply and maintenance system and con-
tributed to major changes in how the
Army carries out its logistics activities.
This particular project also illustrates
the benefit of locating the Arroyo Cen-
ter at RAND, where Army researchers
could take advantage of the experience
of their Project AIR FORCE colleagues,
as well as analysts in RAND’s growing
number of other 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 to study was whether scientifi-
cally valid quantitative research could
be done in the field setting. The NTC
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 from the
observer-controllers, who accompany
the units training there, could provide
information not available in the 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, it became
important to anticipate what it might
look like in five or ten years, 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 focus-
ing on new emerging national security
needs that would require Army forces.
Meanwhile, Arroyo’s manpower experts
helped the Army manage a near-40 per-
cent 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 con-
flict, including conflicts in the Third
World. Some saw Operation Just Cause,
which drove the Noriega regime from
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power in Panama, as a harbinger of
other regional contingencies, and
Arroyo Center researchers analyzed
that operation 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
primary role and argued for a drasti-
cally 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 tradi-
tional 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 dis-
proportionately large effect on the
Army’s operating tempo and readiness.
Arroyo Center research helped the
Army 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 rob-
bing them of their agility.

Arroyo Today

With “Army Transformation” now well
under way, Arroyo Center analysts con-
tinue to seek ways to help the Army
understand and manage the dramatic
change this process entails. They have
worked with the Army’s logisticians, for
example, to transform the Army’s com-
plex combat service support capabili-
ties. They are using high-resolution
simulation capabilities developed over
many years to assess alternative tech-
nologies for the Army’s future forces.
And they continue to work on long-
term challenges: recruiting, improving
business practices, pursuing joint oper-
ations more effectively, and so forth.

For the nation as a whole, and
certainly for the Army, the world
changed on September 11, 2001: for
the first time in half a century, the
United States suffered an attack on its
home ground launched by an elusive
and murky foe. The nation’s initial
response, the destruction of the Taliban
regime and the scattering of the
remains of al Qaeda, is a matter of his-
tory. But the threat has not gone away
and in all likelihood will not for the
foreseeable future. Thus, the task fac-
ing the Arroyo Center is to help the
Army come to grips with what might
arguably be characterized as the most

demanding period of its history. It is in
the middle of fighting a new type of war
on global terrorism. Afghanistan repre-
sented only one form of this new type of
conflict. So the Army must simultane-
ously fight the war, divine what other
forms it might take, and prepare for
those as well. It is also still actively
engaged in several peacekeeping opera-
tions that do not appear likely to end
anytime soon. And on the horizon hov-
ers the prospect of war with Iraq, which
could present the Army with the most
difficult and demanding types of com-
bat imaginable, involving weapons of
mass destruction and urban warfare,
perhaps both at once. As if these cur-
rent activities were not enough, the
Army is also well into the process of
transforming itself from an armor-heavy
Cold War force to a much lighter, more
agile, and more technologically sophis-
ticated one that still retains the ability
to take on tank-heavy forces. Any one of
these challenges would be formidable.
In combination, they could be over-
whelming, and they demand the best
efforts of the Army and the Arroyo Cen-
ter to meet them.

The Army’s need for first-rate
research has never been greater. Over
the past two decades, the Arroyo Center
has recruited the research staff, devel-
oped the analytic tools, and created the
research capital to meet this need, and
it looks forward to many more years of
helping the Army serve the nation. ■
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The Army Fellows Program

In the early spring of 1985, Stephen Drezner, director of the Arroyo Center, sug-
gested to the Army’s leadership that they establish an Army Research Fellows pro-
gram at RAND. The Air Force had conducted such a program since the 1950s, and
it was widely regarded as successful. The Department of the Army approved the pro-
posal. The purpose of the program was to enable Army fellows

• To participate as active members of ongoing studies for the Army.
• To learn to use RAND’s advanced analytic techniques.
• To broaden their perception of Army issues and potential approaches to 

resolving them by exposure to the diverse attitudes and perspectives at RAND.
The first three Army officers began their Army fellowships at RAND later that

same year. Each year since then, the Army has assigned three to eight officers to a
one-year tour of duty with the Arroyo Center. To date, 110 Army officers have served
tours as Arroyo Center Army fellows. The program has been well received and has
been seen as beneficial for both the participants and the Army. Two former fellows
have been selected for promotion to general officer. Below appear some quotations
from former fellows reflecting their experience with the Arroyo Center.

“My RAND fellowship provided an

enriching professional development

experience that I have drawn upon 

for over a decade now.”

COL (P) Bill McCoy
(1991–1992)

BG Jim Coggin
(1991–1992)

LTC Steve Hartman
(2001–2002)

LTC Steven Galing
(1996–1997)

“My greatest thrill was being able to

observe and participate in ground-

breaking research. The insights I

gained while working side by side 

with some of the world’s best analysts

has helped me tremendously in my 

follow-on assignments.”

“For me RAND has been absolutely a

‘mind-expanding’ experience. . . . The

best immediate gain from my RAND

time has been my greater knowledge

of the other services and their particu-

lar problems and issues.”

“Working with RAND’s fine cadre of

analysts, having the opportunity to

engage the Army and OSD on a variety

of topics, and being permitted to con-

duct independent research in an area

that was tremendously important to

me, I believe, set the conditions for the

future assignments I was subsequently

given. My experience at RAND enabled

me to approach problem solving in 

an open and objective manner and 

ultimately made me more valuable and

useful to the Army.”
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LTC Glenn Hewitt
(1987–1988)

“It introduced me to new people, 

new concepts, new insights, and new

methods for pursuing the analysis 

of some critical areas of the Army’s

interest. For me personally, it was one

of the most intellectually stimulating

and professionally rewarding accom-

plishments of my career.”

LTC Bill Mangano
(1991–1992)

“The project that I assisted on while 

at RAND during 1991–1992 helped me

significantly in my follow-on assign-

ment. . . . The RAND experience 

provided me valuable analytical tools

that assisted me in better performing

my duties. I also thoroughly enjoyed 

working with other RAND researchers

during that year. Dedicated RAND 

personnel . . . taught me more than

they’ll ever know.”

LTC Mark Onesi
(1997–1998)

“The Army Fellows program is an

excellent opportunity to work in one of

the most highly respected research

centers in the nation, while learning

more about the Army from a different

perspective.”

LTC Paul Setcavage
(1986–1987)

“A kid in a candy shop describes my

experiences with the Arroyo Center.

Throughout my Santa Monica time I

was completely overwhelmed by the

breadth and depth of Arroyo talent

and capabilities. Daily I was challenged

to rethink my ground truth because of

the insights provided by the Arroyo

staff.”

LTC Mike Stollenwerk
(2001–2002)

“The Arroyo fellowship provided me a

better opportunity to positively impact

the Army than any assignment in my

career.”

COL Kemp Littlefield
(1992–1993)

“The RAND people I worked with

showed me that it is a good thing to

look at and approach problems from

different angles. We should applaud

efforts that aren’t the approved Army

process. RAND gave me insights to

solving problems with solutions that

were truly ‘out of the box.’ These had

direct payoffs when in battalion and

brigade command.”

MAJ Craig K. Madden
(1991–1992)

“First time in my career where I actually

had the time to critically think, contem-

plate, and study an issue of importance

to the Army. RAND and Arroyo Center

staff were very professional and they

provided tremendous support.”
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Award-Winning Arroyo Center Research

The Arroyo Center has published
literally hundreds of studies on a wide
range of topics. Some of these have
been so influential, either individually
or collectively, that they have won for-
mal recognition. The work of individual
researchers has also been singled out
for recognition. The sections below
describe examples of acclaimed Arroyo
Center researchers and research.

Research at the National Training Center

One of the Arroyo Center’s original
researchers, Dr. Martin Goldsmith, was
honored in 1999 with the highest
award the military can present to a civil-
ian: the Outstanding Civilian Service
medal. He received the award for his
long and distinguished service to the
Army, and especially for the work he did
at the National Training Center (NTC)
at Fort Irwin, California. 

When the NTC project began, it
was not clear that there was an effective
way to apply quantitative techniques to
glean objective findings from the mock
battles that take place there. Dr. Gold-
smith pioneered the application of such
techniques, providing a new way of illu-
minating the source of problems with
training, doctrine, or equipment. In
more than 20 published studies, he pro-
vided Army leaders with an objective
and quantified basis for making key
decisions in areas that include doctrine,

equipment, and training policy and
practices. His work has shed light on
such important issues as how fre-
quently—and why—friendly vehicles
fire on each other, as well as the effec-
tiveness of TOW missiles. The tech-
niques he developed for data collection
and analysis remain in use today.

Velocity Management Research

Velocity Management research at
RAND encompasses a suite of closely
coordinated projects that target specific
logistics processes, including order-and-
ship, repair, stockage determination,
financial management, and deploy-

ment. The project has produced almost
40 reports addressing a range of logis-
tics topics. The Army has adopted a
number of the VM project’s recom-
mended principles and practices. The
success was such that the Army received
the Golden Hammer award, which rec-
ognizes teams of federal, state, or local
government employees for their efforts
in reducing bureaucracy, putting cus-
tomers first, empowering employees,
and simplifying governmental pro-
cesses. Key contributors to the Velocity
Management research include Marygail
Brauner, John Dumond, Rick Eden, John
Folkeson, Ken Girardini, John Halliday,
David Kassing, Ellen Pint, Marc Rob-
bins, and Mark Wang. Others who con-
tributed to the research are Pat Boren,
Darlene Blake, Art Lackey, Matt Lewis,
William O’Malley, Kip Miller, David
Oaks, Dan Relles, Michael Shanley,
Richard Stanton, and Mel Wolff. 

Martin Goldsmith (right) at the National Training Center

Members of Arroyo Center Velocity Management Team

receiving the Golden Hammer award from the Honorable

Bernard K. Rostker, Under Secretary of the Army (third from

right)
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Service to the Army

Dr. Marygail Brauner received the Com-
mander’s Award for Public Service for
her work with the Army Science Board.
The Commander’s Award for Public
Service recognizes service or achieve-
ments that contribute significantly to
the accomplishment of the mission of
an Army activity, command, or staff
agency. Dr. Brauner has served as co-
chair on two Army Science Board stud-
ies, the Objective Force Soldier and
Technical and Tactical Opportunities
for Revolutionary Advances. She also
served as a red team member for a study
on ensuring the financial viability of the
Objective Force and as an analyst for a
study of rapid strategic maneuver.

Operations Research Studies

RAND researchers have done ground-
breaking work in the field of operations
research. They frequently present
papers at conferences, and two prod-
ucts have won awards from the Military
Operations Research Society.

The RAND report Measures of
Effectiveness for the Information-Age Army
(Richard E. Darilek, Jerome Bracken,

John Gordon, Brett Lewis, Brian Nichi-
poruk, and Walter Perry) was among
the finalists for the 1999 Rist Prize, and
an article written by Richard Darilek
and Jerome Bracken, “Information
Superiority and Game Theory: The
Value of Information in Four Games,”
which appeared in Phalanx (the MORS
journal), Vol. 31, No. 4, December
1998, won the first annual Jack Walker
Award for best Phalanx article for 1998.

Army Study Highlights

Each year, the Army publishes Army
Study Highlights to acknowledge out-
standing work of individual and team
analysts and to encourage continued
excellence in the Army analysis com-
munity. The studies, selected by a panel
of senior Department of the Army ana-
lysts, represent efforts that are signifi-
cant to the Army’s missions and goals.
Over the years, Arroyo Center studies
have figured prominently in these selec-
tions. The following Arroyo Center
reports were featured in Army Study
Highlights.

Bruce Orvis, Herb Shukiar, and Michael
Mattock, Personnel Planning for Reserve
Force Readiness, published in Army Study
Highlights, Vol. XVI, 1996.

Gary Moody, Susan Way-Smith, Hilary
Farris, John Winkler, James Kahan, and
Charles Donnell, Device-Based Training
of Armor Crewmen, MR-119-A, 1993.

Thomas Lippiatt, Michael Polich,
Ronald Sortor, and Patricia Dey, Mobili-
zation and Train-up Times for Army Reserve
Component Support Units, MR-125-A,
1992.

John Matsumura, Randy Steeb, Tom
Herbert, Mark Lees, Scot Eisenhard,
and Angela Stich, Analytic Support to the
Defense Science Board: Tactics and Technol-
ogy for 21st Century Military Superiority,
DB-198-A, 1997.

Tom Lippiatt, Jim Crowley, Patricia Dey,
and Jerry Sollinger, Post-Mobilization
Training Resource Requirements: Army
National Guard Heavy Enhanced Brigades,
MR-662-A, 1996.

John Matsumura, Randy Steeb, Tom
Herbert, Scot Eisenhard, John Gordon,
and Ernie Isensee, Joint Operations Superi-
ority in the 21st Century: Analytic Support to
the 1998 Defense Science Board, DB-260-A/
OSD, 1999.

Russell Glenn, Marching Under Darken-
ing Skies: The American Military and the
Impending Urban Operations Threat, MR-
1007-A, 1998.

Dr. Marygail Brauner receiving the Commander’s Award

from the Honorable Paul J. Hoeper, Assistant Secretary of

the Army

Both Richard Darilek (right) and Walter Perry have 

contributed to award-winning operations research studies
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The Arroyo Center benefits from the oversight and guidance
of an important group of senior Army leaders, known offi-
cially as the Arroyo Center Policy Committee (ACPC). Its
guidance transcends the 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 motivating the Army and the 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 is made up of the follow-
ing individuals.

General John M. Keane (Co-chair)
Vice Chief of Staff, U.S. Army

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

Mr. Reginald J. Brown
Assistant Secretary of the Army (Manpower and Reserve Affairs)

Mr. John W. McDonald
Deputy Under Secretary of the Army 

Mr. Walter W. Hollis
Deputy Under Secretary of the Army (Operations Research)

General Kevin P. Byrnes
Commanding General, U.S. Army Training and Doctrine
Command

General Larry R. Ellis
Commanding General, U.S. Army Forces Command

General Paul J. Kern
Commanding General, U.S. Army Materiel Command

Lieutenant General Philip R. Kensinger, Jr.
Commanding General, U.S. Army Special Operations 
Command

Lieutenant General James B. Peake
Commanding General, U.S. Army Medical Command/
The Surgeon General

Lieutenant General Peter M. Cuviello
Chief, Information Officer/G-6, U.S. Army

Lieutenant General Benjamin S. Griffin
Deputy Chief of Staff, G-8, U.S. Army

Lieutenant General John M. Le Moyne 
Deputy Chief of Staff, G-1, U.S. Army

Lieutenant General Charles S. Mahan, Jr.
Deputy Chief of Staff, G-4, U.S. Army 

Lieutenant General Richard A. Cody
Deputy Chief of Staff, G-3, U.S. Army

Lieutenant General Robert W. Noonan, Jr.
Deputy Chief of Staff, G-2, U.S. Army

Executive Agent for the Arroyo Center
Major General David F. Melcher
Director, Program Analysis and Evaluation, Office of the
Deputy Chief of  Staff, G-8, U.S. Army

Arroyo Center Policy Committee 
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Long-Term U.S. Strategy 
and the Focus on State Adversaries

The United States is currently fighting a global war on ter-
rorism. With the demise of the Taliban regime in Afghanistan,
the focus of that war has shifted from state actors to stateless
ones—shadowy groups that swear allegiance to a cause or an
individual but not to a government. Their statelessness makes
them a tough foe to find and fight, and the battle with them
seems likely to go on for some time. But our focus on terror-
ist groups should not blind us to the fact that over the long
term, state actors still pose the greater threat to our national
security—as Iraq and North Korea amply illustrate.

The Arroyo Center has carried out several long-term
futures studies that look beyond the current asymmetric and
largely nonstate challenges posed by the war against terror-
ism. They provide an essential long-term strategic element to
Army thinking about future adversaries and the ever-changing
role of the Army in the Information Age.

A n t i c i p a t i n g  t h e  R i s e  o f  C o m p e t i t o r s

The United States is playing an unparalleled role in its history
on the world stage. Its foes are few and weak, its allies strong
and numerous. The United States has the most robust econ-
omy in the world, the dominant ideology, and a military that
secures the homeland from any major conventional threat.
But such a favorable situation cannot last forever. For pur-
poses of U.S. positioning in the world (and long-term Army
planning), it matters a great deal whether the present state of
affairs is likely to end in 20 years or in 50 years.

Though there is nothing to indicate that the current sit-
uation will end soon, the possibility exists that the United
States could be slow to recognize, and hence slow to respond
to, the rise of a state or alliance that could compete with it on
equal terms. But moving too soon to meet such a prospect
could be just as detrimental. By reacting prematurely, the
United States could exhaust its resources and turn a state that
might have been willing to cooperate or coexist peacefully
into a competitor. Planning for such an eventuality funda-
mentally affects how the Army prepares for the future. The
Army’s intelligence community asked the Arroyo Center to
help it address this issue.

In response, Arroyo researchers put together an analyt-
ical framework to help intelligence analysts think about the
rise of competitors in the long term. The framework,
described in The Emergence of Peer Competitors: A Framework for
Analysis, addresses the issue of how a proto-peer (a state not
yet a peer but having the potential to become one) might
interact with the hegemon (the dominant global power). The
central aspect of the framework is an interaction between the
main strategies for power aggregation available to the proto-
peer and the main strategies for countering the rise of a peer
available to the hegemon.

The proto-peer’s problem is how to aggregate power
quickly without provoking the hegemon. Arroyo researchers
narrowed down to four the strategies available to the peer
(ranked in the order that they alarm the hegemon):

• Reform. Build power by increasing national resources, 
e.g., additional R&D spending.

• Revolution. Effect a dramatic change in the ability to 
extract national resources, e.g., a new government.

• Alliance. Increase power by aligning with one or more 
other states.

• Conquest. Increase power through the conquest of 
other states.

The first two strategies focus on the state’s internal work-
ings, while in the latter two the state looks outward for help.

A proto-peer does not emerge in a vacuum, of course;
the reigning hegemon will most likely respond, seeking to
slow the proto-peer’s growth and thus prevent a challenge
from emerging. Arroyo researchers also narrowed to four the
strategies available to the hegemon (in the order of magni-
tude of conflict):

• Conciliate. Cooperate with the proto-peer.
• Co-opt. Raise the stakes of the proto-peer in the status 

quo.
• Constrain. Delay peer status short of military conflict.
• Compete. Pursue a strategy of conflict.

Then, using exploratory modeling techniques, Arroyo
researchers modeled the pathways of the various proto-peer
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and hegemon interactions to identify the specific patterns
and combinations of actions that might lead to rivalries.

Arroyo researchers drew several conclusions from the
work. One, the current preponderance of U.S. power makes
the emergence of a peer competitor unlikely in the near
future. Two, the most likely route for the emergence of a peer
competitor any time soon is by way of an alliance. Three, an
error in the hegemon’s assessment of a proto-peer is more
critical than the reverse because it can lead to escalation that
would be hard to reverse.

The above notwithstanding, should we automatically
assume that economic growth means increases in defense
expenditures and thus the growth of military power? Military
Expenditures and Economic Growth attempts to answer this ques-
tion. Arroyo researchers examined several cases of countries
that experienced rapid economic growth and industrializa-
tion in the decades following 1870: Germany, France, Russia,
Japan, and the United States. They assumed that the experi-
ence of these states might provide useful insights into the
choices of other potential powers that are either on the cusp
of, or already undergoing, a similar economic takeoff.

Arroyo researchers developed several hypotheses about
the connection between economic growth and military
expenditures. The “ambition” hypothesis posited that states
experiencing economic growth developed foreign policy
ambitions that motivated them to increase their military
expenditures. The “fear” hypothesis posited that states
increased their military spending when they perceived height-
ened threats to their security. The “legitimacy” hypothesis
held that governments faced with domestic threats to their
political legitimacy increased military spending in support of
aggressive foreign policies that garnered support at home.

Analysis of the five cases found support for all three
hypotheses, but the “fear” hypothesis most consistently
explained the historical record. The observation is important
to contemporary policy deliberations because it means that
U.S. attempts to counter the perceived military ambitions of a
newly rising power through force modernization and expansion
have the potential to trigger an arms race and competition.

But what if the unexpected came to pass and the
United States were to face a major conventional military
threat? How soon could the Army, so rapidly reduced in size
during the 1990s, be built up again? In Expandability of the 21st
Century Army, Arroyo researchers developed a framework for
studying the Army’s ability to expand in the future and used
that framework to study how expandability issues might

change. The framework employed a simplified model of the
expansion process and an exploratory modeling process that
examined plausible futures. The modeling work found that con-
temporary expandability issues and impediments are likely 
to persist in most reasonable futures. The main nonpolitical
impediments to expanding today’s Army lie primarily in the
training realm, particularly advanced brigade- and division-
level training; the Army lacks the training space and trainers
to train newly assembled units quickly. Once the training
impediments are overcome, the next main impediment is the
U.S. industrial base’s ability to produce more equipment.

Ad a p t i n g  t o  t h e  I n f o r m a t i o n  Ag e

It is widely argued today that human societies are in the
process of a momentous transition. Nearly three centuries
into the industrial era, it is now believed that humanity stands
on the threshold of a new age defined fundamentally by the
presence of a science-based knowledge revolution. Evidence
of such a revolution is ubiquitous in the developed countries.
But if postindustrial society has arrived, have the traditional
bases of national power also changed? And if this is so, should
the indices used to measure the relative power of states be
reassessed as well? These questions have special resonance
given the fact that countries like the Soviet Union and Iraq,
classified as major or important military powers by some
aggregate indicators of capability, either collapsed through
internal enervation or proved utterly ineffectual when their
capabilities were put to the test in war. The Army’s intelli-
gence community asked the Arroyo Center to help it answer
the question of how to measure national power in the post-
industrial era. Results of the Arroyo Center analysis appear in
Measuring National Power in the Postindustrial Age.

Arroyo researchers put together a practical tool—a
guidebook and a methodology—to help intelligence analysts
assess the national power of major states in the Information
Age. Appreciating the true basis of national power of postin-
dustrial societies requires not merely a meticulous detailing of
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U.S. attempts to counter the perceived military
ambitions of a newly rising power through force
modernization and expansion have the potential 
to trigger an arms race and competition.



visible military assets but also a scrutiny of larger capabilities
embodied in such variables as the aptitude for innovation, the
soundness of social institutions, and the quality of the knowl-
edge base—all of which may bear upon a country’s capacity to
produce the one element still fundamental to international
politics: effective military power.

Arroyo researchers proposed a framework that com-
bined some existing measures of national power like size of
population, GNP, and the capabilities of the armed forces
with other, newer measures of capability flowing from a
detailed reassessment of the nature of the “state” itself. Unlike
most traditional approaches to power measurement, the frame-
work unpacked the concept of “country” in order to look
within what was previously treated as a black box. This
unpacking enables nations to be viewed as active social struc-
tures, and it allows national power to be seen as the product
of three distinct elements of a society, each of which is as
important as the other for the generation of usable power in
international politics. The first encompasses the level of
resources either available to or produced by a country; the
second encompasses national performance deriving both
from the external pressures facing a country and the effi-
ciency of its governing institutions, nominally labeled the
“state,” and its society at large. The third element encom-
passes military capability, which is understood in terms of
operational proficiency or effectiveness produced as a result
of both the strategic resources available to a military organi-
zation and its ability to convert those resources into effective
coercive power. Arroyo researchers offered the rationale for
assessing each of these components and suggested ways to
measure them.

The assessment of new indices of national power built
upon earlier work in the Arroyo Center that aimed at under-
standing and predicting how militaries might improve their
battlefield effectiveness. The findings of that research showed
that although military technology is increasingly available and
affordable, not all states can improve military effectiveness
simply by acquiring hardware. Integrative difficulties—in

command structures, doctrine and tactics, training, and sup-
port—are common in the developing world, and many states
will have to attain some level of innovation to overcome such
difficulties if they are to use military technologies effectively.

The problems of accurately ascertaining state power
and the ability to innovate in the Information Age are clear.
However, the problems are not limited to assessing other
armed forces. In fact, one of the most nagging problems of
the Army’s transformation is how to quantify and measure the
effect of Information-Age technologies on the Army’s combat
effectiveness. The problem is far from just theoretical. As the
Army invests a considerable amount of its scarce resources in
introducing new technologies into the force, it needs analytic
tools to help make the best choices possible. Yet it lacks good
measures of effectiveness (MOEs) that can demonstrate the
value of information in terms of military outcomes. Measures
of Effectiveness for the Information-Age Army represents the
Arroyo Center’s first cut at the problem. Researchers devel-
oped a set of Information-Age MOEs as a starting point for the
development of many more such measures. The attempt
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Thomas S. Szayna, Daniel L. Byman, Steven C. Bankes,
Derek Eaton, Seth G. Jones, Robert E. Mullins, Ian O.
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2001
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Postindustrial Age, MR-1110-A, 2000
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Effectiveness for the Information-Age Army, MR-1155-A,
2001

Jeffrey A. Isaacson, Christopher Layne, and John
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Corporation” and Army Organization, MR-863-A, 1997

As the Army invests a considerable amount 
of its scarce resources in introducing new 

technologies into the force, it needs analytic tools
to help make the best choices possible.



demonstrated that Information-Age MOEs are feasible, not
only for combat operations but also for peace and stability
operations.

Arroyo researchers also undertook the difficult task of
examining the potential lessons that the Army can take from
the Information-Age adaptations of commercial corporations.
As pointed out in The “Virtual Corporation” and Army Organiza-
tion, the principles of flat organization and decentralized lead-
ership are already present to a degree in Army doctrine, but
in practice the Army tends to be excessively hierarchical. They
proposed a number of ways to minimize the effects of exces-
sive command hierarchy.

T h e  Way  F o r wa r d

The Arroyo Center has contributed substantively to the
Army’s understanding of key long-term strategic issues that
form the context for Army planning. It has produced a set 
of tools to help the Army think about long-term strategic 
choices and, equally important, hedging strategies to handle
major uncertainties. Though this work has been done in
cooperation mainly with the Army’s intelligence community,
it is relevant to a wider community of planners and program-
mers within the Army, as well as to the broader defense com-
munity. ■
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Small Wars and Nonwars

For a decade of relative peace, the 1990s were surprisingly
stressful for the U.S. Army. Lacking a clear major adversary
and with the reshaping of its Cold War–era alliances, the
United States saw fit to reduce the size of its forces by roughly
40 percent between 1991 and 2000. But the Army still had to
prepare to fight two major antagonists. Simultaneously, the
Army became engaged in the many “small wars” and the con-
sequent humanitarian disasters that cropped up with uncanny
regularity. Though such conflicts usually had only tenuous
connection to vital U.S. interests, Army forces were involved in
interventions in Somalia, Haiti, Rwanda, Bosnia-Herzegovina,
and Kosovo. Such operations stressed the Army in a variety of
ways, ranging from increased operational tempo to new oper-
ational challenges to decreased readiness for major wars.

The Arroyo Center sought to help the Army come to
grips with these stresses in three broad areas. First, it worked
to help the Army’s policymakers better anticipate and under-
stand such conflicts. Second, it assessed the performance of
Army forces in some of these conflicts and suggested better
ways to deal with some of the unique military challenges they
posed. Finally, it helped the Army understand and deal with
the effect of peace operations on overall Army readiness.

A n t i c i p a t i n g  C o m m i t m e n t s

The Army’s intelligence community asked the Arroyo Center
to help it find ways to predict intrastate conflict early and
understand the potential operational environment. Despite
popular perceptions to the contrary, ethnic peace is the over-
whelming norm in the world. This is true even where blatant
ethnic discrimination reigns. But even though peace is the
norm, ethnic tensions can erupt into conflict. The key ques-
tion is, Under what circumstances is ethnic strife likely to lead
to open conflict?

To help the Army improve its predictive capability,
Arroyo researchers put together a practical tool—a guide-
book and a methodology—to help intelligence analysts deter-
mine the long-term potential for ethnically based conflict.
Published in Identifying Potential Ethnic Conflict: Application of a
Process Model, their three-stage model traces the development
of ethnic strife, highlighting the special conditions likely to
prompt genuine ethnic strife.

Arroyo researchers applied the model to four cases to
test its validity. Two cases were retrospective in character (the
violent breakup of Yugoslavia and the peaceful accommoda-
tion in South Africa) and tended to validate the model’s util-
ity. Two were prospective studies of potential conflict (Saudi
Arabia and Ethiopia) and, as might be imagined, did not yield
clear and concise predictions of whether and when ethnic
conflict would arise. They did provide an explicit logic about
why ethnic conflict has been absent in Saudi Arabia and the
conditions that might signal an outbreak. They also outlined
the probable conflict patterns should there be a political
mobilization along ethnic lines in Ethiopia. And by providing
a structured and responsive way of thinking about these two
illustrative cases, the model highlighted key factors that intel-
ligence analysts should watch for when they are developing
predictions. The same factors could also be used by U.S. and
allied policymakers seeking to head off conflict.

The ethnic conflict model built upon earlier Arroyo
Center work that assessed the conditions for ethnic conflict in
the former communist states in central Europe. In the early
1990s, the Army asked the Arroyo Center to explore the
emerging security environment in the region, paying special
attention to the prospects for ethnic conflict in the Balkans.
In Ethnic Conflict in Central Europe and the Balkans, Arroyo Cen-
ter researchers developed a framework for understanding the
potential for ethnic conflict in the region, including the spe-
cific danger areas and the likely type of conflict. Key elements
of the framework included the organizational capabilities of
the group and the presence of outside backers.

The Arroyo Center’s analysis of the causes and evolu-
tion of ethnic conflict helped dispel the notion that these
events are irrational and therefore insoluble. Ethnic conflict
is one type of intrastate conflict that is rooted in social and
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a guidebook and a methodology—to help 

intelligence analysts determine the long-term
potential for ethnically based conflict. 



political competition within a state, even though the combat-
ants line up largely along ethnic lines.

P a r t i c i p a t i n g  i n  C o n f l i c t s

Every peace operation in which Army forces took part during
the 1990s spoke to the many strengths of the Army as well as
some of its weaknesses. Operation Allied Force, the NATO
operation against Yugoslavia in 1999, involved a massive use
of force to impose peace. Though the operation was a clear
victory for NATO, it had an abundance of problems. In pop-
ular perceptions the Army’s reputation was tarnished, with 
the deployment of the Army’s Task Force Hawk to Albania
supposedly taking too long and the force never seeing com-
bat. The truth was more complicated, as Arroyo researchers
point out in Disjointed War: Military Operations in Kosovo, their
detailed account of military operations connected with Oper-
ation Allied Force. Despite much popular criticism, Task
Force Hawk met the deployment schedule set for it. It did so
in the face of a number of challenges, including a small and
congested airfield that was also the major hub for humanitar-
ian operations, and a need to quickly build landing pads to
keep helicopters from sinking into the mud. A lack of joint
planning and integrating the helicopters into ongoing air
operations hampered the task force’s employment.

Their research shed light on the use of Army forces and
uncovered serious problems with the planning and conduct
of the operation. Most of all, even though Operation Allied
Force was a joint (multiservice) operation, it was not fought
that way, especially when it came to joint planning and opera-
tions in integrating air and ground capabilities. NATO’s early
decision to conduct an air-only operation came out of a prag-
matic recognition that it had not mustered the political will to
commit its ground forces. However, the air-only approach
meant that a land component commander was never desig-
nated for U.S. Joint Task Force Anvil, the force that became
the parent unit of the Army’s Task Force Hawk, complicating
planning and day-to-day coordination. It took until late in the
operation to achieve well-integrated joint targeting.

One of the main recommendations of the Arroyo
researchers was that a land component commander be rou-
tinely designated in joint operations against adversaries’ land
forces, regardless of whether U.S. land forces are expected to
be deployed in combat. The land component commander
provides essential advice to the joint force commander and
can facilitate access to Army and Marine Corps targeting
assets and expertise, a particularly important factor when air

forces are engaging ground troops. Other recommendations
included setting up a joint counter-land control center so as
to enhance the connection between the sensors and the
shooters, forming an Army contingency cell to aid the Army
and the joint leadership in identifying land force options dur-
ing crises and conflicts, and developing more expeditionary
options below the Army’s corps level.

The Kosovo study continued a long-term Arroyo com-
mitment to drawing lessons from operations. The U.S. inter-
vention in Panama, Operation Just Cause (OJC), can be
distinguished from operations in the 1990s (and especially
from Operation Allied Force) because it was a unilateral effort
and did not require coordination with nongovernment organ-
izations or humanitarian relief organizations. Nevertheless,
OJC offered the Army a wealth of lessons. Arroyo researchers
pointed out in Operation Just Cause: Lessons for Operations Other
Than War that the operation exposed inadequacies in Army
training and equipment for military operations on urban ter-
rain as well as some intelligence shortfalls. OJC also demon-
strated some problems with the use of special operations
forces. Arroyo researchers suggested that efforts to streamline
joint operations must not overlook service-specific needs and
must take care to maximize the use of special operations
forces by assigning them the specialized tasks for which they
were trained.

In the initial humanitarian operation in Somalia, Oper-
ation Restore Hope (ORH), the Army successfully provided
many of the capabilities needed to get food to starving Soma-
lis. Although the change in mission and eventual withdrawal
after intense urban combat in Mogadishu came to over-
shadow the entire U.S. involvement in Somalia, the successful
conduct of the initial and very complex humanitarian relief
operation remains a success story. In Transporting the Army for
Operation Restore Hope, Arroyo researchers analyzed Army ORH
deployment and suggested ways to make such operations run
more smoothly. Foremost was the suggestion that the Depart-
ment of Defense rely less on detailed plans and operating pro-
cedures. By their nature, humanitarian operations demand

— 21 —

Efforts to streamline joint operations must not
overlook service-specific needs and must take care
to maximize the use of special operations forces 
by assigning them the specialized tasks for which
they were trained.



flexibility and rapid responsiveness. Arroyo researchers also
suggested that the Army create “ready groups” for the support
functions (Engineering, Medical, Transportation, Civil
Affairs, etc.) that are in high demand in humanitarian opera-
tions. And the Army must be far better prepared for the aus-
tere infrastructure found in places like Somalia. Arroyo
researchers drew similar lessons from Operation Sea Angel (a
U.S. humanitarian assistance mission to Bangladesh in 1991
in the aftermath of Cyclone Marian). Recommendations in
Operation Sea Angel: A Case Study included better preparation
for operating in an austere environment and anticipating
stress on certain Army support units.

E f f e c t  o f  P e a c e  O p e ra t i o n s  o n  t h e  A r m y

Unlike traditional military operations, peace and humanitar-
ian operations typically ask ground forces to impose order,

feed the hungry, or stabilize conflict zones—fairly complex
political-military missions requiring military and civilian agen-
cies to work together. Without an unprecedented level of
communication between the military and political players,
down to relatively low levels, political leaders may act on the
basis of a misunderstanding of military capabilities, or military
planning may proceed from an erroneous interpretation of
political goals.

At the highest levels, communication among political
and military officials is critical to avoiding, or at least control-
ling, so-called mission creep. The tendency for the military’s
mission to creep slowly outward was particularly evident in
Somalia in 1993, when what began as a humanitarian relief
mission gradually came to focus on reshaping Somalia’s poli-
tics—with disastrous results. Mission creep falls naturally out
of the dynamic, quasi-political nature of peace operations,
which makes it difficult to set clear and achievable goals. As
some missions are completed, others emerge, usually leading
back to the underlying social and political problems that drew
U.S. military forces to the scene in the first place. In Operations
Other Than War: Implications for the U.S. Army, Arroyo
researchers reported their analysis of the effects of peace and
humanitarian operations on the Army, stressing the need for
the Army’s Chief of Staff to use his position among the Joint
Chiefs of Staff to clarify what Army forces can and cannot do
in specific situations. The same recommendation applied to
the Army component commanders vis-à-vis the regional com-
batant commanders for whom they work.

Another source of mission creep, more noticeable in
the field at the operational level, stems from the need for
coordination between military forces and civilian relief agen-
cies. Arroyo researchers found that civilian agencies are often
unable to follow through with missions they promised to
accomplish when the overall operation was planned. For
example, some agencies lack funding or training to carry out
extensive field operations. Inevitably, these missions ulti-
mately fall to the military. Given the difficulty of anticipating
these shortfalls, Arroyo researchers advised military planners
to bring additional supplies and capabilities to handle unex-
pected missions. The hierarchical military also can experi-
ence problems when trying to interact with a loose collection
of civilian agencies over which no single agency head, much
less the military itself, exercises complete control. In most
peace and humanitarian operations, Army units and civilian
agencies alike have found it useful to create a Civil-Military
Operations Center (CMOC), the civil-military analog to the
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military’s Tactical Operations Center (TOC), to coordinate
activities.

Perhaps the most serious challenge that peace and
humanitarian operations pose to the Army stems from the
need to maintain readiness for major wars even while partici-
pating in peace operations. The post–Cold War force reduc-
tions and the frequency of peace operations brought this
problem into focus. Arroyo researchers tackled this broad
challenge in Meeting Peace Operations’ Requirements While Main-
taining MTW Readiness by documenting the likely Army force
requirements for peace and humanitarian operations, show-
ing that these requirements exacerbate existing shortfalls in
the Army’s desired capabilities for major wars.

T h e  E f f e c t  o f  P e a c e  O p e ra t i o n s  o n

O p e ra t i n g  Te m p o  a n d  F o r c e  S t r u c t u r e

Arroyo researchers also highlighted the extent to which peace
and humanitarian operations actually “consume” more Army
force structure than is suggested by the size of the Army force
actually deployed to a specific peace operation. (See, for
example, Deployments and Army Personnel Tempo, Deployability in
Peacetime, and Small Deployments, Big Problems.) Many more peo-
ple (even five times the number) may be involved in an oper-
ation than are present in the theater. Furthermore,
techniques such as swapping people between units, sending
small portions of larger units in order to gain needed capa-
bilities, or deploying partial units all reduce the capability of
units that remain behind. If only part of a unit deploys, for
example, the part left behind may not have the right mix of
equipment and skills to train effectively, much less carry out
its mission. Finally, the need to train soldiers to be peace-
keepers before they deploy to a peace operation, and then
restore them to warfighting readiness after they return, means
that soldiers are unavailable for some months before and after
a deployment. Arroyo researchers suggested a variety of ways
for the Army to ensure readiness, ranging from greater
reliance on the Reserve Components (RC) to meet peace
operations requirements, to building greater flexibility into
the force structure, to alternative personnel rotation arrange-
ments for peace operations.

T h e  Way  F o r wa r d

The total Arroyo Center effort to understand how small wars
and operations other than war affect the Army amounts to

more than just the sum of its parts. The various projects serve
to link conceptually the interplay among better intelligence
preparation for such operations, the need for doctrinal
changes to accommodate the unique operational problems
they present, and the total effect upon the Army’s main mis-
sion as a result of the demands placed on it by such opera-
tions. The lessons learned from operations in the 1990s have
much relevance to the potential for postconflict peace and
stability operations as part of the ongoing war on global ter-
rorism. Based on the expertise gained from a decade assessing
the Army’s role in peace operations, the Arroyo Center is well
poised to continue to help the Army meet the challenges
posed by the fight against terrorists and those who succor
them. Future studies include assembling a definitive account
of the war in Afghanistan and identifying the paths that cause
states to fail, leaving them vulnerable to exploitation by ter-
rorists. ■
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S E R V I N G  T H E  A R M Y  F O R  T W O  D E C A D E S

Combat in Cities: 
A Tough Challenge and Getting Tougher

Fighting in cities has always posed a tough challenge for
commanders. Narrow streets force attackers along predictable
routes, and buildings hide and protect the enemy. Tall build-
ings add a vertical dimension not typically found on other bat-
tlefields and give the defender the advantage of the high
ground. Buildings also tend to disrupt the communications of
attackers and defenders alike. Cellars, sewers, and passage-
ways carved between buildings offer defenders safe and
stealthy ways to move about the urban battlefield. Fighting
occurs at close ranges and with reaction times measured in
split seconds. Weapons such as tanks and armed helicopters
do not work as well in cluttered urban areas as they do in
more open terrain.

But if fighting in cities has always been difficult, it has
become even more so today—largely as a result of increasingly
restrictive rules of engagement, written with an understand-
able desire to reduce noncombatant deaths. Such limitations
were not typically found during, say, World War II, where com-
manders tended to rely on massive firepower. Damage to the
cities themselves was enormous, and noncombatant casualties
ran high. Massive, indiscriminate firepower commonly used
in World War II and more recently in places like the Chechen
capital Grozny is no longer an option for U.S. forces. But this
greater concern for civilians is purchased at the cost of
increased risk to soldiers.

Furthermore, the prospect of city combat is becoming
more likely. Cities are increasing in size and number. Once
rare, cities with populations in the millions are now common.
India, for example, has thirteen cities with populations that
exceed one million, and Indonesia has seven. The largest
cities are large indeed. Seoul, which had a population of one
million in 1950, has more than ten million inhabitants today.
Bombay has more than nine million people, as do Jakarta and
Saõ Paulo. Potential antagonists of the United States may well
seek to fight in the cities in an attempt to minimize U.S.
advantages in training, equipment, and doctrine.

Since the mid-1990s, the Arroyo Center has had a vigor-
ous program carried out by the RAND Arroyo Urban Operations
Team to explore this most difficult form of war. The program
has two components: hosting conferences on urban warfare,

and pursuing traditional research projects. To date, Arroyo
has hosted five conferences, providing a forum for policy-
makers and professional soldiers to share lessons learned, dis-
cuss innovations, and generally inform the broader national
security community. Each event has produced a thorough
conference proceedings that captured much of the detail.

The studies, discussed below, address many different
aspects of urban combat, but they can be grouped into two
general categories. Research in the first category, which gen-
erally includes the earlier studies, analyzes the problems with
U.S. doctrine, training, and equipment for urban warfare.
Having defined the problem, studies in the second category
examine the nature of urban warfare and explore different
approaches to it.

I d e n t i f y i n g  P r o b l e m s  w i t h  U . S .  

D o c t r i n e ,  E q u i p m e n t ,  a n d  Tra i n i n g

One of Arroyo’s first studies on urban warfare, the 1996 pub-
lication Combat in Hell: A Consideration of Constrained Urban
Warfare, analyzed the U.S. Army’s doctrine, training, and
equipment for urban combat. It concluded that all were defi-
cient. Doctrine relied heavily on tactics and techniques devel-
oped in World War II that are neither suitable nor acceptable
today. Although the Army had some urban combat training
sites that were quite good, they were few in number, their
designs focused on small units, and they lacked the size and
mixed cityscapes that would confront commanders with the
command, control, or logistical obstacles that combat in a real
city would impose. Training for urban combat at the opera-
tional level of war simply did not occur. Turning to equipment,
some was ineffective or inappropriate, and some needed
items were missing. Cities make radio communications diffi-
cult, and the Army lacked a good solution to overcoming the
interruptions in line-of-sight so that units can talk to each other.
M-16 rifles are frequently not the best weapon for room-to-
room fighting, both because the rapid nature of such engage-
ments makes it difficult to aim properly and because the
penetrating power of the bullet increases the risk of civilian
casualties. It is hard to find out whether people are in buildings
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and, if they are, whether they are hostile. Some advances in
these areas have taken place since the publication of this report,
but significant deficiencies in all the cited areas remain.

A subsequent report, Marching Under Darkening Skies:
The American Military and the Impending Urban Operations Threat,
drew on a review of literature, service doctrine, training, and
emerging technologies to assess U.S. military preparedness to
undertake military operations on urbanized terrain (MOUT).
It confirmed the earlier assessment of Army doctrine and
preparedness for urban combat as inadequate. It offered
observations and preliminary recommendations addressing
identified shortfalls. Recommendations included the adop-
tion by all four services of Marine Corps Warfighting Publica-
tion 3-35.3 as the initial foundation for a more comprehensive
doctrine on joint MOUT. It also suggested that the Army pub-
lish a MOUT lessons-learned bulletin and include realistic
consideration of operations in urban environments during
service and joint exercises. The Arroyo Center report “. . . We
Band of Brothers”: The Call for Joint Urban Operations Doctrine
expanded the call for doctrine at both the operational and
tactical level to the joint arena. The lack of adequate doctrine
at the joint level was as acute as it was in the services. The rec-
ommendation of the research was to develop the doctrine and
publish it in a separate manual as soon as possible. Subse-

quently the joint staff decided to proceed with publishing
Joint Publication 3-06, Doctrine for Joint Urban Operations, a new
document to address urban warfare that was released in Sep-
tember 2002.

T h e  N a t u r e  o f  U r b a n  Wa r f a r e  a n d  

I n n ova t i ve  A p p r o a c h e s  t o  I t

Many argue that the face of urban warfare has changed in the
past few decades. Mars Unmasked: The Changing Face of Urban
Operations analyzed three more recent urban battles—in
Somalia, Panama, and Chechnya—to determine how urban
warfare has changed and to identify what lessons might be
gleaned to update U.S. doctrine for urban combat. The
research showed that some things were as important as ever:
intelligence, air power, situational awareness, and joint and
combined operations. But other things had become relatively
more significant. Media presence, noncombatants, rules of
engagement, and information operation tools such as psycho-
logical operations and civil affairs now carry more weight. Fur-
thermore, it has become more difficult to wage restricted
urban warfare while keeping casualties below some threshold
of public tolerance. As a result of these last two influences,
information-related activities such as public affairs have rela-
tively greater value than they used to and may offer opportu-
nities for leverage.

A second study, Russia’s Chechen Wars 1994–2000:
Lessons from Urban Combat, focused on the poor performance
of Russian forces in Chechnya. The Russian troops who went
into Grozny in 1994 were both unprepared and complacent.
They regarded the Chechen rebels as paramilitary rabble who
would scatter before Russian armor and air. The enormity of
that misjudgment is a matter of history. Over time and with
great loss of life, the Russians modified their tactics to the
point where they were able to pry a devastated Grozny out of
rebel hands. Having pulled their forces out of Chechnya, the
Russians returned five years later, in some ways no wiser than
the first time. Again they underestimated their opponent.
Although under no illusions about urban combat this time,
they thought that they could avoid it. Again they were wrong.

In their first Chechnya experience, the Russians
responded to initial failures by improving coordination
among units and by relearning the lessons taught by street
fighting in World War II. After the war, they worked to elimi-
nate the shortfalls brought to light in the first operation. Exer-
cises and training between the two wars focused on
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coordination among units, and mountain warfare and sniper
training got significant attention.

But their first Grozny experience was so bitter that they
vowed not to repeat it. They thought that they could avoid it
by cutting deals with village elders or sealing off the towns and
cities and shelling them into submission. They were also
determined not to lose the war for Russian public opinion.
They accomplished the latter goal, but the belief that they
could avoid street fighting was without foundation. The rebels
were able to ride out artillery attacks underground. Sealing
off the city, with its maze of sewers, streets, and tunnels,
proved impossible.

For their part, the rebels fought a disciplined and skill-
ful battle, drawing in part on Soviet training. They maximized
the advantages of the defense, enhanced in urban areas. Also,
their goals were easier to achieve than those of the Russians,
who had to seize and hold a hostile city indefinitely. All the
rebels had to do was make the process bloody and expensive.

Perhaps the lesson of most interest for the United
States is that it will probably be impossible to avoid fighting in
cities; thus, our forces had better know how to do it. A review
of the Grozny battles also suggests that training for urban
combat needs to be carried out on a much larger scale than
the villages and towns that most mock-ups represent.

Having addressed the complexity of urban combat and
the need for improved doctrine, training, and equipment,
and having taken a close look at modern urban combat,
Arroyo researchers turned their attention to devising new
ways to fight in cities. The old ways will not or will not be
allowed to work—the concomitant death and destruction are
simply unacceptable. But the risk to our forces is greater than
it ever was. Therefore, new concepts are needed. Heavy Matter:
Urban Operations’ Density of Challenges proposes a new way of
thinking about urban war that enables policymakers to
address what might otherwise be an intractable problem.
Viewing urban operations in light of densities (e.g., popula-
tion, buildings, forces, firing positions), regardless of whether

the mission is combat, stability, or support, offers a way to
approach an otherwise daunting puzzle. Doing so provides a
vehicle to enable better understanding of how to conceptual-
ize key issues, the tasks and missions that will address those
issues, and the specific ways of employing military power to
accomplish them. The study proposed five approaches to
dealing with urban densities:

• Matching density with density (e.g., shift forces to achieve
favorable balance in a key area).

• Reducing densities (e.g., minimize exposure to enemy 
firing positions by moving under cover).

• Maintaining selected densities (e.g., isolate the adversary
from resupply, reinforcement, command and control).

• Addressing density asymmetrically (e.g., maximize such 
advantages as indirect fire support through planning, 
reconnaissance, intelligence, etc.).

• Capitalizing on urban densities (turn urban densities 
into an advantage, e.g., use multiple routes to mask 
intentions).

Corralling the Trojan Horse: A Proposal for Improving Urban
Operations Preparedness in the Period 2000–2025 presents an
alternative to continued reliance on close combat in urban
operations requiring large numbers of soldiers. It has six
mutually reinforcing, largely simultaneous components:
improving intelligence, surveillance, and reconnaissance;
denying access; seizing key nodes; controlling noncombat-
ants; dominating selective parts of the city or population; and
sustaining the postconflict situation. Although the analysis
largely addresses combat operations, these elements also serve
the objectives of stability and support missions, whether they
are the primary mission or part of a larger combat operation.
The analysis focuses on 2000–2025, and it argues that a much-
improved way of conducting urban operations demands at
least somewhat consistent leadership and fiscal support over
that span.

The Art of Darkness: Deception and Urban Operations takes
up the question of deception in urban operations. It argues
that urban areas provide greater opportunities for deception
than do other types of terrain and that both attackers and
defenders can take advantage of them. Cities make deception
easier in several ways. First, the scope and complexity of the
city make it easier to hide troops and equipment. The vertical
and subterranean dimensions of a city provide more surface
space, and thus more troops can be hidden there than in a
like-sized area in the desert. Second, cities have more “back-
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ground noise,” both physical and electronic, which can mask
activities. Disguised troops can move as part of a crowd, and
the myriad radio signals inherent in urban areas can compli-
cate intelligence gathering. Third, command and control is
more difficult in cities because buildings interfere with com-
munications. Thus, making decisions can take longer, perhaps
multiplying the effect of a successful deception. Fourth, the
presence of noncombatants makes it harder to distinguish
friend from foe. Furthermore, cities typically contain abun-
dant resources to aid deception operations, everything from
construction materials for camouflage, to printing resources
for disinformation, to mannequins. Finally, urban clutter—
buildings, electronic interference, limited visibility—limits
the effectiveness of technology, not only communications but
also global positioning systems and sensors. Since U.S. forces
rely more on technology than do most other forces, this char-
acteristic tends to affect them more than others, but this does
not mean that the others are immune.

The most recent study, Street Smart: Intelligence Prepara-
tion of the Battlefield for Urban Operations, takes a fresh approach
to applying a time-tested tool, intelligence preparation of the
battlefield or IPB, to urban combat. All of the city character-
istics described above—clutter, population, dense construc-
tion—complicate the business of gathering intelligence,
particularly for U.S. forces, which tend to rely on electronic
means. IPB can help sort out the situation, but entrenched
views about its applicability hamper its use in urban combat.

To be sure, the threat and terrain in cities differ from
that normally assumed in IPB, namely a known enemy oper-
ating in sparsely populated areas. Population densities in
cities are far greater, and not everyone is hostile. Further-
more, since soldiers must operate with a foreign population,
demographic and cultural issues assume far greater import in
collection and information campaigns.

To address these differences, Arroyo researchers con-
cluded that IPB doctrine and practice require modification
and augmentation. Recommended modifications include an
automated way of managing the information required for
urban IPB, more instruction in Army schools on analytic
approaches, and better predeployment urban intelligence.
Augmentations include adding analysis of population, media,
and non-U.S. actors. They also recommend adding a tool to
help determine how various population segments will per-
ceive certain events and one to help visualize how one popu-
lation group relates to another. Finally, they recommend
adding analysis of competing hypotheses to the IPB process, a

common intelligence technique but one rarely used in form-
ing IPBs.

F u t u r e  D i r e c t i o n s

The RAND Arroyo Urban Operations Team maintains a
robust program of research into this too-little-investigated
area. Studies on urban tactical reconnaissance, adaptation
during operations in cities, urban combat service support
(CSS), and automating the IPB during actions in built-up
areas are pending publication. Other initiatives and continu-
ing work include analysis of urban terrorism in South Asia,
vehicle design, orchestration of information operations,
development of a CSS urban IPB process, and further consid-
eration of innovative approaches to overcome the dramatic
challenges such undertakings unfailingly pose for soldiers in
the future. ■
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S E R V I N G  T H E  A R M Y  F O R  T W O  D E C A D E S

Helping the Army Develop Innovative 
Deployment and Support Concepts

Our nation’s ability to project military power depends
critically on an Army that can deploy and sustain forces where
and when they are needed. The Chief of Staff of the Army has
established two combat service support (CSS) transformation
goals related to substantially improving the Army’s power pro-
jection capabilities.1 One goal is to reduce deployment time-
lines, with a target of being able to deploy a brigade-sized
combat unit anywhere in the world within 96 hours.2 The
other goal is to reduce the CSS “footprint”—the men and
materiel needed to support combat forces—in the combat
zone to improve both deployment speed and maneuver force
mobility. But the Army must achieve these goals without com-
promising its ability to sustain operational forces. The Army
thus needs innovative deployment and support concepts.

The Arroyo Center’s Military Logistics Program has
long maintained research streams aimed at helping the Army
identify and evaluate its options in these areas. Below we high-
light a number of relatively recent studies that reflect three
important themes: the need to speed the deployment process;
the need to develop innovative concepts for providing logis-
tics support; and the need to reduce the demand for deploy-
ment and support resources, both overall and within the
theater of operations.

I n c r e a s i n g  D e p l oy m e n t  P r o c e s s  S p e e d

The Army must be prepared to deploy its forces efficiently
and effectively in times of need. Arroyo researchers have
helped the Army in this area by examining the Army’s per-
formance in past deployments and identifying ways to reduce
deployment times.

Lessons Learned from Recent Deployments
An analysis of the mammoth Army deployments in Operations
Desert Shield/Desert Storm (ODS) called attention to a num-
ber of critical issues for the Army. As described in Getting U.S.

Military Power to the Desert, these issues included the uncertainty
surrounding total transportation requirements, coordination
problems between users and Military Airlift Command, and a
lack of unit integrity in sealift operations. To facilitate future
improvement, Arroyo recommended that the Department of
Defense (DoD) take an end-to-end, total system perspective
on deployments. Such a perspective would incorporate multi-
ple issues, such as how to provide more responsive planning
while also improving the coordination of deployment opera-
tions, and determining whether to add to prepositioning as
well as what theater reception capabilities to provide.

Humanitarian and peacekeeping operations pose addi-
tional deployment challenges for the Army and the DoD more
broadly. In one study, Arroyo Center researchers examined
the Army’s deployment in Operation Restore Hope, in which
the Army helped get food to starving Somalis. Although this
operation was successful overall, problems arose in planning,
coordinating, and managing the deployments to Somalia. As
reported in Transporting the Army for Operation Restore Hope,
Arroyo researchers identified five issues for the Army to con-
sider in planning future operations of this sort. For example,
they recommended that the Army adapt the joint deployment
system for planning and operating procedures rather than
relying on its own detailed plans. They also recommended
that the Army consider creating “ready groups” for high-
demand support functions, such as engineering and trans-
portation, and consider using smaller ships for humanitarian
operations; such ships would be suitable for this kind of oper-
ation while freeing up larger ships for sealift and other
deployment needs. Other recommendations focused on the
need to improve offloading of prepositioned material and to
develop measurable short-term and long-term objectives for
future operations of this type.

Deployment of Logistics Capabilities in Reserve Components
The Arroyo Center has also conducted several studies seeking
to help the Army improve the effectiveness of the Reserve
Components (RC) in future deployments, since this is where
most of the Army’s CSS units have resided. Since the end of
the Vietnam War, much of the support structure has migrated
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to the RC, to the extent that it would provide the bulk of com-
bat service and combat service support (CS/CSS) units in
future deployments. Moreover, the size of the RC has been
reduced, which means that a larger portion of them would be
needed in future deployments. Arroyo Center analysts have
found that many RC CS/CSS units are not as well trained and
ready to deploy as they need to be. One study focusing on both
active and reserve units found that, among a sample set of units,
personnel readiness in RC units was very low. In addition,
equipment holdings average only 85 percent of what units are
supposed to have. A follow-up study found that RC unit man-
ning, training, and resource allocation policies had changed
little in the decade following the end of the Cold War.

To help the Army address these issues, Arroyo recom-
mended a new approach for the RC, described in Breaking the
Mold: A New Paradigm for the Reserve Components. Under this
paradigm, the Army would not try to raise the readiness of
every RC unit, but would focus first on improving the readi-
ness of selected units, as determined by war plans. To focus
resources appropriately, Army units would be divided into three
categories: early deploying, later deploying, and not deploying
(i.e., not in any war plans). Those units needed early would be
indistinguishable from active units in terms of equipment and
personnel quantities, would have substantial full-time sup-
port, and would have more and better-quality training. Those
units not needed as early would function with somewhat lower
levels of personnel and fewer training dollars. Those units not
in the war plans would receive equipment and personnel as
available and would be last priority for training dollars.

Deployment of the Stryker Brigade Combat Team (SBCT)
Arroyo analysts have also examined ways for the Army to
speed the deployment of its new medium-weight units, the
SBCTs. Improving the strategic responsiveness of the SBCT
will require the Army to leverage all factors affecting deploy-
ment. These include the size of the deployment footprint
(how much has to move), the availability of “throughput”
capacity (how much lift capacity is available through air or sea
movement channels plus receiving ports and airfields), and
position (the locations from where units and equipment have
to move).

In areas the United States controls, an Arroyo analysis
has shown, using assumptions that reflect all operations since
the end of the Cold War, that a force the size of an SBCT
could not deploy from the continental United States
(CONUS) to most contingency locations in 96 hours. Meeting

this timeframe would require both an unusually high airfield
throughput capacity and an unrealistic allocation of airlift to
one brigade. However, some opportunities for improvement
lie in employing all of the elements affecting deployment. For
example, if forces were stationed or temporarily positioned
outside of CONUS (either on a rotational basis or when the
need for a mission became probable), the Army’s demand on
strategic lift would be slashed (by up to 80 percent) and the
deployment time could be dramatically reduced in some situ-
ations, depending upon the deployment “bottleneck.” Prepo-
sitioning of the total SBCT appears financially infeasible in
the near term; however, Arroyo analysis indicates that the
light tactical wheeled vehicles and supplies needed to sustain
the unit (e.g., rations) account for 60 percent of the lift yet
only 10 percent of the total cost of the brigade. Thus it would
be economically feasible to buy additional wheeled vehicles
and supplies for prepositioning. By using this “selected”
prepositioning, the Army has a more financially feasible
option that can speed deployment to some selected locations
while also cutting the Army demand for strategic lift. Regard-
less of the starting point for deploying the SBCT, there is
potential to improve its deployment time by carrying out
more-detailed predeployment planning as well as by working
with the Air Mobility Command to improve, practice, and
refine outload and offload procedures.

The remaining tradeoff—unit footprint—has already
been the focus of efforts to speed SBCT deployment. The
modular design of the SBCT makes it easier to phase in sup-
port and can also be leveraged to get an initial operating capa-
bility on the ground quickly. For example, an Arroyo analysis
shows that the SBCT deployment flow can be planned in a way
that enables the full spectrum of SBCT operational capabili-
ties—but with less depth of each capability—to be on the
ground in half the time or even less than it takes to move the
entire SBCT. This research also outlines how this modularity
could be further leveraged to enable the rapid construction of
joint mission-tailored force packages, enabling quicker
deployment initiation and providing combatant commanders
with better assessments of the deployment requirements nec-
essary to provide various operational capabilities.

D eve l o p i n g  I n n ova t i ve  

S u p p o r t  S t r u c t u r e s

The increased use of sophisticated, high-technology weapon
systems has driven the Army to look for alternatives to its tradi-
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tional logistics combat support structure. Building a more respon-
sive support system is a complicated and fairly extended
task—one that requires the Army to support currently fielded
high-technology subsystems while incorporating emerging sup-
port systems and preparing for the different needs of future
weapon systems. The Army must also develop management
tools to make support responsive and to build cost-effective
support for the less technical parts of Army systems.

The Need for More Responsive Support
Recognizing the problems posed by its technologically sophis-
ticated weapons, the Army asked the Arroyo Center to evalu-
ate the ability of alternative logistics structures to respond to
unpredictable wartime demands. One study, Evaluating the
Combat Payoff of Alternative Logistics Structures for High-Technology
Subsystems, presented a new method for evaluating alternative
logistics support structures for the M1 Abrams tank. The study
examined the costs and benefits of four alternative support
structures: (1) the consolidation of test equipment and person-
nel at higher echelons; (2) the decentralization of test equip-
ment and personnel to maneuver battalions; (3) changes in
test equipment and personnel capacity; and (4) increased
responsiveness in the spare parts distribution system. After
assessing these options, the researchers concluded that by
consolidating test equipment at the main support base, the
Army could improve the availability of such equipment for
those items that most affect combat availability. This consoli-
dation would also permit the allocation of repair priorities
across three brigades, thus increasing
tank combat availability. The combat
availability of tanks could also be
increased by improving distribution sys-
tems and the management of repair
facilities—if the Army can develop com-
mand and control systems that provide
adequate visibility of repair resources.

Related research on support for
the AH-64 Apache helicopter provided
further evidence of the need for the
Army to increase logistics responsive-
ness. As described in Developing Robust
Support Structures for High-Technology 
Subsystems, Arroyo researchers evalu-
ated five support alternatives in terms
of comparative cost-effectiveness and
robustness. Two options relied on con-

ventional depot support of intermediate repair; the other
three focused on more responsive support. The research
found that the most effective support alternative would pro-
vide special support of critical items or fast-turnaround depots
tied to the theater by assured rapid transportation.

Arroyo Center analysts have also explored several “what
if” scenarios for Operation Just Cause (Panama), Operation
Desert Shield, and Operation Desert Storm to determine how
well the Army could have supported its new high-tech weapon
systems in the face of different stresses, such as extended
operations or a faster operating tempo. The results of their
analysis, which can be found in Precision-Guided Logistics: Flexi-
ble Support for the Force-Projection Army’s High-Technology Weapons,
are summarized in Figure 1.

The top line shows the ways in which the support alter-
native in use at the time of the research would fail to meet the
needs of the “what if” scenario. This deficiency could be cor-
rected for a small-scale operation through faster U.S. resup-
ply, but this approach would not suffice for a larger-scale
operation, such as Desert Shield, in which units rely primarily
on deployable supply support organizations, especially for
early support. In such operations, different units may experi-
ence an “imbalance of spares” in that not all units have equal
numbers of spare parts in their supply organizations, and the
parts that a unit does have may not be well matched to its
operational demands. This problem could be addressed
through better visibility of assets and procedures to transfer
parts from units with excesses to units that need them. A
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Figure 1. The Arroyo Center Evaluated Several "What If" Scenarios
for Recent Deployment Operations

Operation System change recommendedReasons why cannot supportPlausible risk
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Desert Shield • Limited repair
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• Spares imbalances

What if operating tempo
was higher?

Desert Storm • Resupply too slow
• Insufficient spares
• No prioritization of repair
• Unproductive intermediate 

repair
• FRA overwhelmed
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large-scale operation like Desert Storm presents even more
complexities, as summarized in the figure. This operation
would also require integrated theater support capabilities.

This analysis of support capabilities led Arroyo
researchers to develop an alternative support concept known
as “Precision-Guided Logistics” (PGL). The idea behind PGL
is to do for logistics much the same thing that precision-
guided munitions did for combat operations: marry technol-
ogy and information to new doctrine and types of command
and control to yield far greater support at substantially less
cost. The PGL concept derives from four fundamental princi-
ples. First, substitute information and speed for mass to
increase the responsiveness and robustness of logistics sup-
port, while reducing costs. Second, emphasize interchange-
able resources, such as responsive repair stations that can fix
many kinds of broken parts and dedicated express distribu-
tion systems that can move any number of parts quickly and
can access stores of parts from many sources. Third, recognize
time as the enemy by making retrograde, repair, and forward
distribution far more responsive. And finally, design creative
support procedures for the entire possible spectrum of oper-
ations, write them into doctrine, and practice them in peace-
time. Reduce CSS combat zone footprint by making those
elements that are deployed as productive as possible. This
might mean using a two-echelon repair structure: “remove
and replace” operations occur forward, while removed com-
ponents are taken to a centralized facility for repair.

R e d u c i n g  t h e  D e m a n d  f o r  D e p l oy m e n t

a n d  S u p p o r t  R e s o u r c e s

The Army’s ability to deploy quickly depends in large part on
how much mass it needs to move. The Arroyo Center is help-
ing the Army identify ways to reduce the demand for support,
particularly in light of the complex kinds of support needed
for high-technology weapon systems.

Designing More Sustainable Weapon Systems
One means of reducing the demand for support is to improve
equipment sustainability—the ability to keep weapon systems
available when needed to conduct operations. To improve sus-
tainability in future weapon systems, the Army will need to
improve both equipment design and logistics system effec-
tiveness. Arroyo researchers, in Equipment Sustainment Require-
ments for the Transforming Army, recommend ways the Army
might go about improving sustainability.

Any attempt to improve sustainability needs to mesh
with the four goals that the Army has set for supporting the
Objective Force:

• High levels of equipment availability.
• Reduced maintenance footprint in maneuver units.
• Lower costs of maintaining equipment.
• Self-sufficient maneuver units that can operate without 

external support during operations.

To achieve these goals, the Army should develop
requirements for equipment sustainability that reflect each of
them. To communicate the requirements precisely and to
assess how well alternative designs meet them, the Army will
need metrics. For example, availability might be measured by
both the average time and the minimum time that equipment
is available during intense periods of combat. Footprint
reduction might be measured according to the number of
maintainers or maintenance ratio by echelon and mainte-
nance equipment lift requirements.

While the transformation goals explain why the Army
wants to develop weapon systems with improved sustainability,
the design features of a weapon system program—including
both the design of the system itself and its logistics support—
indicate how the Army can achieve the desired improvement.
Four design features of a weapon system program are critical
to determining the system’s sustainability: reliability, main-
tainability, fleet life cycle management, and supply support
effectiveness. Just as metrics are needed to measure the con-
tribution of sustainability to transformation goals, other met-
rics are needed to describe requirements for design features
and to measure their contribution to improved sustainability.
For example, a metric for reliability associated with providing
equipment availability during combat pulses is the mean time
between critical failures (described as “system aborts” in Army
weapon system programs). Other reliability metrics are asso-
ciated with maintenance footprint and life cycle cost require-
ments. Examples of maintainability metrics are maintenance
hours per maintenance action, the fraction of faults success-
fully predicted, and the percentage of maintenance actions
that can be performed by the crew.

Arroyo researchers have also recommended that the
Army consider designating a sustainability requirement as a
key performance parameter (KPP). This would help elevate
the importance of sustainability in future weapon system pro-
grams. A KPP designation could be appropriate for any of the
sustainability requirements that are linked to the four trans-

— 31 —



formation goals. However, a sustainability KPP should not be
stated in terms of a single design feature (reliability, for
example), because this would constrain system developers
from fully exploiting possible tradeoffs.

Fielding More Reliable and Maintainable Weapon Systems
High-technology equipment poses special challenges for
logistics support. Failures in high-tech equipment are often
difficult to detect and can be identified only with complex
diagnostic equipment. Many failures appear only intermit-
tently or in certain operational and environmental condi-
tions. Thus, it is difficult to identify persistent failure
patterns.

Arroyo researchers have explored concepts for helping
the Army address such challenges. One concept they
explored is “maturation development,” which is described in
Maturing Weapon Systems for Improved Availability at Lower Costs.
Maturation development originated with the acknowledg-
ment that high-tech electronics need to mature; thus, matu-
ration needs to be managed throughout the life cycle of a
system. This approach contrasts with the traditional view of
mechanical systems, in which the reliability and maintainabil-
ity characteristics are considered outputs of the initial design
phase, so that once design is over, the job is basically “done.”

Maturation development calls for continuous data col-
lection and analysis of the reliability and maintainability of a
weapon system throughout its life cycle. For new weapon sys-
tems, data collection would begin in the phases preceding
fielding but would intensify during the initial fielding. Matu-
ration development could also be applied, with modifications,
to fielded systems. In such cases, the period of intense data
collection and analysis would be implemented in conjunction
with system upgrades. The purpose of the intense data collec-
tion and analysis is to detect and isolate design deficiencies by
intensively running the components in their normal operat-
ing environment. All the activities involved in maturation
development, including intensive weapon system operation,
data collection, analysis, and subsequent engineering

improvements, must be preplanned and incorporated into
the acquisition process.

Reducing Organic Support to Initial Essential Levels 
for Fast Deployment
The Arroyo Center is also assessing the potential value of
alternative support concepts, such as “spartan” support. The
idea behind spartan support is to reduce the CSS footprint in
maneuver units by including only those capabilities that
always need to be with a unit. This makes it easier for the
Army to phase in CSS capabilities as the nature of an opera-
tion changes from initial entry to sustained decisive opera-
tions to stabilization. One approach to spartan support is to
remove infrequently needed capabilities from the unit, given
an acceptable level of risk in not having the capability right
away when needed. Another is to use external resources to
execute those tasks that can be scheduled outside of opera-
tional periods (e.g., scheduled service) or deferred. Yet
another is to forgo those capabilities that can be done without
for short periods (e.g., hot food) when the overriding need is
for rapid deployment. Spartan initiatives often involve a trade-
off (e.g., one resource is exchanged for another) or the need
to rely on support from a distance or augmentation (e.g., the
location of a resource is shifted). As such, every spartan sup-
port initiative requires a plan for providing the removed capa-
bility when needed.

Applying Miniaturization Technologies
Arroyo researchers have assessed new miniaturization tech-
nologies that would enable the Army to create support
options that reduce logistics demands while offering addi-
tional opportunities for process improvement. Several such
technologies are described in Thinking Small: Technologies That
Can Reduce Logistics Demand. Microelectro-mechanical system
(MEMS) devices can enhance the efficiency of weapon and
transportation systems, reduce waste and spoilage of materiel,
and lower rates of system failure.

For example, “dry nanotechnology,” the process of
making existing devices smaller, offers a means of extending
the use of microelectronics down to the submicron level. This
technology promises to increase the performance of many
types of electronics, such as sensors or computer hardware, by
allowing them to handle tremendous amounts of data effi-
ciently through more extensive information networks. Dry
nanotechnology also offers the promise of breakthroughs in
logistics supply and repair processes through “virtual manu-
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facturing,” which involves the manufacture of parts on loca-
tion through the use of small seed quantities of biological
organisms together with portable “growth machinery.”

Longer-term military applications are expected to
improve the performance of batteries and other power
sources and to provide an array of biomedical options, such as
portable biokits capable of providing food, water purification
technology, and even artificial skin and blood to repair
wounds. In the far term, the most daring and imaginative
branches of nanotechnology—collectively referred to as “wet
nanotechnology”—will work at the molecular level, using a
variety of scientific techniques including biotechnology and
atomic positioning. These approaches are expected to create
novel capabilities that enable dramatic improvements in sus-
tainability.

O n g o i n g  R e s e a r c h

Arroyo Center researchers continue to work with the Army to
develop innovative deployment and support concepts:

• Arroyo analysts are examining how the Army structure 
can best be adapted to provide the new capabilities 
envisioned for the SBCT and Objective Force. This 
research will examine how alternative organizational 
relationships and procedures affect strategic respon-
siveness, combat effectiveness, force sustainability, and 
institutional requirements.

• Another study aims to develop improved concepts for 
sustainment of sensitive activities conducted by special 
operations forces.

• Researchers are also seeking to develop a method, 
including processes and metrics, for determining the 
minimum military essential logistics capability, i.e., the 
quantity of a given military functional capability that 
must remain within the uniformed service—rather 
than being contracted out to nonmilitary personnel—
in order to support strictly military operations. ■
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S E R V I N G  T H E  A R M Y  F O R  T W O  D E C A D E S

Helping the Army Fill Its Ranks

The Army’s essential ingredient is its people, so it is no
wonder that RAND has worked closely with the Army on per-
sonnel-related issues throughout the life of the Arroyo Cen-
ter—and before. The timeline in Figure 2 illustrates some of
the events that have shaped the Army’s needs and Arroyo’s
research agenda. In 1973, for example, the draft ended, and
recruiting issues emerged front and center. Almost 30 years
later, we can declare the all-volunteer force a success. But
recruiting is still critical, especially for the Army because it has
the largest personnel requirement of the four services, and
recruiting continues to be the focus of much of the Arroyo
Center’s work.

M a n n i n g  t h e  F o r c e  D u r i n g  t h e  C o l d  Wa r

When the Arroyo Center began in 1982, the United States was
fighting the Cold War and the Army’s focus was on conven-
tional defense capabilities. In one project during this time,
Arroyo looked at the balance between the teams of surgeons
needed in wartime and the teams of nonsurgical physician
teams needed in peacetime. Researchers found that peace-
time specialists such as family practitioners could substitute
for surgeons to accomplish certain time-consuming tasks in
wartime hospitals. These results were encouraging in suggest-
ing that appropriate Army staffing plans would be able to sig-

nificantly increase the flexibility of Army combat medical
facilities. More recent research, Army Medical Support for Peace
Operations and Humanitarian Assistance, has looked at how the
Army will provide medical personnel for those so-called oper-
ations other than war.

The Army has long recognized that families contribute
to the well-being of soldiers and, indirectly, to their perform-
ance and readiness. A change in the 1980s prompted the
Army to look closer at its family programs. Not only had the
proportion of married soldiers increased steadily since the
Vietnam War (today about 60 percent of all soldiers are mar-
ried), but even more significant, more than half of the

spouses of soldiers worked, placing
pressure on soldiers to play an active
role in the family and to avoid assign-
ments that required long hours or sep-
arations. With both recruiting and
retention potentially threatened, the
Army asked the Arroyo Center to look
at ways to enhance family programs
such as day care, medical services, and
counseling. The Arroyo Center con-
ducted several studies, including Fami-
lies in the Army: Looking Ahead and
Families and Mission: A Review of the
Effects of Family Factors on Army Attrition,
Retention, and Readiness. Among the
findings: policies that communicate
concern about families and give sol-

diers and their spouses some part in decisionmaking—a
choice in duty station, for example—can be more effective
than costly programs for families already in trouble.

T h e  D rawd ow n

With the end of the Cold War, the Army needed far fewer
active-duty soldiers and thus deliberately cut accessions, bring-
ing in fewer soldiers each year than it needed to maintain a
constant force size. This action meant that the Army did not
have to induce even more people to leave the military who
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Figure 2. The Arroyo Center Helps the Army Understand Change
and Its Effect on Personnel Issues
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otherwise might have wanted to stay. During this “drawdown”
period, the Arroyo Center began an analysis of the flow of
personnel into and out of the Army. The analysis showed that
incentives for soldiers to leave the Army voluntarily were both
desirable and feasible for reducing the force; the Army imple-
mented incentive programs consistent with the researchers’
recommendations.

At the beginning of the drawdown, with debate about
the needed level of recruiting resources, an Arroyo Center
study demonstrated that higher-quality enlisted personnel—
those with a high school diploma and a high score on the
Armed Forces Qualification Test (AFQT)—improve battlefield
outcomes and the Army’s ability to fulfill its wartime mission.
The study, whose results appear in Effect of Personnel Quality on
the Performance of Patriot Air Defense System Operations, assessed
how differences in personnel quality and training among
Patriot missile system operators affected the ability of the
operators to track, engage, and destroy enemy aircraft. Arroyo
Center researchers found that soldiers who scored higher on
the AFQT were consistently superior in protecting valuable
facilities, destroying enemy aircraft, and conserving scarce and
expensive missiles. Similar results were obtained in a separate
study of communications systems operators. These findings
provided a firm basis for policies and incentives to maintain a
high-quality force in spite of shrinking defense budgets.

Arroyo Center research has been instrumental in shap-
ing key recruiting programs that enhance the Army’s profile
of quality personnel in both active and reserve units. The com-
bination of a smaller active force and the unpredictability of the
Army’s force needs in the future has implications for the Army’s
Reserve Components (a combination of the Army National
Guard and Army Reserve units). For example, because the
Reserve Components are staffed partly by former active-duty
soldiers, a smaller active force means that many fewer prior-
service soldiers are available to serve in the reserves.

In 1990, the Arroyo Center designed and assessed
results of the so-called 2+2+4 recruiting program, aimed at
increasing high-quality personnel enlistments into both active
and reserve forces. The program was designed to enhance the
benefits to the Army of a two-year active duty tour by requir-
ing participants to serve two additional years in a Selected
(drilling) Reserve unit, followed by four years in the Individ-
ual Ready Reserve (trained soldiers who can be called up indi-
vidually). As reported in Assessment of Combined Active/Reserve
Recruiting Programs, Arroyo Center researchers found the pro-
gram highly successful. It attracted more high-quality recruits

into the Army, doubled the affiliation rate with the reserve,
and helped the Army to staff hard-to-fill jobs. The Arroyo
Center’s pioneering work with this program provided the
foundation for subsequent programs later in the 1990s.

R e c r u i t i n g  G e t s  To u g h e r

In 1994, the annual recruiting requirement was about as low as
it was going to get due to the approaching end of the drawdown
and the consequent need to increase accessions to stabilize
force size. Yet recruiters began to report having difficulties
meeting their monthly goals. DoD and Army policymakers
turned to RAND for an initial, quick evaluation of the situa-
tion and then a longer-term look at recruiting trends and
prospects for the future.

In its initial evaluation in 1994, Recent Recruiting Trends
and Their Implications: Preliminary Analysis and Recommendations,
researchers found that the pool of high-quality young men was
adequate to meet DoD’s needs at that time given the drawdown-
related reduction in annual requirements. Although youth’s
propensity to serve in the military had declined to some
extent, it had not become so negative as to explain the recruit-
ing problems. In addition to the decline in interest,
recruiters’ troubles also were probably due to recruiting prac-
tices, including cuts in resources. Researchers worried,
though, that recruiting problems could worsen considerably
by the late 1990s, given the Army’s need for a substantial
increase in accessions.

In Military Recruiting: Trends, Outlook, and Implications,
RAND recommended that the Army target increased
resources in advertising, educational benefits, and number of
recruiters. Past research showed these to be the most cost-
effective resources in expanding the high-quality market.
RAND also recommended that the Army consider increasing
female and prior-service enlistments as a way to reduce pres-
sure on the primary recruiting market (high-quality males
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without prior service). The Army imple-
mented policies consistent with these
recommendations.

Recruiting High-Aptitude Youth in
Today’s Market
In the long term, solutions to the
Army’s recruiting problems lie in new
marketing strategies and enlistment
options. In 1999–2000, the Arroyo
Center developed and carried out a
national survey of 10,000 youth and
4,000 of their parents to help the Army
develop a new strategy. The survey pro-
vided valuable insights into youth’s
most important goals, the extent to
which those goals were perceived to be
achievable in the military, enlistment
barriers, the potential for various enlist-
ment options to expand the recruiting
market, and youth’s awareness of Army
programs. This information provided a
basis for crafting the Army’s new mar-
keting strategy. The survey also pro-
vided a good deal of information on
the history of any contacts with the mil-
itary, media preferences, computer use,
and recreational activities for use in
decisions about how to target and con-
vey the themes of that new strategy to
potential enlistees.

At the same time, Arroyo worked
with the Army to develop two new
recruiting programs, one for youth
interested in college and one for the large proportion of the
youth population that leaves high school without a traditional
diploma. As Figure 3 shows, more of the nation’s youth are
attending college.

But the military’s traditional recruiting strategy was mis-
matched with the changing distribution of today’s youth pop-
ulation. The mismatch is illustrated in Figure 4.

In the graph, the tan bars (the right bar of each pair)
show the Army’s traditional recruiting strategy, which focuses
on high school graduates without college; the black bars show
the distribution of the youth population aged 18–24 from
which the Army recruits. Although this chart is based on Army

data, a similar pattern applies to the other services. Note that
the center of the chart shows that the Army takes 80–85 per-
cent of its recruits each year from high school graduates with
less than a year of college. However, this group makes up only
about 25 percent of the youth population and is shrinking
each year. On the other hand, the Army takes only about 10
percent of its recruits from those with a year or more of col-
lege, as shown on the left. As indicated by the black bar, this
group makes up almost 55 percent of the youth population
and is still growing. At the right of the chart, we see a second
mismatch that concerns those without a traditional high
school diploma. Consistent with the Office of the Secretary of

Figure 3. More High School Graduates Are Attending College
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Figure 4. Recruiting Strategy Is Focused on the Noncollege Market,
Creating a Mismatch with Youth Population
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Defense standard, the Army was taking only 10 percent of its
cohort each year from this group, but the group makes up 20
percent of the youth population and is disproportionately
minority. The Arroyo Center worked with the Army to pursue
expanding enlistment opportunities for this group.

To address these mismatches, the Arroyo Center
helped the Army develop two pilot programs: College First
and GED Plus. The programs were initiated in February 2000.
Patterned after earlier RAND recruiting tests, the experiment
with College First and GED Plus offered contrasting programs
across matched sets of geographic areas, permitting rigorous
assessments of program effects. The Arroyo Center is contin-
uing to evaluate each program’s performance and to recom-
mend desirable modifications. Initial results show that the
programs have expanded the Army’s market, including the
growing Hispanic market, and that their full potential has not
yet been realized.

R OTC  S c h o l a r s h i p s  t o  H e l p  t h e  A r m y

F i l l  I t s  O f f i c e r  R a n k s

The Army Reserve Officer Training Corps (ROTC) at Amer-
ica’s colleges and universities has been an important source of
commissioned officers. But ROTC has been falling short of its
mission by up to 900 officers per year. The Army also acquires
officers from the United States Military Academy and from
Officer Candidate School (OCS), and it has greatly expanded
its OCS program in response to the ROTC shortfall.

The Army considered eliminating or substantially
reducing its ROTC program. Instead, in an effort to make the
ROTC program more productive, it designed a new scholar-
ship program that offered four different scholarship values
(called tiers). An Arroyo Center study, Allocating Scholarships
for Army ROTC, found that under the new program, enroll-
ments at public colleges increased modestly and the Army
controlled the total scholarship cost. As feared, however,
many fewer of the nation’s most academically able students
enrolled in ROTC, and the programs at the nation’s most
prestigious private colleges and universities were facing the
prospect of closure.

Based on these findings, Arroyo Center researchers rec-
ommended, and the Army implemented, a high-value schol-
arship targeted at some prestigious private colleges. The study
also analyzed several complete scholarship programs to
replace the tiered scholarships. The analysis supports plans
that continue to offer high-value scholarships at some presti-

gious private schools, while offering lower-value scholarships
at other schools. Although it would entail some significant
tradeoffs, researchers also presented a plan that would offer
greater values to in-state students at public schools—a large
potential market, especially if tuition increases in the private
schools do not abate in the decade ahead. These offers would
require congressional approval because the law currently pro-
hibits the use of scholarships for room and board, which con-
stitutes the largest portion of these in-state students’ expenses
to attend college.

R e c r u i t i n g  S t ra t e g i e s  t o  S u p p o r t  

F i r s t -Te r m  S u c c e s s  a n d  B eyo n d

The Army’s new programs are helping to meet the demand
for recruits. But these initiatives must also help the Army
maintain the force over the long term. How do recruit selec-
tion and recruiting and training practices affect recruits’ suc-
cess during their first term of service? How many will join the
career force? Are they likely to be promoted and provide a
leadership core for the future Army? The answers to these
questions will help to shape accession requirements and the
overall Army manning picture over the next several years.
They can also help the Army concentrate its policies and
resources where they will be most productive.

Arroyo Center researchers assessed the success of differ-
ent types of recruits (e.g., higher versus lower quality), indi-
viduals contracted in different circumstances or recruiting
environments (e.g., individuals signed at the end of a recruit-
ing period or by an inexperienced recruiter), and individuals
attracted to the Army for different reasons (e.g., training,
money for college, or employment). Researchers looked at
attrition at two months, six months, and thirty-six months and
at the effects of individual differences, recruiter differences,
military experience, and the location where training was con-
ducted. “Success” was based on completion of the Army
Delayed-Entry Program, or training, or the first term, as well as
on retention and promotion. Researchers found that, as in ear-
lier studies, attrition varies substantially for different types of
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recruits. The recruiting environment did not appear to influ-
ence first-term attrition, with higher Delayed-Entry Program
losses an inevitable consequence of the strategy to gain early
commitments from high school seniors. However, inconsistent
training standards and policies may be a problem. In addi-
tional work, Arroyo researchers will attempt to provide better
estimates of how pay and other influences affect retention.

S t a f f i n g  t h e  F o r c e  w i t h  M o r e  Wo m e n

Consistent with DoD directives, the Army excludes women
from positions involving direct ground combat. As a result,
some occupations and some positions in noncombat occupa-
tions but in combat units or in units that co-locate with com-
bat units are also closed to women. With the potential for
future force structures in which increasing numbers of posi-
tions involve direct ground combat, it is appropriate to assess
Army opportunities for women in detail.

Arroyo Center researchers found that the Army was
accessing soldiers and assigning them by gender to specific mil-
itary occupational specialties (MOSs) based on models designed
in the early 1970s. Yet gender utilization policy, position-
coding policy, and the male-female composition of the force
have changed significantly since then. The research indicates
that the Army may be able to improve its ability to match
recruits to positions and fill more MOSs by easing the restric-
tions on the number of female soldiers in noncombat occu-
pations. In addition, because of unnecessary limitations on
the total number of positions available to female soldiers, the
Army may be forgoing the opportunity to recruit qualified
women and raising the premium it must pay to obtain larger
numbers of qualified men. By incorporating gender-neutral
spaces in the initial entry training system in addition to male-
and female-coded training seats and revising calculations that
determine the maximum number of female accessions in
each noncombat occupation, the Army could reap recruiting
and readiness benefits.

I n c r e a s i n g  R e c r u i t e r  P r o d u c t i v i t y

Several factors contribute to successful recruiting, but
recruiters themselves play a pivotal role. Arroyo researchers
examined recruiter incentives and recruiting outcomes as well
as sales-force management strategies in the private sector, and
identified some ways in which recruiter productivity might be
improved without additional resources or unreasonable work-
loads. They found that the quality of the market where the
recruiters worked was not fully considered when their mis-
sions—or recruitment goals—were set, and that seasonal
adjustments did not fully account for seasonal variations
(recruiters are more likely to succeed in July than in Novem-
ber). Researchers recommended that the recruiters’ missions
be better tailored to the season and market potential. There
could be more flexibility in the use of team versus individual
missions and in performance measurement. The recruiter
selection process could be improved, and, because recruiters
are generally more effective when their backgrounds are sim-
ilar to those of potential enlistees, they could be matched to
the locations where they are most likely to succeed. This
research is ongoing, and is now focused on improved models
the Army can use to allocate recruiting missions.

W h a t  W i l l  t h e  A r m y  o f  t h e  F u t u r e  

L o o k  L i ke?

In the wake of the attack on the United States of September
11, 2001, the Army Secretariat asked the Arroyo Center to
apply the alternative futures approach to consider the poten-
tial implications of the global war on terrorism for manning
the force in the 2005–2010 time frame. Arroyo Center
researchers addressed these issues by identifying six future
mission areas. They include, for example, major theater wars,
foreign internal defense, and homeland security. Researchers
mixed and matched the mission areas with possible threat lev-
els (low, medium, and high) in different combinations and
created seven different future worlds that range from fairly
benign to one of general instability. Finally, they drew conclu-
sions about what these futures would mean for the nature,
size, and manning of the force.

In a related project conducted as part of the Quadren-
nial Defense Review, Arroyo researchers applied the alterna-
tive futures approach to the 2015 time frame and addressed
the question, What do the transformation and the likely inter-
national security environment mean for the kinds of soldiers
the Army will need?

— 38 —

With the potential for future force structures in
which increasing numbers of positions involve

direct ground combat, it is appropriate to assess
Army opportunities for women in detail.



The most likely future forces over the next ten years
range from 20 percent smaller to 30 percent larger than
today’s and require more combat forces (largely because the
logistical tail is shrinking). Combat support (units that pro-
vide operational assistance to combat units and engage in
combat when necessary) remains the same, and combat serv-
ice support (noncombat units that provide transportation,
medical, supply, and other support) declines. These changes
ripple across other areas. For example, the increase in combat
jobs decreases the proportion of jobs open to women.
Although the work does not indicate an increase in aptitude
requirements during this period, seniority needs are likely to
increase somewhat due to a greater need for Special Forces
soldiers and other personnel in more senior specialties. Also,
increased deployments and the resulting change in optimal
job mix are likely to increase substantially over today’s levels
the requirements for second-language training.

These changes have important implications for recruit-
ing. The Army will get some help from demographic trends in
that the prime youth recruiting pool will grow about 7 percent
by 2010. However, the trend of more youth continuing their
education beyond high school, noted earlier, will continue.
Given that the larger future forces could imply a large
increase in high-aptitude recruits, the projected supply may
not be adequate for the Army to meet its needs.

The Army can take steps to offset the problem. Para-
mount is doing a better job recruiting from the college mar-
ket, a process the Army has already begun. Additional steps to
support larger forces could involve allowing the force to
become more senior, civilianizing jobs currently held by uni-
formed personnel, and increasing the female fill rate for jobs
open to women. ■
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S E R V I N G  T H E  A R M Y  F O R  T W O  D E C A D E S

Training Soldiers and Units

When the Army is not fighting a war, which is most of
the time, it is training to fight a war. Since training has a lot to
do with how well the Army performs when it comes to actual
combat, training must be as effective as possible. Therefore, the
Army devotes an enormous amount of resources—facilities,
people, time, and dollars—to planning and carrying out train-
ing. But training must also be efficient, so that resources are
not wasted. The Arroyo Center has a long history of helping the
Army ensure that its training is both effective and efficient.

Tra i n i n g  S o l d i e r s

Army training has two components, individual and unit. Ini-
tial individual training takes place in the institutional training
base or the “schoolhouse,” which carries out both basic and
advanced individual training. Basic training teaches the fun-
damental skills all soldiers need (e.g., rifle marksmanship),
and advanced individual training imparts the specific skills a
soldier needs to perform the duties of a given military spe-
cialty (e.g., helicopter mechanic).

The Historical Context
With the Cold and Persian Gulf wars won, the world seemed a
safer place to the United States; hence the nation reduced
both the size of its military forces and the resources devoted
to them. As defense budgets declined, the Army sought ways
to train more efficiently and at least as effectively as it had
done before the drawdown. The traditional model was to send
soldiers to the schoolhouse and train them using experienced
instructors and actual equipment. While effective, this
approach was also expensive, consuming over $6 billion in 1992.

Making Training More Efficient
Beginning in 1992, the Arroyo Center launched a series of
projects aimed at helping the Army train more efficiently. The
initial project sought to identify specific Army skills that could
be taught with new and less expensive training approaches,
including distributed training; use of training aids, devices,
simulators, and simulations; and use of civilian training
sources. To determine what approaches might work best with

a given military skill, researchers identified the training char-
acteristics of a wide range of military jobs. They determined
that the principal characteristics were ability requirements,
dominant task characteristics (procedural or verbal), similar-
ity to civilian occupations, and resource intensity. Armed with
this knowledge, they were able to identify several military spe-
cialties that might benefit from different training approaches.

But these results were only suggestive. Absent was a
good methodology for quantifying the cost savings of adopt-
ing a new training approach. The next project took up the
task of developing such a methodology, and its results appear
in How to Estimate the Costs of Changes in Army Individual Skill
Training. It developed one called TRAM (Training Resource
Analysis Method), which employed a five-step procedure that
began with a baseline analysis, determined changes, estimated
cost, and analyzed tradeoffs and risks. Applying the method-
ology to four variations of the Army’s Armor Officer Advanced
Course that include different lengths, approaches (e.g., cen-
tralized versus dispersed), and media (e.g., paper versus 
computer-assisted) revealed potentially substantial savings. But
savings depended directly on the choice of medium and how
training was implemented. Distributed training saved money
only if capacity already existed, development and support
costs remained low, and the course used “low-tech” media.

The analysis led to three significant conclusions. First,
savings normally result from trading off other factors such as
effectiveness or capability. Detailing changes in activities allows
decisionmakers to apply experience and judgment to deter-
mine if the savings justify the tradeoffs. Second, a significant
part of training costs stems from support and base operations
functions that are relatively insensitive to changes in course
length and method. Barring other major changes such as
facilities consolidation, savings in training costs will occur only
at the margin. Finally, distributing more training than field
units can readily absorb drives training costs up significantly.

Having identified specific skills that might be trained
more efficiently with alternative training approaches, and hav-
ing developed a cost methodology, researchers next under-
took a series of case studies that applied a given technology to
a specific skill to determine the extent of possible savings.
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Case studies included the training of armor officers, armor
crewmen, and cannon fire direction specialists. (See Distrib-
uted Training of Armor Officers, Device-Based Training of Armor
Crewmen, and Computer-Based Training of Cannon Fire Direction
Specialists.) Typical of these case studies was the analysis of the
M-1 Abrams Armor Crewman course conducted at Fort Knox,
Kentucky.3 This course trains soldiers for individual and crew
duties on the M-1 Abrams tank. It focuses on fundamental
skills but trains some more advanced skills to a familiarity
level. The fact that this course used a large number of tanks
suggested that devices, simulators, and other technologies
might help reduce the costs of the training.

Results of the analysis were instructive. They indicated
that device-based training—primarily turret and driver train-
ing devices and simulators—could save significant resources.
Such devices reduce each soldier’s time on a tank by 80 hours
and could cut the use of tanks by 50 percent. Researchers esti-
mated a best- and worst-case implementation scenario. The
best-case implementation would save $21 million over three
years for an $8 million investment, which was paid back in two
years. Even under the worst-case assumption—new devices must
be developed—savings were substantial. It returned $6 million
in savings in three years. However, because the initial invest-
ment was higher ($20 million), it took six years to break even.

Not all Arroyo research focused on improving the effi-
ciency of ongoing courses. Some sought innovative ways to
train subjects the Army was having difficulty training or was
not training at all. Higher-level logistics training is a case in
point. The Army has a hard time training logistics managers.
In part, this difficulty occurs because large deployments and
large-scale exercises do not occur very often, so there is little
chance to practice the higher-level logistics management skills
associated with them. Furthermore, much of the Army’s logis-
tics structure is in the Reserve Components, whose members
have only limited opportunities to train. Also, the high
turnover experienced in the Reserve Components makes it
difficult to have continuity and creates a continuous demand
for training.

RAND has successfully used microworlds—computer-
based learning tools that enable an individual to interact with
a specific environment much in the way that a flight simulator
enables a pilot to practice maneuvers—to teach complex aca-

demic skills. Arroyo researchers hypothesized that microworlds
could help the Army address its problem of training logistics
design and management. Specifically, it appeared feasible to
use microworlds to replicate a theater-level management and
distribution system that could then be used to teach logisti-
cians how to grapple with the sorts of problems that crop up
at the theater level.

Before recommending that the Army invest in micro-
world technology, researchers wanted to verify that it could
effectively train higher-level logistics skills, since there was 
little supporting empirical evidence. Therefore, Arroyo
researchers developed a quasi-experimental procedure to
demonstrate the feasibility of using a microworld to train
logisticians. They designed a three-hour curriculum built
around a simplified model that simulates a theater-level dis-
tribution system. Sixty-five Army reservists from theater distri-
bution organizations participated in a training session that
included pretests and posttests.

The results, published in Exploring the Use of Microworld
Models to Train Army Logistics Management Skills, indicated that
microworld models could indeed be used effectively when
included in a curriculum to train combat service support staffs.
The project integrated simulation models within a prototype
program of instruction and conducted demonstrations in Army
unit classes. Most soldiers in those demonstrations reported
that they were better able to understand the dynamics of how
alternative policies affect the distribution of goods and services.
Quantitative measures also showed significant improvement
in learning, but not to the extent claimed by the students.

Training in the Information Age
As the decade progressed, the nature of the problems facing
the Army changed, as did the opportunities for addressing
them. The Army’s participation in repetitive deployments to
such places as Bosnia and the Sinai, coupled with short-term
deployments to places like Haiti and Somalia, was creating a
turbulence problem, with soldiers spending an increasing
amount of time away from home station. The Army was also
experiencing personnel shortages, especially in the so-called
high-demand, low-density skills.

At the same time, the Army was putting substantial
resources into developing distance learning technologies.
The Arroyo Center carried out a series of studies to help the
Army explore the implications of distance learning for its abil-
ity to maintain readiness and manage personnel. The results
appeared in three reports: Army Distance Learning and Personnel
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Readiness, Army Distance Learning: Potential for Reducing Short-
ages in Army Enlisted Occupations, and Enhancing Stability and
Professional Development Using Distance Learning.

At the time the studies were done (FY99) the Army was
experiencing serious personnel shortages. It was short more
than 19,000 soldiers in various specialties, representing about
5.4 percent of all personnel authorizations. Another 8,500
soldiers were assigned to jobs for which they lacked full train-
ing for their skill and grade level.4

Historically, the Army has dealt with such problems
through a combination of recruiting, retention, and training
initiatives. Training can help address these problems either by
retraining soldiers reclassified from a skill with overages into
one with shortages or by cross-training a soldier in an addi-
tional skill.

Distance learning can help the reclassification process
by speeding up training and reducing its costs. The Arroyo
analysis indicated that distance learning could reduce the time
for a ten-week advanced individual training course—the type
of course required to award a new skill—to seven weeks. This
would avoid about $4,500 in costs per soldier, or about $1 mil-
lion for every 222 soldiers reclassified. Additionally, a soldier
would be available three weeks sooner to work in the new skill.

Distance learning can also help the Army address its
turbulence problem by reducing the amount of time a soldier
must be away from home station. Using the Armor Officer
Advanced Course as a test case, researchers estimated that 25
percent of the course could be converted to distance learning
and that the distance learning phase could reduce the time
allotted to that phase of the course by 30 percent. This would
result in a course that requires 94 resident days compared

with the current 126 days. A soldier would have to devote
about 16 days to the distance learning instruction, and thus
would not be available to the unit for the entire period, but
neither would the soldier be separated from his or her family.
Considering four alternative mixes of permanent change of
station and temporary duty, researchers found that converting
part of the career course to distance learning yielded between
16 and 27 additional days available to the unit. Generalizing
these savings across the Army’s population of captains who go
to the advanced course each year yielded savings of between
115 and 340 annual person-years depending on the alterna-
tive chosen.

The Total Army School System
The Arroyo Center’s analyses of individual training consid-
ered not only individual courses but also the entire institu-
tional training base, or what is called the Total Army School
System. Beginning in 1994, the Army launched a series of ini-
tiatives to streamline and consolidate its sprawling school sys-
tem, which serves both active and reserve components. The
goal was a more efficient system and one that was also more
integrated across components.

In support of this effort, the Arroyo Center carried out
several studies, publishing the results in three reports: Assess-
ing the Performance of the Army Reserve Components School System,
Training Requirements and Training Delivery in the Total Army
School System, and Resources, Costs, and Efficiency of Training in
the Total Army School System. A final report, The Total Army School
System: Recommendations for Future Policy, summarized the key
policy recommendations of five years’ research.

Major policy recommendations to the Army fell into
three areas: requirements, resource use, and training quality.
With respect to the first, Arroyo Center researchers noted that
the Army needed an accurate estimate of how many soldiers
required training so that it could schedule courses efficiently.
They recommended that the Army first reduce training
demand by lowering the rate of job turnover and attrition.
They also recommended improved forecasting methods and
better use of available capacity by making more efficient use
of the reservation system. In the area of resources, they sug-
gested that the Army gain some economies of scale by increas-
ing the number of students taught by each instructor, better
matching the supply of instructors with demand, thus elimi-
nating excess supply in some areas and shortages in others,
and consolidating annual training locations. They also rec-
ommended customized training organizations in each region

— 42 —

4 Estimates were derived by taking the difference between the monthly aver-
ages of strength authorizations and operating strength. Authorizations came
from the Personnel Management Authorization Document, and operating
strengths were derived from the Enlisted Master File.

Distance learning can help the reclassification
process by speeding up training and reducing its

costs. It can also help the Army address its 
turbulence problem by reducing the amount of 

time a soldier must be away from home station.



rather than standardized structures, so that organizations 
better match requirements. To improve training quality,
researchers recommended that the Army accelerate develop-
ment of Total Army School System software and draw on
Reserve Component assets to do that. An overarching recom-
mendation was to develop a monitoring system so that the
Army could establish a baseline and set goals. Data collected
should include requirements, quotas, and fill rates. These
data would enable the Army to measure school efficiency and
the status of quality improvement programs.

Tra i n i n g  U n i t s

Not all Army training focuses on individuals, and the Arroyo
Center has been involved in helping the Army improve its
unit training almost since its inception. Much of Arroyo’s
work here takes place at the National Training Center (NTC)
at Fort Irwin, California, where relatively large Army units
undergo intensive mock battles over the course of two-week
rotations. Arroyo research at the NTC began in 1984, and the
first task was to determine whether quantitatively based
research could be done there. Although the Army collected a
lot of data about how units performed at the NTC, it lacked a
good mechanism for aggregating and analyzing those data to
distill and disseminate lessons learned there. After extensive
consultation and observation of NTC training, Arroyo Center
researchers concluded that quantitative analysis could indeed
be done at the NTC, so long as some additional real-time data
were collected.

Early NTC Research Results
Two early studies illustrate the nature of the research results.
One examined the topic of fratricide, when one friendly unit
fires on another. Seeing fratricide as a serious problem, the
Army was considering installing Identification Friend or Foe
(IFF) devices on armored vehicles as a way of reducing the
incidence of friendly fire. Careful analysis of 83 battles uncov-
ered 18 incidents of direct-fire fratricides; about 1 percent of
the total kills. Analysis of 116 battles, reported in Applying the
National Training Center Experience: Incidence of Ground-to-Ground
Fratricide, showed that about 3 percent of the time, artillery
units fired at or near friendly units. The judgment was that
better command and control would eliminate most incidents
and that IFF devices would have helped in only a small frac-
tion of the cases. Therefore, investment in such devices was
not warranted.

Arroyo’s reconnaissance study, Applying the National
Training Center Experience: Tactical Reconnaissance, explored the
hypothesis that poor reconnaissance led to many Blue Force
defeats at the hands of the NTC’s resident Opposing Force. A
careful analysis of 54 Blue Force attacks showed a high statis-
tical correlation between poor reconnaissance and failure in
battle, and between good reconnaissance and success. But
that might simply mean that good units tend to do everything
well and bad units do not. To check for this possibility,
researchers analyzed the results experienced by the Opposing
Force. There, results were even more striking; every instance
of poor reconnaissance led to failure in battle. Since the
Opposing Force is very experienced in conducting attacks,
the causal relation between good reconnaissance and success-
ful attacks appeared valid. The study confirmed some widely
held perceptions about scout operations (scouts tended to get
engaged with enemy forces and lose effectiveness), but
exploded others (that scouts do not dismount; in fact, they do
about half the time).

Subsequent Research at the NTC
As the fratricide study suggested, units experienced command
and control problems at the NTC. The Arroyo Center studied
this problem, focusing on the battalion task force level and
below. Battalion-Level Command and Control at the National Train-
ing Center reported that command and control problems
stemmed from training deficiencies rather than equipment
failures. The most common problems revolved around the
ability of the task force commanders and their staffs to gener-
ate adequate plans. Only about one-third of the plans were
rated as having a good chance of defeating the opposing
force. Put another way, about two-thirds of the units had a
poor chance of defeating the opposing force even if prepa-
ration and execution were perfect. The planning problems
stemmed largely from a lack of staff cohesion. The intelli-
gence preparation of the battlefield, for example, which ide-
ally should drive the planning process, usually arrived late,
forcing the task force operations officer to develop the plan
without intelligence input.

Units also had problems in preparation and execution.
Survey data indicated that many units (88 percent) had diffi-
culty managing preparation, which frequently resulted in fewer
fighting vehicles being ready and obstacles not emplaced in
time. Analysis of the way units executed their plans indicated
that two-thirds of them had difficulty tracking the battle. Typ-
ically, unit reporting was inadequate (70 percent of the time),
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and, of the reports transmitted, communications problems
kept them from reaching the tactical operations center, where
the battle was tracked. And, finally, in about a third of the bat-
tles, the tactical operations center was moving during a criti-
cal phase in the battle. Recommendations to address all three
problem areas included more rigorous home-station training
with all staff members present, and external oversight of train-
ing exercises. A digitized planning process and a simplified
reporting system were also seen as beneficial.

A subsequent study focused further down the chain of
command and analyzed the battle planning and execution of
companies. Observations included 74 companies and 330 bat-
tles, and, as did the earlier command and control study,
focused on planning, preparation, and execution. Results,
published in Company Performance at the National Training Cen-
ter, found that most companies did basic planning and prepa-
ration activities adequately. But most companies were not
good at the complex activities associated with visualizing the
way battles develop or managing available preparation time.
Companies planned better than they executed. About half the
companies had an effective plan, but only about a third exe-
cuted it effectively and accomplished their mission. Not sur-
prisingly, researchers found a strong correlation between
planning and preparation effectiveness and execution. An
encouraging note was that most companies improved their
performance during their time at the NTC.

Like those of the command and control study, the
results of this work implied a need for better training before
units come to the NTC, both in the institutional training base
and during home-station training. Since the study did not
have much direct information about what units did before
coming to the NTC, researchers used groups of training
experts to review findings and formulate cost-effective, feasi-
ble recommendations. Arroyo researchers recommended a
structured program for training commanders to carry out
more effective leader and unit home-station training. They
also suggested that simulations might offer some help in
developing fire control and battle visualization skills.

Postmobilization Training of the Reserve Components
The Army National Guard combat brigades called up for
Operation Desert Storm took longer to get ready than many
anticipated. A number of steps were taken to improve the
peacetime training of enhanced ARNG brigades with an eye
to improving their ability to respond to short-notice contin-
gencies. Postmobilization training remained an issue, how-
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F u t u r e  D i r e c t i o n s

The Arroyo Center is continuing its nearly 20-year history at
the NTC with a project that focuses on unit training pro-
ficiency. Over the past four years, Arroyo researchers have
compiled an extensive longitudinal database on unit per-
formance. This database gives the Army an unparalleled
opportunity to analyze unit performance from a number of
perspectives. These data are being supplemented with infor-
mation about home-station training, leader experience, and
personnel fill. The end result will be an ability to make far more
informed judgments about why units perform the way they do
and what steps might improve unit performance still further.

The Arroyo Center is also continuing its work on the
Army’s institutional training base in a broadly scoped project
that aims at assessing the relevance of the Total Army School
System to the Army’s transformation and how active and
reserve training might be better integrated in both the near
and longer term. ■
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ever, particularly in light of the substantial active force reduc-
tions that took place following the end of the Cold War.

The Arroyo Center was asked to determine if there 
were adequate resources—sites, training and support personnel,
and opposing forces—to prepare the seven enhanced heavy
National Guard brigades for deployment. To make that deter-
mination, the Arroyo Center developed a detailed training
model that quantified the resources required to train a single
heavy brigade and its support elements.

The model assumed that the brigades would enter com-
bat shortly after arriving in theater and that the units needed
to be trained to the same standard as active units. The analy-
sis, published in Postmobilization Training Resource Requirements:
Army National Guard Heavy Enhanced Brigades, showed that

• Enough assets existed to operate three brigade-level 
training sites.

• It took just over 100 days to train a single brigade.
• Operating three sites would take significant resources, 

including almost 22,000 people (most of the trainers 
come from the active component; training support per-
sonnel, installation support, and Opposing Force gen-
erally come from the reserves).

• Tradeoffs existed among the number of sites, resources 
needed, quality of training, and the rate at which trained
units can be generated.

• In general, the more sites that were operated, the faster 
units could be trained, but the greater the risk to train-
ing quality.5

Training the brigades for a less demanding mission—
say replacing a unit based in Europe that deployed to the
combat theater—reduced the training time required but did
not substantially reduce the resources needed. Furthermore,
the model required a trained Opposing Force, and this
requirement had implications for the Reserve Components.
The analysis called for the Reserve Components to meet the
bulk of this Opposing Force requirement, which implied a
peacetime mission to train for this mission.

5 Subsequently, the Army has reduced even further the active components that
would be available to assist with postmobilization training of reserve compo-
nent units and has also altered the mix of units, which may also affect the
Army’s ability to get reserve component units ready for combat. The recent
change in the national security strategy may cushion the effect of these reduc-
tions.
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S E R V I N G  T H E  A R M Y  F O R  T W O  D E C A D E S

Supporting the Army’s 
Business Transformation

Although the U.S. Army is a military organization with
a unique role in fighting the nation’s wars, it also performs
many basic business activities. In those respects, it operates
much like a global commercial firm providing its customers
(i.e., the warfighters) worldwide with the services and materials
they need to do their jobs. To fulfill this support mission, the
Army requires its key logistics processes—such as supply man-
agement, order fulfillment, and maintenance—to function effi-
ciently and effectively. As it executes these processes, it must
manage the corresponding financial transactions quickly and
accurately. Also like a global firm, the Army is a large-scale
property manager, responsible for camps, ranges, forts, sta-
tions, and offices both within and outside the United States.

For two decades, the Arroyo Center’s Military Logistics
Program has conducted studies to help the Army improve its
logistics processes, financial management, and installation
management. Its analyses have helped the Army identify inno-
vative and effective business practices employed by commer-
cial firms that could be adopted or adapted to improve the
performance of the Army’s support functions.

M a k i n g  A r m y  L o g i s t i c s  P r o c e s s e s

Fa s t e r,  B e t t e r,  C h e a p e r

At the outset of the 1990s, customers of the U.S. Army’s logis-
tics system could justifiably complain about many aspects of its
performance. An Arroyo analysis of the Army’s order fulfill-
ment process laid the groundwork for improvement by shed-
ding light upon the sources of problems in Army logistics
processes. This research cataloged chronic problems that had

long affected support to Army operations in both peace and
war. As reported in Materiel Distribution: Improving Support to
Army Operations in Peace and War, these problems included
multiple customer orders for the same part, backlogs of sup-
plies sitting at ports in both the continental United States
(CONUS) and overseas (OCONUS), and poor or incomplete
documentation about what had been shipped and received.

From a customer’s perspective, a rational response to
any process that is slow and unreliable is to stock up on items
“just in case” they don’t show up as promised. This response
shaped the Army’s traditional approach to logistics, in which
vast quantities of supplies—spare parts, fuel tanks, extra vehi-
cles, ammunition, and so forth—were kept on hand “just in
case” they were needed. But this mass-based approach has
inherently limited responsiveness, reliability, and efficiency.
Massive stockpiles of supplies do not ensure that combat
forces will get what they need when they need it, and mass
requires a great deal of manpower and resources to manage
and control. Mass-based logistics also imposes a tremendous
cost on the warfighter in terms of footprint, risk, and mobility.

Velocity Management
Visionary senior Army leaders recognized that reforming the
Army’s mass-based logistics system required a fundamental
shift in processes. Through the development of the Velocity
Management (VM) concept and related research and guided
by the vision of these senior leaders, the Arroyo Center
helped the Army replace its traditional reliance on mass logis-
tics with the modern business concept of high-velocity
processes tailored to meet evolving customer needs. The ini-
tial stream of VM research has been documented in Velocity
Management: The Business Paradigm That Has Transformed U.S.
Army Logistics.

Velocity Management is a process improvement
approach that views the logistics system as a set of interlinked
processes—a supply chain—delivering products and services
(such as spare parts and equipment maintenance) to cus-
tomers. Process performance is measured in terms of speed,
quality, and cost. As each process is streamlined and made
more productive, the flow—i.e., velocity—of materiel through
the process improves. Importantly, the system performs not
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only more quickly but also more reliably. As processes become
more reliable, customers gain trust, losing the incentive to
order and hold extra material “just in case.”

To help the Army implement the VM approach, Arroyo
researchers drew on methods used by innovative commercial
firms to develop a three-step method for use by the Army:
Define the process, Measure the process, and Improve the
process (D-M-I). The key components of each step are shown
in Figure 5.

D-M-I is applied to the Army’s logistics processes by
Armywide Process Improvement Teams (PITs) as well as by
installation-level Site Improvement Teams (SITs). The VM ini-
tiative is guided and sustained by a coalition of senior leaders
called the VM Board of Directors. RAND has provided ana-
lytic support throughout the implementation.

The starting point for improvement was the Army’s
wholesale order fulfillment process for spare parts. Several
documents provide further discussion of initial VM research
(see sidebar). VM teams initially focused on improving the
speed of the process. As part of the “Define” step, they walked
through each step of the process, defining each segment
within the order cycle from when the unit supply organization
ordered a spare part until the clerk received that part. Then
they recommended a new suite of metrics that focus on
process capabilities rather than piles of supplies. Two impor-
tant metrics are customer wait time (CWT) and requisition
wait time (RWT). CWT is an aggregate measure of logistics
system performance that captures the time from when a cus-
tomer orders an item until the order is filled. RWT measures
the time required to satisfy a retail supply organization
request that must be filled from the national level. To capture

both typical (median) performance as well as performance
variability, CWT and RWT are measured in terms of the num-
ber of days required to fill 50 percent, 75 percent, and 95 per-
cent of requisitions.

The initial implementation of VM resulted in improve-
ments throughout the order fulfillment process. Army instal-
lations strengthened oversight, simplified rules, improved the
performance of new requisitioning and receipting tech-
niques, and streamlined on-post deliveries. The introduction
of regularly scheduled trucks reduced delays and variability in
shipping times. Installations further streamlined processes
through the use of automated sorting and receipting systems,
as well as by repositioning stock and redesigning delivery

routes, work schedules, and distribu-
tion systems.

These changes resulted in a much
faster, more reliable order fulfillment
process, as shown in Figure 6, which dis-
plays the dramatic reductions in RWT
for major CONUS and OCONUS instal-
lations of U.S. Forces Command.

Improving Tactical Inventories
After the initial success with the order
fulfillment process, Arroyo researchers
continued to work with the Army to
improve other key logistics processes.
For example, to improve the stockage
determination process, Arroyo analysts
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Figure 5. The D-M-I Methodology Leads to Continuous Improvement
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developed a new algorithm for determining stockage levels at
supply support organizations. This algorithm helped Army
units improve the performance of their local inventories by
increasing the number of readiness-critical, low-cost items
they stock and better aligning the amount of each item held
in inventory with usage patterns. These changes produced
immediate and dramatic improvements in inventory per-
formance even without increasing investment levels.

VM was also applied to Army repair processes, where its
application led to a new definition of the repair cycle that
helped to foster improvement. This definition—which
extends from the time an item is broken until it is fixed—
allowed for a complete understanding of the repair process,
making it easier to identify activities that added no value and
thus could be eliminated. The VM effort to improve the repair
process has had significant benefits. For example, three years
after VM was implemented, one installation reduced repair
cycle time by 38 percent at the 75th percentile, compared
with the goal of 50 percent set in 1996 by the Army’s Vice
Chief of Staff. The improvements were particularly remark-
able at the 95th percentile, indicating that the repair process
became much more reliable. Moreover, these improvements
were achieved without added expense.

Integrated Sustainment Maintenance
In related research on the repair process, Arroyo researchers
helped the Army assess how well its logistics processes provide
maintenance support during major contingencies. One
Arroyo Center study evaluated an expanded demonstration of

an alternative Army logistics concept
known as integrated sustainment main-
tenance (ISM-X), which managed the
repair of unserviceable reparable com-
ponents. The results were published in
ISM-X Evaluation and Policy Implications.
The concept featured a national man-
agement structure that coordinated
maintenance workload among depots,
contractors, and installations as well as
several regional managers who made
repair decisions and balanced workload
among different installations. Arroyo’s
analysts found that although ISM had
induced some significant changes into
logistics support, the financial policies
and incentives surrounding logistics

operations, and the management of the ISM program, still
required work.

Equipment Downtime Analyzer
As Army logistics processes became faster, better, and cheaper,
the next step was to assess the effects of these improvements
on equipment readiness. For this purpose, Arroyo researchers
developed the Equipment Downtime Analyzer (EDA), which
saves, integrates, and analyzes data collected by standard
Army information systems. As documented in Diagnosing the
Army’s Equipment Readiness, the EDA performs a function anal-
ogous to that performed by the activity-based cost systems
used in commercial industry to assess how each process and
each organization within firms contribute to overall opera-
tional results.

In the Army’s case, the EDA provides a systemwide view
that allows managers to determine how much each process
and organization contributes to equipment downtime. It can
be used to identify the underlying causes contributing to
lengthy repair times or failure rates. It can pinpoint those
places where improvements would make the most difference
in equipment readiness. It can also measure the frequency
with which workarounds occur (e.g., when a repair is made by
removing a needed part from another piece of equipment)
and can identify multiple ordering cycles. The EDA can dis-
tinguish the performance of different maintenance units or
of different levels of maintenance within the Army. It can 
also be used to help evaluate and improve equipment design
reliability, to make recapitalization decisions, to identify oper-
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Figure 6. Through the VM Initiative, Order Fulfillment Times Have
Improved Dramatically and Continuously
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ating shortfalls, and to enhance supply and maintenance pol-
icy analysis.

The ultimate promise of the EDA is an enhanced capa-
bility to focus constrained resources where they will have the
greatest effect on keeping equipment ready to fight, whether
by improving equipment reliability or by reducing repair times.

I m p r ov i n g  t h e  A r m y ’ s  L o g i s t i c s  

F i n a n c i a l  M a n a g e m e n t  S ys t e m

Improvements in the Army’s basic logistics processes exposed
problems in the overarching financial management system.
Recognizing the need to improve performance in this area,
the Velocity Group formed a Financial Management Process
Improvement Team (FM PIT) to apply VM’s D-M-I methodol-
ogy to the logistics financial management process.

As described in Dollars and Sense: A Process Improvement
Approach to Logistics Financial Management, Arroyo researchers
began by mapping the Army’s current process for logistics
financial management. These process maps showed that the
delivery of conflicting information from the supply and
finance systems was forcing units to create time-consuming,
manual reconciliation processes to determine their remain-
ing budgets. To get a better understanding of the source of
these problems, Arroyo researchers developed metrics to
measure the quality of price and credit information as well as
financial wait time (the time it takes for a supply transaction
to be closed out of the financial system). Their analysis showed
that prices for items could differ at the time of obligation,
receipt, and interfund billing. As a result, the price ultimately
paid for an item could differ significantly from what the cus-
tomer expected to pay. Army retail
credit policies also created substantial
financial uncertainty because a unit
could never be certain of how much
credit it would receive when it returned
an item. To improve the quality of price
and credit information and eliminate
the need for manual reconciliation,
Arroyo researchers recommended that
the prices and credits in place when a
transaction is first undertaken should
be the prices and credits used for all
records of the transaction.

Arroyo research has also addressed
the question of the pricing and credit

policies that could best support the Army’s ongoing transition
to a Single Stock Fund (SSF). Under SSF, the wholesale and
retail components of the financial management system are
being merged into a single fund. To support the Army in
these efforts, the Arroyo Center identified criteria that can be
used to evaluate alternative pricing and credit policies. In a
recent study, five alternatives were evaluated, including one
that had already been selected as the interim policy. As
reported in Evaluating Five Proposed Price and Credit Policies for
the Army, Arroyo analysts concluded that the interim policy
would be superior to the current policy in many respects but
that it included features that were likely to increase total Army
procurement and repair costs. An alternative that included
enhancements to the interim policy would probably avoid
these shortcomings.

After the Army implemented new price and credit poli-
cies for spare parts in FY01, Arroyo researchers developed a
set of criteria for evaluating them from an Armywide perspec-
tive. The criteria, documented in the report Right Price, Fair
Credit: Criteria to Improve Financial Incentives for Army Logistics
Decisions and shown in Table 1, are based on the types of deci-
sions that logistics customers and suppliers must make, and
the effects of these decisions on inventories, cash flows, and
the ability of logistics customers in operating units to perform
their missions within their budgets. By applying these criteria
to current and proposed price and credit policies, Arroyo
researchers were able to define the characteristics of an opti-
mal financial policy. The main feature of such a policy is that
prices and credits should reflect the variable costs of each type
of transaction as accurately as possible so that each organiza-
tion can accurately assess the effects of its actions.
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Table 1. Customer- and Supplier-Focused Criteria Can Be Used to
Evaluate Army Price and Credit Policies

Criteria for customers Criteria for suppliers

• Maintain operational tempo (OPTEMPO) 
within their budgets

• Make appropriate, cost-effective changes 
in local inventories to meet demands

• Use financial incentives to make 
appropriate use of local purchase, 
redistribution, and local versus depot 
repair

• Reduce financial certainty surrounding 
price and credit policies

• Recover costs and keep the stock funds in 
balance

• Reduce surplus inventories that have arisen 
as a result of downsizing and process 
improvement

• Have financial incentives to make 
appropriate use of depot, contractor, and 
local repair sources

RAND AR7074-T.1



S u p p o r t i n g  t h e  A r m y ’ s  M a n a g e m e n t  o f

I t s  I n s t a l l a t i o n s

Arroyo researchers have also helped the Army manage its
installations.

Reducing Installation Management Costs
For example, Arroyo researchers have assessed how U.S. Army
Forces Command (FORSCOM) might reduce the costs of
operating its installations. Researchers analyzed expenditure
data from eight major FORSCOM installations and visited six
of them to discuss with garrison personnel their reengineer-
ing efforts, contracting experience, recent initiatives, and
other aspects of base operations. Their findings were later
published in Understanding and Reducing the Costs of FORSCOM
Installations. For a variety of reasons, expenditures for base
operations functions can vary widely across installations.
Although it was difficult to draw specific conclusions about
these expenditures without detailed analysis of data from each
installation, the analysis found that, on the whole, decentral-
ized reengineering efforts seemed to hold more promise in
the long run than a “mega-installation” approach.

In light of this finding, researchers noted that the most
effective role for FORSCOM headquarters lies in serving as an
advocate and resource for installations—rather than as a
hands-on manager of day-to-day installation business. The
analysis also found that while using contractors might
improve services, it would not necessarily save money.

Strategic Sourcing
The Arroyo Center has provided analytic support to the Army
as it considers the potential for privatization and outsourcing
to reduce the costs of managing its installations. In prepara-
tion for a joint U.S.-U.K conference, Arroyo researchers
examined the experience of the United
Kingdom, whose Ministry of Defence
(MoD) has since 1980 undertaken an
aggressive program of privatization,
public-private competition, outsourc-
ing, and private finance initiatives. The
research, which was reported in two
publications on Public-Private Partner-
ships, detailed the application of out-
sourcing and privatization initiatives to
housing, base operations, and logistics
services in the United Kingdom and
offered examples of comparable U.S.
initiatives.

Base Realignment and Closure
An ongoing installation management issue for the Army, as
well as the other services, is the prospect of further rounds of
congressionally mandated base realignment and closure
(BRAC). During the 1990s, four rounds of BRAC resulted in
the closure of 97 major defense installations, including 23
belonging to the Army. Arroyo researchers have helped the
Army prepare for future rounds of BRAC by assessing and rec-
ommending improvements to the Army’s process for identify-
ing which installations should be closed or realigned. Arroyo
identified ten criteria that should characterize an effective
BRAC process (see Table 2).

These criteria were used to evaluate the Army’s 1995
BRAC process, which was found to fall short in all areas except
that of taking externalities into account. The results of the
analysis, which are documented in Taking Stock of the Army’s
Base Closure Selection Process, formed the basis of an alternative
five-step process for managing future rounds of BRAC.

Unexploded Ordnance
The presence of unexploded ordnance (UXO) on some
installations complicates the Army base closure process. The
DoD has responsibility for cleaning up from 1,500 to 7,500
such sites at a cost that is projected to total tens to hundreds
of billions of dollars. Arroyo researchers analyzed issues that
have hindered the cleanup and transfer of closed military
installations contaminated with UXO and munitions con-
stituents. As part of this research, which was described in
Cleaning Up Unexploded Ordnance, they assessed the problems
associated with traditional cleanup methods and reviewed
new methods designed to improve detection rates. They also
identified other problems that can hinder cleanup efforts,
including questions about which agency has regulatory

— 50 —

Table 2. Ten Criteria for an Effective BRAC Process

Essential internal properties Breadth of the process Outcomes

• Can be audited and 
reproduced

• Maximizes objectivity 
and internal consistency

• Uses separate and 
independent assessment 
criteria

• Uses resources effectively

• Reduces long-term costs

• Improves operations

• Takes externalities into account

• Provides a full set of options for 
analysis and decision

• Satisfies the best estimate of 
current and future installation 
needs, given a national security 
strategy and force doctrine

• Hedges against the most important 
uncertainties in future stationing 

RAND AR7074-T.2



authority over the sites and what the end goals of UXO clear-
ance should be. Decisions to transfer more military land to
the public need to consider whether attempts to reuse UXO-
contaminated land for nonmilitary purposes make sense or
whether this land should remain under military oversight in
perpetuity. High-level guidance from Congress or the execu-
tive branch is needed before adequate progress can be made.

O n g o i n g  R e s e a r c h

Arroyo Center researchers continue to work closely with sen-
ior Army leaders to support the Army’s business transforma-
tion. Current studies are focusing on ways to help the Army
improve performance while reducing costs and preparing for
the future:

• The Arroyo Center is helping the Army make its logis-
tics supply chain more responsive and efficient by 
developing a vision of an integrated data and business 
environment and an action plan for implementing that 
vision.

• Arroyo researchers are also helping the Army develop a 
“balanced scorecard” approach for assessing the health 
of the Army logistics system and programs in relation to 
near-, mid-, and long-term policy, resource, and trans-
formation issues.

• The Arroyo Center is using the capabilities provided by 
the EDA to identify the primary influences on equip-
ment readiness for key weapon systems and to make 
recommendations for improving readiness.

• Arroyo researchers are also helping the Army modern-
ize its business processes.

• In addition, researchers are helping the Army build on 
its initial success with VM by developing and supporting 
the implementation of process-improvement initiatives 
that further reduce CWT.

• The Arroyo Center is also developing an array of possi-
ble options for the Army to consider in disposing of 
UXO-containing land in future BRAC rounds. These 
options will range from “mothballing” the land and 
retaining Army title, to leasing, to transfer. ■
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S E R V I N G  T H E  A R M Y  F O R  T W O  D E C A D E S

Honing the Cutting Edge: Helping the Army
Develop and Acquire Technology

Technology is crucial to the Army’s success on the battle-
field; it gives the Army a critical edge over potential oppo-
nents. But technological edges erode quickly, and today many
technologies that were once largely restricted to the U.S. mil-
itary—night-vision devices and global positioning locators, for
example—are readily available in the marketplace. To retain
its advantage, the Army has to identify and acquire next-
generation technology. But it has been much harder, over the
past decade, for the Army to meet its need for cutting-edge
technologies.

Several factors have contributed to this problem. Most
prominent is the decline in research and development (R&D)
budgets that accompanied the defense drawdown following
the end of the Cold War. The Army’s R&D workforce declined
in tandem with the budget. Thus, at a time when it needed to
be identifying and acquiring the next generation of technol-
ogy, the funds and people necessary to do that were being cut.
Furthermore, the economic boom of the 1990s made it diffi-
cult for the Army to attract the next generation of scientists
and engineers, and many of its best technologists left the
Army to join private firms. Exacerbating the problem is the
fact that much of today’s cutting-edge research is being con-
ducted by private firms reluctant to take on the complex pro-
curement regulations that go with working for the
Department of Defense. Thus it has been difficult for the
Army to rely on industry to help keep its technology current.

Over the past seven years, the Arroyo Center has
devoted a substantial effort to helping the Army find ways to
develop and acquire technology, by:

• Making Army research and development laboratories 
operate as efficiently as possible.

• Improving the Army’s technology workforce.
• Streamlining acquisition processes.

• Taking advantage of the technological capabilities of 
the private sector.

• Funding research and development by using venture 
capital.

These issues are discussed in more detail below.

M a x i m i z i n g  t h e  E f f i c i e n c y  o f  t h e  

A r m y ’ s  R e s e a r c h  a n d  D eve l o p m e n t  

L a b o ra t o r i e s

Reorganizing
The Army has used several different organizational manage-
ment constructs to conduct its research and development
activities. In the study described in Organizational Management
of Army Research, Arroyo Center researchers detail 200 years of
reorganization initiatives. In general, the organizational man-
agement of combat materiel research (basic, applied,
exploratory, and advanced development research) in areas
such as physics, chemistry, and electronics has progressed
from loosely structured and decentralized to consolidated
and centralized, with some reversals along the way. Of note, in
1962, when the Army Materiel Command (AMC) was formed,
a number of research facilities were consolidated under it.
However, they continued to operate independently. In 1985,
the Army placed these facilities under a new AMC subordi-
nate command called Laboratory Command, which later was
disestablished.

Today, the Army is reorganizing its R&D structure
again, with the formation of the new Research, Development,
and Engineering (RDE) Command within AMC. This recent
reorganization attempts to address some persistent issues
from the past—weak control over funds, poor working rela-
tionships among labs, uncoordinated processes, and duplica-
tive research—and to respond to two other issues. First, the
private sector far outspends the federal government on basic
and applied research, with the result that a growing portion of
the nation’s technological innovation is occurring in the
commercial sector, and Army access to that sector is more
important than ever. Second, as the Army works to achieve its
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transformation and to combat terrorism, its need for techno-
logical support is greater than ever.

Arroyo Center researchers found four major issues that
have persisted in one form or another through each reorgan-
ization. They are closely interrelated and must be addressed
together if the new RDE Command is to succeed. The first
issue has to do with the control of R&D money: how much a
lab is authorized to spend, what research is funded, etc. Plan-
ners must ensure a single authority for R&D money, person-
nel, and responsibilities. The second issue pertains to working
relationships. Planners must facilitate cooperation and col-
laboration among scientists and engineers in Army labs and in
other government agencies, industry, and academia. Third,
the Army needs to create an integrated R&D environment
and processes so that combined advancements in multiple
fields can be simultaneously inserted into new Army systems.
Finally, improving the visibility of Army R&D, both within the
Army and to the outside research community, will help to
eliminate unnecessary duplication.

Collaborating Virtually
The wide range of expertise within RDE Command’s labs as
well as their geographical dispersion make it evident that no
matter what the new command’s structure, virtual collabora-
tion must play a central role. Commercially available tech-
nologies make virtual teamwork quite possible, and virtual
collaboration is already a reality in today’s high-technology
sector. But strong leadership will be needed to make virtual
teams effective within the Army’s lab structure.

Among the variety of technologies that support virtual
collaboration, some of the simplest support multiparty con-
ferencing. Today’s equipment allows as many as eight or ten
parties to teleconference or videoconference at one time.
Another approach allows several collaborators sitting at their
own PCs to view and interact on a common computer desk-
top. The future will undoubtedly bring technology that cre-
ates the feeling of total immersion—a believable illusion that
one’s remote collaborators are co-located, whether in real
space (as in videoconferencing) or in a virtual space. With
stereo or spatial telephony, for example, the voices of different
parties seem to emanate from different directions, thereby
enhancing the sense of “being there.” Sensory data devices
such as gloves or probes are being developed to recreate a
sense of touch in concert with audio and visual signals.

Successful virtual collaboration requires special man-
agement techniques. To improve communications and shared
awareness, for example, managers should have regular team

meetings and strive to establish among team members a com-
mon mental model of the project and of the team. A team web
site would be helpful. To improve trust and a sense of com-
munity, they should arrange occasional face-to-face meetings
and social events. Managers might also allow for informal and
private channels of communication among team members
and publicly acknowledge any subgroups; give strong verbal
cues to speakers during virtual meetings, indicating attention
and respect; look out for the needs of telecommuters and
other single-person sites to avoid perceived isolation; and
maintain group awareness of the additional challenges virtual
collaborators face when they work together.

Developing Appropriate Metrics for Improvement
The Army’s R&D reorganizations have been more the result
of a general sense of things going wrong rather than of quan-
titative assessments based on concrete evidence. As the new
RDE Command gets up and running, a more methodical
attempt to measure and benchmark its performance could
enable lasting and meaningful improvement.

RAND developed a five-step methodology, called 
“Mission-to-Metrics,” to produce the required metrics. It
begins by emphasizing the importance of the organization’s
mission; without clear goals, measuring will not help perform-
ance. In a hypothetical Army lab, the mission might be “to
perform basic and applied research to support land warfare.”

Step two in the methodology is to translate the mission
into strategic objectives for all the performance dimensions
identified with a “balanced scorecard” approach. In other
words, for our hypothetical lab, we ask the question, “In order
to perform basic and applied research to support land war-
fare, what does the organization need to do across several
dimensions such as innovation and knowledge management,
customer satisfaction, employee morale, and financial control?”

The methodology converts the strategic objectives into
tasks and identifies critical actions and behaviors to achieve
them. In the innovation dimension, for example, one task (of
many) might be “to expand the contractor base,” and another
action (of many) might be “to make outsourcing procedures
easier and more transparent.”

Finally, the methodology helps the analyst think about
the metrics that would be useful in measuring these actions
and behaviors and to be alert for new, unintended behaviors
that follow from having the metrics. The resulting metric in
our hypothetical example might be “percent of new contrac-
tors and repeat contractors.” In the real world, it is likely that
the Army’s RDE Command will use a mix of metrics depend-
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ing on the types of research being conducted and the differ-
ent stages in the R&D process. For example, if the goal is to
create new knowledge or to be an innovator and market
leader, it will be more appropriate to measure knowledge out-
put such as the number of new patents, publications, and
speeches, or the number of new products introduced each
year, rather than cost savings from R&D. The new system
should also include mechanisms for monitoring and improv-
ing the measurement system itself.

In short, Mission-to-Metrics is a systematic methodology
to move from mission (abstraction) to metrics (specificity),
thus enabling an organization to continuously steer, adapt,
and manage. The Mission-to-Metrics methodology is illus-
trated in Figure 7.

I m p r ov i n g  t h e  A r m y ’ s  Te c h n o l o g y  

Wo r k f o r c e

Key to the Army’s ability to maintain its technological lead
over potential opponents is a solid “smart buyer” capability.
That is, the Army needs a core of scientists and engineers who
can compete on equal terms with their industry counterparts
when dealing with the technical issues surrounding concept

design, R&D, and system procurement. Senior Army leaders
recognized that continuing pressure to reduce its workforce
and obtain services by contracting with outsiders was putting
its smart buyer capability at risk.

Arroyo Center researchers explored ways the Army
could retain its smart buyer capability in Maintaining the Army’s
“Smart Buyer” Capability in a Period of Downsizing. They identified
three necessary ingredients: a collaborative research environ-
ment; good communications with users; and a cadre of tal-
ented and trained technical staff.

Collaborations can help immeasurably. Technology
changes fast, and the Army’s scientists and engineers must stay
abreast of that change. This means knowing what is happen-
ing in their own labs and in other government organizations,
as well as in industry and academia.

There also must be good communication between the
smart buyers and the Army’s concept and materiel developers.
In some cases, the communications channels are convoluted,
moving up one command chain before coming down
another. Direct, horizontal communications across chains
would be beneficial.

Finally, it is critical to gain and retain a talented cadre
of technical staff, but here the Army has confronted substan-
tial problems. The staffing statistics at the Army Research Lab-
oratory illustrate the nature of the problem (see Figure 8).
Few of the science and engineering staff (S&E) are under 30
years old, which means that there is a small “feeder group” for
the higher ranks. Second, the population tends to bunch at
the GS-13 grade level, which means that it is difficult for 
the Army to provide more junior researchers a career path

with increased pay and responsibility.
Finally, most departures are voluntary,
which suggests that capable people are
leaving for better jobs with higher
salaries and promotion potential.

To alleviate these problems, Arroyo
Center researchers recommended that
the Army establish work environments
that build in collaboration and commu-
nication among smart buyers, concept
developers, and material developers.
The Army should maintain a cadre of
talented technical staff by employing
the full range of recruiting tools, imple-
menting career development programs
to develop necessary skills, and foster-
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Figure 7. The Mission-to-Metrics Methodology Develops Metrics to 
Gauge Progress Toward Strategic Objectives

RAND AR7074-7

Organizational learningInnovation Customer satisfaction Employee morale Financial control

Mission

Strategic objectives

Tactics/tasks

Metrics

Actions/behaviors

Hypothetical: percent of
contractors and new contractors

Hypothetical:
expand the contractor base

Hypothetical: Make outsourcing
procedures more transparent

Mechanism for metrics:
validation and testing

System of measurement and reporting: 
the “balanced scorecard”

Key to the Army’s ability to maintain its 
technological lead over potential opponents is a

solid “smart buyer” capability. 



ing influences that encourage promising scientists and engi-
neers to remain, e.g., career and pay advancement initiatives.

Fa c i l i t a t i n g  Ac q u i s i t i o n  R e f o r m

Arroyo Center research into smart buyers uncovered a per-
ceived reluctance in the Army to implement acquisition
reform, a collection of actions designed to increase the speed
and flexibility of the Department of Defense acquisition sys-
tem while simultaneously reducing the inherent costs to out-
siders who contract with the military services. This reform
could have important implications for the Army’s ability to
acquire new technologies from the private sector.

In 1998, the Arroyo Center undertook a study to deter-
mine attitudes among Army acquisition personnel toward
reform and how those attitudes affected behavior. Results
appear in Facilitating Effective Reform in Army Acquisition. The
study highlighted the importance of carefully targeted train-
ing and more effective use of integrated product teams, both
internally and in partnership with industry, to help win wider
acceptance for reform. Integrated product teams are particu-
larly important because they help break down the functional
barriers that impede change.

Despite the Army’s substantial efforts at acquisition
reform, Arroyo researchers have found that reform has not
been fully felt in industry, at least not as it relates to weapon
systems projects. In another study, conducted in 2002, the
researchers stepped back and reviewed all the acquisition

reforms of the past decade to deter-
mine which have been the most suc-
cessful and to apply lessons learned to
future reforms. They interviewed key
personnel at three levels—headquar-
ters, program management, and con-
tractor—to learn more about the
history of acquisition reform, hear
views about the success or failure of the
reform initiatives, and gather sugges-
tions for future reforms.

These researchers found that while
both contractor and Army personnel
generally supported the motivation and
intent of the reforms, they also consis-
tently argued that more needs to be
done. Both industry and Army personnel,
for example, independently expressed

the view that when program managers try to take the kinds of
risks endorsed under the banner of acquisition reform, they
routinely run into roadblocks thrown up by other communi-
ties (e.g., requirements, contracting, financial management,
logistics, test and evaluation) where the basic tenets and goals
of acquisition reform, they believe, have not yet taken hold.
They would like to see more training and enforcement of
acquisition reform concepts in those communities.

B u i l d i n g  B e t t e r  R e l a t i o n s  w i t h  B u s i n e s s

Beginning in the late 1990s, the Arroyo Center carried out a
series of studies with an eye to improving the Army’s collabo-
ration with industry. Two companion studies—An Analysis of
Collaborative Research Opportunities for the Army and Performing
Collaborative Research with Nontraditional Military Suppliers—
identified where opportunities for collaboration might exist
and how the Army might exploit them.
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Figure 8. ARL Faced Serious Personnel Problems (1988 data)
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Arroyo Center researchers devised a two-dimensional
matrix that plotted the usefulness of a technology to the Army
against its attractiveness to industry. The matrix is illustrated
in Figure 9. Obviously, the greatest potential for collaboration
would lie within technologies that are both useful to the Army
and attractive to industry. Conversely, a technology primarily
of interest to the Army—penetration of armor plate, for
example—would not be a good candidate for collaboration.
To further differentiate technologies, researchers divided the
matrix into four zones that describe what action the Army
should take: lead, initiate, participate, or monitor. In a lead or
initiate role, the Army assumes a more active role in defining
performance goals, specifying products or capabilities, and
setting the schedule. In a participate role, these are negoti-
ated with the partners. Monitoring primarily involves informal
two-way communication. The numbers in the figure indicate
the number of basic or advanced technology R&D projects
under way in each area.

The array depicted in the figure suggests that a fair
number of projects might be good candidates for collabora-
tion—the ones that have both high utility to the Army and

broad market appeal. But these are not the only considera-
tions in identifying good candidates. The amount of money
involved is also important. For relatively small projects—less
than $10 million per year, for example—collaboration may
not be worthwhile, since it would not offer substantial finan-
cial benefit. Analysis of three annual budgets (1993–1995)
showed that about 50 percent of the Army’s R&D budget went
for projects that fell into the initiate or participate domains.
Thus, it would appear that the Army has ample opportunity
for collaborative research.

Building on the work described above, a second study
examined ways the Army might collaborate with “nontradi-
tional suppliers”—U.S. companies that are leaders in a tech-
nological field and have not previously done business with the
U.S. government. Using information technology as a repre-
sentative cutting-edge technology area, researchers screened
44 leading firms to determine how well the Army had collab-
orated with them. Results were disappointing. The Army had
contracts with only four and formalized working relations with
an additional four. Most involvement took the form of infor-
mal contacts. The researchers determined that its success in
attracting nontraditional suppliers was limited largely because
the traditional options for collaboration—contracts, grants,
cooperative R&D agreements, and patent licensing agree-
ments—were not attractive to businesses. On the other hand,
other options that have become available—cooperative agree-
ments, for example—appear more attractive. Interviews with
the 44 firms revealed that none would do business with the
Army under the old options but that all but one would con-

sider collaborating using the new vehi-
cles. Furthermore, the Army must not
only jettison cumbersome regulations
but also demonstrate the relevance of
its research to the commercial markets.

Arroyo researchers recommended
that the Army run a pilot program to
demonstrate that cutting-edge firms
can be induced to partner with the
Army, that the Army can indeed follow
the new ways of doing business, and
that it can benefit from such collabora-
tions. To ensure the benefits of the
collaboration, the researchers recom-
mended that the Army align its techni-
cal aims with the strategic goals of the
company and produce a formal busi-
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Figure 9. Collaboration Assessment Framework Helps Identify 
Promising Collaborations
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ness plan. The Army also needs to plan for success from the
outset with such things as fencing the funding before formal
solicitation begins and ensuring that the research starts soon
after the solicitation. Minimal administrative oversight is also
desirable.

U s i n g  Ve n t u r e  C a p i t a l  t o  I m p r ove  A r m y

R e s e a r c h  a n d  D eve l o p m e n t

Arroyo Center researchers recommended to the Army a novel
approach for funding some of its technology development: a
private venture capital organization. The Army has adopted
this idea and funded it with $25 million. RAND is actively
involved, helping the Army establish the new, not-for-profit
Venture Capital Corporation, which should commence oper-
ation in 2003.

Venture capital describes a number of investing
schemes that have two common characteristics. First, venture
capital is generally targeted at new companies that have a con-
cept, a plausible market, and a business plan, but lack the
resources to develop and market the concept. The risks asso-
ciated with such investments make other types of financing
unavailable and allow the venture capitalist to demand large
rewards: most often, an equity stake in the funded business.
Second, venture capitalists usually provide more than just
money. They actively help manage and promote the busi-
nesses they are backing.

Over the last few decades, venture capital has emerged
as a financial engine for the new technologies and industries
that are changing the world. Their structure encourages inno-
vation and gives entrepreneurs the tools they need to develop
and market their innovative ideas.

Such an approach has been successful for other large,
technically oriented organizations, even when they have their
own, in-house R&D capabilities. The Army’s Venture Capital
Corporation will help it address one of its largest shortcom-
ings: its limited access to the commercial technology sector. ■
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S E R V I N G  T H E  A R M Y  F O R  T W O  D E C A D E S

Publications

Applicability of Alternative Organizational Models to

Army Laboratories: A Preliminary E-Delphi Analysis

David Owen, Kenneth P. Horn, Carolyn Wong, Bruce Held  •

DB-347-A

This study documents a high-level analysis undertaken to help
the Army improve its research and development capabilities.
The work assesses the relative merits of 15 alternative models
for the Army Materiel Command laboratory system. The
assessment used a Delphi process to facilitate reaching a con-
sensus among expert panel members. The analysis of the
results identified a number of promising models that have the
potential to improve Army Materiel Command’s research and
development process and that merit more study. Particularly
promising were augmenting the current organization with
“smart outsourcing” techniques and a venture capital fund.

Army Air and Missile Defense: Future Challenges

Frances M. Lussier, Michael D. Miller, Brian Nichiporuk,

David C. McGarvey, Lowell Schwartz, David Vaughan  •

DB-335-A

No one knows what the world will look like in 25 years, but the
U.S. Army must take steps now if it is to defend itself against
future enemies, no matter what the world looks like. This
briefing examines six future scenarios and looks at potential
areas of air and missile defense shortfalls. The authors con-
clude that the threat of cruise missiles is present in all scenar-
ios, and the Army should beef up its short-range air defenses.
With regard to theater ballistic missiles (TBMs), the authors
conclude that the threat will be high only if the United States
is engaged in a conventional conflict, and therefore the Army
may want to wait until future trends define themselves more
clearly before increasing investments in countering TBMs.

Assumption-Based Planning:

A Tool for Reducing

Unavoidable Surprises

James A. Dewar

Cambridge University Press

Unwelcome surprises in the
life of any organization can
often be traced to the failure
of an assumption that the
organization’s leadership 
did not anticipate or had 
“forgotten” it was making.
Assumption-based planning
(ABP) is a tool for identifying

as many as possible of the assumptions underlying the plans of
an organization and bringing those assumptions explicitly
into the planning process. This book presents a variety of
techniques for rooting out those vulnerable, crucial assump-
tions. The book also presents steps for monitoring all the vul-
nerable assumptions of a plan, for taking actions to control
those vulnerable assumptions where possible, and for prepar-
ing the organization for the potential failure of those assump-
tions where control is not possible. The book provides a
variety of examples and practical advice for those interested in
carrying out an application of ABP in the fields of business,
management, strategic planning, engineering, and in military
applications.

Conventional Coercion Across the Spectrum of 

Conventional Operations: The Utility of U.S. Military

Forces in the Emerging Security Environment

David E. Johnson, Karl P. Mueller, William H. Taft V  •  

MR-1494-A

The raison d’être for any military force is to deter an adver-
sary from acting inimically to the nation’s interests or, if the
adversary is undeterred, to coerce him into ceasing, or in
some cases reversing, the inimical actions. After carefully
defining terms and reviewing the literature on coercion, this
report delves into a study of the utility of military power as a

— 58 —



coercive instrument of deterrence and compellence. The
authors then analyze cases (both U.S. and foreign, successes
and failures) that provide insights into conventional coercion
at all levels of conflict. They conclude by stressing that the
essential nature of coercion remains unchanged and that only
a thorough understanding of the nation’s adversaries, and of
our own will and capabilities, will yield a successful coercive
strategy.

Deployability in Peacetime

Bruce Orvis  •  DB-351-A

In the spring of 1998, the Army Chief of Staff raised several
questions about personnel deployability rates with the Deputy
Chief of Staff for Personnel. They requested RAND’s help in
determining the answers to these questions and, more gener-
ally, in looking at the issue of peacetime deployability. The
results shown in this presentation are based on examinations
of deployability for Stabilization Forces 4-7 in Bosnia, under
the Army policies and guidelines for peacetime deployments
in effect at that time. RAND research indicates that the
wartime nondeployable rate at the installations used for exam-
ination purposes was in the 4 percent range, and that it did
not change much over time. However, the research discov-
ered that policies regarding deployment during peacetime
cause the nondeployable rate to approach 40 percent, accord-
ing to the peacetime criteria. This would be the rate if the
Army undertook business as usual. In fact, however, the per-
sonnel system responds with actions that are intended to
lower the nondeployable rate and build up the number of
deployable soldiers in the division (or installation) responsi-
ble for the operation. This documented briefing also discusses
other personnel issues that are affected by such actions.

Diagnosing the Army’s Equipment Readiness: 

The Equipment Downtime Analyzer

Eric Peltz, Marc Robbins, Patricia Boren, Melvin Wolff  •

MR-1481-A

The new Army Vision, with its emphasis on rapid force deploy-
ment and immediate employment capabilities, demands robust
equipment and streamlined logistics processes that maximize
the ability of soldiers to keep equipment ready to fight.
Achieving this goal calls for dramatic progress in the Army’s
ability to keep equipment ready—a synergistic combination of
improving the logistics system and equipment reliability. To

do this, the Army needs metrics that fully portray its equip-
ment readiness capabilities to identify critical preparation and
operating shortfalls. These metrics should directly connect
the underlying logistics processes and equipment reliability to
equipment readiness results so that the Army can target its
resources effectively. This document presents a general frame-
work for measuring equipment readiness and linking it to
process performance, and it introduces a prototype initiative
based upon this framework, the Equipment Downtime Ana-
lyzer (EDA). The EDA leverages advances in information tech-
nology to better utilize data collected by Army information
systems. It provides an integrated set of metrics that tie equip-
ment sustainment and reliability to equipment readiness.

Disjointed War: Military

Operations in Kosovo, 1999

Bruce R. Nardulli, Walter L.

Perry, Bruce Pirnie, John

Gordon IV, John G. McGinn  •

MR-1406-A

The 1999 military operation
against the Yugoslav army in
Kosovo suggests several areas
in which joint military opera-
tions were deficient. This
study examined all aspects of
the Kosovo conflict, including
its political and historical

underpinnings, in an attempt to understand these deficien-
cies and to recommend improvements. This document is
based on extensive original source documents and interviews
with most of the principal participants, and it serves as the
definitive Army record on Kosovo. While the primary focus of
the research was on U.S. Army involvement, it covered many
other aspects of Operation Allied Force, including NATO
objectives, air and ground planning, evolution of the air oper-
ation and its effects on fielded Yugoslav forces, Task Force
Hawk, and peace operations.
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Equipment Sustainment

Requirements for the 

Transforming Army

Eric Peltz  •  MR-1577-A

Even before the new Army
Vision took shape and the
Army began its transforma-
tion efforts, the fast-paced,
nonlinear operational con-
cepts now associated with the
Objective Force were emerg-
ing. Early on, it was recog-
nized that dramatically better
capabilities for keeping equip-

ment operational—including large improvements in reliabil-
ity, maintainability, fleet life cycle management, and logistics
performance—would be needed to take full advantage of
these concepts. And the aggressive deployment and footprint
goals of the Army transformation increase the importance of
making such advances. Growing recognition of the sustain-
ability shortfalls of current equipment has combined with the
new force concepts to prompt reviews of sustainability efforts
in the acquisition process. In response, recent studies and
workshops have developed recommendations for improving
the ability of the acquisition process to produce more sustain-
able systems. In addition, the studies have raised questions
about whether new equipment sustainment metrics are
needed to define program requirements and have generated
debate about whether sustainment requirements should be
key performance parameters (KPPs) in acquisition. RAND
Arroyo Center has been conducting research to identify how
the Army should define equipment sustainment requirements
for new systems. Such requirements should improve the
Army’s recognition of how various equipment sustainment
characteristics affect outcomes, and this will help in the
process of making tradeoffs among performance goals. This
includes evaluating which requirements should be KPPs, and
developing methods to support the successful application of
the recommended equipment sustainment metrics. 

Faultlines of Conflict in 

Central Asia and the South

Caucasus: Implications for

the U.S. Army

Olga Oliker, Thomas Szayna,

eds.  •  MR-1598-A

This report identifies and
evaluates key faultlines in
Central Asia and South Cau-
casus and how they affect the
likelihood and possible evolu-
tion of armed conflict in these
regions. These faultlines in-
clude the role of state political

and economic weakness; the impact of crime and the drug
trade; the effects of ethnic tensions as well as foreign interests
and influence; and the impact of competition over natural
resources. The analysis then examines the ways in which the
emergence of conflict could draw the United States into the
strife and examines the operational challenges that the region
poses for possible Army deployments in the 2010–2015 time
frame.

How Will the e-Explosion Affect How We Do Research?

Phase I: The E-Del+I Proof-of-Concept Exercise

Carolyn Wong  •  DB-399-RC

What better way to prove that collaborative research can be
aided by the electronic tools now available than by using those
tools to conduct an actual research project? Using an exten-
sion of the Delphi method of exercises known as “E-Del+I,”
RAND researchers and others involved in this project
attempted to do just that. This briefing documents their
efforts to develop the taxonomy (including a research frame-
work and its various phases) of e-aided research and conduct
the exercise that would demonstrate the feasibility of this
approach. The exercise succeeded in showing that
researchers in diverse locations could achieve consensus (and
fail to achieve consensus) on a number of issues important to
the Army today, preserving the anonymity and independence
of the participants and securing two provisional patents in the
process. The exercise also demonstrated the cost, time, and
efficiency benefits of the E-Del+I method.
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Implementing the 

Post-Deployment Health

Practice Guideline:

Lessons from 

the Field Demonstration

Donna O. Farley,

Georges Vernez,

Suzanne Pieklik, Sherilyn

Curry  •  DB-383-A

The Defense Department,
specifically the Office of
the Secretary of Defense/
Office of Health Affairs
(OSD/HA), is implement-

ing a clinical guideline for identification of patients with post-
deployment health (PDH) concerns (related to military
deployments) and management of their care. Before under-
taking full implementation across the military health system,
OSD/HA conducted a field demonstration with military treat-
ment facilities at three sites to evaluate on a small scale the
procedures and tools established for the PDH practice guide-
line. RAND provided technical support for the demonstration
and also performed an evaluation of the sites’ experiences
with the guideline, related OSD/HA policy, and the tool kit of
support materials. This briefing presents evaluation findings
from the demonstration, which document successes and chal-
lenges, how problems were addressed, and what systemic
issues required attention. The authors conclude by delineat-
ing four policy issues to be resolved for successful implemen-
tation and three methods of organization for providing
effective corporate support.

An Optimization Approach to Workforce Planning for the

Information Technology Field

John Ausink, Robert Clemence, Robert Howe, Sheila 

Murray, Chris Horn, John D. Winkler  •  MR-1484-A

To balance the competing goals of reducing infrastructure
and preserving information technology (IT) skills, the Army
must carefully manage military, government civilian, and 
private-sector contractor workforces in the IT field. Using Fort
Bragg, North Carolina, as a test case, this report shows how a
linear programming framework helps explore the cost and
personnel consequences of management decisions that
change the structure of the IT workforce. With a systematic
determination of who can do what in the IT field, the authors

conclude that with linear programming the consequences of
policy changes can be quantified and better understood, a
wide variety of policies can be studied, and the approach
could be extended beyond the installation level.

Organizational Management of Army Research

Carolyn Wong   •  DB-390-A

During the last 202 years, the Army has employed three basic
organizational management constructs to conduct its
research and development (R&D): the independent opera-
tion of the laboratories, the Laboratory Command construct,
and the Army Research Laboratory construct. Once again, it
is looking to solve the same R&D problems that have persisted
through these many decades and constructs. Four major R&D
issues have emerged as key elements for the Army’s next
move: how it defines the money stream, working relation-
ships, the transition time between research and fielded equip-
ment, and improving R&D visibility. The Army needs an R&D
construct that can quickly adapt to changes in research agen-
das, budget levels, response times, personnel levels, and
stakeholders. In short, history directs the Army to design and
implement a new R&D construct that addresses its key R&D
issues and is adaptive.

Preparing Potential Senior Army Leaders for the Future:

An Assessment of Leader Development Efforts in the

Post–Cold War Era

David Johnson  •  IP-224-A

How well does the Army prepare its senior leaders for future
missions involving joint, coalition, and “full spectrum” opera-
tions? This issue paper examines recent Army operational
experiences to identify areas in which leaders were not fully
prepared with respect to doctrine, training, and experience—
areas that could prove problematic in future missions. The
paper then describes the current institutional training most
relevant to developing competencies for such missions and
notes its limited attention to the nondoctrinal, other-than-war
missions that have occurred since the end of the Cold War.
The paper analyzes the operational experience and profes-
sional military education of a sample of combat arms officers
who will potentially become senior Army leaders: officers
selected to command tactical brigades, for promotion to
brigadier general, and for promotion to major general. Most
of those officers assessed have had careers focused mainly on
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Army assignments, and few have had experience in post–Cold
War operations other than war. Relatively small fractions of
these officers have held more than one joint assignment, have
multinational staff experience, or have participated in other-
than-war contingencies such as Somalia, Haiti, Bosnia, or
Kosovo. The paper concludes that the Army should provide
greater emphasis to joint operational experience and should
modify officer education to enhance joint and full spectrum
operational competencies.

Ready for Armageddon:

Proceedings of the 2001

RAND Arroyo Joint ACTD-

CETO-USMC-Nonlethal and

Urban Operations Program

Urban Operations Conference

Russell W. Glenn et al.  •

CF-179-A

On March 22–23, 2001, four
organizations co-hosted the
fourth annual Urban Opera-
tions Conference: the Military
Operations in Urban Terrain
Advanced Concepts Technol-

ogy Demonstration, the Center for Emerging Threats and
Opportunities, the U.S. Marine Corps Nonlethal and Urban
Operations Program, and RAND Arroyo Center. Topics
included the relationship between urbanization and revolu-
tions in military affairs; the challenges of urban combat, based
on personal experiences during the fighting in 1968 Hue,
Republic of Vietnam; lessons learned from a 2001 operational
and strategic-level war game; the development of theoretical
constructs and decisionmaking aids for urban operations; a
consideration of the operational-level challenges of coordi-
nating urban internal security operations; the combat stress
reaction that confronts individuals in the conduct of urban
operations; the intricate and complex activities involved in
maintaining peace and establishing stability in Brcko, Bosnia-
Herzegovina; and the training essential to success in environ-
ments where much is demanded of the most junior-level
leaders.

Rethinking Governance of the Army’s Arsenals and

Ammunition Plants

W. Michael Hix, Ellen M. Pint, John Bondanella, 

Bruce Held, Michael Hynes, David Johnson, Art Pregler,

Mike Stollenwerk, Jerry Sollinger  •  MR-1651-A

With a large industrial base consisting in part of fourteen
ammunition plants, some of which are mothballed, and two
arsenals that manufacture ordnance items such as gun tubes,
the Army has more capacity than it needs or anticipates it will
need. This report assesses options for managing this industrial
ordnance base. It identifies a range of problems, including
the absence of a strategic vision, lack of investment capital,
declining workload and high costs, and a requirement for
expertise that falls outside the Army’s primary areas of com-
petence. The study proposes a strategic vision and explores
four options for managing the arsenals and ammunition
plants—privatization, creation of a federal government cor-
poration, consolidation, and recapitalization on multifunc-
tion posts—drawing on economic theory, business literature,
and U.S. law. It weighs the options from different perspec-
tives, including feasibility, economic viability, and risk posed
to national interests. The study recommends that the Army
privatize ten of the eleven ammunition plants now owned by
the government but operated by contractors, retaining one
along with the ones owned and operated by the government
as a hedge against the risk of losing the capacity of the priva-
tized plants. It also recommends that the Army create a fed-
eral government corporation to run the two arsenals. 

Street Smart: Intelligence

Preparation of the Battle-

field for Urban Operations

Jamison Jo Medby, Russell

W. Glenn  •  MR-1287-A

Urban operations are highly
complex because of the multi-
tudes of people and structures
as well as the density of the
city’s infrastructure. These
same features complicate the
intelligence and decisionmak-
ing processes associated with

military operations at the strategic, operational, and tactical
levels of war. Intelligence preparation of the battlefield (IPB),
the Army’s longstanding methodology for incorporating and
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analyzing relevant information for all types of operations, is
currently not effective for tackling the operational and intelli-
gence challenges of urban operations. This study defines
some of the challenges faced by commanders and their staffs
when conducting urban IPB. It describes methods that can be
incorporated into current IPB to address these problems.
Many of the methods and tools introduced seek to analyze the
contextual and threat effects posed by civilians on the battle-
field. The research suggests ways to categorize the terrain and
infrastructure of the urban environment and incorporate this
information into planning and decisionmaking processes.
The authors make recommendations on how the Army can
improve the IPB process to better address the difficulties of
conducting operations on urban terrain. 

Unweaving the Web: 

Deception and Adaptation

in Future Urban Operations

Scott Gerwehr, Russell W.

Glenn  •  MR-1495-A

Despite the realization that an
urban environment can inten-
sify the effects of deception in
military operations, many
important research questions
remain unanswered and even
unasked. The authors use the
well-developed literature on
deception in animal biology

to begin asking and answering those questions. This was done
with the aim of improving the ability of U.S. forces to both
conduct friendly deception and counter adversary deception
in urban operations of all sorts. Using animal biology and mil-
itary science as the source materials, the authors undertook to
elaborate on existing deception theory and to propose new
paths for technological, doctrinal, educational, and experi-
mental development. The study concludes that in urban set-
tings, there is great room for improvement in how U.S. forces
do deception, and that it is imperative for them to better
counter adversary deception. The study notes that deception
methods are a preeminent form of adaptation in both biology
and military operations, with the concluding chapter explor-
ing this cross-disciplinary relationship (with a particular focus
on counteradaptation as counterdeception). ■
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