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INTRODUCTION

Sun TZzE’s ANCIENT WORK, The Art of War, is a classic that remains as time-
less today as when he wrote it several centuries before Christ in China.
Questions of morale, leadership, cunning, and innovative tactics are still
central to warfare and always will be. Similarly, the Prussian general and
scholar Carl von Clausewitz’s book On War, written two hundred years
ago, remains brilliant in its depiction of war as an extension of politics, a
fundamentally human endeavor in which national and individual will and
the core character of fighting men (and now women) are central in under-
standing battle and determining outcomes.

But there is also a science of war—that is, a structured, analytical, often
quantitative, often rather technical side to preparing for combat. The sci-
ence of war is also important for keeping peace. It can help improve and
ensure deterrence, by scrupulously evaluating the capacities of one’s own
military and trying to strengthen it where possible. Finally, it is important
for defense budgeting and resource allocation, a matter of importance not
only to war planners but to all participants in the public policy process.

The use of quantitative tools in defense policy analysis is almost always
imprecise, not only in the quality of the data available, but even in know-
ing what concept and what formula to apply to a given problem. All the
tools developed and discussed in this book need to be viewed in this
spirit.

We have little choice, however, but to try to refine the science of war as
much as possible. What would the alternative be? To base defense budget
levels on pure guesswork or politics? To make war plans only using the
intuition of generals (or secretaries of defense?). To develop any weapon
that seems technically within reach without regard to its likely cost, ef-
fectiveness, or other strategic effects? As imprecise as the science of war
may be, we must attempt to understand it. And even policy generalists
must grapple with it themselves, unless they wish to cede some or all of
the defense policy debate to specialists—which cannot be in the national
interest in any country. Given the importance of military debates, which
in the United States presently involve more than s6oo billion a year in
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annual spending and two significant wars simultaneously, it is essential
that as many as possible feel capable of wading into defense debates with
some degree of understanding and some sophistication.

'The yin and yang of this book is that, recognizing scientific methods in
defense analysis to be imprecise, we must nonetheless strive to understand,
improve, and employ them. Studying the science of war should never be
seen as a substitute for studying the art, history, and contemporary aspects
of warfare. It is instead an essential complement.

This textbook is written with the national security agenda and prob-
lems of the United States of America central in mind. However, most of
the analytical methods discussed here have a wider applicability as well.
It is not first and foremost a discussion of contemporary defense debates,
however, nor an examination of defense policy. It is about methodology
for military analysis. That said, many defense policy matters are ultimately
discussed by way of illustrating the use of various methods. From questions
of how to size and shape the Pentagon budget, of which wars to fight and
how many casualties they might entail, of how large forces should be for
peacekeeping and counterinsurgency missions, the methods here should be
of considerable use. This book is a textbook, but with a policy edge and a
policy motivation.

After a very brief primer on defense matters, specifically concerning the
U.S. military, in the following pages of this chapter, the book begins with
a discussion of budgeting methods. It focuses particularly on the Ameri-
can defense budget debate. This chapter will probably be of interest to the
widest audience. Subsequent chapters on modeling warfare, on understand-
ing defense logistics, and on understanding scientific issues in defense
policy such as space warfare, missile defense, and nuclear weapons develop-
ment are intended for a somewhat more specialized audience—though
my goal is always to make the material as straightforward and accessible
as possible. Graduate students in public policy should be able to navigate
the book’s material even if not specialists in the field; undergraduates
with sufficient background and interest in national security matters should
be able to do so as well.

I have attempted to help draw the material together with several exer-
cises at the end of each of the book’s four main chapters. These are de-
signed in the spirit of textbook review and practice questions. Defense
analysis being as much an art form as a quantitative exercise or an exact
science, the answers provided are not always the only way to tackle the
question posed. They should help define a problem, orient a reader and a
user regarding the methodologies discussed here, and show one way to
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begin to attack each problem. They should not be interpreted as the only
“right answer” to any question.

Large numbers of people work (in official capacities) all the time on the
defense analysis problems considered here. Take budgeting, for example.
Specialists in this activity include uniformed officers slaving away within
their respective service headquarters, a mix of officers and civilians doing
the same sort of work within the Office of the Secretary of Defense, and
contractors working for the Department of Defense (DoD) at one of many
consulting firms. Combat modeling is quite frequently done by contrac-
tors as well (some with strong ties to one service, others with more ecu-
menical client bases, such as the Institute for Defense Analyses). It is also
carried out by the Pentagon’s Joint Staft and its regional military com-
mands, and by its war colleges: Quantico for the Marines, as well as the
Army War College in Carlisle, PA, the Air War College in Montgomery,
AL, and the Naval War College in Newport, RI. All tend to employ
elaborate and classified computer models requiring dozens or hundreds of
data inputs, generally involving tens of thousands of lines of computer
code.

A third main topic of this book, military logistics, is the focus of U.S.
Transportation Command based at Wright-Patterson Air Force Base in
Ohio (largely for intercontinental transport to a possible combat theater,
and supported by various key facilities and organizations such as Air Mo-
bility Command at Scott Air Force Base in Illinois and Military Sealift
Command, headquartered in Washington, D.C.). Many others have key
roles in logistics, too, including the military services, the individual units
making up their combat force structures, and the larger echelons of orga-
nizations such as the corps headquarters of the U.S. Army. These organi-
zations get forces to ports or airfields of embarkation, and then upon ar-
rival in a combat theater determine how to support them. Finally, issues in
military technology development are handled by the services’ weapons
laboratories, which number in the dozens throughout the country (such
as the Navy’s Patuxent River Naval Air Station in Maryland, Dahlgren
Surface Warfare Center facility in Virginia, Kirtland Air Force Base in
Albuquerque, and China Lake Naval Air Weapons Station in California),
by dedicated parts of major defense contractor organizations, and at a
more basic scientific level by many of America’s universities (such as the
Applied Physics Laboratory run by Johns Hopkins University in Mary-
land, parts of the Department of Energy’s laboratories at Los Alamos and
Sandia in New Mexico, and Lawrence Livermore National Laboratory in

California).
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'This book does not seek to replicate the detailed calculations used in
these various organizations, which together employ tens of thousands of
individuals. Nor could it. To some extent, this means that the methods
discussed here must be somewhat simpler and less precise than those used
officially. However, for many, if not most, purposes in defense analysis,
methodological simplicity is not a weakness and may even be an advan-
tage. Too many elaborate models focus attention on detailed numerical
analysis—data crunching—rather than on linking the mathematics to a
conceptual understanding of warfare and other military operations. Once
analysts get into data crunching mode, it is often difficult to keep asking
basic—and crucial-—questions about one’s assumptions. Given this, as
discussed in the following pages, official Pentagon models and computa-
tions often wind up no more accurate than simpler approaches. Such
analyses are also much more difficult for outside organizations (often act-
ing individually or in small groups and without classified information) to
mimic. So by necessity, but also by design and by preference, this book
seeks simpler methods. In fact, many individuals working within the de-
fense community will themselves use these simpler methods as checks on
their more elaborate work, or as a way of orienting themselves and under-
standing the broad contours of a problem before delving into detail. In
defense analysis, a field often afflicted by mistaken assumptions and by a
false sense of confidence on the part of its practitioners, simpler is not
necessarily less valuable—and it may not even be less rigorous or
accurate.

A Brier ORrRIENTATION TO DEFENSE MATTERS

This book is not a primer on the American military, other countries’
armed forces, or defense matters in general. Those interested in probing
such issues in detail might consult books such as James Dunnigan’s How
to Make War. Though dated a bit, it is still quite informative. They might
also value various Department of Defense publications available at
www.defenselink.mil, such as the 2008 National Defense Strategy, the
2006 Quadrennial Defense Review, or more technical and data-rich reports
on matters such as personnel statistics and annual budgets. Nor is this a
book on military doctrine and tactics. Such subjects are addressed, for
example, in the Army’s Operations manual and in more specialized reports
on subjects such as peacekeeping and stability operations. This is also not
a book about military culture or about many service-specific issues and
interests (see publications such as the Marine Corps Gazette, Airpower
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Journal, Parameters, and Proceedings for the latter, or more generally Carl
Builder’s timeless book, Masks of War). I am not particularly well equipped
to write the latter types of tomes, and in any case, doing so is not my pur-
pose here.

Before delving into methodology and calculations in the pages that fol-
low, a few paragraphs may help situate the general reader who is not fa-
miliar with day-to-day defense matters. Most of this book does not require
its reader to have a detailed background on the military. That said, since
I do not devote much time or attention to explaining “Defense 101” in the
chapters that follow, it is appropriate to include a few brief words here,
particularly on how the American armed forces are configured, com-
manded, and operated.

The U.S. military is organized into four independent services: the
Army, Air Force, Navy, and Marine Corps. For administrative purposes,
the Marine Corps functions within the broader Department of the Navy
(meaning there are three “departments,” but four services). The services
are constitutionally and legally responsible for raising, training, and equip-
ping the men and women of the U.S. armed forces. Together, they cur-
rently employ about 1.5 million active-duty troops, with the Army being
the largest service (just over half a million active-duty soldiers), and the
Marine Corps the smallest (about 200,000 active-duty Marines). Over
200,000 of these 1.5 million are officers; the rest are enlisted personnel.
The armed forces also include roughly one million reservists spread across
six organizations (each service has a reserve component, and the Army
and Air Force also have National Guard units distributed across the coun-
try). Military personnel are located at hundreds of bases around the United
States. In addition, some 400,000 are presently stationed or deployed
abroad, with about half in the broader Middle East / Central Asia theater
(as of this writing in late 2008) and the other half distributed mostly in
Europe and East Asia.

Since the National Security Act of 1947, the four services have been or-
ganized within the Department of Defense, which is run by the Secretary
of Defense, a key member of the president’s cabinet. A number of entities
make up the Office of the Secretary of Defense (OSD), with numerous
undersecretaries, assistant secretaries, and other civilian officials directing
them. The military services all have their own organizations and units to
provide analytical support as well (civilian service secretaries also provide
leadership to them). It is the services and OSD, in conjunction with the
president’s Office of Management and Budget, that work with Congress
on the annual budget process. The Pentagon’s funding is approved year to
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year—that is, it is a “discretionary” account, in federal budget parlance. At
roughly half a trillion dollars a year (not counting war costs), it constitutes
about half of all discretionary spending, approximately one-fifth of total
tederal spending in normal times.

Since the Goldwater—Nichols Act of 1986, the military’s joint-service
organizations and operations have also been strong. Within the Pentagon
is a joint staff. The four service chiefs, plus a chairman and vice chairman,
make up the Joint Chiefs of Staff (JCS). There are six regional military
“combatant” commands, again organized and run at the joint-service level
(even if only one person from one service can command any of them at a
time). These are Central Command, Pacific Command, European Com-
mand, Southern Command, Northern Command, and Africa Command
(the last two both having been created during the Bush 43 presidency).
These commands run operations in their respective theaters, but depend
on the services—and thus on Washington—for the means to do so, since
they have few if any dedicated forces “of their own.” The chain of com-
mand to these commanders runs from the President through the Secretary
of Defense (SecDef), but not through the Joint Chiefs (though the latter
are charged with providing their best military advice on various issues to
the President, the SecDef, and the Congress).

There are also four functional combatant commands—Strategic Com-
mand, Special Operations Command, Transportation Command, and Joint
Forces Command. Each of these ten regional and functional commands is
run by a four-star officer (a general or admiral), and each of the service chiefs
as well as their vice chiefs is a four-star officer as well. Together these eigh-
teen individuals represent almost half of all the four-star officers in the
U.S. military at any one time; most of the others run individual commands
within the various services, such as Air Combat Command.

It is useful to be aware of a few more key pieces to the organizational
configuration. Numerous joint-service agencies perform tasks of impor-
tance across the Department of Defense. They include such organizations
as the Missile Defense Agency or, during the recent wars in Iraq and Af-
ghanistan, the Joint Improvised Explosive Device Defeat Organization
(JIEDDQO, to give an example of the acronyms of which the Pentagon is
so fond). They are staffed by military personnel as well as full-time civilian
employees of the Department of Defense, who number nearly 700,000.
Defense contractors are critical to America’s defense efforts as well. In-
cluding those working in the defense industry, and in various support
activities, their numbers are cumulatively comparable to those in the di-
rect employ of the Department of Defense.
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Much of the nation’s intelligence community, estimated to cost nearly
s50 billion a year by unclassified sources, is funded within the Department
of Defense budget, including the CIA and the National Security Agency.
Other large chunks of the intelligence community work for the Depart-
ment directly as well, since in addition to the Defense Intelligence Agency,
each of the services and regional military commands has its own intelli-
gence organization.

Much of the military can be organized in an “order of battle”—a de-
tailed force structure typically consisting of several categories of units
within each service. Each unit is itself individually numbered and often
named as well. Much of this type of information, on not only American
but other countries’ militaries, can be found in an extremely useful refer-
ence guide, Zhe Military Balance, published annually by the International
Institute for Strategic Studies in London.

The complexity of the U.S. military can be daunting. But as with the
overall philosophy of this book’s methodologies in the chapters that fol-
low, it is often possible to get a rough feel for the basics and understand the
core concepts without knowing every detail or nuance. That said, for those
wishing such details, many references can be found to provide them.



CHAPTER

Defense Budgeting and Resource Allocation

Does THE UNITED STATES spend too much on defense? Why does its cur-
rent military budget, even excluding costs for Iraq and Afghanistan, ex-
ceed the Cold War average in real-dollar terms, and exceed the budgets of
either China or Russia by a ratio of some five to one? If the budget is
bloated, how can it be prudently scaled back? Regardless of whether it is
excessive, how can proposals for new types of military capabilities be
properly evaluated? Only by understanding the components of the defense
budget can these questions be seriously addressed.

Before getting into more specific arguments, it is worth noting com-
ments frequently made about America’s defense budget—usually by those
wishing to make the defense budget seem high or low. Many who wish to
defend the magnitude of Pentagon spending often point out that in recent
decades its share of the nation’s economy is modest by historical standards.
During the 1960s, national defense spending was typically 8 to 9 percent
of gross domestic product (GDP); in the 1970s, it began at around 8 per-
cent and declined to just under 5 percent of GDP; during the Reagan
buildup of the 1980s, it reached 6 percent of GDP before declining some-
what as the Cold War ended. In the 1990s, it started at roughly 5 percent
and wound up around 3 percent. During the first Bush term, the figure
reached 4.0 percent by 2005 and stayed there through 2007; it grew to-
wards 4.5 percent by 2009. Seen in this light, current levels (including
wartime supplemental budgets) seem relatively moderate, if hardly low.!

By contrast, those who criticize the Pentagon budget often note that it
constitutes almost half of the aggregate global military spending (to be
precise, 41 percent in 2006, according to the estimates of the International
Institute for Strategic Studies).? Or they note that estimated 2009 national
security discretionary spending of some $670 billion exceeds the Cold
War inflation-adjusted spending average of 450 billion (expressed in 2009
dollars, as are all costs in this chapter) by almost 50 percent once war costs

8
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are included (and exceeds the Cold War average modestly even without
war costs). Or they note that it dwarfs the size of America’s diplomatic,
foreign assistance, and homeland security spending levels (roughly s13 bil-
lion, $25 billion, and $44 billion, respectively, in 2009).?

‘These observations are all simultaneously true, and as such they are
probably inconclusive in the aggregate. The U.S. defense budget is and
will remain large relative to budgets of other countries, other federal agen-
cies, and even other periods in American history. Yet at the same time, it
is modest as a fraction of the nation’s economy at least in comparison with
the Cold War era. As such, while informative at one level, these observa-
tions are of little ultimate utility in framing defense policy choices for the
future. We must look deeper.

An initial conclusion of this book is that broad arguments about the
adequacy or excess of American defense spending, based on overall obser-
vations about the size of the defense budget in a historical, international,
or economic perspective, are analytically suspect. In my judgment, it is not
possible to reach a definitive judgment about whether the United States
overspends on defense through the methodologies of defense analysis or
the science of studying warfare. And it is especially difficult to do so using
arguments, analogies, and comparisons that invoke the overall size of the
defense budget. Only by looking more carefully at how defense dollars are
spent can we decide if the budget is excessive (or insufficient); the key is to
try to identify missions that are not needed, or weapons modernization
plans that are too fast and indiscriminate, or war plans that are excessively
cautious and conservative. Again, to offer my own perspective, a number
of proposed or ongoing defense programs are quite debatable, potentially
unnecessary, and/or wasteful. Pentagon belt tightening is feasible in a
number of areas, based on reasoned analytical assessments of America’s
defense needs. (I am not focusing primarily on the costs of ongoing wars
in Iraq and Afghanistan in this specific discussion; those operations are
clearly debatable on their own merits. My focus here is on the underlying
and enduring American defense establishment.) This book is designed in
part to help people identify, study, and debate such possible cutbacks.
Then again, because so many of the Pentagon’s costs are rising faster than
the rate of inflation, economizing in a number of areas may do more to
slow the growth of real defense spending than to allow actual cuts.

This chapter first explains different ways the defense budget can be
categorized, broken down, and defined. It presents several tools for under-
standing the budget in greater detail—which is necessary for calculations
that seek to understand the fiscal implications of any proposed changes to
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military force structure, weapons procurement plans, or military opera-
tions. One approach, developed largely by former Pentagon official and
Brookings and MIT scholar William Kaufmann, is essentially “top-
down it starts with the total defense budget, and then subdivides it into
various pieces. Another approach, used in the executive branch, the Con-
gressional Budget Office (CBO), and elsewhere, takes a “bottom-up” ap-
proach. Costs per unit are estimated directly, based on what the unit in
question comprises in terms of people, equipment, and training time.
Largely because Kaufmann’s method is more comprehensively and clearly
presented, it forms the basis for my approach—but CBO’s observations
are used as well, and the numbers presented are thus modified from Kauf-
mann’s original versions (as well as being updated for inflation and cost
growth).

After presenting these methods, the chapter then turns to the question
of military readiness. Readiness is a major strategic issue, a hot-button po-
litical subject, and also effectively the defense activity that consumes at
least half the defense budget (since it includes spending on people, as well
as their training and other operational necessities). Finally, addressing
matters of frequent political and policy discussion, the chapter places U.S.
defense spending in a global context, with a particular eye on how Ameri-
can spending stacks up against that of China.

UNDERSTANDING THE DEFENSE BUDGET:
Basic CATEGORIES

In discussing the defense budget, it is critical to start with a clear use of
terminology. Words can be very confusing in the field of defense analysis.

By official definitions, the U.S. national security budget does NOT
capture all major government activities that influence American security,
since it includes neither diplomacy, nor foreign assistance, nor Depart-
ment of Homeland Security operations. It does, however, include the
Department of Defense, the intelligence community, and the Department
of Energy’s nuclear-weapons-related activities.

'The national security budget is officially known as the o5o function in
the federal budget. International affairs programs, including diplomacy
and foreign assistance, are labeled as the 150 account; veterans’ benefits are
found within the 700 function; and homeland security is distributed
among a range of accounts.

It is important to know the distinction between budget authority and
outlays. Outlays amount to actual spending—checks written by the Trea-
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sury and cashed by individuals or corporations. Budget authority by con-
trast is a new legal power to enter into contracts, granted by the Congress
through appropriations bills. It can loosely be thought of as putting money
into the Pentagon’s hands (or the Pentagon’s account at the U.S. Treasury),
which is then gradually spent over the ensuing months and years as con-
tracts are signed and products delivered. Authorized budgets slated for a
given fiscal year may be spent very quickly, as with salaries for troops, or
slowly, as with contracts for aircraft carriers or other large types of equip-
ment (which take years to build and are fully paid for only when complete).*

A given year’s national security budget authority tends to exceed out-
lays when defense budgets are rising, and to fall below outlays when bud-
gets are declining. (For example, if defense budgets have been going up—
a given year’s budget authority might be s5o00 billion, but actual spending
or outlays for that year might be $480 billion, for example—it is the latter
figure that then enters into federal deficit calculations.) The reason is that
outlays, as noted, show a lag effect because they reflect the effects of the
previous year’s budgets, as well as the current year’s. There can also be
differences, to the tune of several billion dollars a year, between discre-
tionary budgets and overall budgets (the latter count mandatory spending
as well). Mandatory accounts do not require annual budget action from
the Congress (entitlements like Social Security and Medicare are the
most important examples of mandatory spending in the federal budget).
However, almost all defense spending is discretionary, meaning no funds
are available in a given year unless explicitly appropriated for that year
by law.

Unlike other federal agencies, the Department of Defense routinely
provides Congress and the public with detailed information about its
longer-term plans each time it submits a budget request. As part of its so-
called future years defense program (FYDP), it projects roughly five years
into the future. During the Rumsfeld tenure at the Pentagon, such infor-
mation was less forthcoming than had been the norm, but even then the
available information was considerable. The Department of Defense also
publishes unclassified information on its major weapons programs through
documents such as selected acquisition reports (SARs). These show total
cost projections and planned numbers of equipment purchases for several
dozen of the Pentagon’s largest acquisition programs over an even longer
time horizon (extending as far out as the relevant acquisition program is
expected to continue).

A brief word is in order about the way the Pentagon budget is con-
structed, which centers around the so-called PPBE process (for planning,



12 Chapter I

programming, budgeting, and execution system). As explained by retired
Colonel M. Thomas Davis, the Pentagon begins its efforts to create a
budget proposal for Congress with reference to the National Security
Strategy (which is itself coordinated and published by the National Secu-
rity Council, generally under the signature of the President). The Joint
Staff at the Pentagon then writes a National Military Strategy based on
the National Security Strategy. This is used in the first, or planning,
phase of the PPBE process to create documents known as Guidance for
Development of the Force and Joint Programming Guidance (formerly
done via the Defense Planning Guidance document), which prioritize
certain military missions and begin to translate broad strategy into more
concrete decisions.

However, it is in the second, or programming, phase where specifics
really emerge. The services and defense agencies take the lead at drafting
program objective memoranda (POMs) during this phase, subject to the
all-important budget ceilings provided by the Office of Management and
Budget (OMB). The POMs are then vetted and revised by the Office of
the Secretary of Defense. Once so edited, they are used to produce the
Future Years Defense Program (FYDP), as noted earlier, a half-decade-
long budget plan. Even greater detail is provided about the first two years
of that FYDP in the budget request submitted to Congress (however,
Congress only appropriates funds for the first of the two years, once it sees
the budget proposals and acts on them).’

At present, the Department of Energy’s share of national security or
os0 spending is about $18 billion a year. Another $6 billion is spent here
and there by other agencies, but the bulk of the money is for the Depart-
ment of Defense (DoD).

As for the DoD, estimated spending in 2009 is roughly 650 billion.
Viewed in terms of budget authority, the underlying “peacetime” budget
for that year in the administration’s request was s515 billion. Another $70
billion was requested as an initial “supplemental” for the final months of
calendar 2008 (that is, the initial months of fiscal year 2009, prior to the
inauguration of the new president). Supplemental budget authority had
totaled about sr7o billion in 2007 and s195 billion in 2008 (again, in 2009
dollars).

The following section first explains the so-called peacetime budget,
breaking it down by category and function, and then discusses supple-
mental budgets such as those presently used to fund the Iraq and Afghan-
istan wars.
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Breakdowns of the Department of Defense Budget

The U.S. military, in its official budget documents, breaks down its overall
budget several ways. Two basic methods show spending by appropriations
“title” and by military service (neither includes Department of Energy
[DoE] nuclear costs). The service-by-service approach merges Marine
Corps costs within the Navy’s (since technically the Marine Corps is a
separate service but is not a separate department). Many intelligence com-
munity costs are found within the Air Force budget when costs are subdi-
vided this way, since it launches and operates many of the rockets and
satellites used in intelligence as well as many of the aerial assets.

Another method, devised by former Secretary of Defense Robert Mc-
Namara, subdivides spending by what he called military “programs.”
Rather than allocate the defense budget based on military service, or type
of activity, he sought to use broad categories defined in terms of the overall
functions they served. They include strategic nuclear capabilities, main
combat forces, transportation assets, administrative and related support
activities, National Guard and reserve forces, and intelligence, as well as
several smaller areas of expenditure. This method is not completely accu-
rate. Many military forces are usable for both nuclear and conventional
operations, for example. Should they be viewed as strategic nuclear capa-
bilities or main combat forces? And how to allocate expenditure for equip-
ment first bought for active forces but later transferred to the reserves?
Moreover, these categories are broad enough that, even if accurate, they
may have only a modest bearing on informing policy choice. Nevertheless,
they still give at least an order-of-magnitude sense about how different
types of military objectives or main activities translate into costs.

Table 1.1, 1.2, and 13 reflect the Bush administration’s request for 2009,
which is slightly different but not enormously different from what Con-
gress approved (the following does not count any war costs). The budget
authority figures include about 2.9 billion in so-called mandatory spend-
ing but are predominantly discretionary in nature.®

Available documentation, found at www.budget.mil and updated in
fresh documents each February with the Pentagon’s budget request, pro-
vides a great deal of detail for those wishing it. For example, within the
military personnel accounts, information can be found on the costs of of-
ficer pay versus enlisted pay, on salaries versus accrual financing for the
future retirement of current troops, of active versus reserve compensation,
and of travel and moving allowances, to name but a few subcategories.
Within the procurement budgets, out of which most equipment purchases
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TABLE 1.1
DoD 2009 Budget Authority Request by Title (Billions of Dollars)

Military Personnel 128.9
Operations and Maintenance 180.4
Procurement 104.2
Research, Development, Testing, and Evaluation 79.6
Military Construction and Family Housing 24.4
Management Funds, Transfers, Receipts 0.8
TOTAL 518.3

Sources: Under Secretary of Defense (Comptroller), Military Personnel
Programs (M-1), Operation and Maintenance Programs (O-1), Department
of Defense Budget, Fiscal Year 2009 (Washington, D.C.: Department of
Defense, February 2008), pp. 18, 20; Under Secretary of Defense (Comp-
troller), Construction Programs (C-1), Department of Defense Budget, Fiscal
Year 2009 (Washington, D.C.: Department of Defense, February 2008),
p- iv; Procurement Programs (P-1), Department of Defense Budget, Fiscal Year
2009 (Washington, D.C.: Department of Defense, February 2008), p. 1I;
and RDTEE Programs (R-1), Department of Defense Budget, Fiscal Year 2009
(Washington, D.C.: Department of Defense, February 2008), p. I1.

TABLE 1.2

DoD 2009 Budget Authority Request by Service
(Billions of Dollars)

Army 139.0
Navy 149.0
Air Force 143.7
DoD-wide 86.6
TOTAL 518.3

Source: Under Secretary of Defense (Comptroller)
Tina W. Jonas, “Fiscal Year 2009 Budget Request:
Summary Justification,” Department of Defense,
Washington, D.C., February 4, 2008, p. 8.



TaBLE 1.3
DoD 2009 Budget Request by Program (Total Obligational Authority,
Billions of Dollars)

Strat egic Forces 9-9
General Purpose Forces 201.9
Command, Control, Communications, Intelligence, and Space 77.6
Mobility Forces 13.5
Guard and Reserve Forces 38.4
Research and Development 52.8
Central Supply and Maintenance 22.0
Training, Medical, and Other 70.6
Administration 18.8
Support of Other Nations 2.2
Special Operations Forces 9.0
Other oI
TOTAL 516.8

Sources: See Under Secretary of Defense (Comptroller), National Defense Budget Es-
timates for FY 2008, pp. 1—2, 81; Office of Management and Budget, Budget of the U.S.
Government, Fiscal Year 2008: Historical Tables (Washington, D.C.: Government Print-
ing Office, 2007), pp. 89, 164; and Allen Schick, The Federal Budget: Politics, Policy, Process
(Washington, D.C.: Brookings, 2007), p. 57.

Note: Here, the figures add up to a slightly different total because what is presented is
total obligational authority, not budget authority. The difference in these two concepts is
quite small for our purposes, but it has to do with the possibility that some funds and
obligations can carry over from one year to the next (or lapse or be eliminated before
being obligated), creating a slight difference between budget authority and total obliga-
tional authority in any given year.

Another detail worth noting here concerns the distinction between discretionary
budgets and overall total budgets. Discretionary funds must be appropriated each year
by Congress. Overall budgets also include mandatory programs and spending, which do
not require yearly attention (entitlements are the largest example of mandatory pro-
grams in the federal budget). Almost all military spending is discretionary. Mandatory
accounts can be positive or negative since they can involve trust funds, user-fee pro-
grams, and the like. For example, in 2008 the administration’s request for all DoD fund-
ing was $643.7 billion, while the discretionary request was for $647.2 billion, meaning the
mandatory funding request was “negative.”
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are funded, subcategories exist for aircraft, vehicles, ammunition, mis-
siles, and other groupings of assets by military service.

Which category is most useful for understanding a given policy chal-
lenge or framing a given policy choice depends on the issue at hand. For
example, imagine someone wishes to know if the country should move to
a smaller but more mobile military. One notional way to create this might
be to double the budget for U.S. mobility forces, using savings from a
smaller combat force structure to fund the expanded transportation pro-
grams. McNamara’s categories shown in Table 1.3 would give some sense
of how much of the combat force structure might have to be cut to make
this possible. The same table could help one estimate how much deep cuts
in nuclear programs might save. (In doing so, one would have to remem-
ber that DoE nuclear warhead costs, and many missile defense costs, are
not captured in the strategic forces category used here. It is also impor-
tant to know that, historically, nuclear-related costs were far higher than
today, typically reaching $8o billion a year in 2009 dollars and perhaps
even more by some estimates.)’” Or if the question was how a 5 percent
across-the-board increase in military compensation would affect the de-
fense budget, the information in Table 1.1 could come in handy (inciden-
tally, civilian pay for DoD employees, which totals a bit more than s6o
billion a year at present, is located within the Operation and Maintenance
budget).?

Generally, however, more refined budgetary tools are typically needed
for these and other purposes. The previously mentioned tools are informa-
tive but not that powerful analytically, nor that accurate. In subsequent
sections, we will therefore develop finer tools of defense budget analysis
to allow more detailed assessments. First, however, we shall examine the
question of war costs and supplemental appropriations.

The Wartime Supplementals

'Through fiscal year 2008, Congress had appropriated about 750 billion for
military expenses in the broadly defined global war on terror, including $35
billion for Iraqi and Afghani security forces, plus another s40 billion for
diplomatic activities and foreign aid for the broader effort. (By compari-
son, in 2009 dollars, the Korean War cost about $480 billion, Vietnam
about $680 billion, and Desert Storm about s9o billion, with go percent of
the latter costs paid by U.S. allies.) In rough terms, total funding for Iraq
approached s6oo billion by late calendar year 2008, Afghanistan s150 bil-
lion, and DoD homeland security efforts 5o billion.?
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The preceding figures refer to the additional costs of various military
missions. These are the costs above and beyond those already incorporated
for the forces in question in the standard defense budget (such as regular
salaries and training costs). These incremental costs per troop for current
military operations have been very high—over $500,000 a year on average.
This was more than twice what had been projected back in 2002. Even
once costs for activities such as training Iraqi security forces are removed,
costs per U.S. troop deployed have exceeded $400,000 a year.

'This was not the first time the Pentagon failed to accurately predict the
cost per troop in a major operation (note that this has nothing to do with
how long the mission lasts nor how many troops are deployed, but rather
the annual cost per troop deployed). DoD has been notorious for its failure
to understand deployment costs accurately in the recent past. For example,
in the Bosnia mission, initial estimates for the cost of deploying 20,000
troops to the region for a year were s1.5 billion to $2 billion, but actual costs
were at least twice the upper bound (in other words, at least $200,000 per
deployed troop per year).? This is a good case study in how even sophisti-
cated defense analysis tools are often crude, and thus how generalists
armed only with fairly simple methodologies can often be nearly as accu-
rate as Pentagon planners.

Why are these numbers so much higher, on a per-troop basis, than
those from past wars or from earlier estimates for this very war? It is one
thing to have uncertainty in projections of war costs based on not being
sure how long a war will last or how hard the fighting will be. (For ex-
ample, prior to Operation Desert Storm in 1991, the Congressional Bud-
get Office [CBO] estimated that war costs could be roughly s45 billion to
s140 billion, when translated into 2009 dollars; actual costs were about $95
billion in 2009 dollars, with just under go percent paid by friends and al-
lies.)!! It is something else to be off by 100 percent or more when the dura-
tion and troop strength of a given mission are not in doubt. Numerous
reasons help explain this. Military facilities have been developed to be
high-tech, comfortable, and useful over a sustained period. Equipment
has been worn down by intense operations and damaged by enemy action
far more than predicted. New types of equipment to handle specific chal-
lenges of recent wars, notably the Mine Resistant Ambush Protected
(MRAP) vehicles, have been developed and produced in large numbers.
Contractors have been hired to support operations in very large numbers.
And quite unabashedly, DoD has added a number of costs for activities
not strictly related to the war—such as restructuring its Army brigades—
in supplemental requests since about 2005.1? Accordingly, supplemental
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procurement funding averaged only about s1o billion annually through
2005, but rose to $27 billion in 2006 and 54 billion in 2007—with a whop-
ping $74 billion requested for 2008 (again, expressed in 2009 dollars).’

UNDERSTANDING THE DEFENSE BUDGET:
KaurmanN METHODS

While the Pentagon’s basic budget categories are helpful, those summa-
rized earlier do not suffice when one seeks to analyze policy alternatives.
'The breakdowns by service and title fail to fully describe the missions to
which defense dollars are devoted. Even the McNamara program ele-
ments fail to give any insight into the force structures designed to carry
out those missions or the costs associated with them on a per-unit basis.

In recognition of this dilemma, longstanding Pentagon advisor and
Brookings scholar, the late William Kaufmann, created two additional
breakdowns of force structure, weapons purchases, and related Pentagon
costs that can complement the McNamara method and in some cases pro-
vide more useful analytical tools. One approach subdivided costs by geo-
graphic region of the world, the other by main combat formations of each
of the military services. The second is especially useful.

Implicit in the Kaufmann methodology, by the way, is the notion that
to save money in the Department of Defense budget, one probably needs
to cut real capabilities. That view is in contrast to the hopes of many that a
savvier way of buying weapons, or more restrictions on “revolving door”
practices between defense industry and the military services that have
sometimes fostered corruption, or privatization of more defense support
activities will lead to big savings without painful cuts in military muscle.
While such savings are sometimes attainable, and while all these policy
issues are worthy of attention in their own right to foster good governance,
experience suggests that they are unlikely to yield big windfalls of savings
that can then be redirected. Perhaps the best summary of how to think
about such savings comes from a report written by former Congressional
Budget Office Assistant Director and current Pentagon Comptroller Rob-
ert Hale. Aptly titled, “Promoting Efficiency in the Department of De-
fense: Keep Trying, But Be Realistic,” the report suggested that creative
and effective defense reforms might save hundreds of millions or even a
few billion a year if done well. This is real money, to be sure, but it is a far
cry from the tens of billions believed achievable by some in the past. (For
example, some Pentagon critics have noticed the 20 to 30 percent savings
that resulted when DoD outsourced certain totally nonmilitary activi-
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ties like paycheck processing and assumed that such monies could be
found more generally throughout the budget. That has generally proven
quite hard to achieve on a broader scale in the normal peacetime defense
budget.)™*

By contrast, there is something of a consensus among analysts that pri-
vate contractors can save DoD money in overseas operations, and perhaps
even more than 20 to 30 percent, with some estimates approaching 50 per-
cent. Such savings are achievable partly due to lower per-person costs
when contractors are able to hire lower-wage non-Americans, and partly
due to the fact that contractors need not be paid when operations end
(whereas comparable numbers of uniformed personnel would presumably
be retained in the force structure even after an operation was over). How-
ever, this benefit must be weighed against the risk that contractors may
not be quickly available, may not be willing or able to operate in danger-
ous settings, and may not be sufficiently well regulated and disciplined to
be compatible with some missions requiring great care in the use of force.
In addition, American contractors are generally not individually cheaper
than government employees, according to a recent study by the Office of
the Director of National Intelligence, and in fact may be at least 50 percent
more expensive per year.!” On balance, contractors do have an important
role for the U.S. military. But this fact is already being exploited, since in
Iraq the United States is using one contractor for every uniformed man or
woman—2.5 times the highest rate of any previous large conflict, relative
to the number of deployed troops.!®

Kaufmann’s Geographic Breakdown of American Defense Costs

Kaufmann’s geographic approach subdivided America’s military missions
by overseas theater—Europe, the Atlantic sea lanes, the Far East, the Per-
sian Gulf, Latin America, and Africa. Most combat formations were as-
signed accordingly, though some were attributed to American territorial
defense, or to missions such as nuclear deterrence and intelligence. Kauf-
mann created a taxonomy that, like McNamara’s, had about ten main cat-
egories. Again as with McNamara’s, the allocations were constructed such
that their sum total equaled the aggregate defense budget.

'The basic logic of Kaufmann’s allocation scheme is simple and appeal-
ing. And if accurate, it can allow for a clear method of assessing the fiscal
implications of various American security commitments, such as protec-
tion of Persian Gulf oil or of key allies like Japan, Korea, or the countries
of Western Europe. But is it right?
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While not lacking merit, Kaufmann’s geographically oriented defense
budget breakdown is probably the most controversial of the major meth-
ods considered here. Some military assets are indeed designed primarily
for one type of operation in just one or two places—such as frigates de-
signed to protect ships as they traversed the Atlantic and Pacific during
the Cold War, or aircraft carriers and Marine Expeditionary Units rou-
tinely deployed to specific regions like the Persian Gulf and Western Pa-
cific. In these cases, it is not hard to apportion costs on a regional basis, at
least roughly speaking. (For ships and ship-based Marines, examining
their homeports and typical deployment patterns can further help deter-
mine if they should be assigned primarily an Atlantic/Mediterranean or a
Pacific/Indian Ocean orientation.) During the Cold War, Europe was the
primary intended heavy combat theater for air-ground operations, making it
logical to attribute the costs of most Army and tactical Air Force units to
that region (at least until the Vietnam War upset the assumptions, and the
calculus). After the Cold War, the focus for warfighting planning shifted to
the Persian Gulf and Korean peninsula, as Pentagon documents such as the
bottom-up review explicitly noted. So this method has a certain logic to it.

Kaufmann’s last breakdown was done in 1992, when the Pentagon still
worried about a possible Russian resurgence and the resulting hypotheti-
cal danger to countries like the Baltic states. As such, he estimated that a
substantial fraction of the overall defense budget was for the defense of
Europe. It is not clear if he would reach the same conclusion today, though
in the aftermath of Russia’s August 2008 invasion of Georgia, arguably
one could. (His amounts are shown in Table 1.4, displayed as percents of
the overall Department of Defense budget. Only the budgets for nuclear
forces as well as national communications and intelligence are not divvied
up by region.) The share of the defense budget focused on the Western
Pacific, with an eye not only towards North Korea but also the rise of
China, and the more general ascendance of that part of the world in eco-
nomic and strategic terms, conceivably might change if Kaufmann were
to redo his estimates today. Kaufmann’s figures were quite modest; a lar-
ger estimate might be appropriate now. In addition, the United States has
also been more active in Africa in the years since Kaufmann last wrote,
beginning with the ill-fated Somalia mission but also including refugee re-
lief in Central Africa, counterterrorism cooperation with countries in the
Sahel region, and now the creation of Africa Command (AFRICOM).
But Kaufmann’s numbers nonetheless do reflect his initial assumptions
about the state of the post-Cold War and post-Soviet world, and as such
still have some relevance today.
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TABLE 1.4

Kaufmann Estimates of DoD’s Spending by Geographic
Region under the “Base Force” of the First Bush Adminis-
tration (in Percent)

Strategic Nuclear Deterrence 15
Tactical Nuclear Deterrence I
National Intelligence and Communications 6
Northern Norway/Europe 5
Central Europe 29
Mediterranean 2
Atlantic Sea Lanes 7
Pacific Sea Lanes 5
Middle East and Persian Gulf 20
South Korea 6
Panama and Caribbean I
United States 3

Source: William W. Kaufmann, Assessing the Base Force: How
Much Is Too Much? (Washington, D.C.: Brookings, 1992), p. 3.

'The resulting budget tools Kaufmann created are most useful when try-
ing to assess how much the country spends defending various overseas
interests and allies—and how much it might save if it reduced certain
commitments (or how much it might add if it increased commitments).
'This framework can help in debates over allied military burdensharing, in
discussions of how much the United States spends defending Persian Gulf
oil, and so forth.

However, it would be a mistake to take this framework too literally,
because it is not really how the Pentagon plans its forces or budgets. It is
very rare to have a combat formation that could only be usable in one
part of the world. To be sure, some headquarters capabilities, some plan-
ning staffs, and some intelligence assets are devoted to a specific region.
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Also, the occasional combat unit, such as the Army’s 2™ infantry divi-
sion in Korea, is sometimes very closely associated with one region. But
most American combat forces are flexible, as they must be. The United
States has too many global allies and interests to create, in effect, sepa-
rate force structures to defend each. The cost of doing so would be
prohibitive.

Most American forces are based in the United States and are deploy-
able to whatever region national command authorities might need to send
them. Even formations thought of as devoted primarily to one place may,
when a crisis erupts, wind up going elsewhere. The Army drew down large
numbers of European-focused forces to fight in Vietnam (not to mention
Desert Storm in 1991), and one of two brigades previously based in Korea
was sent to Central Command’s operations in the Irag/Afghanistan the-
ater in recent years (after which it returned to the United States, not Ko-
rea). Speaking of Afghanistan, it is a place for which no combat units had
been designated prior to 2001. Looking to hypothetical scenarios in the
future, there are no dedicated American forces for addressing instability in
Pakistan, peacekeeping in Kashmir, humanitarian relief in Africa or South
or Southeast Asia, or a range of other possibilities. Yet capacity must be
retained for addressing one or more such scenarios at a time, even if each
is individually unlikely to occur.

As such, Kaufmann’s framework, while useful, is more notional than
precise. The methodology by which he makes his regional cost estimates is
also not explained in any detail in his writings. Kaufmann’s personal repu-
tation for rigor and great knowledge in the field make it likely that his es-
timates are as reasonable as any other—given the inherent limitations of
tackling the problem in this basic way. But they are not easily reproducible
or confirmable.

A corollary of this observation is that, even if a given overseas interest
of the United States disappeared, or was deemed no longer requiring or
meriting American military protection, the resulting implied decline in
the defense budget would generally be less than Kaufmann’s method sug-
gests. This is because some of the forces he allocated to a given region are
also important for other regions—if not in a primary role, then at least as
a strategic reserve.

Costs of Individual Combat Units

An additional methodology developed by Kaufmann breaks down the over-
all defense budget according to the main combat force structure—Army
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and Marine Corps divisions (active and reserve), special operations forces,
Air Force and Marine Corps tactical air wings, Navy carrier battle groups
and amphibious ships and sea control forces, airlift, sealift, prepositioning,
strategic nuclear forces including submarines, bombers, land-based ICBMs,
missile and air defenses, early-warning assets, and national intelligence and
communications systems. Again, as with his geographic allocation scheme,
Kaufmann’s goal was to create a meaningful yet simple tool, so he sought
to avoid excessive complexity. His approach was to assign all DoD costs to
these categories so they added up to exactly the overall size of the defense
budget.

Then Kaufmann went further, making his approach the most analyti-
cally useful of all those considered in this chapter to date. Specifically, he
divided the cost for a given category of combat capability by the number of
units within that category to provide a cost per unit.

In fact, dozens of forces are designed to support combat formations,
especially in the Army with its multiplicity of units and subunits focused
on various aspects of logistics, intelligence, administration, air defense,
other specialized weaponry, and the like. Kaufmann’s logic, however, was
that in the end these capabilities exist only to support combat formations.
As such, associating a certain proportionate number of support capabili-
ties with each main combat formation, and allocating costs accordingly, is
a reasonable way to create a good framework for policy choices. It allows a
rough answer to the question of how much the country would save (or
expend) if, for example, we cut (or add) an Army division or Air Force
wing to the military force structure.

This approach of Kaufmann’s is extremely useful. And it does a much
better job of capturing the real cost implications of many policy alterna-
tives than do most official Pentagon numbers. For example, if the Depart-
ment of Defense were asked how much it could save by cutting an Army
division out of its force structure, it might give (and often has given) a very
modest figure. Army divisions only have about 16,000 to 18,000 soldiers in
them in general, and in making an estimate of savings, the Army would
probably focus on personnel and operating costs (not equipment), since the
former are often the only guaranteed expenses for a given military forma-
tion in a given year. However, at least 40,000 people are actually associ-
ated with a given Army division once support costs are included, and over
time the Army will save a certain amount in reduced equipment expendi-
tures when reducing force structure (even if savings in a given year cannot
be specified exactly). So Kaufmann’s method would often show a cost
about five times greater for a unit such as an Army formation—and there
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is little doubt Kaufmann’s estimate would be more accurate in general, at
least in indicating potential savings in the medium to long term.

'That said, the Kaufmann approach has its limitations. It is not entirely
accurate. Not all defense costs can be proportionately allocated to main
combat formations. Some military costs such as the research and develop-
ment of new technology, strategic intelligence operations, and combat
headquarters operations are to a large extent independent of the size of the
force structure. Thus, cutting the number of combat units does not reduce
the former costs proportionately, if at all. Yet Kaufmann’s method would
often allocate such costs proportionately to combat force structure, imply-
ing greater savings than reality would allow. As for the costs of new weap-
onry, reducing purchases by a given percentage (as implied by cuts to force
structure) generally would not allow fully commensurate savings, since
economies of scale would be lost as fewer weapons were purchased.!” This
effect can be mitigated by encouraging defense companies to consolidate
as defense budgets decline, among other means. But that process takes
time, and at some point the benefits to the Pentagon and taxpayer of hav-
ing multiple firms compete for the DoD’s business can be partially lost. In
other words, reducing the total purchase of a given type of weapon by say
10 percent does not typically produce savings as great as 10 percent, yet
Kaufmann assumes it would.

Kaufmann’s figures may overestimate actual savings from any force
structure cuts by 20 to 30 percent, roughly speaking. To see why, we can
examine Army force structure as one example. It has historically been di-
vided into three relatively equal groups—combat units, deployable sup-
port units, and nondeployable or institutional units. Most support units
can be cut proportionately when main combat forces are reduced, but the
link between combat forces and institutional capabilities is much less di-
rect.’® So Kaufmann assumes comparable savings in all three types of
costs, when in fact major savings are likely to prove possible only in two of
the three. Despite the limitations of Kaufmann’s methods, they are typi-
cally the most accurate way to get back-of-the-envelope estimates.

In his 1992 book, Kaufmann made the following estimates of the aver-
age annual costs of different types of main combat units. These were pro-
jections for what those costs would be in the mid-to-late 1990s (expressed
here in billions of constant 2009 dollars; Kaufmann had used 1993 dollars,
and I multiplied by 1.53 to make the conversion). They include yearly per-
sonnel and operating costs, as well as an annualized estimate of how much
investment a given unit requires to be outfitted with weaponry and other
equipment. (In another part of the book, Kaufmann estimates differences
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in cost from one type of division or air wing to another, but he himself
works with the average numbers shown in Table 1.5 for comparative
purposes.)'’

Kaufmann’s approach was to multiply each of these unit costs by the
number of that type of combat unit in the force structure, add $2.8 billion
for special forces, as well as $30.5 billion for national intelligence and com-
munications, and $60.8 billion for nuclear forces ($60.2 billion of that be-
ing for strategic forces, just 0.6 billion for tactical forces)—and wind up
with the total defense budget exactly. In other words, he assumed that all
other types of assets and units in the U.S. military force structure could be
associated proportionately and directly with main combat forces, as noted
earlier. This assumption is incorrect in a technical sense, yet is hugely use-
ful as an approximation, if one’s main goal is to have a rough gauge of how
force structure translates into costs.

Although the preceding figures have all been converted into 2009 dol-
lars, one could argue that they are not really quite ready for use in the
present day.?” In fact, defense costs typically rise substantially faster than
inflation (as discussed later in the section on the Congressional Budget
Office’s methodology). This is largely due to the growing complexity of
military technology, which accounts for most cost growth from generation
to generation of equipment such as fighter aircraft.?! These considerations
would suggest that the preceding figures should all be larger than shown,
by as much as 50 percent or so—necessitating one more round of modifi-
cations of these numbers to make them usable today.??

However, I have chosen not to modify Kaufmann’s numbers in this
way. The main reason is that as noted, Kaufmann’s cost figures back in 1992
actually overestimated the savings that could be obtained by cutting unit x
or unit y (and overestimated as well the costs of adding force structure).
Kaufmann assumed implicitly that research and development costs could
be cut proportionately when force structure is reduced. He did the same
for supporting capabilities—reconnaissance units, electronic warfare units,
refueling aircraft, air defense and artillery units, and so on, not to mention
headquarters and administrative/managerial oversight, and the service’s
educational institutions, health care systems, and the like. By his logic,
such capabilities would not exist absent combat forces; they exist only to
support combat forces, and if combat units are reduced that should imply
commensurate reductions in support capabilities. Kaufmann’s method
helps focus the mind on the potential for overall savings if efficiencies are
pursued throughout the Department of Defense when main combat force
structure is reduced, but they are nonetheless too high, because certain
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TABLE 1.5
Kaufmann Estimates for Average Annual Costs of Key

Combat Formations (Converted from 1993 to 2009 Dollars,
Billions)

Active Army Division 5.2
Active Marine Division 4.0
Reserve Army Division .o
Reserve Marine Division 0.9
Active Army Brigade Combat Team )
Reserve Army Brigade Combat Team 0.2
Active Marine Tactical Air Wing 3.5
Active Air Force Tactical Air Wing 3.0
Reserve Marine Tactical Air Wing 0.9
Reserve Air Force Tactical Air Wing 0.60
Navy Carrier Battle Group 6.4
Amphibious Ship 0.1§
Sea Control Ship 0.2
Airlift Aircraft 0.02
Sealift or Prepositioning Ship 0.02

Source: William W. Kaufmann, Assessing the Base Force: How Much
Is Too Much? (Washington, D.C.: Brookings, 1992), pp. 70, 74, 82.

Note: 1 have taken the liberty of modifying Kaufmann’s estimate
for an active Marine Corps division from $2.6 billion to $4.0 billion
because this is the one estimate of his that seems somewhat incon-
gruous with other data and estimates in this chart. I have also taken
the liberty of estimating how much a brigade combat team—
increasingly the standard unit of organization and measure for the
U.S. Army—would cost.
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activities like research and development and central oversight cannot be
reduced in lockstep with changes in force structure. By my best estimate, as
noted 20 to 30 percent of the costs Kaufmann associated with a given unit
would be very hard to pare back in the event of marginal changes to the
force structure.

On balance, these imprecisions tend to balance and cancel out each
other. As such, Kaufmann’s figures are probably the most reasonable and
accessible starting points available, once adjusted, as I have explained ear-
lier. Once all is said and done, they are probably within 10 to 20 percent of
more accurate (but generally elusive) estimates in most cases.

UNDERSTANDING THE BupceT: CBO

The Congressional Budget Office, staffed with several dozen individuals
specializing in defense budgeting yet generally writing unclassified docu-
ments for a wide audience, has considerable expertise in the field, com-
bined with the goals of achieving simplicity and clarity in its analysis. That
combination makes it especially useful in this discussion.

CBO has generally been reluctant to provide comprehensive informa-
tion on the costs of main combat units. So Kaufmann’s numbers, as ad-
justed in the previous pages, are perhaps our best guide here. But CBO
has offered cost estimates over the years for a number of weapons systems.
In Table 1.6, costs are expressed in millions of 2009 dollars and equipment
is assumed to have a lifetime of thirty years (except fighter and attack air-
craft, which are assumed to have a lifetime of twenty years, and Virginia-
class subs, which are assumed to last thirty-three years).?

CBO has also produced a different type of overall defense budget analy-
sis regularly over the years. Looking at the whole DoD budget, it projects
the medium-term costs of the Pentagon’s plans. In these studies, CBO
analyzes information more by title—operations and maintenance, military
personnel, military procurement, research and development and testing
and evaluation—rather than by specific combat unit.

To carry out these projections, CBO takes the existing budget. It then
adjusts it for several factors: planned changes to the force structure, known
policy changes such as pay raises for personnel or purchases of new weap-
ons, and Pentagon plans for reconfiguring bases or support organizations.
It also offers its own best estimates of what is politely termed “cost
growth”—the degree to which actual costs will exceed predicted ones.
This is a major concern in many types of Pentagon budgetary accounts.
For example, over recent decades, operations and maintenance costs on a
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TABLE 1.6

CBO Cost Estimates (Millions of 2009 Dollars)

Annual Annual

System O&S Costs  Procurement — Average
DD-963 Spruance Destroyer 41 450 56
DDG-s1 Arleigh Burke Destroyer 31 1,500 81
CG-47 Ticonderoga Cruiser 42 1,700 98
Virginia Class SSN Attack Sub 41 2,600 120
A-10 “Warthog” Aircraft (1 Plane) 5 15 6.0
F-15 Eagle 7 65 10
F-15E Strike Eagle 7 78 I
F-16 Falcon 6 32 8.0
F-14 Tomcat 10 78 14
F-18 Hornet 8 62 II
F-18E/F Super Hornet 8 86 2
F-22 Raptor 10 (est.) 150 18
F-35 Lightning II/AF variant 7 (est.) 89 I
F-35 Lightning II/Marine variant 8 (est.) 96 3
F-35 Lightning II/Navy variant 10 (est.) 110 16
MX Missile 4.1 160 9.3
Minuteman Missile 2.4 75 5.0
B-52 Bomber 16 250 25
B-1 Bomber 23 310 33

(continued)
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TABLE 1.6 (cont.)

Annual Annual
System O&S Costs  Procurement — Average
B-2 Bomber 40 850 68
Trident Submarine
(plus 16 D5 missiles) 70 2,200 (+750) 170

Sources: David A. Fulghum and Amy Butler, “Passing the Buck,” Aviation Week and
Space Technology, February 11, 2008, pp. 24—25; Caitlin Harrington, “Congress Warned
Over Additional Raptor Buy,” Janes Defence Weekly, February 13, 2008, p. 14; Raymond
Hall, David Mosher, and Michael O’'Hanlon, 7he START Treaty and Beyond (Washing-
ton, D.C.: Congressional Budget Office, 1991), pp. 139—40; Congressional Budget Of-
fice, “Total Quantities and Unit Procurement Cost Tables, 1974-1995,” Congressional
Budget Office, Washington, D.C., 1995, pp. A-17 through A-22; Lane Pierrot, 4 Look at
Tomorrows Tactical Air Forces (Washington, D.C.: Congressional Budget Office, 1997),
pp- 3-5; and Eric J. Labs, Transforming the Navy’s Surface Combatant Force (Washington,
D.C.: Congressional Budget Office, 2003), p. 1.

Note: Most numbers here are limited to two significant figures to avoid implying
greater precision than available data warrant.

per-troop basis have grown about 3 percent annually in real terms—even
when they were expected to hold roughly steady. The rate of growth varies,
but it is always greater than inflation, and it has a fairly steady trajectory to
it. In recent decades, health care and environmental cleanup costs associ-
ated with base closures have been among the largest drivers of increased
operations and maintenance (O&M) expenditures, with the former grow-
ing from about s15 billion a year to almost twice that from roughly 1988
through 2003, and now reaching s4o billion. Aging weaponry, by contrast,
has apparently had only a modest impact to date.?* While it is not a given
that such cost-growth trends will continue in the future, absent a radical
change in management methods they probably will.

For weaponry, CBO makes use of detailed information about the nor-
mal growth of equipment costs as a given system moves through develop-
ment into production. A detailed literature is available on the subject,
created by defense research organizations such as the Institute for Defense
Analyses, RAND, and others. Room for judgment always exists about the
degree to which future weapons will display different cost-growth pat-
terns than past ones, meaning debate often arises about CBO’s numbers.
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But to first approximation, assuming cost growth in the future like that
which has occurred before is usually a more accurate method of predicting
tuture costs than relying on the DoD’s generally optimistic official figures.
Weapons typically cost more to acquire than the Pentagon initially an-
ticipates. For example, space vehicles as well as Army ground combat ve-
hicles both tend to cost 70 percent more to develop, and ground vehicles
also typically cost 70 percent more to produce, than initially estimated. On
the other end of the spectrum, ships typically cost about 16 percent more to
develop than first projected, and 11 percent more to produce (after adjusting
for any changes in numbers of weapons bought). Using such information,
CBO can crudely estimate cost growth for each weapon based on where it
stands in its overall development and production cycle. On average, weap-
ons cost around 20 to 50 percent more to acquire than initially forecast.?
CBO also has weapons-specific models, most notably for fighter air-
craft, that predict cost based on weapons performance characteristics. For
fighter aircraft, cost estimates are based on aircraft weight, maximum
speed, the amount of advanced materials in the airframe, the number of
contractors involved in the effort, the technological maturity of software,
the maximum airflow through the engines, engine thrust-to-weight ra-
tios, specific fuel consumption, and avionics. The basic concept is to look
at previous aircraft, take their performance characteristics for all these key
attributes, run a regression to create a mathematical formula, and then
plug in the expected performance features of the new plane to calculate
expected costs.?®
In its costing methodology, CBO also needs to find a way to estimate
procurement costs for small equipment. Cumulatively, such weaponry con-
stitutes roughly 40 percent of all DoD investment spending—that is, the
sum of procurement plus research, development, testing, and evaluation.?’
But documentation for such smaller equipment is not detailed enough to
allow CBO to do a system-by-system assessment as it does for large weap-
onry. As such, once it has projected cost growth for large weapons using
detailed Pentagon documentation (including selected acquisition reports),
it then makes an estimate for minor systems on the assumption that they
will continue to account for 40 percent of total procurement spending.
CBO often underscores the uncertainty in budget estimates by creating
lower and upper bounds on its projections. The former are typically based
on Pentagon expectations about costs, the latter on models and historical
experience. For example, CBO recently calculated a higher bound for
long-term DoD budgets that was about 13 percent higher than its lower-
bound estimate. The average over the next two decades for the higher
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bound would be roughly 605 billion, versus $535 billion a year, expressed
in constant 2009 dollars. These figures do not count major war costs or
Department of Energy nuclear weapons expenditures. Of the s70 billion
in possible cost growth, about s$40 billion would be in the operations and
support accounts, the remaining $30 billion in the investment accounts.?

MivLrtaAry READINESS

Most defense dollars go to one of two main activities in the United States:
preparing forces for combat and other missions over the longer term,
through research and development and procurement of weaponry as well
as other efforts, and ensuring the near-term combat readiness of forces for
missions in the here and now. In other words, the former activities are
primarily (though not exclusively) about investment in hardware, the latter
more about people and training. The former are addressed in the chapter
of this book on military technology; the latter here.

Military readiness refers to prompt and immediate response capability
for plausible missions. It is defined by the Joint Chiefs of Staff as the abil-
ity of the armed forces to deploy quickly and perform initially in any mili-
tary contingencies as they were designed to do.?

'The question of military readiness is in large measure a budgetary ques-
tion, since many readiness gauges can be substantially influenced by how
defense resources are allocated. It is also a critically important matter in
many national security debates and in many American political debates as
well.

Indeed, readiness has often been a political football. In the 1970s, Amer-
ica’s military was alleged—in large part correctly—to have gone “hollow.”
A substantial force structure existed, but it was not particularly strong
within, and it did not hold up very well when called upon to perform.
During the mid-to-late 199os, similar allegations about the U.S. military
were made as the armed forces were downsized in the aftermath of the
Cold War.3? In the first decade of the twenty-first century, as the Iraq and
Afghanistan missions have continued relentlessly, many have spoken of a
U.S. Army that has become broken.

What are these criticisms about? What do terms like “hollow” and
“broken” even mean in the context of military preparedness?

It is important to differentiate military readiness from other important
criteria for assessing military preparedness. In fact, readiness for assigned
missions is only one concern that strategists and policymakers must
emphasize.
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Policymakers also need to determine if they are worrying about the
right possible missions. Since many wars historically come as surprises to
countries fighting them, this is a very difficult and crucially important
task. Being ready for a war or other important mission that does not hap-
pen is no great solace if a country’s armed forces prove unready for what
they are ultimately asked to do.

Planners also need to worry about future threats. (This is sometimes
called “long-term readiness,” though that is a confusing use of terminol-
ogy best avoided in favor of a better term like investment or moderniza-
tion.) Long-term planning can compete with the near-term ability to
carry out key functions—or readiness. Emphasizing the latter requires
lots of money and time for training, for spare parts and fuel and ammuni-
tion, and for focus on threats or military missions that are already recog-
nized as important. Emphasizing the longer-term, by contrast, tends to
require more money and time devoted to research and development, to
professional military education, and to experimentation with new warf-
ighting concepts and technologies.’! Dollars spent on R&D cannot be
spent on fuel or ammunition; officers’ time devoted to running future-
oriented exercises and experiments is not available for drilling forces for
near-term missions; units trying out new concepts are not as able to prac-
tice on more immediate tasks or potential tasks. So it is important to think
in terms of tradeoffs.

Indeed, readiness for one mission can also compete with readiness for
another. The Balkans wars were seen as distractions from “real” warfight-
ing priorities and readiness requirements in the 1990s, since formal war
plans were more focused on Northeast Asia and the Persian Gulf. The Af-
ghanistan war was not anticipated or planned very well before it occurred,
in part because of the preoccupation with what were considered more im-
mediate threats requiring that readiness efforts be focused on them. The
U.S. military prepared much better for the invasion phase of the Iraq War
than for the post-invasion phase, suggesting that readiness considerations
had emphasized classic invasion scenarios at the expense of counterinsur-
gency and stabilization missions. Also, in the last few years the ledger has
shifted, with the constant preparation for ongoing operations in Iraq and
Afghanistan dominating the time and attention of soldiers and Marines
to the detriment of training for other missions.

Even once one defines readiness fairly narrowly and leaves broader stra-
tegic issues for separate debate and analysis, challenges remain in assess-
ing it. The military is always short certain capabilities as defined by its
doctrine and its process for determining military “requirements.” How
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much does one shortfall matter, in a given area of personnel or equipment
or training, when other capabilities and other resources are robust? Just as
with the debate over metrics in Iraq, it is always possible to find readiness
metrics that make a predetermined political case—that seem to suggest
that the military is either in fine shape or is falling apart. It is for such
reasons that Richard Betts, the Columbia University professor, subtitled
one chapter in his seminal book on the subject of readiness “lies, damn
lies, and readiness statistics.”3?

It is not particularly helpful when the Pentagon limits its public discus-
sion of readiness metrics to a few categories that it selects, especially when
it fails to present a historically significant period of time to provide per-
spective on these categories. For example, in its 2009 budget request, the
Pentagon showed data for just six categories of readiness, and in each case
only showed two years’ worth of data.3

Yet we must not throw up our arms in frustration. It is possible to think
systematically enough about readiness to shed at least some light on the
question of how well prepared the American military (or another military)
may be for the likely missions it is designed to conduct. Otherwise, we are
left to resorting to the selective use of statistics and anecdotes, which is
not an effective way of determining how to allocate military resources.

'The most dependable way to evaluate readiness is to fight real enemies,
since war is always a major learning experience, and a great judge of capa-
bility. However, this is not a reliable or desirable way to assess readiness.
The downsides are obvious—the possibility of suffering a major defeat
before learning what went wrong, not to mention the inherent costs in
blood and treasure. However, it is still true that the United States employs
its military often enough that real operations are significant sources of
information and important barometers of preparedness.

Consider just a few examples from the American experience of the last
three decades. In 1980, the United States failed to rescue hostages in Iran,
and lost eight servicemen when an accident during refueling in the Iranian
desert led to the cancellation of the mission. Poor coordination among the
different military services involved and a lack of realistic training may
have contributed to the tragedy. In Lebanon in 1983, the U.S. military
learned about the importance of force protection and the difficulty of
maintaining neutrality during a peacekeeping mission when the Marine
barracks were bombed. In short, it found out it was not ready to protect its
forces against the types of threats that presented themselves on that bat-
tlefield (which, of course, foreshadowed the types of suicide truck bomb-
ings that became tragically commonplace in the ensuing quarter century).
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'The Kosovo War in 1999 was impressive in many ways, and debunked the
notion that the U.S. military had somehow been rendered hollow by its
post—Cold War downsizing. But it also revealed how immobile the Army
was when it tried to send a modest number of Apache helicopters to
nearby Albania. The Iraq War required major learning—or perhaps the
relearning of past lessons since forgotten—about counterinsurgency op-
erations, with the U.S. military more impressive from 2007 on than in the
earlier years of the war.3*

More happily, in the 1986 bombing of Libya, as well as the 1989 inva-
sion of Panama, Ronald Reagan’s military buildup was at least partially
vindicated as U.S. forces (and equipment) performed impressively. In
the Panama case, improvements in military command and control insti-
tuted in the 1986 Goldwater—Nichols act helped also ensure a well-directed
mission.*

But clearly, waiting for the next war to evaluate a new readiness initia-
tive or take stock of what traditional efforts have accomplished is not a
preferred, or reliable, way to evaluate readiness. As such, other more mun-
dane methods must be employed. They typically begin with dividing the
subject into three broad categories: personnel, training, and equipment.
Within each of these three umbrella groupings, one can then break things
down further by looking at the different subcategories of troops and vari-
ous types of military specialists, assessing the capabilities of each key
subunit. One can do similar things when evaluating training for various
units, as well as the availability and condition of equipment—not only in
regards to major vehicles but also spare parts and ammunition.

Three challenges stand out when performing such accounting tasks,
which are in and of themselves generally straightforward (if somewhat
tedious and labor-intensive). First, has the military established proper
benchmarks for readiness within each area? If standards for training or
personnel are too low, for example, reaching those standards in a given
month or year may not ensure true readiness. The error can work in the
other direction as well. If a certain amount of ammunition is deemed nec-
essary by the Pentagon, any shortfall relative to that requirement then
becomes, or at least appears to be, a readiness problem even when it may
not be. A case in point was the U.S. cruise missile inventory several years
ago—consisting of almost ten times the number of cruise missiles used in
Operation Desert Storm, yet somewhat below what the DoD “require-
ment” specified.*® A resulting political storm resulted over the alleged
failure of the Clinton administration to be properly ready for combat,
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when in fact the armed forces faced a shortfall only relative to what was
perhaps an overly ambitious goal.

Second, and in some ways even harder, how does one determine the
relative military importance of any given shortfall? If nine out of ten
readiness measures for a given unit are fine, but the last involves a mission-
critical resource (such as ammunition for guns), a severe shortfall in one
area of readiness could trump the adequacy of other preparations. This
type of situation can lead to failing readiness grades for a whole division or
air wing (often called the “C Rating”) when that unit has only one specific
problem. Sometimes that is appropriate, but quite often it is not, because
shortages of one type of capability can often be redressed by substituting it
with another.

Relatedly, in the late 1990s, two entire Army divisions were deemed
“unready” because they had each sent one brigade to the Balkans. In fact,
each still had two brigades that were available for other missions.%

Even more strangely, consider a case where a unit is supposed to acquire
a new type of fighter by a given date. If the deliveries of that fighter are
slower than expected, the reported readiness of the unit can actually de-
cline even while in the process of getting better equipment. That happens,
for example, when the formal readiness accounting standard changes
faster than new equipment can be delivered. There is also subjectivity in
some of the integrated readiness measures that makes them vulnerable to
a certain political influence at times. It might be preferred to emphasize
how good readiness is (for those wanting to show a “can do” attitude and
document their service’s good use of the defense resources it has been
given). Alternatively, a given military service or official may emphasize
how bad readiness is, relative to some standard (for those wishing addi-
tional resources, for example).3

'The best antidotes to these problems are to present data in a relatively
raw form, use consistent standards over time in evaluating it, and avoid
sweeping generalizations about “passing” and “failing” readiness grades.
Generally, it is best to show statistical trendlines, and use qualitative judg-
ments to supplement these numbers rather than replace them.

A third problem for an outside specialist when assessing readiness is
that not all information is easily available. Some is quite appropriately
classified; a key shortage in a key type of equipment is not the sort of thing
to broadcast (especially if those within the system recognize the problem
and address it without outside prodding). Other information that is less
sensitive should be shared; it should enter into political debates about
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properly resourcing the defense budget and wisely allocating funds among
competing accounts.

Consider several examples from each area of readiness in 2008. My
purpose in providing all the details is not to imply that today’s readiness
problems are unique or monumental (though some are serious, it is true).
Rather, the goal is to use 2008 as a detailed case study to show how differ-
ent indicators can provide different suggestions about the severity of a
readiness problem, necessitating some effort to integrate the indices when
seeking an overall evaluation.

Personnel

Key measures of personnel readiness include the experience and aptitude
of typical troops, the availability of individuals with critical specialized
skills, and the ability of the military to recruit new members as well as
retain those already in the service. Many of these can be measured. Ad-
mittedly, some key readiness metrics, such as the aptitude and creativity of
flag officers, cannot be easily understood by peacetime gauges of prepara-
tion. However, data and analysis can help assess most types of readiness
trends.

In recent times, there has been considerable concern about a lowering
of personnel standards. It is worth reflecting on this situation in some de-
tail as an illustration of the types of considerations that arise in such de-
bates. One general rule is that there are always strains on the military,
shortfalls in its equipment, skill sets lacking among its people, and specific
weaknesses in near-term combat training. However, sometimes these
weaknesses add up to a serious problem and sometimes they do not.
Hence, each individual readiness statistic or measure needs to be placed in
perspective.

Consider several trends in U.S. military personnel that arose during the
George W. Bush administration. The military accepted more recruits with
general equivalency degrees rather than high school diplomas; it enlisted
a higher percentage of applicants scoring very low on its aptitude tests; and
it also took on more individuals over forty years old as first-time military
personnel than before.

'The trendlines on age and G.E.D. degrees have begun to cause consid-
erable concern in the last year or two—though the nature of the problem
needs to be kept in perspective. The G.E.D. is considered academically
equivalent to a high school diploma, and certainly the military can ensure
that anyone with such qualifications is up to par by testing them in other
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ways, too. Moreover, as of 2005, 9o percent of DoD recruits continued to
have high school diplomas, comparable to the 1985 figure at the height of
the Reagan buildup. And the typical recruit scored better on the Armed
Forces Qualification Test (AFQT) in 2005 than in 1985. That said, while
figures for the other services have remained good, the Army has experi-
enced some problems, with the high school graduation figure for 2005
dipping to about 8o percent (worse than the 1985 figure of 86 percent,
though still much better than the typical level of around 55 percent in the
1970s).%? By 2007, the percentage of high school graduates had declined to
below 8o percent; it rebounded modestly to 83 percent in 2008, but further
progress is still needed.*

There has been a recent rumor that West Point graduates have been
leaving the service at drastically increased rates as soon as their minimal
obligations are satisfied. In fact, this appears not to be true. The last year
for which data is available as of this writing (the class of 2002, which was
eligible to leave the service as of 2007), showed a 68 percent reenlistment
rate, only 4 percentage points below the 1990s average.*! More generally,
company-grade officers (first and second lieutenants as well as captains)
have not been leaving the force at a greater than normal rate either; the
average rate during the Iraq War has been less than the average rate of the
late 1990s, for example.*? A similar conclusion is true of majors.** None-
theless, the Army is now short several thousand officers in aggregate.*t
This is largely because the Army is increasing the number of officers
needed as it enlarges the number of brigades in its force structure. In ad-
dition, the Army did not retain enough young officers in the early 199os,
meaning the current pool of officers from which to recruit for mid-level
positions is too small.*

Other matters are more worrisome as well. While the number of indi-
viduals scoring relatively high on aptitude tests remains better than the
1980s, trends are in the wrong direction.*® Moral waivers for matters such
as criminal history have increased substantially in recent years, with a to-
tal of 860 soldiers and Marines requiring waivers from convictions for
felony crimes in 2007, up by 400 just from the year 2006. While most of
the convictions were for juvenile theft, and the aggregate total is modest
compared with the size of the force, only by arresting such trends will the
quality of the force be ensured.*’

Divorce rates have leveled oft somewhat at about 3.5 percent, after
reaching 3.9 percent in 2004, and are not worse than in the general
population—but they are still above the 2.9 percent level of 2003.%® Suicide
rates are a significant problem for the military, and an extremely tragic
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reality for so many troops and their families. The rate reached 173 per
100,000 soldiers in the U.S. Army in 2006. That is not far off from the
age-adjusted and gender-adjusted average for the U.S. population on the
whole (for males, for example, the rate is 17.6 per 100,000), but rates are at
record levels today—much higher, for example, than the rate of 9.1 per
100,000 soldiers in 200r—and as such a serious reason for worry.*

For one group of soldiers surveyed in 2008, among those who had been
to Iraq on three or four separate tours, the fraction displaying signs of
post-traumatic stress disorders was 27 percent (in contrast to 12 percent
after one tour and 18.5 percent after two). As of early 2008, among the
513,000 active-duty soldiers who have served in Iraq, over 197,000 had
served more than once, and over 53,000 had deployed three or more times
so many are now at such risk.*

Some of the problems mentioned here for the Army are hardly without
precedent. For example, in the late 199os the Air Force pilot shortage was
more than 10 percent, as no-fly zones over Iraq taxed airmen and air-
women’s patience, and high pay rates in the civilian economy enticed
many to doft their uniforms. This would clearly have been a problem for
any operation requiring a large fraction of the force structure, such as a
major war. Through careful monitoring of the deployment burdens of vari-
ous units and individuals, however, it was at least temporarily manageable
for the challenges of the 1990s. In addition, certain other military special-
ties were overused, and various individuals were overdeployed, because the
force structure had not been properly constructed for frequent deploy-
ments that were especially demanding of a particular type of military skill
set. Shortages of certain “low density / high demand” military specialties
also arose. These specialties existed within the military in only modest
numbers, but were frequently needed in certain kinds of operations, and
included skill sets such as computing, aviation, foreign languages, polic-
ing, and other military activities that could become particularly (and un-
expectedly) important in a given mission. Individuals with such skills
could often find better opportunities in the private sector. It can be hard to
anticipate shortfalls in such areas without access to more detailed infor-
mation on military manpower than most analysts are generally able to
access, especially since the Department of Defense is not always as forth-
coming as it could be with relevant information.

On top of that, some units were undermanned and had to be reinforced
by individuals borrowed from other units when preparing to deploy. This
was acceptable on the whole, but led to situations where some people were
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deployed with a different unit than their own.>! If their own unit was itself
later deployed, the same person might wind up deploying abroad twice in
a relatively short time; the military personnel system did not protect them
from such inadvertent overuse. This was more a matter of fairness to mili-
tary personnel, and sustainment of good morale, than a crisis for warfight-
ing readiness, but it was important to address just the same. Again, the
moral of the story is that not all problems with military readiness are of
equal concern, though most merit attention and remedial action.

In the preceding cases, targeted policy interventions usually occurred.
For example, pilot bonuses were increased.>? In addition, in some cases a
higher level of future attrition was simply assumed to be likely (especially
at a time when a strong civilian economy created many high-paying com-
mercial jobs for pilots), and more military pilots were recruited and trained
to compensate. Recruiting and advertising budgets, as well as the number
of personnel assigned to the recruiting task, can also be varied. In fact,
there is a fairly detailed econometric literature on just how well each type
of policy tool tends to work historically (in terms of increasing recruiting
or retention per dollar spent). Such measures tend to be capable of ad-
dressing most discrete, specific problems within two to five years—if that
much time is available.

Other changes can be considered as well. More military specialties can
be rewarded with differential, added pay (rather than linking compensa-
tion so linearly to military rank). Because military pay, while never truly
enough to compensate those who actively risk their lives for their country,
is nonetheless reasonably good by comparison with private sector jobs for
individuals of comparable age, experience, and education in the U.S. pop-
ulation, the idea of selective bonuses for certain specialties would seem
reasonable. Equity and fairness considerations need not preclude such an
approach of selective targeted raises and bonuses.”

Military pension plans could also be modified. The military retirement
system is essentially an “all or nothing” operation. Stay in for twenty years
and become fully vested and immediately eligible for full benefits; stay in
a day less and receive nothing. This approach probably hurts retention for
those considering whether to stay in the military or not as they approach
five to ten years of service. That is the period when another few years of
military employment promises no accrued pension benefits whatsoever
(unless personnel wind up staying the full twenty years), compared to
many private sector jobs that would begin to vest them quickly. These
types of reforms may be considered simply as a matter of fairness, or of
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keeping up with the times and the changing nature of the American
economy. Yet they may not be given sufficient attention absent a problem
in readiness that motivates innovation.>*

Details of the exact state of the U.S. military have only limited bearing
on the purpose of this textbook, of course. But they are provided in some
detail to give a sense of the kind of data that are available—and of the
kinds of policy challenges that need to be faced. The broad analytical con-
clusion from the preceding survey is that one always needs to ask how
serious a given shortfall might be when measured against the overall capa-
bility of the military (and likely demands of war); what policy recourse
might be available to address a given problem as well as how long it might
take to implement the repair; and what, if any, immediate stopgap solu-
tions can be adopted to mitigate the strains on people in the short term. It
is also important to study trends; problems may either get worse or ame-
liorate with time. Those that are worsening naturally demand the greatest
attention.

If an overall assessment was to be offered of the U.S. ground forces in
2008, it is that of an Army and Marine Corps under serious strain but col-
lectively holding up. Most indicators are not worsening, though they are
less healthy than in most periods of the 1980s and 1990s. As such, compla-
cency is hardly in order; we should be concerned that the reasonably good
readiness of the military today is fragile and not sustainable indefinitely,
even if at present it seems to be sustainable for the foreseeable future.
Moreover, at the individual level, many soldiers and Marines are facing
enormous hardship, raising fairness and equity issues for a democracy at
war, and asking so few to do so much for so long on behalf of the nation.>

Training

In the Vietnam and immediate post-Vietnam eras, military training was
not nearly rigorous enough. However, great attention was focused on this
matter in the 1980s, demanding regimens were developed, resources were
amply provided for training, and subsequent military performance was
seen to improve greatly, as validated not only in training but in certain
military operations such as the 1986 air attack on Libya, the invasion of
Panama, and eventually Operation Desert Storm. Ever since that period,
Reagan-era standards have remained important in determining how forces
should be prepared—from basic training to specialized training to unit
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training at main bases to large-formation training at the various weapons
schools and combat training centers.

Challenges remain, however. In normal peacetime, one concerns the
growing role of simulators. As flight simulators and even tank simulators
become much more realistic, to what extent can they replace the need for
true training? Military personnel need to work with real weapons, realistic
(if simulated) battlespaces, and real ammunition—not only at a technical
level, but to acclimate people to the pressures and fear of combat. That
said, do we really know for a fact that tank crews need 8oo miles a year of
driving their vehicles (rather than 600, with many more hours on simula-
tors)? Or that pilots need twenty to twenty-four hours in the air per
month, the late—Cold War norm, rather than today’s fourteen to eigh-
teen?>

These questions underscore the degree to which tracking readiness can-
not be purely a technical or an accounting exercise. Judgment is always
needed. Mistakes are always possible, and sometimes they are not appreci-
ated until a force engages in actual combat. One reasonable guideline is
that we should be wary about making rapid major changes in how we
train, absent periodic validation under stressful realistic circumstances
(such as actual wartime operations) that combat skills are remaining
strong.

An even more difficult problem has been faced by the Army and Ma-
rine Corps during the Iraq and Afghanistan wars. Soldiers and Marines
have virtually no time to do anything more than deploy to the theater of
combat, return, rest, and then prepare to go back. Generalized training in
other types of combat, besides the counterinsurgency and counterterror-
ism now being carried out in Iraq and Afghanistan, is by necessity being
neglected. The assumption is that forces who performed so brilliantly in
classic combat in 2003, and who have been so hardened by ongoing com-
bat of a different type since then, will remain proficient for the full range
of possible missions for the foreseeable future even without the full range
of training as required by official doctrine. But that is an assumption, not
an obvious truth. The assumption can be periodically tested by asking
modest numbers of troops to be subjected to tough assessments of their
skills in other types of combat on the training ranges (even if there is not
enough time nor enough resources to do so for most formations). But
again, a level of uncertainty exists in measuring readiness that is hard to
eliminate entirely.
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Equipment

Combat units clearly need vehicles in working order, enough ammunition
to fight for a certain time, and enough spare parts to fill projected demands.
'The question is not just instantaneous readiness, but the ability to sustain
operations for some reasonable period.

Assessing equipment readiness is in the end probably easier than doing
so for people or even training. It is generally a question of countable hard-
ware, not human skills. One challenge is in evaluating the importance of
a shortfall in which equipment inventories drop by a certain moderate
amount, say 10 to 15 percent relative to nominal requirements of “mission
capable” aircraft or tanks or trucks or ships. At what point does the cohe-
sion of a tank unit—its ability to carry out basic operations such as maneu-
ver and attack in a coordinated fashion—suffer in that case, for example?
Put differently, at what point does expected combat performance (number
of accurate rounds delivered on target, attrition rates over a certain period
of time in battle, and so on) decline precipitously and by a much larger
amount than the reduction in available equipment or manpower might
suggest? To some extent, the answer to this question will be scenario-
dependent of course, making the calculation quite hard in some cases. As
a broad rule of thumb, however, the military’s own collective judgment
and official rating systems tend to suggest that shortfalls in the range of
5 to 15 or 20 percent of most types of equipment are tolerable, but that larger
deficits quickly become of serious concern.

Sometimes a shortfall in one area can be balanced out by surpluses else-
where. Consider the state of the U.S. Army in recent years. For most ma-
jor types of vehicles—all classes of helicopters, Abrams tanks and Bradley
fighting vehicles, medium weight trucks—there has been no major crisis
due to the wars in Iraq and Afghanistan. No more than 20 percent of the
total inventory of most weapons has been in the Central Command the-
ater at a time (according to Congressional Budget Office data published in
2007). For most major fighting vehicles and helicopters, there was no
shortage of usable equipment for forces based back in the United States.
There were, however, notable shortfalls of up-armored HMMW Vs,
MRAPS, Strykers, and two of seven types of trucks. For the trucks, since
there were substantial surpluses in some of the other five categories of
trucks, there was probably little major problem. For the armored vehicles,
however, there would clearly be great difficulty in finding a way to deploy
many to any new scenario that might develop fast. So the Army equip-
ment readiness issue is quite specific—potentially serious for some sce-
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narios, much less so for others. On balance, while Iraq and Afghanistan
have taxed the equipment inventories of the U.S. ground forces in partic-
ular, the far greater strain at this point is on people, not weaponry.>’

AMERICA’S BUDGET IN INTERNATIONAL PERSPECTIVE—
AND THE QUESTION OF CHINA'S MILITARY SPENDING

Most of the previously mentioned budgetary tools are focused on the U.S.
defense budget to allow evaluation of possible specific policy alternatives.
But it is also important to understand America’s defense budget in a global
context. Comparative military spending levels are hardly definitive for
measuring relative power or predicting combat outcomes; that is why a
later section of this book focuses on combat simulation and modeling. But
budget comparisons are an important and salient gauge of the effort and
resources a country puts into its armed forces, if nothing else. While out-
puts matter more than inputs, the latter are hardly insignificant.

At this moment in history, two broad questions stand out. First, why is
American defense spending so high compared with the military budgets
of other countries? Second, and somewhat relatedly, how should one in-
terpret the rapid growth in the defense resources of the People’s Republic
of China?

On the first point, U.S. military expenditures are indeed remarkably
high. There is no other way to put it. As noted earlier, according to the
most commonly accepted comparative measurement by the International
Institute for Strategic Studies in London, U.S. expenditures represented
41 percent of the world’s total in 2006. In fact, America’s share grew further
in the next couple of years, given the high costs of war supplementals.>®

As noted earlier, in 2009, U.S. defense spending as a fraction of the na-
tion’s gross domestic product is estimated at roughly 4.5 percent—hardly a
small number, and significantly more than the 3.0 percent total to which
defense spending dropped in 2000 before beginning its upward trend. But
again, that 4.5 percent figure is about half the norm of the 1950s andig6os,
and about three-fourths the average figure during the Reagan years. U.S.
defense spending is also now about 20 percent of federal government out-
lays, in contrast to nearly half in the 1960s, for example.>’

Nonetheless, American defense spending is enormous. It easily exceeds
the Vietnam and Reagan-era peaks in real-dollar (inflation-adjusted)
terms. It is nearly half the world’s total military spending, whereas U.S.
GDP is only one-quarter of the global aggregate. It dwarfs China’s
military spending of about s$135 billion (see the following pages for more
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on this), or Russia’s spending of about $75 billion (these are 2006 figures,
expressed in 2009 dollars). Most of the next tier of top military spenders
are American allies (France and Britain each spent about s$60 billion in
2006, Japan s45 billion, Germany s42 billion, and Italy $34 billion). Saudi
Arabia and South Korea rounded off the top-ten list at $33 billion and s27
billion, respectively, with India next at s25 billion. Then came another
slew of American partners and allies including Australia (s19 billion),
Brazil (s18 billion), Canada (s17 billion), Spain (s16 billion), Turkey (13
billion), Israel (s12 billion), the Netherlands (s11 billion), the UAE (s10
billion), and Taiwan (s9 billion). Among major American worries, the lead
spenders are Iran ($8 billion), North Korea (about s2 billion to s billion,
though estimates are difficult to obtain), Venezuela (s3 billion), Cuba (52
billion), and Syria (s2 billion).®® All these latter allocations are extremely
modest—as are the working budgets of groups such as al-Qaeda and vari-
ous extremist, overseas militias (which measure in the tens or hundreds of
millions of dollars a year at most).®!

For some, the preceding information is enough to conclude that U.S.
defense spending is not only large but exorbitant and unnecessary—
especially in an era of large U.S. budget and trade deficits. Indeed, when
NATO and East Asian allies are figured in, the Western alliance system
accounts for about 70 percent of global military spending, and when other
allies in places like South America are also included, as well as countries
having security partnerships with the United States such as Taiwan, Is-
rael, and the Persian Gulf sheikdoms, the broader U.S.-led global alliance
system’s military spending exceeds 8o percent of the world’s total.

However, economists are divided about whether U.S. budget and trade
deficits are deeply harmful of the American economy. Certainly, most
would prefer smaller deficits, but even if that is the case, whether the mili-
tary should take the lead on producing savings is a debatable proposition.
(In my own work, I have used the budget deficit as motivation for seeking
more painful reductions in defense modernizations than the services
would prefer, but there is no conclusive way to insist that this 7usz be done
as a simple matter of long-term national security.)

Moreover, simple comparative metrics are hardly adequate to deter-
mine proper force sizing or budget levels. There are multiple reasons for
this, beginning with the simple observation that American defense spend-
ing would look huge comparatively even at s200 billion or $300 billion—
and it is hard to find proposals for cutting American spending below s200
billion among serious defense scholars (indeed, it is increasingly hard to
find proposals for amounts below $3o00 billion). This suggests that the



Defense Budgeting, Allocation 45

comparative approach is more useful for establishing context than reach-
ing conclusions.

An important reason for America’s high defense spending is its large
number of overseas interests and allies. Allies add to the strength of the
Western alliance on what might be called the supply side, but they also
potentially add burdens to the United States on the demand side. With
several dozen formal security partners, and large military deployments in
three main regions of the world (East Asia, Europe, and the broader
Middle East) as well as smaller commitments in numerous other places,
the United States has many actual and potential military obligations.
Moreover, to be reached by American forces, these distant theaters all re-
quire a substantial effort from the U.S. military, adding to the difficulty of
potential missions—and limiting the utility of comparative defense bud-
get analysis, since potential enemies would generally be fighting on or
near their home turf.

Another important explanation for the disproportionately large U.S.
defense budget is that the United States seeks a major qualitative advan-
tage in military capability. It is not interested in a “fair fight,” that is to say
an even competition. Rather, it seeks a major military advantage. Such
superiority, so the logic goes, should enhance deterrence by reducing the
likelihood that other countries will choose to challenge the U.S. military.
To put it more negatively, history is full of examples in which the smaller
military, and quite often the less expensive one, prevails in battle. While
high spending cannot totally overcome the distinct possibility that the
underdog will win in war, it can certainly make the underdog’s job much
harder.

Qualitative superiority also helps compensate for the modest size of the
U.S. armed forces, which have been severely strained in the process of try-
ing to stabilize two mid-sized nations of about 30 million people each in
recent years. The active-duty American military, at about 1.5 million uni-
formed personnel, is certainly not large in a historical or current interna-
tional perspective. Not only is it down from the range of 2.0 to 2.25 million
that characterized the post-Vietnam Cold War military (and much higher
levels during Vietnam and Korea), it represents less than 10 percent of the
world’s total of 24 million individuals under arms. China leads the way at
2.1 million. India at 1.3 million, North Korea at 1.1 million, and Russia at
r.o million are not too far behind the United States by this measure.
(South Korea, Pakistan, Iran, Turkey, Egypt, and Vietnam occupy the
next tier in terms of size, with armed forces ranging from 450,000 to
700,000 personnel each.)®
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The premium that the United States places on operating globally, and
with a high-tech advantage, leads among other things to very large bud-
gets for the Navy and Air Force. Each of these has a budget comparable in
size to that of the U.S. Army; it is unusual for a country’s air and naval
capabilities each to cost as much as its ground forces.

'The mention of China, moreover, underscores the point that American
defense planning must look to the future, not just the present. A country
with 2.1 million persons under arms, a military spending level exceeding
s100 billion a year and growing fast, and irredentist claims on a key Amer-
ican economic and security partner (Taiwan) demands at least some con-
cern. Yet it is also important to place this spending in perspective and not
be more worried about it than the evidence would warrant.

'The official defense budget of the People’s Republic of China (PRC) at
market exchange rates was $47 billion in 2007. But that figure is just the
starting point for gauging China’s military resource allocations.

'The PRC official number substantially understates actual military re-
sources for two main reasons. First, due to limited transparency in its of-
ficial papers and budgets, it fails to include many defense activities com-
monly recognized as intrinsic to a military budget by standard NATO
definitions (or common sense). These feature foreign arms purchases,
military-related research and development, nuclear weapons activities,
and paramilitary forces. Altogether, the absence of these categories of ex-
penditure creates a significant error in the official budget. Thankfully,
corrections can be made with reasonable accuracy. For example, China’s
arms purchases from abroad (largely from Russia) in recent years have
reached roughly the s2 billion to $3 billion annual level, and its nuclear
costs are probably in a roughly comparable range, as are its research and
development costs. Various types of industrial subsidies given to the de-
fense industry may total s5 billion to s1o billion a year. Overall, when ad-
justments are made to the official budget to account for such undercount-
ing, the total budget probably increases s15 billion to s20 billion a year.®?

Second, as a developing economy, China (like many other countries)
has a number of military-related costs that are quite inexpensive by West-
ern standards. When China’s defense budget is expressed in dollars, there-
fore, and a comparative sense of its military resource allocation is sought,
it is more useful to express figures in terms of purchasing power parity
than straight exchange-rate comparisons. Making such conversions is dif-
ficult. While the fact that a Chinese soldier can be fed and housed much
more cheaply than a Western soldier is an advantage for the PRC, and
should probably be acknowledged in any careful comparison, the fact that
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a typical Western soldier’s education and salary are much more expensive
reflects a qualitative advantage of that soldier. So not all costs can be con-
verted the same way.®*

When all is said and done, the United States government has typically
estimated China’s actual military resource levels as two to three times its
official numbers. A reasonable midpoint estimate for China’s spending
level in 2006 is thus about 135 billion, and the 2007 level may have reached
close to s150 billion.%

As noted, this only provides a general context. For a possible war, say
over Taiwan, would China’s greater geographic proximity and greater
sense of national vital interest allow it to fight the United States to a
draw—or at least have a chance to do so—in any future war? It is hard to
determine the answer from defense budget comparisons alone. Trying to
reach judgments on this complex subject will have to await the chapter on
modeling. For now, the point is simply to establish some sense of the scale
of China’s effort and the pace at which it is accelerating that effort.

ILLusTrRATIVE CosT CaLcuLATIONS AND COMPARISONS

To illustrate how the preceding defense budget costing tools can be used,
and to address several issues important in their own right as well, it is use-
ful to consider a number of specific questions in which budgetary methods
can answer a question—or at least inform a broader debate. They are ex-
amples of important questions, and my approaches to addressing them are
examples as well; other approaches can be imagined in most cases.

QuesTioN 1: What is the most economical way to destroy 100 fixed aim-
points within a given country?

AnsweR: This is a very “nuts and bolts” type of question, less strategic
than tactical and even technical, but it is nonetheless an example of the kind
of practical matter that force planners must consider frequently.

Of course, this question can have many variants, depending on which
weapons are available and capable of carrying out the attack in question.
There is no right answer across all scenarios.

To simplify the problem, though, let us focus on one particular choice:
whether to use a stealthy, “penetrating” bomber like the B-2 (carrying
cheap, “dumb” bombs) to attack targets directly, or whether to use aircraft
from standoff distances that do not penetrate the airspace in question, but
instead use cruise missiles (such as today’s B-52s, or perhaps a military
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variant of a 747 in the future). Of course, this comparison only makes
sense if both the bombers and the cruise missiles can successfully reach
their targets. Or, if some losses are expected, the costs of replacing the
losses should be factored into the calculation, as should the implications of
losing bomber pilots—or having them captured. For that and other rea-
sons, simple cost comparisons like the one done here are only a single ele-
ment of any assessment about which weapons to employ, and which to
purchase and maintain in a country’s force structure.

Since the United States already has B-2 and B-52 bombers, this exam-
ple is somewhat contrived. But it could still be relevant in deciding which
type of plane to buy in the future.

To simplify, assume that the B-52 like aircraft can carry ten cruise mis-
siles and the B-2 bomber can carry twenty bombs (either a truly “dumb”
bomb with no guidance package, or an inexpensive short-range guided
munition such as the joint direct attack munition or JDAM, which is ter-
minally guided by GPS). Further assume that the cruise missiles and
bombs are equivalent, in terms of expected effect on the target—their ex-
plosive power and their accuracy are comparable, so the same number of
weapons must be used on each target regardless of which ordnance is se-
lected. (In fact, assume that two weapons must be dropped on each target.)
If the targets must all be destroyed on the first sortie of planes, to maxi-
mize the shock value and prevent the enemy from recovery and prompt
retaliation, we need a way to deliver 200 weapons to target in a single salvo.
Using these assumptions, that would require either ten B-2 bombers or
twenty B-52/747 aircraft.

To complete the calculation, some information on costs is needed.
From Table 1.6, assume that the marginal production cost of buying B-2s
is $850 million an airplane (assuming that the research and development of
the plane was already completed—meaning that such costs are “sunk” and
as such no longer relevant to future policy choices). And assume the cost
of a B-52 or 747 carrying cruise missiles to be s250 million, again not far oft
from reality. Cruise missiles are assumed to cost s1 million each in the fol-
lowing; JDAM bombs $20,000 apiece.

So buying ten B-2 bombers and 200 JDAMs would cost about $8.505
billion, whereas buying twenty B-52/747 aircraft and 200 cruise missiles
would cost $5.2 billion. Clearly, if only one mission of this type were ex-
pected over the lifetime of the aircraft, the B-52/747 option would be
cheaper—assuming that indeed it would be equally effective militarily.
Factoring in estimated operating costs over a thirty-year lifetime (see
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Table 1.6), the answer would not change much at all, since the added cost
per plane of maintaining the B-2 would be largely canceled out by the fact
that more B-52s would be needed to accomplish the same mission accord-
ing to assumptions about likely weapons payload.

Of course, in reality one would have to reach some conclusion about
how many such missions might be expected over the lifetime of the planes,
and how many other types of missions might be assigned to the planes,
before reaching any firm decisions about the respective budgetary attrac-
tiveness of each option. As such, these kinds of cost calculations are best
viewed as tools to aid the military judgment process, not means of arriving
at a definitive “correct answer” in and of themselves.

QuesTioN 2: What is the most cost-efficient way to carry out the for-
ward presence mission of the U.S. attack submarine force?

Answer: This is again a fairly specific, technocratic question—but it is
needed to inform a broader discussion of where to base U.S. military as-
sets and how to operate them in overseas theaters.

American attack submarines are used frequently for intelligence-
gathering and related purposes in places such as the Western Pacific
Ocean and the Persian Gulf. Here we consider difterent ways of carrying
out this mission.

The U.S. attack submarine force has had multiple missions over the
years, many secret, and the Navy has generally been extremely reluctant to
describe how it has sized and shaped that part of its force structure. But
in recent years, Eric Labs at the Congressional Budget Office and others
have been increasingly successful in gaining information about the em-
ployment of the attack submarine force. It now appears that the main mis-
sion of much of that force—or at least, the mission that is the most taxing
on the Navy, and hence the one that determines the size of the attack sub-
marine fleet—is maintaining presence in theaters such as the Western
Pacific and the Persian Gulf/Strait of Hormuz. Understanding the opera-
tions of navies such as those of the PRC and Iran, as well as understanding
the properties of the waterways near these strategically crucial regions—
and being ready for rapid response in the event of crises in such places—
have become the main missions that determine the size of the attack sub-
marine (SSN) force.

As such, to give a concrete example of policy choices, consider the fol-
lowing: How much could the Navy save by basing more SSNs at Guam?
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Three are homeported there at present, and focused naturally on missions
in the Western Pacific. The Navy could reportedly find room for at least an-
other half dozen SSNs in the island’s port facilities (once suitably upgraded).
Of course, other considerations must enter into the final decision-making as
well, ranging from the somewhat mundane matter of the quality of life for
Navy crews based at Guam, to the more strategic matter of the relative vul-
nerability of attack submarines to surprise attack when based on Guam or
Hawaii or California. But assuming such considerations do not decidedly
argue against Guam, the cost comparison becomes of great interest.

An SSN operating from a mainland U.S. port cannot maintain much
time deployed in places where it can carry out reconnaissance, train, and
be prepared for crisis response. In fact, its ability to stay on station is sur-
prisingly limited, much less than for surface ships apparently—only about
thirty-six days a year. By contrast, an SSN homeported on Guam can do
about three times as well (roughly 106 days a year). Employed in this way,
it will spend slightly more time per year at sea than a U.S.-based subma-
rine, but manage triple the useful time.

Using the SSN more frequently in this way reduces its expected service
life somewhat, from thirty-three to twenty-seven years, and increases an-
nual operating costs by about $3 million, from s41 million to $44 million.
In addition, about $1o0 million in added infrastructure would need to be
built for each SSN added to Guam.

As such, the cost comparison can be approximated in this way. One
SSN on Guam can do the work of three based in California, according to
CBO. With a procurement cost of $2.6 billion per sub, the annual average
cost of operating one SSN from Guam is about s140 million (dividing the
procurement cost by twenty-seven years and then adding in average an-
nual operating and infrastructure costs, in the same sort of way as em-
ployed in Table 1.6 earlier). By contrast, the annualized cost of operating
three SSNs from the mainland United States is about $360 million. Clearly,
if cost is the main issue, Guam wins the comparison hands down. But
again, such calculations are aides to decision makers, not final answers
themselves, as many other factors typically must be considered when de-
termining force structure and basing.®

Of course, this option could not be pushed too far; not only would
Guam run out of space for Pacific-oriented submarines, but placing too
many in one place would increase the dangers of a successful enemy sur-
prise attack. Moreover, forward presence is not the only mission of the
submarine fleet, so a certain number of submarines are needed for surge
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purposes in a crisis or conflict regardless of the efficiencies associated with
forward homeporting. But for a modest additional number of submarines,
Guam basing is an interesting option.®’

QuesTioN 3: How much per year, in peacetime, does the United States
spend defending Persian Gulf oil?

Answer: Since the Cold War ended, possible military scenarios in the
Persian Gulf have typically represented one of the two main sets of pos-
sible operations around which the Pentagon has built its combat force
structure (the other set being in East Asia). In addition, the Navy and
parts of the ground forces (especially the Marines, and some Army light
forces) have focused more broadly on maintaining presence and quick-
response capability across multiple theaters. That would seem to suggest
three chief overall missions for main American combat forces, two geo-
graphically specific and one more general.

Given that the current peacetime defense budget of the United States is
just over s500 billion, this framework might seem to imply costs of about
s100 billion a year to defend the Persian Gulf. That estimate can be reached
by first factoring out s200 billion of the defense budget devoted to research
and development, intelligence, homeland defense, nuclear forces, and other
such costs not easily attributable to any geographic theater, as well as the
costs of a core military infrastructure including major commands and edu-
cational institutions and the like in the United States (see Table 1.3). Then,
the remaining $300 billion can be divided into three relatively equal parts.

This is clearly a very rough way to gauge costs. Another way might in-
voke the Bill Kaufmann breakdown of U.S. military spending by region.
He estimated in 1992 that the United States spent 20 percent of its peace-
time defense budget on defense of the Persian Gulf and broader Middle
East (see Table 1.4). Applying that same percentage today would also sug-
gest a cost of about s100 billion a year at present (again, not counting the
costs of the ongoing Iraq War).

However, these figures may be too high. Many forces that would be
assigned to Central Command in wartime are available for other purposes
as well. (This is the obverse of the current situation, in which forces that
could otherwise be used in Europe or East Asia or elsewhere are taking
their turns on deployment to Iraq and Afghanistan.) A figure of 100 bil-
lion a year may not be a bad estimate of the costs of forces that would be
most likely deployed to operations in the Persian Gulf, as their most probable
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main mission. However, this overlooks the fact that many of them could
have secondary purposes as well.

So the real question is how much /ess would the United States spend on
its overall military if the Persian Gulf were somehow dropped from the
list of overseas commitments and possible wartime theaters? That requires
an effort to estimate what force posture the United States would want to
keep and thus is inherently somewhat interpretive and subjective. Regard-
less, however, the savings would be somewhat less than s1oo billion a year,
since some of the forces normally assignable to the Persian Gulf might
need to be kept for other possible scenarios (such as stabilization of a col-
lapsing Pakistan or Indonesia, multilateral enforcement of a peace deal
between India and Pakistan over Kashmir, a temporary international
trusteeship for an independent state of Palestine, a sustained air patrol in
the Taiwan Strait if China/Taiwan tensions heat up again and remain hot
over an extended time, or a possible Russian menace to the Baltic states,
now NATO members).

This question is too complex to lend itself to a precise answer. But fig-
ures in the general range of s5o billion a year are probably reasonable an-
swers to the question posed. Such a figure is probably what should be used
when, for example, one wishes to compare the costs of alternative energy
policies to the status quo.

QuesTioN 4: After current wars are over, should the United States re-
duce its military readiness to fund transformation?

Answer: This question again goes well beyond budgetary matters, but
budgetary calculations can help inform the answer to the question.

To be specific, and dramatic, let us assume that half of the entire U.S.
military is put into a second-tier readiness status, such that its training
activities are scaled back dramatically—perhaps to a level only slightly
greater than the normal training and readiness level of the National Guard
and Reserve. That might suggest a two-thirds reduction in readiness ac-
tivities and resources, including those to buy fuel, ammunition, spare
parts, and other such supplies.

To estimate savings, we could begin with that part of the operation and
maintenance budget focused on training, maintenance, and the like, and
reduce it accordingly. (That is, we would exclude those O&M expenses
related to civilian pay, military health care, environmental cleanup, and
the reserve component; we would also assume that neither military pay
nor investment accounts would decline under this option.)
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As shown in Table r.1, the current O&M budget is about $180 billion a
year; civilian pay is about s6o billion of that total. Cumulative costs in the
O&M budget for health care, environmental cleanup, basic base mainte-
nance, recruiting, and the like, as well as the military reserves and National
Guard, total another $6o billion or so. That leaves s60 billion for what
might be called core readiness activities for the active forces. The respective
amount spent by the half of the force structure in question is about $30 bil-
lion. Reducing this by two-thirds would save s20 billion a year.

More detailed answers to more specific proposals, say about reducing
the readiness of one service or another, could be calculated by looking at
the respective O&M budget of the service in question and breaking it
down similarly. Precise answers would obviously require much more in-
formation, including detailed information on which types of supplies
could be cut back by what percent in light of a given reduction in readi-
ness. Such precise answers are ultimately needed if a policy change is be-
ing budgeted for. But they are often so difficult to produce that it is useful,
for brainstorming purposes, to have a way of obtaining a general and ap-
proximate estimate like that provided here.

QuesTion 5: How much would the United States need to cut back the
Navy or Air Force to add two divisions to the Army?

Answer: Using Bill Kaufmann’s estimates from Table 1.5, we can esti-
mate the annual average cost of an active Army division (with about 16,000
troops in the division, including four brigade combat teams, and 25,000 to
30,000 more soldiers supporting it indirectly) at about s5.2 billion. Provid-
ing two more would therefore cost s10.4 billion a year (discounting econo-
mies of scale to first approximation, as Kaufmann does). Consultation of
Kaufmann’s list of the costs of other major formations leads to several pos-
sibilities for finding that money. The core of one approach could cut three
wings of fighter aircraft (at seventy-two aircraft per wing), or two aircraft
carrier battle groups (each with about seventy-two aircraft itself, as well as
the carrier and about four major warships as escorts), or some combination
thereof.

As noted before, Kaufmann’s methods, while extremely useful as simpli-
fications and approximations, have their limits. ‘They overestimate savings
when cutting forces and overestimate costs when expanding them (the
reason for the latter is that some fixed or semi-fixed costs like R&D, cen-
tral oversight, intelligence, professional educational institutions, and early
expensive parts of weapons production runs need not be repeated—or at



54 Chapter I

least need not be incurred at earlier cost rates—when additional forces are
added). But other cost imprecisions tend to balance these out. So likely
errors are in the range of 10 to 20 percent.

It is important to note that the previously mentioned costs are average
annual costs, smoothed out over the entire lifetime of the typical weapon
in a given unit. Because of political and budgetary realities, however, plan-
ners are usually worried less about costs averaged over twenty or thirty
years, and more concerned about the next few years at any given moment.
As such, it is important to know the details of what would need to be
bought for a given policy change. If, for example, the United States has a
surplus of tanks in storage that could be restored to good working condi-
tion fairly cheaply, investment costs for creating two new divisions might
be relatively modest. But the situation could easily be the reverse as well,
depending on the circumstances.
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CHAPTERII

Modeling Combat and Sizing Forces

Is 1T POSSIBLE to make meaningful estimates of how wars will unfold?
The most important result to try to predict is, of course, the winner. Even
in situations where that might be rather foreseeable, as in the two U.S.-led
invasions of Iraq in the last two decades, gauging the likely duration of the
conflicts—and the likely casualties that will ensue to participating armies
and proximate civilians—is of great interest when possible.

An important related question is: Can we make meaningful estimates
of what force package would be adequate to prevail, and prevail decisively,
in a proposed conflict? This question gets to the heart of force planning
and defense budget analysis, for the United States and also for other coun-
tries. It should also influence decisions on whether to enter into war in the
first place, for situations in which there is a real choice of when or whether
to fight.

In the abstract, predicting outcomes in war is extremely hard. As Aus-
tralian historian Geoffrey Blainey notes, for example, “when nations pre-
pare to fight one another, they have contradictory expectations of the
likely duration and outcome of the war. . . . it is doubtful whether any war
since 1700 was begun with the belief, by doz4 sides, that it would be a long
war. . .. No wars are unintended or ‘accidental.” What is often unintended
is the length and bloodiness of the war. Defeat too is unintended.”

There is a reason so many people have been so unsuccessful in predict-
ing the course of armed conflict. It is because war depends greatly on
variables that are very hard if not impossible to quantify, such as the qual-
ity of leadership, the effectiveness of any surprise, and the performance of
new weapons systems or military operational concepts not previously
tested in battle (and hence not well understood in advance of battle).

According to historical data sets, even if one country or alliance is
clearly strongly than another according to various military metrics such as
overall manpower or combat equipment inventories or a combination of
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both, it is very hard to make high-confidence predictions about which side
will win. Brookings senior fellow Joshua Epstein compiled evidence from
the U.S. Army Concepts Analysis Agency published in the 1980s that
made this point clearly. The Army’s Concepts Analysis Agency had gath-
ered data on many past wars, and used that data to compute overall scores
on the capabilities of attackers and defenders through a process described
in more detail in the following. It turned out that for countries with
roughly comparable military capabilities, with neither side having more
than a 50 percent edge against the other in military inputs, the attacker
won 142 out of 230 battles, or 58 percent of the total.? There was no ten-
dency towards stalemate (only 7 percent of all cases). Nor was there a ma-
jor inherent advantage for the defender (who prevailed in just 35 percent of
all cases). Benefiting from tactical surprise and innovative concepts about
how to fight, the attacker usually won, but no other broad conclusion
could be reached from the dataset.?

Moreover, even though the attacking country usually won, it was far
from assured of doing so. The attacking side won only 63 percent of the
time when having an estimated advantage between 50 percent and 200
percent over its opponent, and 74 percent of the time when having an even
greater edge.* So even when military balances seem to clearly favor one
side, outcomes are hard to forecast. This fact helps explain arms race dy-
namics. It is not easy to measure a military balance accurately. Correlations
of forces always depend on specifics of when and where a war is fought. In
addition, substantial initial advantages are needed to provide any real con-
fidence about the likely outcome. In such a situation, it is no surprise that
rival countries with grievances between them sometimes enter into escalat-
ing spirals of military buildups.

'The difficulty of measuring balances accurately, and the need for a sub-
stantial advantage to provide any confidence of victory, help explain why
the United States is so bent on having a substantial military edge in any
battle. (As noted in the following, its advantages in recent conflicts have,
when quantified, typically been three or four or five to one against likely
foes without even counting airpower.) Few seriously doubt the likely out-
come for such invasions by an overwhelming power against a far smaller,
weaker, and less sophisticated power—at least when the outcome is de-
fined in terms of who “captures the flag” or winds up in control of the
capital city and major infrastructure. But that is only because the disparity
in capabilities is so great. In such cases of extreme mismatch, it is even
possible to hazard estimates about the likely duration and likely casualty
levels from battle. Even if predictions are naturally imprecise, they can
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often predict the order of magnitude correctly (that is, actual results will
be within a factor of ten of estimated results, and often within a factor of
two or three). It has been recognized for years that expected casualties are
generally an important consideration when Americans make decisions
about whether and how to go to war, meaning that predictions about such
matters can be important on policy grounds.’

Of course, as the case of Iraq also underscores, predicting the outcome of
classic large-scale military engagements is one thing. Predicting casualties—
or even the winner—in counterinsurgency missions and “irregular com-
bat” is something else. So if the business of predicting the results of war is
very hard—with errors of 100 to 200 percent amounting to relatively good
results, and with far larger inaccuracies common when foes are nearly
evenly matched or when battle involves guerrilla, terrorist, and urban
operations—why bother with the business of modeling combat at all?

One reason is that, in science as well as other disciplines, understanding
what we do not or cannot know is important in its own right. If a large body
of human experience strongly suggests that warfare is an inherently risky
and unpredictable business, the onus will be on policymakers who propose
engaging in warfare to explain why it is necessary—and to explain how they
have taken every reasonable precaution to minimize the chances of being
surprised by the course of events. A good case in point is the Bush adminis-
tration’s decision to engage in what some have called a “war of choice” to
overthrow Saddam in 2003—and even more, its decision to do so with
smaller forces than recommended by military officers or other analysts, and
without a well-developed plan for keeping the peace and restoring order
after Saddam was toppled. Greater care in preparation, and less confidence
about the probable course of battle, would have been appropriate.

Of course, modeling does not always produce pessimistic forecasts. But
it should at least explain and underline the types of assumptions needed to
make a certain prediction. In preparing their devastating 1967 surprise at-
tack on Arab air forces, Israeli planners realized that they might be able to
achieve a remarkable success, based on a sense of how accurately bombs
could be dropped, how easily enemy radar could be evaded, and how vul-
nerable airplanes and airfields would be to ordnance of a given size and
explosive power. But they also had to appreciate how many things would
have to go right, in terms of the timing and execution of the attack, to
make it succeed. That helped focus them on making preparations very
carefully. To take another example, when my former colleague at the Con-
gressional Budget Office, Lane Pierrot, presciently argued in 1990 that it
was possible U.S. aircraft loss rates in Operation Desert Storm would be
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as low as peacetime training rates, she was making the sophisticated yet
simple argument that American countermeasures and flying practices
might be good enough to counter much of the Iraqi air defense network.
Pierrot foresaw that American airpower might render the latter air de-
fenses largely powerless except when coalition aircraft had to fly low to go
after certain targets, or penetrate particularly dense air defense bastions.
But Pierrot also realized that losses could be much higher; she wound up
accurately prognosticating the results in part because she did not seek to
be o0 accurate, but focused instead on establishing plausible lower and
upper bounds for expected losses. This is an important lesson about the
proper way to model combat.

A second reason to model is that we actually cannot avoid it even if we
wish to. As Joshua Epstein has convincingly argued, whether we “model”
mathematically and systematically, or anecdotally and impressionistically,
everyone who forms an opinion on whether a given war should be fought is
in effect predicting its outcome or at least its plausible range of outcomes.
In other words, everyone is operating from some image, some set of ex-
pectations, of the likely course of battle, whether precise or not. Other-
wise, there would be no way to decide if a given war should be fought in
the first place, or if 100,000 or 500,000 troops might be needed for it, or if
the nation’s industry should be directed to prepare for a long struggle and
if a general mobilization might be required.® The issue is not really whether
we try to find a simplified construct for predicting battle outcomes—all of
us do; in fact, all of us must. The issue is whether we choose to employ im-
pressionistic and purely subjective “modeling” or a more rigorous and for-
mal approach. The advantage of formal modeling is that it requires one to
make assumptions explicit, and justify them as well as possible using his-
torical, technical, and operational data.

Elaborate computer simulations are not always the best way to model
combat. To be sure, algorithms like the Institute for Defense Analyses’
TACWAR are always worth consulting. They explicitly simulate the use
of multiple weapons over complex terrain, in variable weather conditions,
and with numerous possible assumptions about the performance of air-
power, logistics systems, and other key determinants of battlefield out-
comes. Even these types of models generally have limits on their ability to
mimic reality, however. TACWAR has in the past only allowed for a
simple front line where armies encounter each other, rather than a dy-
namic and complex battlefield, and has limited the user’s ability to make
various assumptions about the possible performance of different weapons.”
For these and other reasons, the complex models do not always produce
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the best predictions. Simpler calculations about the likely course of Op-
eration Desert Storm in 1991 done by numerous outside analysts were gen-
erally more accurate than sophisticated Pentagon computer runs. While
virtually all were too pessimistic, outside analysts generally estimated that
U.S. fatalities would total around 1,000 whereas more elaborate models
reportedly projected American deaths up to several times as numerous.
(Actual combat losses were 146, and including all phases of the operation
nearly 400 Americans lost their lives.)?

This chapter employs several different simple frameworks for modeling
combat. All involve some amount of basic arithmetic. In no case should
the use of math distract the reader from the need to critically evaluate as-
sumptions, to think hard about where calculations may go wrong, and to
remember how often warfare surprises us.

The discussion begins with fairly classic and simple models of tradi-
tional combat, starting with Lanchester’s equations. It then considers
other models, some embodied in simple formulas and others best under-
stood as a systematic way of thinking through a problem or scenario. In
other words, the mathematics are not always paramount, and they are
not always neatly condensed into one or two simple algorithms. After
Lanchester, slightly more complicated models for armored combat are
discussed. Then, other types of ground combat—infantry war, urban
war, counterinsurgency—are considered together. The focus then changes
to naval combat, including a scenario for amphibious assault and another
for a blockade operation at sea. The old-fashioned (and hopefully obsolete)
matter of nuclear exchange calculations is then discussed. The chapter
concludes with a framework for analyzing progress in counterinsurgency
operations like those in Iraq and Afghanistan.

LaANcHESTER’S EQuaTIiONS

Although they are somewhat simplistic, the Lanchester equations are a
good place to start in understanding how war simulations are conducted
and combat models created. Formulated a century ago by a British engineer
who gave the equations their name, they have the advantage of simplicity—
since war was, on balance, somewhat simpler then, if still inherently hard
to predict.

Lanchester equations come in several forms, but two are of particular
note: those for direct fire (like rifles aimed at specific individuals) and indi-
rect fire (such as artillery fired into a broad area where enemy forces are
known to be located even if they are not individually visible and targetable).
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Of course, modern war has elements of both types of fire, so any sophisti-
cated model would need to combine their effects (accounting as well for a
variety of types of weapons, for complex terrain, for command and control,
for maneuvers, and so on). But some of the basic dynamics are easier to see
if combat is first simplified and abstracted into these two simple forms.

Direct-Fire Equation

Imagine two rows of eighteenth-century soldiers lined up firing at each
other. Assume they are not quite shoulder to shoulder, but instead have
some spacing between them (making it very unlikely that one soldier will
be hurt by a weapon fired at another soldier). Assume further that there is
no issue of concealment; all soldiers on both sides are within sight, and
weapons range, of each other.

'This model of combat may be a relatively good way to understand naval
gunfire exchange at sea (more on that appears in a subsequent part of this
chapter), certain types of aerial combat in the skies, and in general warfare
where there is little subtlety or complexity to the battlefield—enemy forces
see each other and try to destroy each other in a fairly straightforward
exchange of gunfire.

With this image of combat in mind, and two armies represented by
A(t) and B(t), the basic mathematics of the Lanchester equation are simple
to derive. (They involve a small amount of very basic calculus; those unable
to follow it need not worry since the result can be understood just through
arithmetic.) A(t) and B(t) are the total numbers of soldiers on each side
still unwounded and capable of fighting at a given time. Clearly, A(t) will
diminish faster the larger the number of enemy soldiers on the other side
and the more effective that side’s weapons. Weapons effectiveness, which
can be simplified as the multiplicative product of the rate of fire, the ac-
curacy of the weapon, and the lethality of the weapon, is condensed into a
single term for each side (represented by a and b, respectively, for army A
and army B). In mathematical form, assuming a simple linear relationship,
this can be written as follows (those uninterested in the derivation or put
off by the calculus can simply skip a few lines to the actual formula):

dA(t)/dt = -bB(t)
Similarly, for B(t), we have:
dB(t)/dt = —aA(t)
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In other words, A’s forces decline faster to the extent that B has a larger
army firing more lethal weaponry at them, and vice versa.
By the chain rule, dA(t)/dt can also be written as:

dA(t)/dt = [dA(t)/dB(t)][dB(t)/dt]
Substituting the term on the right into the first equation, we get:
[dA()/dB(®)][dB(t)/dt] = —bB(t)
Further substituting for dB(t)/dt from the second equation in this list yields:
[dA@®)/dB@®][-aA®)] =-bB()
Rearranging terms and canceling out the respective minus signs we get:
a[A(M][dA(t)] = b[B(®)][dB()]
Integrating, and expressing for the time t =T, we get:
A%(T)—A%(initial) = [b/a][BX(T) — B*(initial)]

In other words, the square or second power of A(t) is on the left hand
side, for two different times, the initial time at the beginning of the battle,
and a time T later in the course of events. The right side of the equation
has a similar term for B, times the ratio of the typical weapons effective-
ness for side B to that for side A.

As one example, assume army A starts with ten soldiers and army B
with twenty (at time t=o0), and assume weapons effectiveness to be the
same on both sides. How many soldiers will army B still have standing
when A’s force has been wiped out (at time t="T)? This boils down to solv-
ing the following arithmetic problem:

0% —10? = B¥(T) —20?
102 is of course 100 and 207 is 400, so this becomes:

—100 = B¥(T)—400
300 = B3(T)
B(T) =300 = 17 (roughly)

In other words, B loses just three soldiers in annihilating all ten of A’s
soldiers. The Lanchester direct fire equation gives a great premium to
numerical superiority, all other things being equal. (Every soldier in B’s
army on average faces only half the fire of one soldier on the other side,
while every soldier in A’s army by contrast is being shot at on average by
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two soldiers from B, explaining why A is at such a disadvantage in this
engagement.)

Indirect Fire

Of course, at least two things are unrealistic about the scenario behind the
direct-fire Lanchester equation. First, at least for all eras since the eigh-
teenth century, enemy forces will take cover to get out of the way of weap-
ons. Second, many weapons are fired in a way to barrage an area rather
than directly strike a specific individual or vehicle. Pure musket-fire ex-
changes no longer tend to occur in warfare.

'The indirect-fire version of the Lanchester equations corrects for these
problems. It does so at the price of going to the other extreme and elimi-
nating any role for direct-fire weaponry. But it is still instructive to see
how the math changes, and how the predicted battlefield results can also
therefore change. If nothing else, this helps us appreciate the stark difter-
ences between battlefield dynamics for wars dominated by direct fire and
those dominated by indirect fire. (Capturing both direct and indirect fire
in a single Lanchester equation is more realistic, but also much more com-
plicated mathematically. In fact, when trying to capture such complex
dynamics, I do not employ Lanchester equations here, but other types, as
discussed further on in this chapter.)

In Lanchester’s indirect fire equations, the likelihood that one’s forces
will suffer losses becomes proportionate to three terms. Two are as before,
the effectiveness of the enemy’s weapons and the number of enemy forces.
'The third term is the density of one’s own forces on the battlefield. Having
more people means having more targets, increasing the chances that an
enemy weapon fired more or less randomly at a broad area will, by chance,
strike soldiers in that area upon detonation. So we have:

dA(t)/dt = -bB(t)A(r)
and
dB(t)/dt = —aA(t)B(t)
Again, using the chain rule employed earlier:
dA(t)/dt = [dA(t)/dB(t)][dB(t)/dt] = —bB(t)A(t)
And then substituting the second equation for dB(t)/dt gives:
[dA()/dB(1)][-aA()B(t)] = -bB(t)A(t)
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Rearranging and simplifying gives:
a[dA(t)] =b[dB(t)]
A(T) — A(initial) = [b/a][B(T) — B(initial)]

With this formulation, there is much less benefit to numerical superior-
ity, as having more troops on the battlefield gives one more shooters but
also provides the enemy with more targets. As such, the effectiveness of
weaponry becomes just as important mathematically as a quantitative ad-
vantage in soldiers, something that was no# true in the direct-fire equa-
tion. Mathematically, the number of one’s own forces is taken only to the
first power, and not squared, as a result.

As one simple example, if A and B have equally effective weapons, and
A starts with ten soldiers while B begins with twenty, they will lose per-
sonnel at the same rate. Army A will have five people left when B has fif-
teen left; A will run out of soldiers when B has ten still standing. Again, B
wins, but less dramatically. And in a situation where A has somewhat bet-
ter weapons than B, say 2.1 times as good, it could win. By contrast, in the
direct-fire equations, it would need to possess a huge (fourfold) advantage
in weaponry in order to compensate for its fewer forces and prevail in the
engagement.

PrepicTING ATR-GROUND COMBAT

Simple models for predicting the course of heavy armored combat can best
be explained with reference to a specific example such as Iraq. That is be-
cause a couple of simple formulas tend to be used together in these, and it
is easiest to see how the overall calculation is done with reference to a con-
crete example rather than abstractions.

Prior to Operation Desert Storm in 1991, a number of scholars, using
models and databases developed largely for assessing the NATO-Warsaw
Pact military balance during the Cold War, estimated the losses likely to
result in a war to expel Iraqi forces from Kuwait. Virtually all these esti-
mates were too high, but they were also generally more accurate than
those produced by the Pentagon before the U.S.-led war against Iraq be-
gan. Indeed, they were virtually all correct in predicting a short decisive
conflict in which U.S. casualties would be far less than American losses in
the Vietnam or Korean wars. In that sense, the flawed estimates were still
useful.’
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The Kugler—Posen and Epstein Models

At least two main families of models were developed during this time
period in the open literature. As I would define and group them, they
might be termed the Kugler—Posen “attrition-FEBA expansion” model
and the Epstein adaptive dynamic model.’’ Both are more sophisticated
than the famous century-old Lanchester equations, which as noted re-
quire simplifying assumptions about the nature of weaponry that apply
much better to eighteenth-century musket fire, nineteenth-century battle-
ship duels, or World War I artillery exchanges than to the modern battle-
field." They are much less sophisticated than the detailed, and classified,
computer models such as “TACWAR” and “Janus” used by the Pentagon
community to predict combat outcomes. But they do offer simplicity and
accessibility. And again as noted earlier, they also have every bit as good
a track record in recent times of predicting combat outcomes. What they
may lack in detail and exactitude they tend to make up for by requiring a
user to think pragmatically, historically, and intuitively about the model-
ing enterprise—rather than running the risk of getting lost in the math, or
being overly impressed by the internal machinations of the complex com-
puter programs.

The first of these unclassified and relatively simple models, developed
by Richard Kugler (of National Defense University in Washington) and
Barry Posen (of MIT), was optimized for a war of attrition in which
NATO was presumed to be on the defensive. It is based on the assump-
tion that a military of sufficient size can hold a front of a given length
against all-out enemy assault. Provided that the defender can reinforce its
losses and maintain an adequate “force-to-space ratio” as the forward edge
of the battle area (or FEBA) evolves, it should be able to hold the line and
protect its territory."”® Posen later applied the model to the U.S. plan to
liberate Kuwait from Iraq, based on the assumption that such a war would
resemble a NATO-Warsaw Pact confrontation in the types of weaponry
and tactics employed. In that case, he was NOT assuming that the Iragis
could hold their positions robustly, but used the equations primarily to
calculate relative casualty levels. There was no inconsistency in this ap-
proach, since Iraqi forces were unable to reinforce well during an attack,
meaning they could be worn down quickly in an attempted breakthrough
sector.

'The second model, developed by Joshua Epstein at the Brookings Insti-
tution, has numerous similarities with the Kugler—Posen framework, but
it challenges the idea that a sufficient “force-to-space” ratio ensures a
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viable defense. That ratio is typically cited as one armored division equiva-
lent (ADE) per twenty-five kilometers of front according to proponents of
that approach, though some estimates suggest an ADE can cover twice as
much frontage—underscoring the imprecision of this rule of thumb."
Epstein also rejects the popular idea that a defense can fend off an attack
provided that the offense does not achieve a 3:1 force advantage in the sec-
tor of attempted breakthrough.”® In fact, as he convincingly shows, and as
databases like those of the late Trevor Dupuy and the Army’s Concepts
Analysis Agency demonstrate as well, attackers have often succeeded his-
torically when simply equal to (or even smaller than) the defense.!®

Epstein’s model also allows for the possibility that a defender might
withdraw in order to buy time, improve its position, or slow the pace of
battle—thereby slowing the rate at which casualties are incurred. In other
words, geography and the movement of forces are still part of the analysis,
but in a different way, tied to casualty rates rather than force-to-space ra-
tios.”” The differences in these methods can be quite significant in a given
case.

For a war in which breakthrough operations are successful, and in
which organized withdrawal is not a major factor, the Posen—Kugler and
Epstein approaches can be collapsed into a single approach. This com-
bined approach at least gives a sense of relative casualties on the two sides.
That is the method followed here.!®

In fact, the methods have many commonalities. Both focus on armored
divisional equivalents and their heavy weaponry as the main variables in their
associated equations. “Armored division equivalents” not only reflect the
quantity of armored formations, but also their equipments’ quality. They are
defined such that a modern U.S. heavy division equals .o ADEs.

The models also specifically incorporate a role for ground-attack air-
craft in the close-air support role. They are assumed to be capable of drop-
ping a given number of munitions per sortie, and flying a given number of
sorties per day (with a given probability of being shot down on each mis-
sion). Each munition is assigned a “kill probability” to reflect the likeli-
hood it will strike and destroy a major ground vehicle. Knowing the
number of such ground vehicles per division, one can translate the attri-
tion from aerial attacks into armored division equivalents, thereby linking
the ground and air wars conceptually and mathematically.

In modern war, of course, airpower is used against many targets besides
vehicles in the field. That was not only true in the massive city bombing
campaigns of World War II, and the “carpet bombing” of Vietnam, but

also in Operation Desert Storm, the Kosovo war, and other cases.”
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In Desert Storm, for example, while just over half of all strike missions
were against fielded Iraqi forces, the remaining 43 percent focused on air-
fields, SCUD missile launchers, surface-to-air missile sites and other air
defense infrastructure, strategic lines of communication including bridges
and port facilities and train lines, military industry, suspected weapons of
mass destruction sites, telecommunications, electricity grids, oil assets,
and leadership targets. A total of about 1,000 U.S. attack aircraft (plus
another 250 or so from allies such as Saudi Arabia and Britain) dropped
around 200,000 munitions, just under 10 percent of them precision-
guided.? In NATO’s 1999 air war against Serbia, Operation Allied Force,
roughly 7,600 strike missions were flown against fixed targets and 3,400
against mobile targets. A total of about 1,000 NATO aircraft were ulti-
mately employed in the conflict (including strike planes, air superiority
fighters, and support aircraft), dropping some 28,000 munitions, of which
about 7,000 were precision-guided. Only two fixed-wing aircraft were lost
over Serbia, another malfunctioned and crashed in the Adriatic, and two
Apache helicopters crashed over Albania, causing America’s only two fa-
talities of the war.?!

In the models in question, however, such strategic bombing and “bat-
tlefield air interdiction” is viewed as preparatory or exogenous; airpower
enters into the mathematics only through its effects on ground power
(and possibly through its effects on either side’s ability to reinforce key
positions).

Each of the two models assumes that the attacker drives the pace of
battle and that it is able to adjust the pace of combat up to a certain rea-
sonable maximum. That maximum rate of attacker losses is usually 1 per-
cent to 5 percent per day for a division-sized force, with the lower numbers
more typical of protracted fighting and the higher end of the range occa-
sionally attained in intensive combat. This is a historically based figure,
consistent with most of the experiences of World War II battles, subse-
quent Arab—Israeli wars, and other conflicts.?? A user of either model begins
by specifying an assumed daily loss rate for the attacker in the ground
battle within this range. Epstein’s model allows the defender a say in the
intensity of battle, too, by allowing the defender to stage a withdrawal
that, as noted, reduces the assumed casualty rates on both sides.

Both models then require the user to estimate an “exchange rate.” This
is a proportionality factor linking the losses of the attacker to those of the
defender. This exchange rate reflects first and foremost the quality of
troops and equipment on each side of the war. Losses are expressed in
terms of armored divisional equivalents (or ADEs), the coin of the realm
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in these models. Human casualties can then be inferred once ADE losses
have been estimated. (Depending on which country’s military is at issue, a
division usually has 10,000 to 18,000 soldiers, and usually one to three
actual divisions are in any given armored divisional equivalent. This is
because less sophisticated militaries often need to put two or three of their

divisions on the battlefield to create the effectiveness of just one modern
Western division, the standard by which an ADE is defined.)

Applying Models to Operation Desert Storm

How did these various models do in estimating the outcome of Operation
Desert Storm? It is worth working through the numbers for an important
example like this for three reasons. First, doing so shows how the different
pieces of the model (notably the ground war component and the air war
component) fit together methodologically. Second, doing so provides use-
ful practice with a concrete case. Third, doing so helps one see the likely
limits on accuracy—even for a relatively successful case of modeling—but
also its potential, assuming that expectations about what modeling can
deliver are kept in check.

Both models were used to predict rapid decisive victory by coalition
forces, with considerably higher casualties on the Iraqi side than the
American side, and in that regard Posen and Epstein were both correct.
More specifically, Posen forecast weeks of combat and 4,000 to 11,000 co-
alition casualties to liberate Kuwait (including dead and wounded).?® Ep-
stein predicted weeks of combat as well, and a slightly broader casualty
range of 3,000 to 16,000 (again, dead and wounded combined).?* Both
made calculations based on the premise of attrition warfare (albeit short-
lived attrition warfare), after relatively short air campaigns, given what
was known about likely Pentagon war plans at the time. The assumption
of attrition warfare was not altogether incorrect, at least in the opening
hours of combat, for U.S. Marines and associated forces who penetrated
Iragi defenses and drove towards Kuwait City. It was incorrect for the
forces led by the Army’s Seventh Corps, which executed the famous “left
hook” to the west of Iraqi defenses, outflanking Iraqi forces in their initial
movements, though engaging in occasional combat with Saddam’s mili-
tary thereafter.?

Press reports suggested that the Pentagon was prepared for 30,000 or
more casualties in Operation Desert Storm, even though it presumably
did have access to detailed battle plans when making its predictions.?® For
such estimates, one would presume that 15 to 20 percent of all U.S. casualties
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would have resulted in deaths and the rest in wounded personnel, given
historical trends (that account for the improving benefits of modern medi-
cal care).?’

In the actual event, losses were less than forecast. By official count, a
total of 382 Americans died in the southwest Asian theater in the course of
Operation Desert Shield, which began in August 1990, and Desert Storm,
as that operation was renamed in January 19g91. That count includes prewar
and postwar accidents and other non-hostile acts. A total of 147 U.S. troops
died in combat. Thirty-five were killed accidentally by so-called friendly
fire. Others died in accidents of various types, on and oft the immediate
battlefield. About 500 additional Americans were wounded.?® Considering
allied forces as well, and using round figures, the coalition suffered about
240 combat deaths, some 500 deaths over the course of the entire operation
from all causes, and about 1,500 casualties including killed and wounded.?’

How good were the prewar estimates, and what do the inaccuracies tell
us about the value of trying to predict casualties? On the whole, these ca-
sualty estimation efforts were rather successful despite their inaccuracies,
especially for the broad policy points they implied—that war would be
decisive, victorious, and not very bloody by the standards of past major
conflicts (yet hardly casualty-free).

With a clearer indication of how long the air war would last prior to
the ground campaign, the preceding models could have done an even better
job of estimating likely casualties in Desert Storm. And after the fact, it
is also possible to adjust various parameters to account for the better-
than-expected American performance and worse-than-expected Iraqi
performance—providing more accurate tools for modeling any subsequent
similar conflict (such as the invasion phase of the 2003 war).

On the latter point, Stephen Biddle has enumerated many of the basic
mistakes the Iraqis made. Among other things, they failed to post advance
guards near trench lines and failed to remove dirt from the vicinity of
those trench lines to keep the locations of dug-in forces secret.® While
the United States had reconnaissance technologies, such as the Joint Sur-
veillance and Target Attack Radar System (JSTARS), that made it much
easier to detect moving Iraqi vehicles, and while infrared detectors helped
it find vehicles at certain hours of the evening in particular, it was often
unable to know where Iraqi units were through theater-wide surveil-
lance.3! As such, Iraqis often could have gotten in the first shot, if they had
properly exploited their defensive advantages.

In addition, American forces benefited from their supporting
superstructure—intelligence, communications, equipment maintenance,
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and logistics support—even more than expected. The models, focused as
they are on individual armored combat units and their traditional weap-
onry, and dependent on past combat data to generate battlefield perfor-
mance parameters, do not tend to highlight such capabilities. These facets
of modern war give an even greater benefit to a military like the U.S.
armed forces, capable as it is of competently assimilating them all into the
way it fights, and confer an even greater disadvantage on a country like
Iraq that fails to understand or counter them.*?

High technology, particularly the ability of U.S. airpower to prepare
the battlefield for more than a month before the ground war, also played
an unanticipated role. For example, the tactic of “tank plinking,” in which
laser-guided bombs were dropped on Iraqi armor (often in the early eve-
ning, when the desert sands cooled more quickly than Iraqi armor, reveal-
ing the locations of the latter to infrared sensors), was only developed in
the course of the war. It could not have been easily foreseen in a combat
prediction done before the war began. The ability of coalition aircraft to
undertake that and other effective tactics from high altitude, out of range
of Iraq’s man-portable surface-to-air missiles, was also not foreseen—even
by war planners, who had coalition pilots fly low for the first days of battle.
More generally, American military equipment turned out to be even bet-
ter than expected, compared to Soviet weaponry like that fielded by the
Iraqis.®® As a result of all these factors, the American-led victory over Iraq
was far more decisive than Israeli victories in previous wars against Syria,
Jordan, and Egypt.3*

These factors can be adjusted to make future predictions more accurate.
'The ability of coalition forces to wage an air war indefinitely prior to any
ground assault can be reflected in how the models are used, as can the
high lethality of modern air-to-ground ordnance.® Superior American
fighting capability and poor Iragi competence can be reflected in a lop-
sided “combat exchange ratio” that further amplifies the adjustments al-
ready made due to varying equipment quality. The U.S. ability to stay out
of range of much Iraqi fire, at least on the open battlefield, can be reflected
in a much lower daily attrition rate for the attacker than usually assumed.

One can get the gist of this without wading through complex calcula-
tions. Considerable uncertainty still surrounds the issue of Iraqi losses in
Operation Desert Storm. But Iraq appears to have lost roughly 1,100 to
1,400 tanks, about 8oo armored personnel carriers, and 1,000 to 1,500
artillery tubes during the air war. That makes about 3,300 major pieces of
weaponry. (In a standard U.S. division in the modern era, there have
been about 1,200 such major weapon vehicles per division.)*” It lost
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another 1,000 to 1,200 tanks, about 700 armored personnel carriers, and
1,000 or more artillery tubes during the ground campaign. These losses
came out of initial Iraqi assets of up to 4,000 tanks, 3,000 artillery tubes,
and 3,000 armored personnel carriers in the Kuwaiti theater (as well as
about 340,000 personnel).®® Iraqi personnel casualties are even more un-
certain, but probably numbered in the low tens of thousands. (Somewhat
more than 2,000 Iraqi civilians are also believed to have died in the course
of the conflict.)?

Knowing this information, we can redo the math to “predict” what
happened in Operation Desert Storm more accurately. For the air war,
equipment losses resulted from a total use of about 10,000 precision-
guided air-to-ground munitions (PGMs) including Maverick and Wall-
eye air-to-surface missiles and laser-guided bombs, as well as from ground
fire.* Mathematically, the air war is very simple to represent. Assuming a
kill probability of about 65 percent per weapon launched (modern norms
to that point were typically perhaps 5 to 10 percent),* we get:

[10,000 (weapons)][o.65 (kill probability)] = 6,500 destroyed vehicles

Of that total of 6,500 vehicles, assume for simplicity that half were
main combat vehicles and the other half support vehicles like trucks (a
reasonable assumption for most militaries).*? This translates into about
3,300 Iragi combat vehicles “predicted” to be lost.

Following the Kugler—Posen and Epstein frameworks, one can then
proceed as follows for understanding the ground war. Coalition forces had
the equivalent of roughly ten armored divisions in place prior to the out-
break of hostilities (that is, ten ADEs).

By contrast, Iraqg’s forces included about 2.8 equivalent divisions after
the effects of the air war, and once the effects of poor Iraqi technology are
factored in.** That number is calculated by taking the total number of ma-
jor Iraqi weapons vehicles, which equaled about 10,000 before the air war,
subtracting out the 3,300 vehicles destroyed during the air war (leaving
some 6,700 in place), dividing that figure in turn by 1,200 armored vehicles
per division (resulting in an estimate of 5.6 total divisions), and then ad-
justing the 5.6 divisions to account for the lower quality of Iraq’s divisions.
That last step means dividing by two in this case, resulting in an Iraqi ar-
mored “score” of roughly 2.8 ADEs.*

For the ground war, one now performs an iterative calculation day by
day. Assume that coalition ground forces would lose o.1 percent of their
strength per day, a relatively low total by historical norms for intense
combat.
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Assume further that they would benefit from roughly a 30:1 combat
exchange ratio in terms of “armored division equivalents.” It is this step in
particular that benefits from hindsight; prior to Desert Storm, the best
proxy for a U.S.-Iraqi conflict seemed to be the various Arab—Israeli wars
in which Israel often destroyed three to five times as much Arab equip-
ment as it lost from its own military (whether on offense or defense).* The
fact that the United States could do much better than Israel had done was
quite surprising, and helps explain why most modelers overestimated
American losses.*

On day one, coalition forces would thus lose o.o1 ADEs (0.1 percent of ten
ADEsy). Iraq would lose thirty times as much, due to the 30:1 combat ex-
change ratio working against it, or 03 ADEs from ground fighting. That is:

Iragi Losses = [U.S. Losses][ Exchange Ratio]
= [o.o1 ADE][30] = 03 ADEs

On day two, the losses would round to the same amount as for day one
(they would actually be slightly less, but only 0.1 percent less).

On day three, again losses would round to the same totals, and the
same would be true for day four (this is an unusual result due to the very
low coalition loss rate).

In addition, there would be losses from the ongoing air war. If the pace
of aerial attack remained roughly as before, the United States might be
expected to use another 1,000 munitions during this phase of conflict,
destroying 650 Iraqi vehicles in the process. That would translate into o0.27
division equivalents or o.14 ADEs over the three days in question. (U.S.
aircraft losses, while not insignificant, were very low and strategically in-
consequential, given the ability of the American armed forces to replenish
losses and the limited duration of the war. A total of thirty-eight coalition
aircraft were lost and forty-eight damaged by enemy action, almost all
from ground-based air defenses—with heat-seeking or infrared surface-
to-air missiles as well as anti-aircraft artillery causing more than two-
thirds of all attrition.)*

So after four days, the approximate duration of the ground campaign in
Operation Desert Storm, cumulative losses from the ground war would be
0.04 ADE:s for the coalition and 1.34 ADEs for Irag—meaning about 2.7
Iraqi divisions overall, or 3,200 pieces of heavy weaponry (and perhaps
6,500 vehicles including trucks and the like).

Assuming 18,000 soldiers per ADE, the U.S. losses translate roughly
into some 700 casualties, of which about 100 to 150 might be expected to
be fatalities and the rest wounded, based on past norms.
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In the general case, each day of war could be more complex to model
than indicated here. Reinforcements could arrive from outside of the the-
ater, for example. Forces could move on and oft the battlefield. Both sides,
not just the United States, could use airpower. But for this particular con-
flict, the preceding math is fairly accurate.

It was reasonable to think that the results of Desert Storm, incorpo-
rated into the previous models, would allow relatively accurate predictions
of the outcome in 2003. Indeed, they did—for the invasion phase of the
war, that is. Most weapons used against armor—laser-guided bombs,
Mavericks, and so on—were more or less unchanged relative to 1991.® By
2003, the United States had the all-weather satellite-guided joint direct
attack munition (JDAM). But the GPS-guided JDAM weapon typically
misses its target by five to ten meters, so it is not always sufficiently precise
to strike armor.* Moreover, weather was not a severe handicap in Desert
Storm, so adding all-weather capability to the U.S. PGM inventory might
have been expected to make only a marginal difference under similar cir-
cumstances in the future.’® As for the Iragis, even if they corrected some
of the mistakes they made in 1991, they could have been expected to make
other mistakes.”! Moreover, U.S. forces could change tactics in the event
that Iraq found a way to hold its own in a given type of firefight, fighting
more at night or relying more heavily on attack helicopters or working
harder to avoid Iraqi defensive positions rather than driving straight
through them. Of course, this logic broke down when another type of
warfare, insurgency combined with terrorism, was adopted by the Iraqi
resistance.

MobpeLiNnG UrRBAN AND INFANTRY WARFARE

Urban and infantry warfare are often even more challenging than heavy
air-ground combat for several reasons. Enemy forces are interspersed
among civilian populations that need to be spared as much as possible, on
moral as well as strategic grounds, and complex terrain complicates mat-
ters as well.

For such combat, a modified and simplified version of the model of the
late U.S. Army Colonel Trevor Dupuy can be useful. The Dupuy method
does not include a specific means for incorporating the effects of airpower
and geography, so in that sense it is less sophisticated than the Kugler—
Posen and Epstein models. Its advantage is that it focuses on soldiers, not
armored divisional equivalents, making it more useful for infantry combat
in which armored formations are generally less central. It is to first
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approximation an infantry model rather than a heavy air-ground warfare
model. As with the Kugler—Posen and Epstein models, it allows the user
to modify input data to reflect the quality of each side’s troops and equip-
ment. It is also informed by a very detailed dataset on past conflicts. In
addition, it incorporates coefficients for a wide range of factors such as
weather, surprise, and terrain that require subjective interpretation to em-
ploy, but that allow for more explicit consideration of these elements of
combat than the other two models.*?

Dupuy’s methodology is a bit hard to follow in its detail, but sensible
and logical in its main framework. I simplify it here somewhat. He begins
by translating the number of troops fielded by each side into a total power
figure, P. P is the product of the size of the fielded force with its quality. It
is further modified to account for the degree of surprise achieved in the
early days of battle (for an attacker) and to account for the benefits of any
concealment, complex terrain, and prepared positions (for a defender).

Using these power figures to calculate relative casualties requires the
use of detailed and lengthy tables that reflect Dupuy’s experiences with a
wide body of combat data from many past battles. In essence, each side’s
daily casualties are estimated to be the product of three main types of
terms: total troop strength, multiplied by a daily maximum casualty rate,
multiplied by a factor accounting for the power differentials between the
two sides.”

In mathematical form, the terms for the attacker and defender are:

Parracker = Narracker)Qarracker) Sarracker)
P

DEFENDER — (NDEFENDER) (QDEFENDER)(SDEFENDER)

For the attacker, the first term is the number of its troops, the second
term is the relative quality of its troops, and the third term represents situ-
ational factors of direct relevance to the nature of the attack (notably the
ability to achieve surprise). For the defender, the quality term can be set
equal to 1 for simplicity (meaning that the attacker term for quality will
reflect the disparity of the two sides’ capabilities). As noted, the situational
terms for the defender include the effects of terrain, prepared positions,
and weather. Typically, the situational factor would range from 1 to 2, de-
pending on the degree to which the attacker is aided by surprise or the
defender by weather, terrain, and prepared defensive positions. (Each of
the individual terms—for weather, for terrain, for the nature of prepared
positions, can typically vary by up to 50 or 60 percent, meaning that its
representation in a power formula might vary from 1 to 1.6 on average.)
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Dupuy’s books provide detailed estimates of what the various factors might
be for different types of defensive positions, varying degrees of poor
weather, and the extent to which the attacker achieves surprise.’

'The terms for daily casualties might then be (taking 1 percent losses as a
“norm” and calculating variance around that norm for each side):

C
C

/P

ATTACKER)

/P

artacker = ©-0D(Narracker) (Poerenper

DEFENDER — (O‘OI)(NDEFENDER)(PATTACKER DEFENDER)

'The simplicity of this equation (like all others considered here) is both
its strength and its weakness. There is some arbitrariness in the calculation
of each side’s power, but consulting Dupuy’s books gives some historical
perspective as to how the qualitative factors can be reasonably estimated.
Certainly Dupuy’s own personal track record was rather good in using
historical analogy and instinct to estimate such factors. It can be harder
for someone else with less experience trying to use his approach, but the
extensive databases in his books make the process somewhat tractable.

'The Dupuy method, with its focus on foot soldiers, seems best suited to
infantry battle. Its lack of focus on both airpower and maneuver warfare
would suggest it is less useful for modeling heavy combat. It is only fair to
note, however, that Dupuy also applied his model to predicting Desert
Storm casualties, with accuracy comparable to that of the other two
models discussed before.” Also, for mixed cases involving heavy combat
as well as infantry battle, it can be a useful tool. So it is applied in the fol-
lowing to two cases: the U.S. invasion of Panama in 1989, and the U.S.
invasion of Iraq and subsequent effort to stabilize that country beginning
in 2003.

Panama

In December 1989, U.S. forces overthrew Panamanian strongman Manuel
Noriega and defeated his armed forces. About 22,500 American personnel
participated. They included Navy Seals and Army Rangers and other Spe-
cial Forces. They also included large numbers of the 10,000 American troops
stationed in Panama, such as the 193 Infantry Brigade. Soldiers from the
8274 Alirborne Division, 7* Light Infantry Division, and 5® Mechanized
Infantry Division also participated. The operation involved simultaneous
nighttime airborne operations against twenty-seven objectives throughout
the country. Special forces infiltrated key sites shortly before the airborne
assaults to take down Panamanian communications and oppose any attempts
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by Panama to reinforce its forces under attack. The massive simultaneous
assault against Panama’s 4,400-strong defense forces and its paramilitary
forces of several thousand more personnel overwhelmed the latter, surpris-
ing them with its ferocity and coordination in the opening hours of battle.
Twenty-three Americans died, as did about 125 Panamanian military per-
sonnel.’® Some 200 to 600 Panamanian civilians died as well.>’

As explained previously, Dupuy’s approach begins with a calculation of
the power of the two sides. With U.S. forces 22,500 strong, if they are ac-
corded a quality advantage of 3:1 over Panama’s military, and assumed to
enjoy a 20 percent benefit from surprise, multiplying these factors together
gives them a power score of about 80,000. (In his own book, Dupuy uses a
somewhat smaller force estimate and a somewhat larger quality advan-
tage, and estimates U.S. power at 75,000.) For Panama, counting about
4,000 paramilitary forces as well as soldiers, it had about 8,500 troops
available; the fact that they fought on the defensive and in complex terrain
is assumed to give them a doubling of capability score, for a total power of
almost 20,000.

So the U.S. power advantage would be about 4, as calculated here
(which shows up as the inverse of 4, or o0.25, in the first equation that
follows).

American casualties can then be estimated at (22,500 X 0.01X0.25) =56 a
day. Over two days, U.S. casualties would be about 112, with about twenty
killed. For Panama, flipping over the power ratio term, we get (8,500 X 0.01X 4)
= 340. Over two days, Panama’s casualties are estimated at 680, with
about 170 killed. These results track reasonably well with the actual

outcome.”8

Operation Iraqi Freedom

Before the Iraq invasion of 2003, I used Dupuy-like methods to get a
rough sense of how many casualties might be suffered in the course of the
conflict, predicting that up to several thousand Americans could die in the
struggle. My estimates have, as of this writing in 2008, sadly turned out to
be more accurate than seemed initially likely. My roughly correct answer
was obtained, however, for partially wrong reasons. That is, my calcula-
tions assumed a hard but brief urban fight rather than a protracted guer-
rilla campaign. These mistakes largely balanced each other out. To put it
differently, my instincts about how the war might go were largely wrong,
but by being forced to follow the rigor of a model, I wound up with rea-
sonably accurate results nonetheless. That is a testament to the value of
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models; by forcing one to posit better and worst cases, they can lead to a
healthier acknowledgment of uncertainty than many would allow relying
solely on personal judgment and intuition.

Here’s how the calculation might go. The United States employed al-
most 200,000 troops in the initial invasion of Iraqg—closer to a quarter
million, perhaps, counting those in support roles in the broader combat
theater as well. Assuming a quality advantage of 3:1 over Irag’s military,
and some limited benefit from surprise, the assembled U.S. forces would
then have a Dupuy “power value” of about 800,000.% If only 100,000 Iragi
personnel are assumed to have fought the United States, with the rest es-
sentially disbanding themselves as the war began, Iraqis would then have
a power value of about 200,000 (assuming situational factors from fighting
on the defensive that roughly doubled their combat power).®® That makes
the relative power term in Dupuy’s casualty equation about o.25 for the
United States and about 4 for Iraq.®!

If we assume intensive combat, percentage losses per day might be as
great as in a smaller conflict like Panama. (Normally, as Dupuy’s data-
bases show, larger armies lose a smaller percentage of their forces per day,
because large parts of them are well behind front lines at any given time.
'The relationship varies roughly as the square root of the size of the force—
so if an army grows tenfold in size, it will expect to have roughly a three-
fold reduction in its proportionate loss rate.)®? So, according to this logic,
the daily loss coefficient would remain o.or.

U.S. losses would then be roughly (250,000%0.01X.25)=625 casualties
per day, and Iraq casualties would be roughly (100,000 X 0.01X 4) =4,000 per
day. For a short war lasting just three days, U.S. casualties could then be
about 1,900, of which about 400 might be fatalities. That is how I calculated
the lower bound estimate before the U.S.-led invasion of Iraq in 2003.

To estimate the upper bound, I assumed more Iragis might fight—a
quarter million, to be precise. I further assumed the invasion phase of the
war could last ten days rather than just three. That led to a U.S. power
advantage of just 1.6:1, and an estimate of 1,560 American casualties a day
or 15,600 for the whole conflict. That in turn implied about 3,000 dead, the
upper range of my estimate.®

As of this writing in late 2008, casualties in Iraq have exceeded my up-
per bound. More than 4,000 Americans have now died in Iraq. In effect, I
predicted far too high of a U.S. loss rate—but over far too short a period.

To put it differently, even though I did not do so, the Dupuy equations
can be used to model a protracted insurgency/counterinsurgency cam-

paign by adjusting the daily casualty rate appropriately and then playing
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out the calculation over a long period of time. But in the end, Dupuy’s
model is not all that useful for understanding or predicting counterinsur-
gency. For a war in which the size of the enemy is extremely hard to dis-
cern, and the enemy’s ability to regenerate new forces through recruiting is
important, such equations are difficult to use productively since they do
not offer insight into such matters. The actual nature of the counterinsur-
gency combat that ensued (and that continues as of this writing) requires a
different type of analytical approach, developed in a subsequent section in

the following pages.

AMPHIBIOUS ASSAULT

The categorizations used earlier—heavy armored combat, infantry
combat—are cleaner and neater than warfare often is itself. Many con-
flicts have elements of both these types of combat. And there are other
categories of major military engagement as well. Amphibious warfare is
an important such example. Its heyday was undoubtedly World War 11, in
the Pacific and Normandy and in Italy and elsewhere, though there were
also important examples of amphibious operations at Gallipoli, Turkey in
World War I, and in Inchon, Korea, and more recently in the Falklands
War. The following framework is designed to help gauge the basic feasi-
bility of an amphibious assault operation for a given military balance (not
to estimate casualties, which might be best forecast by looking at the indi-
vidual elements of the battle separately, with tools developed earlier in this
chapter). As such, it implicitly provides a way of trying to size a force for
an amphibious assault in terms of force planning.®*

The modern era of precision strike has made some doubt whether am-
phibious assault really has a future, and the U.S. military’s decision not to
try to fight ashore in Kuwait in 1991 (largely out of concern over simple
Iragi mines at sea) reinforced the theory that perhaps amphibious opera-
tions had become too difficult in current times. But the U.S. Marine
Corps, among other organizations and militaries, still takes the amphibi-
ous mission quite seriously (maintaining a sealift capacity to put nearly a
division ashore in the face of hostile fire, and purchasing amphibious ve-
hicles and tilt-rotor aircraft designed largely, if not primarily, for such
operations). There may also be situations where amphibious assault is con-
templated for the simple reason that it may be the only way to take a given
objective.

How to assess the prospects for successful amphibious assault, as well
as the likely course of battle and key determinants of outcomes? Answering



86  Chapter I1

these questions requires additional tools beyond those discussed previ-
ously for land warfare (though amphibious assault, if at least initially suc-
cessful, ultimately morphs into land warfare, meaning that equations like
those developed earlier can be used to analyze part of the problem). In
fact, an amphibious attack is more complex, involving several phases of
battle, and the dynamics of aerial attack, naval and air troop movements,
and defensive efforts to prevent those movements complicate the analyti-
cal exercise. As such, what is needed (prior to using any mathematical
formula) is a systematic way of thinking through the respective phases of
an operation and asking at each stage if the attacker would possess what
would likely be needed to have a chance of success at each stage.

To succeed, an invader has generally first needed air superiority, and
preferably outright air dominance or supremacy. Second, the attacker has
used a combination of maneuver, surprise, and brute strength to land
troops in a place where they locally outnumber defenders in troops and
firepower. As the previous discussion about data gathered by Trevor Du-
puy, the Army’s Concepts Analysis Agency, Joshua Epstein, and others
shows, it is in principle possible to win battles when outnumbered. But in
the case of amphibious assault, that is difficult, since the very act of get-
ting ashore itself provides some warning to the defender—possibly depriv-
ing the attacker of some of the surprise that might be achieved more easily
on land. Third, the attacker has then generally tried to strengthen its ini-
tial lodgment faster than the defender can bring additional troops and
equipment to bear at the same location.

If an attacker can do most or all of these things, it has a good chance of
establishing and then breaking out of an initial lodgment. As Table 2.1
shows, attackers can succeed without enjoying all three advantages. But in
the cases considered here, they did not succeed without at least two of
them. For a key modern scenario, an attempted PRC conquest of Taiwan,
China might (or might not) gain a large edge in the air; it could not, how-
ever, satisty the other two criteria as discussed more below.

These historical cases, and the framework used here to explain their
likelihood of success or failure, probably understates the difficulty of am-
phibious assault in modern times. For example, the capabilities of modern
sea mines outstrip those of mineclearing technologies for the most part,
especially in shallow waters.

Even more to the point, the era of precision strike makes it very hard
for large assets, notably ships, to approach a defender’s shores if the de-
fender has any reasonable combination of prepared defensive positions and
advance knowledge of where the attack is to occur. The U.S. Marine



Modeling Combat, Sizing Forces 87

TABLE 2.1
Key Elements in Amphibious Assaults

Initial Troop
Advantage Buildup

Air at Point of  Advantage at
Case/Attacker Superiority Attack Point of Attack
Historical Successes
Okinawa, 1944/U.S. yes yes yes
Normandy, 1944/U.S., allies yes yes yes
Inchon, Korea, 1950/U.S. yes yes yes
Falklands, 1982/UK no yes yes*
Failed Attempts
Anzio, 1943/U.S. and UK* yes yes no
Gallipoli, 1915/UK, allies no yes no
Bay of Pigs, 1961/Cubans no marginal no

* British forces were outnumbered on East Falkland Island, but they managed to
build up their lodgment successfully and move out from it without opposition. At An-
zio, although the forces there ultimately contributed to allied victory in Italy in the
spring of 1944, their initial objective of making a quick and decisive difference in the
war during the previous winter was clearly not met; thus, the operation is classified here
as a failure.

Corps, recognizing these developments, has in the modern era placed a
premium on maneuver and speed rather than traditional frontal attack—
and as noted, the United States chose not to employ an amphibious assault
against Iraq in the liberation of Kuwait in 1991.%

So how can we ascertain whether, in a possible future war, a given at-
tacker could establish at least two, and better yet three, of the preceding
criteria likely to correlate with a successful invasion? The questions on lo-
cal force advantage are largely a function of the relative logistical capabili-
ties of the attacker and defender to move forces in the face of hostile fire.
The first question is slightly more complex.®® It is not just a matter of who
flies the better airplanes or the larger air force, but what effects one can
achieve from the skies—and prevent the adversary from itself carrying
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out. Thus there is some ambiguity in determining if this criterion for pos-
sible success is met.

It is easiest to think through these complex issues with reference to a
specific example, and given the importance of this scenario, a good case
for scrutiny is that of a possible Chinese attack on Taiwan. As is well
known, China rejects the idea of Taiwan’s permanent separation from the
mainland, whereas Taiwan has been seeking to expand its role as a sover-
eign entity in global affairs, and many Taiwanese feel that the island
should be independent. The potential exists for a political crisis that could
lead to war—and a war that might ultimately even engage the United
States. Even if unlikely, such a conflict is important to analyze given the
huge stakes.

Chinese Attempts to Establish Air Superiority

Begin with the matter of trying to establish air superiority (this is the less
demanding of the two standards of aerial advantage listed earlier, with air
supremacy suggesting a much greater degree of dominance). From China’s
point of view, ideally it would ground Taiwan’s air force early in any war.
Otherwise, even the occasional Taiwanese attack aircraft could cause seri-
ous losses to PRC ships approaching Taiwan’s shores in an amphibious
assault, given the accuracy and lethality of modern aerial ordnance, as
discussed further in the following. At a minimum, China would need a
major edge in the air to make such Taiwanese attacks rare and dangerous
for the pilots carrying them out.

China does not have enough of an inherent advantage in air combat ca-
pability to achieve such air superiority through dogfighting alone. It would
surely need to begin any war with a highly effective surprise strike against
Taiwan’s air force, which could otherwise take shelter in its many hardened
sites on its various airfields, and sneak out for the occasional strike mission
against large PRC ships. (It is important to note that if it employed this
surprise tactic, China could not start loading and sailing most of its ships
towards Taiwan until after the missile and air strikes began, for fear of tip-
ping off Taiwanese and U.S. intelligence about its intentions. In fact, the
PRC would do extremely well simply to prepare its air and missile forces
for the attack without having those preparations noticed.)

China’s ability to carry out such a surprise attack would depend on its
missiles and aircraft based near Taiwan, primarily. China has a large
ballistic-missile force and a large air force that could be used, among other
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missions, to attack airfields and planes on those airfields. The missiles are
numerous, now totaling about 1,000 in southeastern China near Taiwan.
While China’s ballistic missiles (as well as its cruise missiles) have been
rather inaccurate to date, that is changing.” As for planes, China has
about 100 airports of all kinds within 600 miles of Taiwan. Approximately
750 military aircraft are normally located at the twenty such airports used
by the military.®8

Taiwan has hardened shelters for most of its fighters. Of course, it
would have to keep aircraft in those shelters routinely to survive any sur-
prise attack, or have advance warning of the attack.

Taiwan has another challenge here, too: keeping runways operational.
Two to three dozen planes might be needed to shut down a given runway,
or a somewhat lesser number in combination with China’s more accurate
missiles.®” Taiwan could begin to repair runways after any Chinese strike,
assuming it has sufficient runway-repair equipment (and sufficiently hard-
ened maintenance facilities and fuel distribution infrastructure).”® China
could undertake subsequent attack sorties, of course. However, Taiwan’s
anti-aircraft artillery and SAMs would then be on a high state of vigi-
lance, and the Chinese air force might well lose 5 to 10 percent of their
planes on each subsequent sortie, even if able to use standoft precision-
guided munitions that allowed them to stay out of the immediate environs
of the airfields.

So Taiwan would have a good chance to keep large numbers of aircraft
functional after a PRC surprise strike, assuming it was vigilant and care-
ful in day-to-day security operations as well as in its hardening of key fa-
cilities.”! Given the number of shelters it owns, unless it was completely
careless, Taiwan should retain about half its air force (perhaps 300 planes)
after even a masterful PRC surprise strike.

The Initial Amphibious Assault

The next stage in the battle, amphibious assault, is somewhat simpler to
model. It is largely a question of how fast transport ships can be loaded,
sailed, and unloaded, as well as of how fast a defender’s force can be mobi-
lized and sent to fighting positions.

While the math is simple enough to follow in general, focusing on the
China-Taiwan case provides some additional clarity as an example. China
has the capacity to transport 10,000 to 15,000 troops with some heavy ar-
mor by amphibious lift.”?
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Assume for the moment that China could deploy all of these ships to a
single point on Taiwan’s shores at once. The question is, could the number
of arriving troops rival the number of Taiwanese defenders that would
likely be able to arrive at a comparable time?

'The defender’s response is a function of how soon it would notice the
impending assault, how long it would then take to mobilize and activate
troops, and how long it would need to position those forces where they
were needed. Taiwan would have numerous advantages, starting with the
fact that its own reconnaissance capabilities and those of the United States
would surely pick up Chinese preparations for the assault well before ships
left PRC ports. In fact, by the assumptions of this scenario, it would have
been struck with a surprise attack against its airfields, providing obvious
warning. The only truly plausible reason that it might not respond
promptly has to do with the vulnerability of its command and control
network; if key technical systems were knocked out, and if some top po-
litical and military leaders were assassinated or kidnapped, Taiwan’s re-
sponse could be delayed. This underscores the importance of redundant
command and control as well as clear procedures for maintaining the
chain of command when it is under attack. Such matters are hard to model
with simple arithmetic; they require more complex and sometimes tedious
technical assessments of specific technical vulnerabilities.

Assuming that Taiwan’s command and control and communications
systems largely survived the opening attack, it would then be rather well
positioned to respond. With a large military and a relatively small land
mass to defend, as well as a good road network, it would have advantages
that not every such defender would enjoy.

To be more concrete, note that Taiwan has:

* 200,000 active-duty ground troops
* 1.5 million more ground-force reservists
* A coastal perimeter of about 1,500 kilometers

Portioning these out, this means Taiwan could deploy roughly 1,000
defenders per kilometer of coastline along all of its shores if it wished. So
over any given stretch of ten to fifteen kilometers, a tactically relevant
distance (since forces over that distance could all reach incoming Chinese
assets with many of their weapons), fully mobilized Taiwanese defense
force would be able to deploy as many troops as China could deploy there
with all of its amphibious fleet. (An attacker would need to seize a shore-
line of roughly that length, to create areas safe from enemy artillery.)”
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This clearly assumes, however, that Taiwan would make rapid use of its
reservists.

The preceding presupposes rapid Taiwanese mobilization, but no ad-
vance knowledge by Taiwan about where the PRC intended to come
ashore. In reality, unless completely blinded and paralyzed by China’s pre-
emptive attacks against airfields, ships, shore-based radars, other moni-
toring assets, and command centers, Taiwan would see where ships sailed
and be able to react with at least some notice. (It is also very likely that,
even if it did not immediately send combat forces, the United States would
be willing to provide Taiwan with satellite or aircraft intelligence on the
concentration of China’s attack effort. The United States and Taiwan now
have a military hotline, allowing for the possibility that the U.S. global
surveillance system could plug holes in Taiwan’s own capabilities or re-
place them after a PRC attack.)” Although the Strait is typically only 100
miles wide, Taiwan itself is about 300 miles long, so ships traveling 20
knots would need more than half a day to sail its full length, and could not
credibly threaten all parts of the island at once. In addition, amphibious
assault troops cannot come ashore just anywhere. Only about 20 percent of
the world’s coastlines are considered suitable for amphibious assault. On
Taiwan’s shores, the percentage is even less, given the prevalence of mud
flats on the west coast and cliffs on the east.

As a practical matter, then, Taiwan would not need to mobilize all of
its reservists to achieve force parity in places most likely to suffer the ini-
tial PRC attack. If it could mobilize even 20 percent of its reservists in the
days that China would require to assemble and load its amphibious ar-
mada and then cross the Strait, it could achieve force parity with China
along key beachlines. Thus, China would be unlikely to establish even a
local temporary advantage along the section of beach where it elected to
try coming ashore.

Taiwan also has at least two airborne brigades that it could use to react
rapidly where China attacked.” They would allow it to counter China’s
airlift capabilities (estimated at two to three brigades of paratroopers).
China may already be adding a capacity to carry several thousand more
light forces with the purchase of thirty Il-76 Russian transport aircraft.”®
However, PRC paratroopers (or troop-carrying helicopters) over Taiwan
would be at great risk from Taiwanese fighters, surface-to-air missiles,
and anti-aircraft artillery. Paratroopers in fixed-wing transports are par-
ticularly vulnerable in situations in which the attacking force does not
completely dominate the skies and in which the defender has good ground-

based air defenses.””
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Thus, China does not possess the ability to generate the second element
of most successful amphibious attacks as shown in Table 2.1. Its maximum
likely deployment of initial forces would at best be comparable to Taiwan’s
activation of defensive forces in the same landing zone.

Moreover, the preceding analysis does not even include expected attri-
tion to Chinese incoming forces. In reality, such losses would be enor-
mous, both in the initial assault and in subsequent reinforcement opera-
tions. Many of the troops crossing the Strait in China’s amphibious ships
would never make it to land.

Retired Captain Wayne Hughes, Jr. provides a very simple and useful
algorithm for understanding why exposed ships at sea are highly vulnera-
ble. As he points out, given the lethality of modern antiship missiles (dis-
cussed further in the following), ship defenses are best viewed as filters—
taking out a certain percentage of incoming threats—rather than reliable
protectors. This is true even before the point where defenses might be
saturated with more incoming threats than they are even theoretically ca-
pable of simultaneously tracking and engaging. In addition, attackers can
often concentrate their fire in salvos of several shots at a time, further
complicating the defense’s job. Moreover, given modern homing missiles,
somewhat less skill is required in firing them effectively than was the case
for ordnance in many previous eras of naval combat, making for a high
expected accuracy per shot. Also, modern ships are often incapacitated
after just a couple shots.

So if, say, eight shots are fired at a given ship, and six are correctly
aimed towards the target, only one or two might be intercepted. That
means four or five might strike their targets, and often two to four would
be enough to incapacitate a given ship—so in this kind of example, the
attacked ship would almost surely be sunk.

More generally, Hughes’ simple “salvo equation” can be written in sim-
plified form as follows. Assume there are two fleets, with A the number of
ships in the first and B the number in the second. B(o) is the initial num-
ber of ships for B, and B(t) is the number at a subsequent time, t, after it
has taken losses.”® Those losses are:

B(o) - B(t) = [(aA — bB)/s]

Here, a is the number of accurate shots fired by A per ship, b is the
number of missiles intercepted by B’s defenses per ship, and s is the surviv-
ability of the typical ship in B’s fleet. Put differently, this equation simply
says that B’s losses are equal to the total number of good shots fired by A,
minus the number intercepted by B, then divided by the number of shots
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typically required to put any given ship out of commission. So if A has five
ships each shooting four accurate missiles, for a total of twenty incoming
missiles, and B has five ships each capable of intercepting two missiles on
average (for a total of ten intercepts), and two hits are needed to sink the
typical ship in B’s fleet, then five ships will be sunk if the missile shots are
well distributed:

5=[(20 — 10)/2]

The arithmetic here is clearly very simple, but does give some sense of
how ships in modern battle actually perform, and what criteria determine
their survival or their demise in battle. Among other things, it shows the
importance of early detection (to get in the first salvo), of networking of-
fensively when possible (to ensure an effective distribution of missile
firings—not too many and not too few at any enemy ship), and of net-
working defensively when possible (in the event that networked ships can
defend more effectively when working together; if this is not the case, the
ships are often better off operating in a more dispersed manner).

Of particular relevance for this case, the formulas can easily be modi-
fied to show the effects of attacks on an approaching fleet by a land-based
force. The product of the two terms aA can simply be interpreted as the
number of successful shots at fleet B, wherever and whatever their origin
might be.

Historically in the modern era, more than go percent of missiles fired at
undefended ships reached their targets (with fifty-four ships sunk or oth-
erwise put out of action with just sixty-three missiles fired). About 68
percent of missiles fired at ships that had defenses but failed to use them
properly reached their targets (with nineteen ships sunk or put out of ac-
tion using thirty-eight missiles). Against ships employing their defenses,
about 26 percent of missiles fired reached their mark, with twenty-nine
ships incapacitated in one way or another by a total of 121 missiles fired.”
'The data for these cases come from battles before the turn of the twenty-
first century. Of course, there is variation from case to case but the
overall trends are telling about the difficulty of defense and survivabil-
ity at sea regardless.

As another way of getting a very rough quantitative grip on the prob-
lem, for the Taiwan case or another possible example, consider that the
British lost six ships to missiles and aircraft and had up to another dozen
damaged, out of a 100-ship task force, in the Falklands War—and that
they did not generally have to approach any closer than 400 miles from the
Argentine mainland during the conflict.®’ That amounts to an effective
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attrition rate of roughly 10 to 15 percent during blue-water operations—
against an outclassed Argentine military that only owned about 250 air-
craft.8! PRC losses would surely be greater against a foe whose airfields
they would have to approach directly, whose air forces would likely retain
at least 300 planes even after a highly effective Chinese preemptive attack
against airfields, and whose antiship missile capabilities substantially ex-
ceed Argentina’s in 1982. Taiwan possesses significant numbers of anti-
ship missiles such as Harpoon and its own Hsiung Feng. Weaknesses are
evident in Taiwan’s capabilities to resist invasion: its air force has focused
primarily on air-to-air attack, not antiship operations, and the United
States has resisted providing Taiwan with certain attack capabilities out of
fear they might be used provocatively. But despite these limitations, Tai-
wan’s panoply of capabilities is considerable, and would be potent even at
night or in bad weather. The central point is that, with presumed help
from American reconnaissance, and with the advantage of seeing the
PRC ships coming and being able to fire at them from relatively safe posi-
tions on the shore or from land-based aircraft, Taiwan would have the
advantages that the salvo equations show to be so important.

All told, the PRC would likely lose at least 10 percent of its forces just in
approaching Taiwan’s coasts and fighting ashore each time it attempted an-
other trip. This means that after five trips it could be down to 6o percent (or
less) of its initial fleet and after ten trips it could be down to 35 percent.

'The situation would get no better over time for China even if it could
somehow establish an initial toehold on the island. As the battle wore on,
Taiwan’s internal lines of communication would help even more, and its
ability to reinforce its defensive position at the chosen point of PRC attack
would improve further in relative terms, even as China tried to reinforce
its attacking legions. By my estimates for this case, China could average
deploying no more than 10,000 more troops per day to Taiwan by sea and
air combined, in days 3 through 10 of the operation. This assumes that the
average ship can do a round trip to Taiwan every other day, on average,
including time for loading and unloading. And for days 11 through 20, the
average daily flow would be only half that due to ship attrition.??

'The preceding assumes that China would not be able to seize and pro-
tect a Taiwanese port, but that it would instead have to rely on amphibious
shipping to an undeveloped area. Taiwan would presumably mount strong
defenses near major ports and airfields (and also have the capacity, if truly
necessary, to destroy most of the supporting infrastructure to deprive

China of the ability to employ it).
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By contrast, Taiwan could on average mobilize and deploy another
50,000 troops a day to the location where China was seeking to establish a
firm toehold. And its means to continually reinforce would not be nearly
as vulnerable to interdiction as would China’s.

What if the PRC used chemical weapons in this part of its attack? If it
could fire chemical munitions from its ship-based guns, it might be able to
deliver enough ordnance to cover a battlefield several kilometers on a di-
mension within several minutes. China would presumably want to use a
nonpersistent agent, like sarin, so its troops could occupy the area within
a short time without having to wear protective gear. The effects of the
weapons on Taiwan’s defenders would depend heavily on whether they
had gas masks handy, the accuracy of Chinese naval gunfire, weather con-
ditions, and the speed with which Taiwan could threaten the PRC ships
doing the damage.® Historical experiences with chemical weapons sug-
gest that China should not expect these weapons to radically change the
course of battle in any event. Even in World War I, when protective gear
was rudimentary, chemical weapons caused less than 10 percent of all
deaths; in the Iran—Iraq War, the figure has been estimated at less than §
percent.®* China would need to worry that, if its timing and delivery were
not good, its own mobile and exposed troops could suffer larger numbers
of casualties than the dug-in defenders.® Using chemical weapons could
also invite Taiwanese retaliation in kind against China’s relatively concen-
trated and exposed forces on and near the island.®® All told, this approach
would improve China’s odds of getting an initial foothold on Taiwan
slightly. However, it would not change the fact that Taiwan could build up
reinforcements far faster than the PRC subsequently.

Some have raised the possibility that the PRC could use its fishing fleet
to put tens if not hundreds of thousands of troops quickly ashore on Tai-
wan. There are several important reasons not to take this threat particu-
larly seriously, however. First, the ships could not carry many landing craft
or much armored equipment. Second, Taiwanese shore-based coastal de-
fense guns and artillery, as well as Taiwanese aircraft, small coastal patrol
craft, and mines (not just advanced antiship missiles), might well make
mincemeat of many of the unarmored ships, which would have to ap-
proach very close to shore in order for the disembarking soldiers not to
subsequently drown.” Third, given the distances involved, it would be
impossible to coordinate the assault very well; the ships would inevitably
arrive on Taiwan’s shores in ragged staggered formations that would deny
PRC troops the benefits of massed attack.®®
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Extracting broader methodological lessons from this case, it is impor-
tant to break down an attempted amphibious assault into several stages.
And in addition to comparing broad force capabilities, such as airpower
and tonnage of shipping, it is necessary to evaluate factors like the respec-
tive intelligence and monitoring capabilities of each side, the quality of air
defenses, the likely care with which command and control facilities and
airfields and the like have been prepared against possible surprise attack,
and internal lines of communication/transportation for the defender. Be-
ing completely confident about the analytical results is difficult, since an
ill-prepared defender may be shocked into paralysis or confusion by a suf-
ficiently well-conceived surprise strike. But if analysis shows that one side
would effectively need everything to go right even to have a chance at suc-
cess, and if the other side is capable of maintaining a certain vigilance in
its preparations and its day-to-day watchfulness, the defender can proba-
bly succeed, given the inherent difficulty of amphibious assault in the mis-
sile age.

Some of the preceding challenges facing any amphibious attacker China
could address. It could build a great deal more amphibious shipping. It
could, and will, continue to improve the accuracy of its missile force and its
air-delivered munitions to improve capacities against Taiwan’s air force in
particular. It could continue to learn more about how to disrupt Taiwan’s
command and control networks. So Taiwan’s defensible position is not
guaranteed to endure. It will need to continually harden key assets and
devise backup command and control measures, improve runway repair ca-
pabilities as well as the strength and number of aircraft shelters, strengthen
antishipping missile capabilities, and the like. Nevertheless, its current
military position against amphibious assault appears quite robust.

Coercive Uses oF Force: BLockADES
AND BARRAGES

Obviously, not every use of military force amounts to all-out war. Some-
times countries conduct limited attacks for limited purposes. Two cases of
modern relevance are considered here: a possible North Korean barrage of
Seoul, primarily with artillery, and a Chinese blockade of Taiwan that
might or might not be coupled with missile strikes. Of course, analyzing
the likely course of any such scenario is a complex matter of political-
military analysis; the goal here is simply to explain some of the technical
issues involved in assessing how potent any such attacks might be. These
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two cases dramatize the types of scenarios because Seoul is unusually vul-
nerable to artillery barrage (being so close to heavily armed North Korea)
and Taiwan is particularly vulnerable to missile strikes or even a partially
effective, “leaky” naval blockade (being so dependent on shipborne com-
merce and so close to China).

A North Korean Artillery Barrage of South Korea
What could North Korea do to Seoul and environs by way of bombard-

ment even if it could not plausibly seize the South through outright inva-
sion? If its capabilities were sufficient, South Korea might in theory be
intimidated into surrender—or at least into appeasement prior to hostili-
ties, knowing what would happen if war began (and fearful that North
Korea might be willing to run the risks, given its extremist regime).

North Korea could, to be sure, seriously harm the South Korean people
and economy. About 500 of North Korea’s roughly 12,000 artillery tubes
are within range of Seoul in their current positions. Most artillery can fire
several rounds a minute. Also, the initial speeds of fired shells are gener-
ally around half a kilometer per second. That means that even if an ROK
(Republic of Korea) counterartillery radar some ten kilometers away
picked up a North Korean round and established a track on it within sec-
onds, a counterstrike would not be able to silence the offending DPRK
(Democratic People’s Republic of Korea) tube for at least a minute (and
probably closer to two minutes). On average, such a tube could therefore
probably fire two to five rounds, and quite possibly a dozen or more, before
being neutralized or forced to retreat fully into its shelter. Some tubes may
even be able to fire from protected positions, permitting them to keep up
the barrage until they suffer either a near-direct hit by an artillery round
or an attack from a laser-guided or satellite-guided bomb.

That means that at least several thousand rounds could detonate in Seoul
no matter how hard the allies tried to prevent or stop the attack. The lethal
radius of a typical artillery shell is usually thirty to fifty meters (for standard
8rmm and 155 mm rounds in the U.S. arsenal, with anywhere from seven to
twenty-five pounds of explosive). That reference point, as well as historical
precedents from conflicts such as the Bosnia war of 1992-1995, suggest that
an average round could cause up to tens of casualties and considerable physi-
cal destruction. The end result could be up to tens of thousands of civilians
wounded, with perhaps one fifth the total number dead. Attacks against
Seoul would probably be much worse if they involved chemical weapons.®’
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A Chinese Missile Barrage and Blockade of 1uaiwan

Two of the most notable ways that China might threaten Taiwan, short of
attempting a very risky amphibious assault, are missile attack and naval
blockade. The two techniques might also be combined in a single
operation.

China has about 1,000 short-range missiles, believed to be equipped
with conventional warheads, in the southeastern part of its country near
the Taiwan Strait. The missiles could be used in a number of ways, going
well beyond what happened in the mid-199os (when they were fired into
the sea near Taiwan). They could be aimed at remote farmland or moun-
tains, to minimize the risk of casualties (if only a few missiles were used,
in a strictly symbolic way against such sites, it is plausible no one would be
killed, though China could not be sure in advance). They could be aimed
very close to land so they would be visible to residents when their war-
heads exploded. They could also be aimed at the waters just outside ports,
or even within harbors, implicitly threatening Taiwan’s economy but again
without being likely to cause many casualties. If the crisis intensified, suc-
cessive missile strikes might be aimed closer to shore and closer to cities,
with a greater risk of casualties—potentially causing dozens of fatalities in
a single strike. Missiles could also be directed at military installations, if
China wished to avoid civilian casualties.

'The missile option has limits, however. Most of China’s ballistic mis-
siles are not yet very accurate, with expected miss distances of 100 meters
or more.”® The types of strikes mentioned here, while perhaps unlikely to
cause many casualties, would also be unlikely to achieve much direct and
lasting military or even economic effect. And escalation would be prob-
lematic for China. Using missiles against cities would be seen as a brutal
terroristic act that could do more to unify the people of Taiwan—and the
world—against China than to achieve Beijing’s war aims. At least, that
has been the historical norm when cities have been bombarded in the
modern era, be it by airplanes in World War II or ballistic missiles in the
Iraq-Iran and Persian Gulf wars.”! For these reasons, missile strikes might
be a logical way for China to begin any use of force, but it would probably
need a backup option in case they failed.”?

Cruise missiles can be much more accurate, and China is obtaining
these, too. It may have several hundred with sufficient range to find tar-
gets in Taiwan. The warheads on these missiles may be smaller, and their
likelihood of being shot down much greater, but this threat may be, on
balance, somewhat more militarily meaningful. Still, perspective is
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needed; the United States has frequently used cruise missiles in modern
war, and often used several hundred in a given conflict, but has never
come close to achieving widescale military objectives with such missiles
alone. In modern wars, it has typically had to deliver many thousands of
precision bombs to achieve its goals.”

That is where a naval blockade could offer appeal to China. It could be
“leaky” and still directly threaten Taiwan’s economy. To do so, it need not
physically stop all ship voyages into and out of Taiwan. It would simply
need to deter enough ships from risking the journey that Taiwan’s econ-
omy would suffer badly. The goal would be to squeeze the island econom-
ically to a point of capitulation. This solution could seem quite elegant
from Beijing’s point of view—it could involve only a modest loss of life,
little or no damage to Taiwan itself, more terror than harm suffered by
the people of Taiwan, and the ability to back off the attack if the United
States seemed ready to intervene or if the world community slapped ma-
jor trade sanctions on China in response. Additionally or alternatively,
the capabilities needed to carry it out, most notably submarines as argued
in the following, could also help deter and complicate any American naval
intervention on behalf of Taiwan.”* How to analyze such a blockade sys-
tematically and quantitatively, when its principal goals might be qualita-
tive and psychological?

A Chinese blockade could take a number of forms. Militarily speaking,
the least risky and most natural approach would simply attempt to intro-
duce a significant risk factor into all maritime voyages in and out of Tai-
wan by occasionally sinking a cargo ship with submarines or with mines
China laid in Taiwan’s harbors.”

Using airplanes and surface ships would put more of its own forces at
risk, especially since it could not realistically hope to eliminate Taipei’s air
force with a preemptive attack (though airpower might be used in a hit-
and-run raid, especially as an initial strike before Taiwan’s defenses were
fully alerted). A blockade using planes and surface ships would also be
rather straightforward for the United States to defeat quickly. It benefits
from superior scouting/reconnaissance abilities at sea; in addition, the le-
thality of modern naval weapons means that the side able to muster an
effective attack first is increasingly in the dominant position.”®

To be sure, a blockade would be challenging and dangerous for China
to pull off. Perhaps the greatest worry for Beijing would be its likely in-
ability to distinguish one country’s merchant ship from another’s. But if
Beijing announced to the world that those shipping towards Taiwan were
aiding and abetting its enemy, and gave fair warning, it might consider
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itself to have done enough to warrant attack against any vessel not heeding
its demands. Moreover, it might offer countries the option of first docking
in a PRC port for inspection (if it decided to allow humanitarian goods
through, for example, or ships from certain friendly countries but not
others) and then being escorted safely to Taiwan. Since this strategy might
require it to sink only a few ships to achieve the desired aims, even in a
worst-case scenario it might believe it was threatening the lives of only 100
to 200 commercial seamen. Given the perceived stakes involved, Beijing
could well consider this a reasonable risk.

Most of China’s submarines do not have antiship cruise missiles or
great underwater endurance. However, the PRC submarine force is
steadily improving. Even today, Chinese subs have adequate ranges on a
single tank of fuel—typically almost 10,000 miles—to stay deployed east
of Taiwan for substantial periods. Although their ability to coordinate
with each other and reconnaissance aircraft is limited, that might not
matter greatly for the purposes of a “leaky” blockade. Even if picking up
commercial ships individually by sonar or by sight, such submarines could
maintain patrols over a large fraction of the sea approaches to Taiwan. It
could take Taiwan weeks to find the better PRC submarines, particularly
if China used them in hit-and-run modes.”” Given the lethality of modern
torpedoes and cruise missiles (for any PRC submarines carrying the lat-
ter), the existence of these submarines in important waterways near Tai-
wan would constitute a very major threat.

To break the blockade, the basic idea for the United States and Taiwan
would probably be to deploy enough forces to the Western Pacific to
credibly threaten the following type of operation. The magnitude of this
operation shows how hard it is to reliably defeat even an imperfect
blockade.

"To break the blockade, the United States and Taiwan would have to set
up a safe shipping lane east of Taiwan. In addition, they would have to
heavily protect ships during the most dangerous part of their journeys
when they were near the island. To carry that mission out, the United
States, together with Taiwan, would need to establish air superiority
throughout a large part of the region, protect ships against Chinese sub-
marine attack, and cope with the threat of mines near Taiwan’s ports.

'The anti-submarine warfare (ASW) effort could have multiple aspects.
'The United States would surely be tempted to deploy its own attack sub-
marines as close as possible to China—certainly in the Taiwan Strait,
maybe just outside PRC ports. This approach would provide American
submarines a good prospect of destroying PRC subs at their source, before
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they were in a position to fire on commercial shipping (or U.S. aircraft
carriers) in more distant waters. However, this type of ASW would be
extremely delicate strategically, especially if it involved attacks in Chinese
territorial waters.

Whatever happened near Chinese shores, there would surely be addi-
tional layers of American ASW further out to sea. The convoys sailing to
and from Taiwan would need protection. American ships, primarily ASW
frigates, would accompany convoys of merchant ships as they sailed in
from the open ocean waters east of Taiwan. These convoys might form
a thousand miles or more east of Taiwan, and enjoy armed protection from
that point onward as they traveled to the island and later as they departed.
The frigates would use sonar to listen for approaching submarines, and
for the sound of any torpedoes being fired. Some ships would be larger
destroyers or cruisers, such as those equipped with advanced Aegis radars,
to detect any use of cruise missiles and attempt to defend against them.

'The United States would probably deploy significant numbers of sur-
face combatants and airplanes like P-3s to the region for this mission.
Some would help protect U.S. aircraft carriers, of which at least four
would likely deploy east of Taiwan to establish air superiority in the event
of any conflict. Others would provide additional protection to merchant
ships or mine warfare vessels as they operated near Taiwan’s shores. U.S.
minehunters and minesweepers would operate near Taiwan’s ports and the
main approaches to those ports. Land-based or ship-based helicopters
might assist them. So might robotic submersibles deployed from ships
near shore.

If China then used its submarines in attacks on shipping, or if direct
hostilities began in another way, the United States would almost surely
begin to actively search for and fire upon Chinese submarines as a matter
of normal operations. Any Chinese submarine wishing to fire at a mer-
chant ship or aircraft carrier would then first have to run quite a gamut. It
would have to evade submarine detection as it left port, avoid any open-
water search missions that the United States and Taiwan established, and
then somehow penetrate the defensive ASW perimeter of whatever con-
voy it was attacking as it approached its target. To survive the overall en-
gagement and return to port, it would then need to successfully negotiate
all of this in the other direction.

During the Cold War, the effectiveness of ASW operations was com-
monly assessed at 5 to 15 percent per “barrier” (Cold War barriers at that
time were more linear and literal perimeters than would be likely here, but
the fact remains that Chinese subs would have to survive perhaps three
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types of pursuers at three different parts of their journey to or from home
base.) By those odds, the typical Chinese sub would do well to survive for
two or three roundtrip missions from base.”® But it might succeed in get-
ting off several shots against valuable surface ships before meeting its own
demise.

'The vulnerabilities of all ships (including U.S. Navy ships) to attack are
amplified in shallow littoral waters. In the open blue waters of the oceans,
the U.S. Navy can generally detect enemy ships or aircraft long before
they are close enough to strike. But in shallow waters, shore-launched
antiship missiles are a threat, as are weapons fired from aircraft or ships
that dart out from a country’s coastal regions. A similar conclusion applies
to the threat from submarines and torpedoes. In the open oceans, the U.S.
military can rely on sonar (from aircraft, fixed underwater arrays known
as SOSUS, and ships) to get a good sense of the approach of enemy sub-
marines. Sonar is relatively predictable in deep waters; moreover, any ship
approaching a U.S. vessel would have to travel a great distance to reach it
in such a location, offering multiple opportunities for detection. By con-
trast, shallow waters are complex sonar environments, where sound waves
bounce back and forth in multiple and unpredictable directions. This
makes ambush a real worry, especially for the mine warfare vessels and
surface ships that would have to escort commercial vessels all the way into
Taiwan’s ports.”

To be sure, the United States Navy would not deploy most of its assets
near China all at once. However, China still might think that a quick
strike that sank a carrier and killed hundreds or thousands of Americans
would cause Washington to waver in its future commitment to the defense
of Taiwan. As naval analyst Captain Wayne Hughes, Jr. argues about the

nature of naval combat:190

* Defense is usually weaker [than offense, unlike land battle].

*  Defensive power is solely to gain tactical time for an effective at-
tack or counterattack.

*  When two competitive forces meet in naval combat, the one that
attacks effectively first will win.

Hughes also argues that there is perhaps less friction in battle at sea
than on land, and that many naval engagements occur in which decisive
results happen relatively quickly, in contrast to the norm for war on land.

Technology trends could put ships at even greater risk today. Hyper-

sonic antiship cruise missiles are becoming more common and are



Modeling Combat, Sizing Forces 103

extremely difficult to defend against, even for high-performance U.S.
Navy ships with advanced Aegis radar systems. The ranges of PRC cruise
missiles are now reaching or exceeding 150 miles. To make these weapons
more effective, China can be expected to try to improve its targeting and
communications systems, too. For example, it is putting into orbit more
satellites capable of detecting large objects on the oceans.!”! With the in-
formation from satellites, guidance systems on the cruise missiles could
then guide them to the vicinity of their targets, where terminal seekers on
the missiles themselves could finish the navigation job.!? The only truly
reliable way to protect ships against such threats is to minimize the num-
ber of missiles that can be fired at them by depriving the missile-carrying
aircraft or ships of proximity to their would-be targets. The United States
would have a good chance to do this successfully against China, but the
PRC’s submarines would complicate the task and cause a real risk of sig-
nificant American losses in the course of battle.

NucrLear ExcHANGE CALCULATIONS

Although more a vestige of the Cold War than a focus of current defense
planning, nuclear “exchange calculations” are still worth understanding.
The physics underlying them remain relevant even if the nuclear super-
power dynamics that led to their centrality in defense circles now seem
(mostly) anachronistic. More to the point, perhaps, certain aspects of these
calculations could be relevant in considering other issues, such as possible
nuclear exchanges between regional powers or between a regional power
and the United States—and perhaps most importantly, arms control ar-
rangements designed to lower the probability of such nuclear attacks.

These exchange calculations focused on a nuclear-armed “triad” of
forces that the Soviet Union and the United States maintained during
much of the Cold War—and that Russia and the United States maintain
today, at lower force levels. Smaller nuclear powers typically aspire to a
similar distribution of nuclear forces across different types of platforms
and delivery vehicles. The triad is made up of intercontinental ballistic
missiles (ICBMs), historically placed in the ground in hardened concrete
silos or made mobile to complicate the enemy’s targeting; submarine-
launched ballistic missiles (SLBMs) on submarines that can be deployed
at sea to enhance their survivability against attack; and bomber-launched
nuclear munitions (bombs or cruise missiles), delivered by planes that can
if necessary be placed on runway alert (or even be maintained with some
fraction constantly airborne), again to enhance survivability.
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An essential goal of nuclear force planners for much of the Cold War
was to ensure that their own country’s forces could survive any plausible
attempt by the enemy to disarm them in an all-out surprise first strike. At
the same time, force planners also sought, especially on the American side
early in the Cold War, to maximize their capacity for denying the adver-
sary the very survivable second-strike force that they knew necessary for
their own country. Worries about ensuring a survivable deterrent drove
the two states to create triads in the first place, to harden silos (or, later,
build mobile ICBMs that could not be easily pinpointed by the potential
enemy), build quieter and quieter (hence harder and harder to find) sub-
marines, put bombers on runway alert at interior bases, and build early
detection radars and satellites to watch for any possible “bolt from the
blue” attack by the other.1®

In assessing whether they had achieved their core defensive goal of cre-
ating survivable forces (and in also assessing whether they could destroy
much of an enemy’s nuclear assets through “counterforce” strikes), nuclear
planners employed exchange calculations. The basic logic went like this.
Assuming one side might be willing to launch an all-out zero-warning
attack on the other, how well might it do?

The details of the calculations were based on the following basic con-
cept. First, ICBM silos would be attacked by the other side’s most accu-
rate and lethal ballistic missile warheads, since they are difficult to destroy.
Typically, two warheads would be used against each silo, to account for
the imperfect reliability and accuracy of the incoming warheads. (It was
further assumed that by the time one side’s bomber forces could penetrate
the airspace of the other, the attacked side would have had six to ten hours
of warning—allowing it to launch its own ICBMs before they could be
attacked. Thus it was generally assumed that bombers would not be the
appropriate delivery vehicle for attacking silos.) Submarines carrying
SLBMs but located in their ports would be destroyed (a fairly straightfor-
ward proposition, since submarines are not very hard relative to ICBM
silos); deployed submarines would be hunted down by the other side’s at-
tack submarines (probably something that only the United States ever had
the capacity to do). Bomber bases could be barraged, again by warheads
from ballistic missiles. Any bombers that had managed to become air-
borne before the barrage occurred would have to be shot down by air de-
fenses. This was the basic picture of any first strike.

Many assumptions, besides the previously noted point about bombers
not being well suited to attack ICBM silos, were built into these models—
and not all of them were guaranteed to be right. One assumption was that
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neither side would launch its ICBMs and SLBMs in the fifteen to twenty
minutes it might have available, between when it detected the other side’s
massive launch of missiles and when the incoming warheads would begin
to detonate. A second assumption was that the command and control and
communications systems of each side would survive initial attacks and be
capable of ordering and coordinating retaliation; otherwise, having one’s
forces survive might be of little benefit.'* A third assumption behind the
way nuclear force planning was done (if not the exchange calculations
themselves) was that keeping forces on alert would not lead to a high risk
of accident that would trump the strategic benefits.!” A fourth assump-
tion was that any conventional war that preceded the nuclear exchange
would not lead to confusion about whether a nuclear attack had begun
(when, in fact, it had not).1% Again, if incorrect, this assumption would
not invalidate the exchange calculation methodology per se, but it would
call into question the logic of the prevailing force planning paradigms.

Some of these assumptions can be assigned a probability, or be analyti-
cally assessed; others are more intangible. For example, the idea that nei-
ther side would launch on warning was hardly an inevitability and may
well have been wrong at many times during the nuclear age—but it still
was a useful simplifying way to assess the maximum vulnerability of a
given side’s forces. The assumptions about the survivability of command
and control, by contrast, could in large measure be subject to detailed
technical examination of the effects of nuclear blasts on various technolo-
gies integral to the command, control, and communications effort. In fact,
many steps had to be taken to ensure survivable command and control
since technical studies often revealed vulnerabilities—with both super-
powers naturally trying to diagnose and repair their respective vulnerabil-
ities before they were recognized by the other. The hope that accidents
would not occur could be evaluated either by appeal to organization theory
(trying to find analogies for how well large organizations had maintained
strong safety records) or by examination of the history of the nuclear
weapons business itself, once enough years had passed to create a reason-
able dataset of experiences with airborne bombers, at-sea submarines, and
the like.

In addition to such assumptions, calculations also were done with cer-
tain simplifications. For example, it was assumed that two warheads could
be detonated near a single silo, without the shockwave, x-rays, or debris
cloud from the first destroying the second (a process known as
“fratricide”).1% It was further assumed that missiles would perform the
same way on flight trajectories over the North Pole as they had on test
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ranges. It was also assumed that, while ballistic missiles might individu-
ally fail, there would be no systemic problem with warheads detonating—
even though those warheads would never have been tested under truly re-
alistic conditions before.

Keeping these potentially flawed assumptions in mind, this is how the
exchange calculations then proceeded for some typical weapons involved.
Assume, say, Soviet SS-18 missiles (with ten warheads each) attacking
American Minuteman missile silos. The reliability of any SS-18 missile
itself was estimated at 85 percent. The average miss distance (or “circular
error probable”) of a warhead launched by an SS-18 was estimated at 150
meters. Since the warhead yield was estimated at 500 kilotons, correspond-
ing to a “lethal radius” of 290 meters against American ICBM silos (given
their specific level of hardening, estimated at a resilience of up to 2,000
pounds per square inch of overpressure from a blast wave), that meant
most SS-18 warheads would destroy the silo they were aimed at (since
most would land within 290 meters of their aim points, given their typical
miss distance of only half that distance). The main hope for the silo, by
this methodology, would be that any and all missiles launching warheads
at it would fail. Assuming two different missiles were used to launch the
two warheads directed at each silo—a practice that complicates targeting, of
course, but hedges against the failure of any given rocket—this implies a 95
percent chance of any given U.S. Minuteman missile being destroyed.!%

For submarines, the math was simple. All SLBMs in port would be
destroyed; all U.S. SLBMs deployed at sea would survive. Soviet-deployed
SLBMs, for their part, might or might not survive depending on how well
U.S. attack submarines and other antisubmarine warfare capabilities were
able to do their jobs in finding the Soviet subs carrying the SLBMs.

For bombers, all bombers on the ground would be assumed to be de-
stroyed, all those well into the air before the attack would survive (and
then stand some chance, perhaps 50 to 9o percent, of successfully pene-
trating enemy air defenses as they approached their targets). Only for
those trying to get off the ground as warheads started to explode around
them would the math be complicated, as the attacker might have sought to
barrage the airspace around the runways, creating enough overpressure to
knock planes only just getting off the ground out of the sky. The mathe-
matics of this process are not discussed in detail here. Suffice it to say that
a warhead of roughly 500 kilotons’ yield could likely destroy aircraft out to
about three to five kilometers distance (though there is considerable un-
certainty in this estimate and it could easily vary by a factor of two or even
more, either way).!®” However, since planes travel fast and can vary their
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flight direction and altitude quickly, a barrage scenario is a complex one to
evaluate.

Typically, exchange calculations showed that either superpower
might retain 20 to 50 percent of its initial forces after an enemy first strike
during most of the latter decades of the Cold War. Each would still have
retained a great deal of redundancy or “overkill” in its nuclear forces,
clearly. The situation clearly might not be so simple, however, for smaller
nuclear weapons, and the potential for high vulnerability could be much
greater.

S1ZING STABILIZATION AND PEACEKEEPING FORCES:
Tue Cask oF A CoLLAPSING PAKISTAN

How should peacekeeping or stabilization missions be sized and struc-
tured? This is a difficult question, because there is no simple one-size-fits-
all formula. In cases where parties to a conflict are truly exhausted by
fighting and committed to peace, or cases where available weaponry is
limited, for example, modest numbers of troops may suffice. Then again, it
is this logic—or this sort of hopefulness—that may have led to the care-
lessness with which the United States prepared for the occupation of Iraq.
In cases where the risk of failure is truly not acceptable, what would cau-
tious defense planning metrics say about necessary troop levels?

'This section of the chapter employs a concrete example to motivate and
illuminate an otherwise rather dry set of calculations. The case in point is
Pakistan. Of all the military scenarios that would undoubtedly involve the
vital interests of the United States, short of a direct threat to its territory, a
collapsed Pakistan ranks very high on the list. This is not the usual peace-
keeping scenario, to be sure, and it is (one hopes) extremely unlikely to
occur. But its potential importance makes it a good subject for discussion
and analysis—and Pakistan’s sheer size underscores the tyranny of the
arithmetic that drives this type of force planning. This is because the most
notable characteristic of this type of military analysis is the direct rela-
tionship between the size of the indigenous population in question and
the resulting necessary size of the stabilization force.

The combination of Islamic extremists and nuclear weapons in Paki-
stan is extremely worrisome. Were parts of Pakistan’s nuclear arsenal ever
to fall into the wrong hands, al-Qaeda could conceivably gain access to a
nuclear device with terrifying possible results. Another quite worrisome
South Asia scenario could involve another Indo—Pakistani crisis leading to

war between the two nuclear-armed states over Kashmir.!0
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The Pakistani collapse scenario appears unlikely given that country’s
relatively pro-Western and secular officer corps.!! But the intelligence ser-
vices, which effectively created the Taliban and have also condoned, if not
abetted, Islamic extremists in Kashmir, are less dependable. Plus, the
country as a whole is sufficiently infiltrated by fundamentalist groups—as
the attempted assassinations against former President Musharraf (and
other evidence) make clear—that this terrifying scenario of chaos cannot
be dismissed.!?

Were it to occur, it is unclear what the United States and likeminded
states would or should do. It is very unlikely that “surgical strikes” could
be conducted to destroy the nuclear weapons before extremists could make
a grab for them, since it is doubtful the United States would know their
location, and it is at least as doubtful that any Pakistani government would
countenance such a move, even under duress.

If a surgical strike, series of surgical strikes, or commando-style raids
were not possible, the only option might be to try to restore order before
the weapons could be taken by extremists and transferred to terrorists. The
United States and other outside powers might, for example, respond to a
request by the Pakistani government to help restore order. But given the
embarrassment associated with requesting such outside help, it might not
be made until it was almost too late. Hence, such an operation would be
an extremely demanding challenge, but given the stakes, there might be
little recourse than to attempt it.

What could this type of mission entail? The international community
might team with Pakistani forces to help defeat any insurrection. Or it
might help protect Pakistan’s borders, making it hard to sneak nuclear
weapons out of the country, while providing only technical support to the
Pakistani armed forces as they tried to put down the insurrection. All that
is sure is that, given the enormous stakes, the United States would literally
have to do anything it could to prevent nuclear weapons from getting into
the wrong hands.

Should stabilization efforts be required, the scale of the undertaking
could be breathtaking. Pakistan is a very large country. Its population is
about r7o million, or six times Iraq’s. Its land area is roughly twice that of
Irag; its perimeter is about 5o percent longer in total. Since a U.S. force of
some 140,000 (as part of a broader international force of about 165,000)
was ultimately determined to be inadequate to handle the Iraq mission,
stabilizing a country of Pakistan’s size might seem to require more than a
million foreign troops.
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To be more precise, according to optimal counterinsurgency doctrine,
stabilizing a given region should ideally involve twenty to twenty-five
military or police personnel for every thousand indigenous citizens.!"> Put
differently, that is at least one peacekeeper for every fifty citizens, imply-
ing in Pakistan’s case up to three million security force personnel. Such
ratios have sometimes been achieved, notably in post-World War II Ger-
many, in Bosnia and Kosovo in the 1990s, and even in Somalia in the early
1990s for a time."* Even a more modest approach that accepts somewhat
greater risk suggests deploying one peacekeeper for every one hundred
members of the civilian population.’> Only in relatively benign post-
conflict environments with an exhausted or thoroughly defeated popula-
tion (Japan in 1945, Namibia in 1989, El Salvador in 1991, Mozambique in
1993) has it been possible to make do with only one peacekeeper for every
200 or more citizens of the host nation, still implying almost one million
forces for Pakistan’s population.!®

This arithmetic quickly shows that no international force could do the
job on its own. The world does have more than 20 million soldiers across
all of its militaries, but obviously most are unavailable at any given mo-
ment for peace operations and stabilization missions and most countries
are unable to deploy and sustain substantial numbers of forces abroad in a
timely fashion even when they choose to try. The international community
has reached new heights in recent years deploying some 150,000 or more
total troops in various peace operations (including those under U.N. aus-
pices, as well as under organizations like NATO or the African Union),
and a comparable number in Iraq. Its maximum capacity is no more than
twice that aggregate amount, or a bit more than half a million troops,
even assuming an all-out American effort. That size force could only be
deployed over a period of many months—and longer still for some inland
locations, given the logistical limitations of many militaries and the cor-
responding need to establish transportation and support for them (through
contractors or other means).!’

Presumably even in a scenario of a gradually fraying or dissolving Paki-
stan, some fraction of the country’s own security forces would remain in-
tact, able, and willing to help defend their country. By this logic, the inter-
nationalforcewould deployonlyatthe requestofthe hostgovernment—which
would, in any case, have to continue to handle most of the challenges of
the job itself for months as the international force deployed.

Pakistan’s military numbers 550,000 Army troops, 70,000 uniformed
personnel in the Air Force and Navy, another 510,000 reservists, and almost
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118 Police forces are also

300,000 gendarmes and Interior Ministry troops.
substantial. But if some substantial fraction of the military broke off from
the main body, say a quarter to a third, and were assisted by extremist
militias, it is quite possible that the international community would need
to deploy 100,000 to 200,000 troops to ensure a quick restoration of order.
Given the need for rapid response, the U.S. share of this total would prob-
ably be a majority fraction, or quite possibly 50,000 to 100,000 ground
forces. Obviously, this calculation is notional and illustrative, not precise;
in a given scenario, the numbers could be much different.

Of course, proper force sizing does not guarantee a successful outcome.
History contains numerous examples of failures even when theoretically
adequate forces were deployed, as with the French experience in Algeria
from 1954-1962 (about forty troops per 1,000 indigenous citizens) and the
U.S. experience in Vietnam (about eighty-five troops per 1,000 Vietnam-
ese). Clearly a host of other factors impinge on a mission’s prospects, in-
cluding the training and quality of the counterinsurgency/stabilization
forces, the perceived political legitimacy of their mission, and the avail-
ability of sanctuaries in neighboring states for insurgents. But being wary
of the importance of force numbers is one thing; totally ignoring their
relevance is something else. Without adequate forces, it is impossible to
protect the population, and counterinsurgents often fall back on excessive

use of firepower to compensate for their lack of presence.!’

AssesSING COUNTERINSURGENCY
AND STABILIZATION MMISSIONS

How to tell if a counterinsurgency war is being won? Clearly sizing the
force correctly for a stabilization mission, as discussed earlier, only ad-
dresses the question of getting the inputs roughly right. What about results
on the ground?

In conventional warfare, deducing trends is fairly obvious—if not to
predict outcomes, at least to discern who is “ahead” at a given moment.
Movement of the front lines, industrial production of war matériel, and
the logistical sustainability of forces in the field provide fairly obvious
standards by which to assess trends. But counterinsurgency and stabiliza-
tion operations—like the one in Iraq (used here as an important recent
example)—are different, and more complex. How do we measure progress
in such a situation?

This is a hard challenge because it is easy to misuse and abuse metrics.
In Vietnam, for example, the United States was convinced that there
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would be a “crossover point” in attrition of the Viet Cong. If U.S. military
forces could manage to kill enough of them, say 50,000 a year, their re-
cruiting efforts would not be able to keep pace, and combined American
and South Vietnamese forces would ultimately prevail. This was based in
part on the conviction that successful counterinsurgency requires ten gov-
ernment soldiers for every insurgent—a simplifying assumption that,
while partly validated by history, gave American policymakers too much
confidence that a given number of U.S. troops could produce victory. That
approach led to General Westmoreland’s famous search-and-destroy con-
cepts for ground operations. It resulted in a focus on massive firepower
that killed huge numbers of innocents and failed to achieve its military
objective as well. The conviction that the Viet Cong needed hundreds or
thousands of tons of supplies daily led to additional bombing of the Ho
Chi Minh trail and ultimately Cambodia—again to no avail as it turned
out that the Viet Cong in South Vietnam needed little outside help.!*

'The U.S. focus on supporting a government with strong anti-communist
credentials led to dependency on a corrupt regime with limited legitimacy
among its people. American hopes about sparking GDP growth in Viet-
nam were dashed because the country’s economic successes accrued only
to a small fraction of the population. Finally, Washington’s focus on en-
larging and equipping South Vietnamese security forces could not com-
pensate for their qualitative deficiencies.!?!

The experience of successful counterinsurgency and stabilization mis-
sions in places such as the Philippines and Malaya (now Malaysia), by
contrast, tends to place a premium on tracking trends in the daily life of
the typical citizen. How secure are they, and who do they credit for that
security? How hopeful do they find their economic situation, regardless of
the nation’s GDP or even their own personal wealth at a moment in time?
Do they think their country’s politics are giving them a voice?!??

'The Marine Corps tended to focus on these metrics in Vietnam, and
developed an approach called the Combined Action Program (CAP) to
help protect the population in “ink spots” that would gradually expand
with time. In fact, the Marine CAP concept applied more broadly would
have led to fewer overall American forces than were actually deployed,
suggesting that the ten-to-one rule was NOT the optimal way to gauge
U.S. force requirements. But the Marine Corps did not carry the day with
this concept for the U.S. military overall1?* The U.S. military finally moved
towards this type of thinking in Irag—but, in general, not until 2007.!**

However, tracking trends in the well-being of a population is extremely
difficult. Many considerations enter into this question. This helps explain
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why the Iraq Index at Brookings has included more than fifty key indica-
tors since we began it in late 2003. Further complicating matters is that
information is often unreliable. In Iraq, data has been conspicuously poor
about the unemployment rate, the crime rate, and trends in the availability
of water, sewage treatment, and health care. Finally, in gauging whether a
given strategy is working, some metrics may be leading indicators of suc-
cess (or failure), whereas others may lag. Is there a way to make sense of
the cacophony of data?

Once a counterinsurgency has made major strides forward, as Iraq had
by this writing in late 2008, it is easier to tell a clear story from the data.
Beginning with civilian fatalities from violence (of all forms), perhaps the
ultimate indicator of stability, Iraq’s rate of violence had declined by 8o
percent relative to the 2006 peak and was even lower than in the years
2004/2005. Moreover, it was continuing to decline even as the U.S. surge
of forces ended and America reduced its combat brigade strength from
twenty to fifteen. With U.S. troop fatality rates down by 60 to 8o percent
by mid-2008 as well, and Iraqgi Security Force casualties reduced by more
than half] too, the overall trajectory of the war was fairly unambiguously
good—just as it had been unambiguously bad in 2006.

More complicated is to assess the dynamics of such a war as the situ-
ation is changing but before trends are dramatic. This was essentially the
situation in Iraq in 2007. As the surge brigades arrived from the United
States over the first half of the year, and Iraqi security forces continued
to grow at a rate of almost 10,000 uniformed personnel a month, new
operations were initiated and the battlefield changed substantially.
Nonetheless, violence remained very high; it was not until the latter half
of the year that the situation markedly improved throughout much of the
country. The U.S. political debate over the surge was meanwhile quite
acute, and Congress was considering cutting oft funding for the war even
as the surge began during the first six to eight months of the year. What
indicators could it have looked to, during this transitional time, to deter-
mine whether it was worth keeping American forces involved in the
fight?

It is difficult to create a clearly prioritized list because leading and lag-
ging indicators could vary from one conflict to another. In Iraq, reductions
in U.S. and Iragi security force casualties lagged because the surge led to
heavy fighting in parts of the country as Shiite militias, al-Qaeda in Iraq
extremists, and others battled back for a time. Improvements in basic
economic-quality-of-life indicators, such as numbers of children in school,
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the quality of health care, the unemployment rate, and the availability of
potable water and electricity continued to lag even in late 2008.

In other cases, the nature of the information may be inherently difficult
to interpret. For example, “body counts” of killed enemy combatants may
indicate progress—as long as the right people are being killed. But if in-
nocents, or would-be allies, are killed by government forces, the effect can
be negative. The latter dynamic probably existed in Iraq in 2004 through
2006; the former appears to have been established by 2007, but body
counts themselves would not show the change.

By contrast, some indicators were more promising. Ethnic cleansing
rates declined by mid-2007. The numbers of extremist leaders purged from
the Iraqi Security Forces and other Iragi government positions increased
quite a bit (though it took a while to be confident that their replacements
had higher integrity). Increases in the number of Iraqi security forces tak-
ing primary responsibility for local security were also encouraging. But we
did not yet know for sure, in 2007, if they would be able to do so in the
ethnically mixed neighborhoods in and around Baghdad, Mosul, and
Kirkuk or in particularly tense regions like Basra and Sadr City. Only in
the spring of 2008 were improvements in Iraqi forces validated by battle-
field progress in such places.

Political progress in Iraq was slow through most of 2007, though it
picked up as the year unfolded. Knowing how to gauge political progress is
hard. It is not a matter of meeting specific “benchmarks” so much as creat-
ing a spirit of nonviolent politics and compromise, so that future disputes
will be settled in the halls of parliament rather than on the streets or battle-
fields. Benchmarks are ways of gauging possible progress towards this at-
titude, but no more than that, and as such must be taken with grains of
salt. In 2007, the main progress was in purging extremists from govern-
ment jobs (as noted earlier), in Baghdad sharing more resources with Iraq’s
eighteen provincial governments, and in deploying Iraqi forces to places
where they could support the U.S.-led surge.

My own confidence in the new strategy grew greatly after a trip to Iraq
in mid-2007%, but the data were not totally conclusive at that point. It was
the combination of some encouraging data trends with a general sense
that the United States and Iraq had developed a proper counterinsurgency
and stabilization strategy that gave me (and colleague Kenneth Pollack)
confidence—underscoring again that quantitative metrics must often be
married with military and strategic judgment to reach bottom-line policy
judgments in this field. The science of war only goes so far.
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By early 2008, things had improved much more. Progress was evident
in a new pensions law, in amnesty legislation for some militia fighters, in
an improved de-Baathification statute, and in a provincial powers act.
Jason Campbell and I hazarded an estimate that Iraq’s politics merited a
“score” of roughly 5 on a scale of o to 11 (using eleven benchmarks for these
purposes). This was an imprecise approach, subject to future revision, but
seemed the best way to gauge progress on issues that were both inherently
important and topical within Iraq. Since then, progress has varied. We
accorded the Iraqis o for resolving the logjam over the disputed city of
Kirkuk’s future, for creating a permanent hydrocarbons law, and for pass-
ing a provincial election law in mid-2008, but the situation was still un-
mistakably improved relative to 2007 or earlier periods. By the end of
2008, our “score” for the Iraqi political system was a 7.

Other cases would require different frameworks. In fact, Iraq itself will
require a dynamic approach to assessing political progress in the months
and years ahead, given the nature of this business. In the counterinsur-
gency and nation-building business, no formula can determine whether
success or failure is a certainty. But a careful and broad use of multiple
metrics can help detect key trends, diagnose problems, and test various
theories about whether net progress is occurring.

'The following examples help illustrate the uses of some of these model-
ing and analysis methods. Some focus on current potential scenarios,
while others are more generic or historical in character. Some employ a
more quantitative approach than others, but all seek to use a systematic
and step-by-step approach to answering the questions posed—that is what
I mean when referring to combat modeling.

QuesTIioN 6: What scale of military operation might be needed to secure
Kashmir or Congo or Indonesia?

AnsweR: Like the earlier case study on the possible collapse of Pakistan,
this is a question of force planning rather than combat simulation or
modeling.

Consider first a scenario pitting Pakistan against India over Kashmir.
It is highly doubtful the United States would ever wish to actively take
sides in such a conflict, allying with one country to defeat the other. Its
interests in the matter of who controls Kashmir are not great enough to
justify such intervention, and no formal alliance commitments oblige it to
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step in. Moreover, the military difficulty of the operation would be ex-
treme, in light of the huge armed forces arrayed on the subcontinent and
the inland location and complex topography of Kashmir. In addition to
the numbers associated with Pakistan, India’s armed forces number 1.3
million active-duty troops, and feature such assets as 4,000 tanks, sixteen
submarines, and about 600 combat aircraft (defense spending in the two
countries was roughly s5 billion in Pakistan and s25 billion in India in
2006, respectively).!?®

However, there are other ways in which foreign forces might become
involved. If India and Pakistan went up to the verge of nuclear weapons
use, or perhaps even crossed that threshold, they might consider what was
previously unthinkable to New Delhi in particular—pleading for help to
the international community. For example, they might agree to allow the
international community to run Kashmir for a period of years. After local
government was built up, and security services reformed, elections might
then be held to determine the region’s future political affiliation, leading
to an eventual end to the trusteeship. While this scenario is admittedly a
highly demanding one, and also unlikely in light of India’s adamant objec-
tions to international involvement in the Kashmir issue, it is hard to dis-
miss such an approach out of hand if it seemed the only alternative to nu-
clear war on the subcontinent. Not only could such a war have horrendous
human consequences—killing many tens of millions—and shatter the
tradition of nuclear non-use that is so essential to global stability today. It
could also lead to the collapse of Pakistan, and thus the same types of
worries about that country’s nuclear weapons falling into the wrong hands
discussed earlier in these pages.

What might a stabilization mission in Kashmir entail? The region is
about twice the size of Bosnia in population, half the size of Iraq in popu-
lation and land area. As noted in the earlier section, according to optimal
counterinsurgency doctrine, stabilizing a region of 10 million would prob-
ably require 200,000 to 250,000 troops.!2¢

However, the idea of using twenty to twenty-five peacekeepers per
1,000 civilians is a historically based rule of thumb, not a binding require-
ment. To be sure, it is dangerous to ignore rules of thumb in favor of
hunches or personal preferences, as has sometimes been done in force
planning for specific missions. That said, in a less combustible environ-
ment, fewer peacekeepers may suffice. An approach accepting more risk
might include stabilization forces in the general range of 100,000, with the
U.S. contribution perhaps 30,000 to 50,000.1%”
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Consider next the possibility of severe unrest in one of the world’s large
countries such as Indonesia, Congo, or Nigeria. At present, such problems
are generally seen as of secondary strategic importance to the United States,
meaning that Washington may support and help fund a peacekeeping mis-
sion under some circumstances but will rarely commit troops—and cer-
tainly will not deploy a muscular forcible intervention capability.

However, under some circumstances this situation could change. For
example, if al-Qaeda developed a major stronghold in a given large coun-
try, the United States might—depending on the circumstances—consider
overthrowing the country’s government (if it was in cahoots with terror-
ists) or helping the government reclaim control over the part of its ter-
roitory occupied by the terrorists. Or it might intervene to help one side in
a civil war against another. For example, if the schism between the police
and armed forces in Indonesia worsened, and one of the two institutions
wound up working with an al-Qaeda offshoot, the United States might
accept an invitation from the responsible half of the government to help
defeat the other and the terrorist organization in question (this scenario is
unlikely today, but perhaps not unthinkable for the future).!?® Or if a ter-
rorist organization was tolerated in Indonesia, the United States might
strike at it directly. That could be the case if the terrorist group took con-
trol of land near a major shipping lane in the Indonesian Straits, or simply
if it decided to use part of Indonesia for sanctuary.!?

Clearly, the requirement for foreign forces would be a function of how
much of the country in question became unstable, how intact indigenous
forces remained, and how large any militia or insurgent force proved to be.
For illustrative purposes, if a large fraction of Indonesia or all of Congo
were to become ungovernable, the problem could be twice to three times
the scale of the Iraq mission. It could be five times the scale of Iraq if it
involved trying to restore order throughout Nigeria, though such an op-
eration could be so daunting that a more limited form of intervention
seems more plausible—such as trying to stabilize areas where major ethnic
or religious groups come into direct contact.

General guidelines for force planning for such scenarios would suggest
foreign troop strength up to 100,000 to 200,000 personnel, in rough num-
bers, based primarily on the populations of the countries in question. That
makes them not unlike the scenario of a collapsing or fracturing Pakistan.
For these somewhat less urgent missions, compared to those considered in
South Asia, U.S. contributions might only be 20—30 percent of the total
rather than the 50 percent assumed in the preceding pages. But even so, up
to two to three American divisions could be required.
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QuesTioN 7: Could India conquer Pakistan with conventional forces?
(A case of Pakistani preemption.)

ANswER: War between these two countries could begin over the dis-
puted region of Kashmir, as it has several times in the past. Or a terrorist
group with sanctuary in Pakistan could attack India, as one did several
years ago in an assault on parliament, and as occurred again in Mumbai in
late 2008. If the attack was serious enough, and was seen as benefiting
from even a modest amount of active support from Pakistan’s government,
India might consider retaliation with an operation designed to overthrow
that government or force its capitulation on terms favorable to India (per-
haps involving a complete reversion of Kashmir to India). Knowing this,
Pakistan might itself launch a war.

In any event, the military matchup in rough terms is as follows. Paki-
stan has the equivalent of roughly four ADEs in its military, along with
about 100 ground attack aircraft. India has approximately eleven ADEs
and about 400 ground attack planes.!3°

In broad terms, India would try to use surprise, advantages in airpower,
and maneuver to overwhelm Pakistan. Given India’s substantial numerical
advantages, it is very hard to rule out the distinct possibility of a successful
Indian attack. Knowing this, perhaps Pakistan would itself preempt India
to try to benefit from surprise.

Here is how the mathematics might play out, using the method dis-
cussed earlier and based on common elements of the Kugler, Posen, and
Epstein approaches. Assume that the combat exchange ratio is even—that
is, Pakistan’s advantages of surprise and initiative compensate for India’s
advantages of fighting on the defensive. This is a huge assumption and
there is no way to be sure it is roughly right in advance. But as a simplify-
ing assumption, it is not a bad place to begin. Assume further that the two
air forces perform comparably, managing two sorties a day, delivering on
average four munitions per sortie with a o.1 kill probability per munition,
and suffering five percent attrition per sortie due to air defenses (including
ground-based systems and enemy air superiority fighters). The casualty
math then looks like this, for day one of the war (further assuming a base-
line of two percent attrition per day due to ground combat, and an average

of 4,000 vehicles per ADE):

C (Pakistan) = (0.02) X (4 ADEs) = 0.08 ADEs
C (India) = C (Pakistan) x (exchange ratio)
= C (Pakistan) X 1 = 0.08 ADEs
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The preceding is from ground combat. Then, adding in the effects of the
air war:

C (Pakistan) = (400 Indian ground-attack planes)
X (2 sorties/day) X (4 munitions/sortie)
X (0.1 kill probability/munition)
= 320 vehicles lost/day = 0.08 ADEs

C (India) = (100 Pakistani planes) X (2 sorties/day) x (4) X (0.1)
= 8o vehicles lost/day = 0.02 ADEs

So India’s overall estimated daily losses for day one, theater-wide, would
be o.r ADEs. Pakistan’s, by contrast, would be 0.16 ADEs. Due to India’s
superior air force, Pakistan would lose forces faster than India would, a
foreboding development for a country beginning with substantial quanti-
tative inferiority and no hidden trump card (except, alas, its nuclear arsenal).

On subsequent days of battle, the calculations would proceed similarly,
though one would first have to adjust for aircraft losses from earlier days of
combat. One might also have to adjust for the activation of reserve units
and their arrival at the front (though the way I have done this has assumed
their mobilization, on both sides, prior to combat). Given the major ad-
vantages enjoyed by India, however, details about mobilization would
matter little. Unless Pakistan could find a way to benefit from fighting on
the offense more than a 1:1 exchange ratio suggests, it would likely find
itself quickly in a difficult situation.

QuesTioN 8: Could an airpower-based defense be used to protect a vul-
nerable overseas ally?

ANsweR: In the modern era, the United States has typically assumed
that a country like Kuwait or Saudi Arabia would be difficult to defend
from attack (from Saddam’s Iraq, for example, or even from Iran). The
basic assumption has been that a given sector of territory might, in effect,
have to be initially conceded, then liberated later after a large buildup of
some half million U.S. forces dominated by soldiers and Marines. Might
it be possible instead to construct a reliable initial defense capability—even
without placing huge numbers of American troops on permanent forward
deployment to the region in question? If so, this could spare American al-
lies the possible tragedy of even temporary occupation by a hostile foreign
power, and could greatly reduce the expense of American military prepa-
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rations for the scenario in question. This question is not particularly ger-
mane for the current Middle East, with tens of thousands of American
troops in Iraq and Saddam no longer there, but it could be relevant there
or elsewhere in the future.

For a modern military with good intelligence and surveillance capabili-
ties, able to see an enemy coming, defense is—at least in theory—a more
favorable form of warfare since it allows one to shoot from protected posi-
tions against exposed enemy forces. Of course, being successful on the
defense is not a given historically (as noted earlier), so one must carefully
assess if intelligence, surveillance, command, and control are up to the job
of reliably detecting enemy movements. In addition, the defensive posture
works only if a given threat is predictable enough, and a given interest
important enough, to warrant deploying substantial amounts of military
capability (even if not huge ground forces) in a given theater in advance of
a possible crisis.

'The airpower component of the Kugler, Posen, and Epstein models can
be used to gain at least a very broad sense of the possibilities. Consider a
situation like the defense of Saudi Arabia against Iraq. In the 1990s, sev-
eral RAND analysts built on the success of airpower—and more specifi-
cally, precision munitions—in Operation Desert Storm to argue for a dif-
ferent approach to defend Saudi Arabia against attack. Perhaps half as
much ground power as used in Desert Storm (or less) might be adequate,
provided airpower was fully enabled and exploited. That would have meant
purchasing and prestocking large numbers of precision munitions in the
theater, ensuring that airplanes had enough refueling aircraft to deploy
quickly to the theater as well as bases there from which to operate, and
developing optimal reconnaissance capabilities so airpower could be di-
rected to attack moving enemy vehicles before those vehicles could reach
their originally intended destinations.!*!

'The whole scheme may have assumed too much political decisiveness in
Wiashington, Riyadh, and elsewhere about responding to concentrations of
Iraqi armored power. It might also have been mistaken to imply that, with a
successful defense of Kuwait or Saudi Arabia under its belt, the United
States would be content to leave Saddam in power (if it wanted to overthrow
him, a larger ground force would presumably have been required regardless).
And the concept depended as well on prompt, unfettered access to bases
that would have to be available despite the possibility of indigenous country
political indecision or debilitating military attack from Saddam’s forces. But
the analytical framework was still quite useful for exploring options.
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The RAND scholars showed what might be possible using a new
type of weapon—specifically, a homing submunition that could find
and attack targets largely autonomously. These submunitions, known as
SKEET:, can be fired in large numbers. More than 100 can easily be
carried on a single tactical combat aircraft (being launched several dozen
at a time). If an enemy armored force is sufficiently concentrated, to the
point where a single aircraft sortie can achieve multiple expected armor
kills, then the mathematics are highly favorable to the defender—provided
those munitions, and the planes that carry them, are available in adequate
numbers from the opening bell of battle. Nearly 1oo Iragi armored vehicles
per day were destroyed during the American air campaign in Desert Storm.
It might be possible to be ten times as effective with SKEETs, even if the
number of vehicles within the search zone of a given SKEET “swarm” is
modest and if multiple SKEETs typically wind up striking the same target
(as reflected in the denominator of the expression that follows).!?

{[500 ground attack planes][2 sorties/day][r00 SKEET/sortie]
[0.5 chance of finding targets/sortie][o.25 probability of kill per
SKEET]}/{[1o redundant hits/average destroyed vehicle]}

= 1,250 Iraqi vehicles destroyed/day.

Of course, it is very difficult to figure out proper estimates for all the
terms in the preceding simple formula. Kill probabilities of munitions can
be estimated from performance on the test ranges—but data on such per-
formances is often classified, and in any event results may be much difter-
ent in a battlefield environment due to enemy countermeasures or other
changed conditions. Perhaps even more crucial, and difficult to forecast
accurately, is the matter of estimating the probability of detection of tar-
gets (as well as the number likely to be within range of a given aircraft all
at once). Establishing a basis for determining this figure requires data
from similar wars, or detailed technical information about the perfor-
mance of reconnaissance assets, such as Joint STARS radar-imaging air-
craft and similarly equipped unmanned aerial vehicles (UAVs). The ability
to estimate such figures reliably depends in large measure on the degree
to which analogous wars have been fought in recent times—or at least on
the degree to which very realistic simulations and tests have been con-
ducted. So the answer to this question is, perhaps.

QuesTioN 9: Why do evenly matched militaries sometimes fight to a
draw—and sometimes not?
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AnsweR: The international relations literature is rife with references to
balances of power. The casual suggestion of many is that countries or alli-
ance systems that pit roughly comparable military capabilities against each
other are less likely to fight, since all would know that any war would
likely be long and perhaps inconclusive.

In reality, this is not true. Often, even when two sides are roughly evenly
matched according to material indicators, one side wins quickly and deci-
sively. A case in point is Germany’s defeat of France in 1940, but other ex-
amples abound.

Of course, the answer has to do with military innovation and entrepre-
neurship, with surprise and daring, with the precepts of the Chinese tacti-
cian Sun Tze rather than the attrition-war mentality of World War I or
even the American Civil War. In short, if an attacker such as Germany
develops and executes a brilliant plan that its adversary had not con-
templated or prepared against, it might win quickly. (An attacker might
also overestimate its capabilities and suffer a terrible defeat by striking
first, of course.) But how do these general, qualitative observations mani-
fest themselves in the mathematics of the combat equations discussed
earlier?

We can use either the Dupuy approach or the Posen/Kugler/Epstein
concepts. Assume simply that each side has ten armored divisional equiv-
alents or ADEs (each with an adjusted average of 25,000 troops per ADE),
and 500 attack aircraft with an average payload of four munitions flying
two sorties a day. This is an oversimplification, but acceptable for my il-
lustrative purposes.

For the Dupuy model, we then need to account for the defensive advan-
tage of the attacked country as well as the surprise advantages of the at-
tacker. Imagine a situation like that of Germany and France in 1940,
qualitatively speaking at least. Dupuy’s coeflicients of combat limit our
choices, but we will assume what are roughly the minimum and maxi-
mum here: no advantage for the defender from its preparations, and a 2.5:1
power advantage for the attacker from surprise.!*® On top of that, either
because of their superior training in general, or because of their meticu-
lous preparation for this particular scenario, the attacking country’s sol-
diers can be estimated to have twice the quality of the defenders at least
for this scenario. All of this would yield, through the power equations:

P (attacker) = (250,000) X (2.5) X (2) = 1,250,000
P (defender) = 250,000
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Daily casualty rates might then be, notionally:

C (defender) = (0.01) X (250,000) X (5) = 12,500 per day
C (attacker) = (0.01) X (250,000) X (1/5) = 500 per day

'The terms 5 and 1/5 reflect the relative power of the two sides. The de-
tender loss rates are in fact consistent with those of an army that collapses
within a couple weeks of hard fighting, given its difficulty of moving re-
inforcements to (or within) the theater of combat fast enough, as well as
the fact that militaries tend to collapse once they have suftered about 50
percent attrition. (To use the other models, we might assume an advan-
tage to the attacker in the combat exchange ratio of as much as ten to
one.)

QuesTIioN 10: How could the Persian Gulf oil economy be protected in
the face of Iranian efforts to disrupt it?

Answer: This question resembles the complex analytical challenge of
the earlier treatment of a Chinese attack on Taiwan more than the simple
mathematical treatments of air-ground combat by Dupuy, Posen, Kugler,
and Epstein.

In the 1980s, during the Iran—Iraq War, the United States had to address
threats to shipping in the Persian Gulf. To do so, it reflagged some oil tank-
ers under its own colors and enhanced its naval presence in the region.

This type of scenario could recur. But next time, it could do so in a
more worrisome way. Given the ongoing state of serious tension in U.S.—
Iranian relations, any spark could inflame a serious problem. In recent
years, while Iran’s arms imports have not increased as fast as some had
teared, they have nonetheless permitted that country to improve its capac-
ity to threaten shipping lanes in the narrow waters of the Persian Gulf and
the Strait of Hormuz. In particular, Iran has been improving its capabili-
ties in those very areas of military capability that could cause the United
States greatest concern—advanced mines, quiet diesel submarines, and
precision-guided antiship missiles.!3*

This hypothetical worry could become acute, for example, if in the
coming years Israel or the United States attacked the exposed parts of
Iran’s nuclear infrastructure. In such an event, the United States might
reinforce its defensive position in the region in advance. But an aggressive
Iranian response against American friends and allies in the region, or
against oil tankers in the Persian Gulf, could result anyway.
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To defend the Gulf, reconnaissance and rapid-strike capabilities could
be provided either via sea-based assets or land-based capabilities. Aerial
and sea reconnaissance, as well as quick-strike capabilities, would be
needed. American submarines would probably be desired to keep a con-
stant track on Iranian submarines. And of course, ships to protect convoys
would likely be required as well, as could mine warfare vessels.

'The quantitative requirements for these various assets would be a func-
tion of three main sets of factors: geography, rotational policies, and total
Iranian force strength. The United States, and any assisting allies, would
need to maintain robust quick-action capabilities along the whole length
of the Gulf. It would need to be able to sustain coverage twenty-four hours
a day, and it would need to be able to face down an all-out Iranian assault
if necessary as well.

In rough terms, these sizing criteria lead to the following rough require-
ments. Given Iran’s small submarine force, with just three vessels, the de-
mand for American forces would probably not require more than twenty
submarines (allowing up to two U.S. subs per Iranian submarine as well as
the need to rotate American ships). Even this is a very conservative esti-
mate, since it is not apparent how functional these Iranian submarines
truly are, and intelligence reports cast doubt on their likely effectiveness.

To ensure continual airspace dominance in the Gulf, roughly as many
planes could be required as were needed to enforce the northern and
southern no-fly zones over Iraq from 1991 to 2003—some 200 planes in all.
(The size of the Persian Gulf is roughly comparable to that of Iraq, if one
includes littoral regions as well as the body of water itself, so this is a rea-
sonable approximation.) The aircraft would ideally be based at several lo-
cations along the 500 mile length of the Gulf to minimize time wasted in
transit and allow for rapid reinforcement should Iran attempt an assault.
In addition, some additional number of planes might need to be capable of
rapid response in the face of any Iranian aerial action. (Iran’s total air force
numbers about 300 planes, of which perhaps 200 are airworthy.)!3

Enough surveillance aircraft would be needed to maintain orbits at the
northern and southern ends of the Gulf. Allowing for rest time for crews
and maintenance time for planes, that makes for a grand total of eight to
ten planes for air monitoring and a similar number for sea surveillance.
(The need for two separate “orbits” of reconnaissance aircraft again accords
with the Iraq no-fly-zone experience, as well as the fact that radar horizons
of aircraft at 35,000 to 40,000 feet are typically about 250 miles.)!3

In addition to its convoy escorts the United States might need to create
a “fence” of ships capable of ballistic-missile defense spaced every fifty
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miles along Iran’s seacoast to ensure short enough reaction times to any
missile launch. The spacing follows from the fact that Iran’s ballistic mis-
siles would only have to travel a comparable distance, suggesting a very
short flight time. Defensive interceptors would not travel notably faster
than the incoming threats. There would also be a delay between the
launch of the ballistic missiles and the launch of interceptor as threats
were recognized and command decisions were made.

Taken together, the preceding assets resemble the air and naval compo-
nents of what has commonly been considered a one-war force package in
recent times. Whether some ground forces were needed as a prudent de-
terrent against overland Iranian aggression would also have to be consid-
ered, but the numbers here would presumably not have to reach into the
“major theater war” magnitudes.
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CHAPTER III

Logistics and Overseas Bases

THE FAMOUS ADAGE that while civilians think strategy, generals think logis-
tics is only a slight exaggeration. Without transportation, bases from which
to operate, and support units, combat units are of little inherent use unless a
battle comes straight to them and they can fight on their home fields, so to
speak. Even then, tactical mobility requires strong attention to logistics.

For some observers, what separates the U.S. armed forces from all oth-
ers is the large Pentagon budget, making it possible to buy space assets,
advanced fighters and submarines, precision munitions, a large nuclear
arsenal, missile defenses, and the like. All that is significant, to be sure.
But it is arguably the case that what most separates the U.S. military from
all others is its ability to deploy, operate, and sustain itself abroad indefi-
nitely. Supply trucks, mobile depots, and ferry-like transport ships are just
as important as stealth bombers and laser-guided or satellite-guided bombs.
Almost no other country in the world can conduct major operations any-
where except on home territory.

'The key elements of a logistics capability permitting operations abroad
are threefold. First, the transportation assets to move combat forces
promptly and efficiently to where they are needed—ideally even if infra-
structure is lacking or damaged at the destination. This capability is
needed even when forces are permanently deployed abroad, since most
major operations require reinforcements from stateside locations. Second,
the base network needed to carry out this deployment and to receive forces
once they are deployed. Some of this can be constructed as needed, but
that is a slow process. Third, support assets to provide the fuel, food, water,
ammunition, equipment repair capabilities, medical care, and other mate-
rials or services required by a military at war. And of course, these support
assets need to be transported somehow, and based somewhere, themselves.
'They also should be capable of autonomous operations without the help of
indigenous civilian or military infrastructure and personnel. Increasingly,
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though, they may involve a large role for civilian contractors acting in a
quasi-military capacity—a trend in need of greater oversight, to be sure,
but one that is probably irreversible as well.

Understanding logistics is crucial to successful military operations.
Alas, it is often confusing. The issue is less the conceptual complexity of
the subject and more the sheer amount of detail—and huge amount of
material—involved in moving large forces. One can get lost in data unless
one has a few clear organizing principles, frames of reference, and rules of
thumb to provide broad structure to the subject.

To give one example about how difficult logistics can be, the debate
about which U.S. forces to send to Central Command, and when, and in
what order preoccupied the Pentagon in the winter of 2003 just prior to
the invasion of Iraq. Secretary Rumsfeld’s desire to minimize the U.S.
footprint and his insistence on continually reexamining the Time-Phased
Force Deployment List (or TPFDL, a detailed schedule governing the
military’s transport of combat units to the vicinity of Iraq) literally con-
sumed weeks of time for thousands of people.

Getting all the details of actual deployments right—and conducting
them correctly—requires lots of computerization, the use of barcodes on
supplies, standardization of equipment, and sheer practice. But under-
standing the basic constraints on what is doable and what is not is less
difficult. Fairly simple rules of thumb and careful use of arithmetic can aid
in understanding key policy questions, such as how much dedicated airlift
and sealift to purchase, which overseas military bases are most important,
and which responsibilities to outsource to private contractors.

'This chapter is the shortest of the book because it is on a fairly specific
topic. But that topic merits a full chapter given its centrality in defense
planning for all who do it seriously, and its crucial character in war plan-
ning for any military that would like to prevail in combat. It also fits very
naturally into a book on defense analysis because many if not most aspects
of logistics lend themselves to quantification and structured analysis—
with the caveat that like most things in warfare, even the best laid logistics
plans and operations never survive contact with the enemy (or even, quite
often, contact with natural factors like the weather).

'The chapter divides logistics issues into two broad categories: transpor-
tation and bases. The former involves moving not only people and combat
equipment, but supplies. Moreover, there are several key stages in move-
ment, including the intercontinental aspect of transport and the local
matter of keeping units provisioned as they conduct operations and move
about. The subject of bases covers airfields, ports, troop barracks and
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training ranges, supply and maintenance depots, reconnaissance and com-
munications facilities, and the like.

'The principal focus here, as in other parts of the book, is on the U.S.
military. However, much of the discussion can be easily generalized.

STRATEGIC AND TAcCTICAL TRANSPORTATION

How does one move the equivalent of a mid-sized city halfway across the
world, and do so quickly and with enough care and prudence to avoid pos-
sible enemy attack in the process? Then, how does one keep that city func-
tioning as it spreads out on a battlefield and engages with the enemy?
These are the typical logistical challenges faced by the United States when
conducting combat planning.

The General Challenge of Overseas Military Operations

Other countries sometimes try to move several thousand troops within a
period of months—and often face problems in doing so. By contrast, the
United States plans to move a quarter million to a half million troops and
their associated equipment as well as their human necessities within a simi-
lar period of several months. In fact, it has done so twice since the Cold
War ended, both times in preparation for war against Iraq. It continues
planning so as to be able to do so again if need be in places such as Korea.

'The fact that military transportation is difficult should be obvious from
the broad numbers—preparing for a major war overseas may not involve
building skyscrapers or schools or factories, but it does require relocating
most other elements of the equivalent of a mid-sized city like Washing-
ton, D.C. (population 550,000). In Operation Desert Storm, the United
States moved not only half a million people, and more than 100,000 ve-
hicles, but a total of about 10 million tons of supplies (more than 6 million
of which were petroleum products). The numbers would have been even
larger absent Saudi host nation support—each day the Saudis provided a
quarter million meals and two million gallons of potable water (after four
months, that would add up to another million tons of supplies).! Regional
partners also provided up to 15 million gallons of fuel per day for the Air
Force alone (about 50,000 tons).? Indeed, strategic transportation is so dif-
ficult that the United States itself, if caught off guard, can have difficulty
with even modest movements of troops and equipment—as when it took a
month to move twenty-four artillery launchers and backup capabilities
into the Balkans during the Kosovo War of 1999.
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TABLE 3.1
Basic Requirements for Desert Storm

500,000 troops
More than 1o million total tons of supplies
Three million tons of bulk supplies (ammunition, spare parts, vehicles, etc.)

More than 6 million tons of fuel shipped from the U.S., plus 2 to 3 million
tons more provided by local partners

One million tons of water

'This chapter does not provide an actual deployment plan for any con-
crete operation, of course. Doing so requires detailed examination of
which types of ships and planes are available for a given contingency, what
supplies and equipment each can hold and in what quantity—not to men-
tion detailed discussion of where supplies will be loaded and unloaded,
and what equipment is available to do the loading and unloading. The
main purpose here is to provide orders of magnitude. These are useful for
estimating the costs of various transportation capabilities, for understand-
ing how to move huge amounts of tonnage over large distances quickly, and
for assessing the relative importance of different foreign military bases.

In laying out the basics of strategic transportation, it is useful to focus
on a few key numbers. Table 3.1 shows some of the key numbers for
Operation Desert Storm.

Specific Rules of Thumb on Transport and Logistics

So much for the broad overview and big numbers. For considering other
possible operations, including smaller ones, it is necessary to be able to
break down some of these big numbers unit by unit. For example, the key
Army formations shown in Table 3.2 have the following rough weights
(this data comes from the late 199os, but for main combat formations,
there has been only modest change since):?

Army formations typically consume the amounts of supplies shown in
Table 3.3 (Marine Corps units of comparable size, being intermediate in
their weight, typically consume quantities of supplies falling between the
Army light division and heavy division estimates):
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TaBLE 3.2
Tonnage of Standard American Army Divisions

17,000 tons for a light division (11,000 troops)

27,000 tons for the 82" Airborne Division (just over 13,000 people)
36,000 tons for the 1or** Air Assault Division (nearly 16,000 soldiers)
110,000 tons for an armored or mechanized division (18,000 soldiers)

99,000 tons for an Army Corps structure, for the command and coordination
and general support of several divisions in the field (22,000 troops)

TaBLE 3.3
Logistics Supply Requirements for Forces in Combat

600 tons per day for a heavy Army brigade of 3,100 soldiers in combat
(roughly 300 tons of fuel, 130 tons of water, 85 tons of dry stores and 60 tons
of ammunition)

300 tons per day for an airborne brigade of about 3,400 soldiers in combat
(roughly 85 tons of fuel, 50 tons of dry stores, 145 tons of water, 10 tons of
ammunition)

400 tons per day for a Stryker medium-weight brigade of about 3,900
soldiers (110 tons of fuel, 170 tons of water, 70 tons of dry stores, 40 tons of
ammunition)*

Source: Robert W. Button, John Gordon IV, Jessie Riposo, Irv Blickstein, and Peter A.
Wilson, Warfighting and Logistic Support of Joint Forces from the Joint Sea Base (Santa
Monica, Calif.: RAND, 2007), pp. 77-8s.

*The main equipment in a heavy brigade includes 58 M1Az tanks, 109 Bradley Fight-
ing Vehicles, 43 armored personnel carriers, 456 HMMWYVs, 23 recovery vehicles, 451
utility trucks, and 218 cargo trucks. The main equipment in an infantry brigade includes
75 HMMWVs, 16 heavy trucks, 25 medium tactical vehicles, 13 light tactical vehicles,
and 263 utility trucks. The main equipment in a Stryker brigade includes 302 Stryker
vehicles, 381 utility trucks, and 158 cargo trucks.
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A division typically has three or four main brigades plus various
supporting capabilities. So to calculate the daily tonnage requirements for
a heavy division, one could start with the brigades: 600 tons per day times
three to four brigades per division. There would be another 6,000 to 8,000
soldiers in such a division, not tied to brigades, who might consume roughly
half as many supplies per person as those soldiers within brigades proper. So
the entire division might use 3,000 tons a day of supplies, in rough numbers.

In rare instances, units in the field can be supplied directly from the
United States. However, it is much more common that they require
tactical-level resupply operations to reach them wherever they have moved
on the battlefield. In other words, the United States would use large inter-
continental transport assets to create major rear-area logistics bases in a
theater of operations, and then use those main bases to supply forces in the
field. Aircraft can help with this job, generally in the form of C-130 pro-
peller aircraft and transport helicopters, but large operations require over-
land resupply. Most commonly that means trucks. And lots of them.

For the United States in recent operations, moving supplies over desert
in situations where it controlled the air, theater resupply operations have
seemed relatively straightforward. But this is not always the case. A bril-
liant study by Joshua Epstein in the mid-1980s, at a time when the Soviet
Union still occupied Afghanistan and was feared by some to have designs
on Iran as well, underscored the difficulty of supplying large armies over
great distances by truck in the face of enemy opposition and in the context
of complex topography. Because the region between the Soviet Union and
central as well as coastal Iran passed through mountains, the Soviets could not
have carried out oftf-road movements very effectively. They would have been
constrained to use a modest number of roads, subject to sabotage and both
land and aerial attack, in places that would have had to handle a very large
number of vehicles per day. They would also have likely been constrained by
the sheer availability of trucks, which not all armies maintain in adequate
numbers. This is an example worth bearing in mind for the future, even if
battles against Soviet forces in the interior of Asia are no longer so plausible.

As noted, most brigades require several hundred tons of supplies a day,
and trucks typically have payloads of five to ten tons. So roughly 100
trucks per day are needed to supply a given brigade in combat, especially
once the brigade’s typical support units are also accounted for. A large
military operation involving twenty brigades, plus associated support ele-
ments, would therefore require 1,000 to 4,000 truckloads of logistics sup-
port a day in round numbers, depending on the amount of combat and the
amount of movement the typical unit is conducting. If these supplies need
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to move on roads, given the topography in question, bottlenecks can de-
velop. A single major artery might be able to handle 2,000 truckloads of
supplies a day—but only if it is possible to send out a fresh armed convoy
including twenty supply trucks every fifteen minutes and maintain that
pace continuously. The United States has enough trucks to maintain such
a pace in its inventories. Still, this scale of resupply is generally only fea-
sible if vehicles are in very good shape (since frequent breakdowns will
interfere with movement), if roads do not need to be shared with civilian
traffic, if key infrastructure like bridge networks is robust (and defensible),
if weather is not a major factor, and if engineering and maintenance crews
and equipment can keep the roads in acceptable driving condition.

For movement of Air Force units, the lift problem is different because
most of the combat platforms themselves are naturally self-deploying. They
generally require refueling, in the air or on land bases or both, but one does
not focus on the weight of the combat systems when doing the arithmetic
of strategic transport. This is not to say, however, that moving air combat
wings is trivial. Three types of supplies—fuel, munitions, and base support
assets such as fuel distribution systems, aircraft maintenance equipment,
runway maintenance equipment, missile defenses, and command and
control—can be quite heavy. Spare parts impose additional demands.

In Operation Desert Storm, the United States averaged seventy inter-
continental flights to the theater a day. Its average rate of delivering tonnage
was 1,700 tons per day for the first month of the deployment and 3,600 tons
per day in January of 1991, the peak month.> At that latter rate, it would take
about two weeks to deploy the needed support for 8oo aircraft—assuming
that 25 percent of the lift is devoted to the Air Force, that some munitions
are eventually provided by prepositioned ships (and later by sealift), and that
a substantial amount of fuel is either predeployed or provided by a regional
partner such as Saudi Arabia.® Putting this in terms of the support and supply
requirements for a combat wing of seventy-two fighter aircraft (about 1,500
to 2,000 people) gives the following rough numbers shown in Table 3.4.

TABLE 3.4
Key Tonnage Data for a Typical Air Force Combat Wing (72
aircraft)

1,000 to 2,000 tons of ground-support equipment
100 to 200 tons per day of ammunition expenditure

500,000 to 1,000,000 gallons of fuel, or up to 3,500 tons a day
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What is needed to move all these people and their supplies? Obviously,
the two main ways to move intercontinentally are airlift and sealift. Airlift
can be subdivided into categories: dedicated military lift for cargo, largely
commercial aircraft for people, and tankers for (limited amounts of) fuel.
The sealift can be subdivided into two main categories: ships for moving
equipment and ships for moving petroleum. The former type of sealift can
be further broken down into ships readily available and easy to load (“roll
on / roll off ships”), as well as ships that need to be taken out of “moth-
balls” or rented from the commercial sector (the latter typically require
cranes for loading and unloading in port).

Airlift is employed to move people certainly, but it is also frequently
used to transport sensitive electronics, helicopters, high-priced and scarce
ammunition, and critical spare parts. It is sometimes used for equipment
needed promptly, like recently manufactured Mine Resistant Ambush
Protected (MRAP) vehicles in Iraq and Afghanistan—several thousand
of which were airlifted to the Central Command theater in recent years.
(Arguably, not all needed to be airlifted, but there was time pressure to get
at least the first batches to the theater as fast as possible.)” Sealift is used to
move fuel, water, vehicles, bulk ammunition, makeshift housing, mobile
depots and hospitals, and in general the heaviest materials.

'The key factors for understanding the respective transport capacities of
planes and ships are their speeds, their payloads, their dependability/
availability, and their time needed for loading as well as unloading. For all
major U.S. planes, average speeds are about 500 miles per hour and aver-
age loading and unloading times about three to four hours at each end of
operations (with the C-17 slightly faster than others). Average payloads
and average aircraft utilization rates per day are shown in Table 3.5.

TaBLE 3.5
Data on Transport Aircraft

23 tons and about ten hours for the (now retired) C-141
61 tons and 8.1 hours for the C-5
45 tons and 12.5 hours for the C-17

33 tons and 8.6 hours for the KC-10

Source: David Arthur, Options for Strategic Military Transporta-
tion Systems (Washington, D.C.: Congressional Budget Office,
September 2005), pp. 8, 14; Schmidt, Moving U.S. Forces, p. 13.
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For shorter-range transports such as the V-22 Osprey tilt-rotor aircraft
and CH-53 helicopter, typical payloads are about ten tons.® The payload of
the C-130 propeller aircraft, the workhorse of intra-theater airlift for the
U.S. military, is about fifteen tons and its range varies from 1,200 to 2,000
miles at normal payload depending on the version of the aircraft at issue.”

Aircraft range depends on how much cargo is carried. Generally speak-
ing, it is not a matter of cargo physically displacing fuel, in the sense of tak-
ing up space that could hold extra fuel canisters, but rather of the aircraft’s
maximum takeoff weight requiring a tradeoft between the two. If the cargo
in question is made up of bulky, relatively light matériel, there may be no
real tradeoff; it might be possible to fill up fuel bays and cargo holds en-
tirely. (At some level, adding any weight to an airplane reduces its fuel efli-
ciency in flight; airplanes are somewhat more efficient when lighter. But
this consideration is typically minor; aircraft fuel efficiencies typically vary
by 5 to 10 percent depending on weight.) Quite often, however, equipment is
heavy enough that a full load of cargo requires some reduction in fuel, so
that the airplane stays within maximum takeoft weight restrictions.

As one example, consider these facts and figures for a C-130. Basic rules
of thumb for the C-130H variant are that the plane flies 300 knots per
hour and consumes 5,000 pounds of fuel per hour. Its weight when empty
is 85,000 pounds; its maximum takeoff weight is 155,000 pounds; its maxi-
mum fuel loading is 60,000 pounds. So except in the case of very light
loads, adding more cargo requires a reduction in fuel—and hence range—
in a linear, direct way. For example, if the payload were to weigh 25,000
pounds, 45,000 pounds of fuel could be carried, allowing about nine hours
of flight or about 2,700 nautical miles of range. If the payload were re-
duced by 10,000 pounds, to 15,000 pounds total, then 10,000 more pounds
of fuel could be loaded aboard—translating into two more hours and 600
more nautical miles of flight.

Relevant data for a few other aircraft are as follows. Maximum takeoff
weights (and maximum cargo capacities) are roughly 170 tons (and 30 tons)
for the C-141, 290 tons (and 65 tons) for the C-17, 295 tons (and 60 tons) for
the KC-10, and 420 tons for the C-5 or a 747B (with respective maximum
cargo loadings of 89 and 100 tons). Fuel burn rates are 5.3 tons/hour for the
C-141, 7 tons/hour for the C-17, 8.6 tons/hour for the KC-10, and 10.3 tons/
hour for the C-5.! Maximum ranges at full payload are 2,500 miles for the
C-141, 2,750 miles for the C-17, 4,400 miles for the KC-10, 7,300 miles for
the C-5, and 8,300 miles for a 747-400.12 This information allows one to do
range-payload tradeoff calculations for various planes. For example, re-
ducing the C-17’s payload from sixty-five tons to thirty-five tons allows
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the addition of thirty more tons of fuel (all within the same maximum
takeoft weight ceiling), which allows about four more hours of flight or
2,000 more miles of range.

Roll-on/roll-off ships can be loaded in three to four days and unloaded
in two to three. Their speeds vary from 28 to 30 miles per hour for the SL-7
and large medium-speed roll-on/roll-off (LMSR) ships to 18 miles per hour
for many ships in reserve. Most roll-on/roll-oft ships have average payloads
of about 15,000 to 20,000 tons (though their capacity is often constrained
more by square footage; SL-7 ships have about 150,000 square feet of space,
LMSRs about 250,000). Ships requiring cranes to move equipment on and
off (including container ships) can take four to ten days for loading and a
comparable amount of time for ofloading. Their payloads vary greatly.!®

Putting all these numbers together, it typically takes two to six large
ships to move an entire division, depending on the division’s size and
weight. Alternatively, if it is to be flown (virtually never the approach
taken for a whole division), the total number of flights required is typically
1,000 to 3,000 (depending not just on the type of division but the type of
aircraft utilized, naturally).'*

The United States has roughly 360 large airplanes for carrying troops
and equipment (and another 200 quickly available via the civil reserve air
fleet program). It also has about twenty large “roll-on roll-off” ships, each
capable of carrying 15,000 to 20,000 tons of equipment (equipment and
initial supplies for a heavy division weigh about 100,000 tons) as well as
various other sealift ships. Altogether, its transportation assets create a
theoretical capacity for a sustained average movement of about 30,000
tons of military equipment a day to a typical overseas destination.”® To put
it differently, assuming optimal rates, the United States could deploy
about five divisions of ground forces, ten wings of Air Force combat air-
craft, and associated initial support and supplies—perhaps totaling one
million tons overall—in just over a month’s time (though as a practical
matter it would usually take several weeks to reach the level of maximum
delivery, meaning closer to two months could be needed).

Constraints and Practical Obstacles

'The preceding provides the theory, anyway. But in practice, deployments
are often slower. Indeed, they can be much slower depending on the re-
gion to which troops, equipment, and supplies are being sent.
Bottlenecks often develop at ports and airfields, particularly abroad.
Many airfields have very limited space for loading and unloading aircraft,
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for example, and perhaps limited refueling capacity as well, severely limit-
ing throughput. Even at reasonably large, modern airfields it is generally
difficult to deploy much more than 1,000 tons of equipment and supplies a
day.’® Absent at least three to four ports and airfields in the theater of des-
tination, therefore, maximum deployment rates would not be attainable.
In fact, actual deployment rates are often less than half of what is mathe-
matically feasible in the abstract. That means the United States could need
a few weeks to deploy a division-sized force and a few months to deploy a
large force to most parts of the world."”

Indeed, transportation throughputs can be much less to certain types of
locations. One careful analysis of possible military responses to the 1994
Rwanda genocide argued that it would have been difficult to deploy more
than about 800 tons of military equipment and supplies a day to Rwanda
using the two major airfields at Kigali and Entebbe, Uganda. The author,
Professor Alan Kuperman, also noted possible constraints from issues such
as ensuring adequate aerial refueling in the vicinity of Greece for transport
aircraft. Factoring in the delays in getting started, and then in moving U.S.
forces out of Kigali and about the country, he argued that a minimum of
three weeks would therefore have been needed to deploy a reinforced bri-
gade with 10,000 tons of equipment and 6,000 troops—longer than many
assumed. Even if his mathematics can be challenged somewhat—for ex-
ample, on the possible use of additional airfields in the region—the basic
point about logistics and transport is correct. It would typically take a
couple weeks even to deploy a few thousand troops to distant regions. The
only possible exceptions to this general rule would be for cases where major
U.S. or friendly bases were located nearby—or for cases where troops could
be airdropped (in which case their tactical mobility would typically be very
limited and their need for being resupplied could pose challenges).®

The Congressional Budget Office (CBO) is somewhat more optimistic
than Kuperman in its analysis of a different case. CBO estimated that it
could take about twenty-three days to deploy an existing heavy brigade to
East Africa if only one airfield were available to receive incoming C-17
flights (the duration of the deployment is expected to decline somewhat,
to eighteen to twenty days, if a new type of brigade based on the so-called
future combat system and weighing about 25,000 tons is developed). This
calculation assumes the maximum number of aircraft on the ground (or
MOG) for an illustrative airport would be three, that a C-17 would re-
quire just over three hours to unload and get back in the air, that the air-
field could be used on average twenty hours a day—and thus that, on aver-

age, sixteen flights per day could be handled.”
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A final point: in addition to needing lots of assets, logistics requires lots
of people. That is one reason why the Army has about twice as many sol-
diers dedicated to general support missions as to its main combat forma-
tions. In addition, it explains why tens of thousands of contractors are of-
ten also needed for large operations.?’ Indeed, even though the Army has
about twice as many personnel in support as in combat units, its own esti-
mates suggest it should have even more support—about 2.5 soldiers for
every one in a combat unit.?! The fact it does not is one reason so many
contractors have been hired for the ongoing missions in Iraq and Afghan-
istan.

Basing

Understanding the U.S. military network can be daunting, given the doz-
ens of countries and hundreds of facilities involved. But the number of
major bases is actually rather modest. And for present purposes, that al-
lows a complex situation to be greatly simplified. Many small American
bases abroad are designed to create a symbolic presence, or facilitate a
training mission with a host country, or provide a concrete manifestation
of the strength of an alliance. In other words, while serving real and im-
portant purposes, they are not crucial for creating a global base network to
facilitate large-scale military deployments and major regional operations.
Only the latter activities are of primary concern here.

'This section first summarizes the American base network abroad with
an emphasis on crucial bases possessing broad regional and global impor-
tance. It then considers several policy issues of relevance to the network’s
future characteristics.??

Overview of America’s Global Base Network

Regionally, American forces abroad are concentrated in three main
zones—Europe, East Asia and the Western Pacific, and the broader Mid-
dle East including the Persian Gulf as well as Afghanistan. As of mid-
2007, the United States had some 90,000 uniformed personnel assigned to
bases in Europe (though about 10,000 of the total were deployed to the
Central Command theater at that time, leaving some 80,000 actually in
Europe). That was down from 120,000 in mid-2001 (with most of the larg-
est reductions to date having been in Germany as well as the Balkans).?
'The United States Air Force has a large presence in Europe, with just
over 30,000 uniformed personnel employed there. The U.S. Air Force in



Logistics and Overseas Bases 153

Europe operates seven main bases along with seventy smaller locations.
The main operating bases are the Royal Air Force Lakenheath and
Mildenhall Air Bases in England; Ramstein and Spangdahlem Air Bases
in Germany, Aviano Air Base in Italy, Lajes Air Base in the Azores, and
Incirlik Air Base in Turkey.

Incirlik in south central Turkey, after having hosted U.S. combat air-
craft and more than 3,000 Americans during no-fly-zone operations over
northern Iraq (Operation Northern Watch), has been downsized since the
invasion of Iraq to a total of some 1,500 Americans that primarily support
logistics and resupply flights. It is still a busy base given the amount of
U.S. traffic going eastward from Europe, but on a substantially smaller
scale than before.?* In Germany, Ramstein Air Base is also a logistics hub,
with an airlift wing as its core permanent unit.” Spangdahlem Air Base
hosts F-16 and A-10 combat aircraft.?® In Italy, Aviano Air Base hosts
several dozen F-16 combat aircraft (it was critical in the air war against
Serbia in 1999).?” Lajes Field in the Azores Islands of Portugal is an im-
portant transit hub for many military aircraft crossing the Atlantic.?® Fi-
nally, in the United Kingdom, Lakenheath is home to F-15 combat aircraft
and Mildenhall to refueling aircraft.?’ Several hundred tactical nuclear
weapons are still believed to be in Europe as well, distributed across bases
in the UK., the Netherlands, Belgium, Germany, Italy, Greece, and
Turkey.?

U.S. naval facilities in Europe are found primarily in Spain and Italy
(there are smaller capabilities in Germany, largely to help with port opera-
tions for loading and unloading forces, as well as Greece and Iceland). In
Spain, the key facility is U.S. Naval Station Rota, on the Atlantic Ocean
side of the Straits of Gibraltar. It is a support base for resupply, repair, and
related activities for the Sixth Fleet. The Sixth Fleet headquarters is in
Naples, Italy and another support base is found on the Italian island of
Sicily.3! A similar type of logistics hub is in Greece at Souda Bay.?? There
are all told about 8,000 U.S. sailors in Europe at these facilities.

The U.S. Army presence in Europe involves dozens of bases, many of
which are being downsized or closed. Its drawdown in Europe is about
halfway done. The number of soldiers was about 64,000 early this decade;
it is down to about 45,000 now, and reportedly headed to 28,000 under
current plans, though that figure seems likely to increase somewhat at
least for a time, given the planned expansion in the Army.3

The Army is planning to deploy about a brigade’s worth of troops to
Eastern Europe at any given time, spread between Romania and Bulgaria
on temporary deployments. A total of seven bases, all relatively near the
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Black Sea, would be available for such purposes in the two countries, un-
der the framework of ten-year agreements signed in 2005 with Romania
and 2006 with Bulgaria. Smaller Army deployments have begun in 2007
(indeed, several U.S. Air Force combat aircraft deployed temporarily to
Romania in 2006).34

In the Asia—Pacific region, the United States had about 74,000 uni-
formed personnel in mid-2007, down from a total of roughly 92,000 in mid-
2001, with reductions in Korea being the most important change to date.®
This is the region where American forces are the most evenly balanced by
service, relative to other places with a large U.S. overseas presence—that
74,000 figure includes about 21,000 soldiers, 15,000 sailors, 16,000 Ma-
rines, and 22,000 Air Force personnel.3¢

In the Asia—Pacific theater, the dominant locations of American forces
are in Japan and South Korea. Each has a formal countrywide U.S. mili-
tary headquarters. The Pentagon’s regional posture also includes impor-
tant access to sites or collaborative training in Australia, Singapore, the
Philippines, and elsewhere.3” As for the main sites, U.S. Forces/Korea is
focused virtually exclusively on the defense of the Republic of Korea; U.S.
Forces/Japan is, by contrast, a regional and global hub.

In Japan, key Air Force bases reside in the north on the main island of
Honshu (Misawa Air Base), as well as Yokota near Tokyo (home to the
so-called Fifth Air Force) and Kadena Air Base on the island of Okinawa.
The U.S. combat aircraft in Japan include the most modern variants of the
nation’s F-15 and F-16 fighters.® The Navy stations an aircraft carrier and
air wing in the general vicinity of Tokyo (with ships at Yokosuka Naval
Base and aircraft at Naval Air Facility Atsugi). That carrier is the only
U.S. Navy aircraft carrier homeported abroad. More than 15,000 U.S.
Marines are usually located on Okinawa, with key facilities including
Camp Courtney, Camp Schwab, Camp Foster, Camp Butler, the North-
ern Training Area, and the Marine Corps Air Station Futenma, as well as
Iwakuni on the main island of Honshu.** Major changes are planned for
those Marines, such as moving about half of them (including those in the
headquarters of the 3* Marine Expeditionary Force [III MEF]) to Guam
and relocating the Futenma Marine Corps airfield to a different and less
populated part of Okinawa. (The Guam relocation plan is in its very fledg-
ling stages, and is not due to be completed until 2014.)*°

U.S. capabilities in Korea are focused primarily on the Air Force and
Army, organized respectively into what the United States for largely his-
torical reasons calls the 7 Air Force and 8 Army. The former has two

main combat bases, Osan Air Base (only fifty miles from the DMZ, and



Logistics and Overseas Bases 155

home to the 51 Fighter Wing) and Kunsan Air Base (further south on
Korea’s west coast, and home to the 8" Fighter Wing). Kunsan features
primarily F-16 aircraft (being upgraded from the so-called Block 30 to the
more modern Block 40 configuration).” Osan has both F-16 and A-10
aircraft. Together, they host about 10,000 U.S. uniformed personnel.*?

'The other almost 20,000 American troops in Korea are mostly Army,
centered on the 2" Infantry Division (which despite its name is actually
fairly heavy in terms of vehicles and armament). But other key units in-
clude the 19™ Sustainment Command and Logistic Support Element Far
East (both of which would help with the flow of hundreds of thousands of
additional U.S. troops to the peninsula in an all-out war), as well as spe-
cial operations forces and the 35™ Air Defense Artillery Brigade (which
fields Patriot missile defense systems among other capabilities).

Beyond Japan and Korea, American capabilities in Alaska and Hawaii,
while of course on U.S. territory, also occupy a hybrid status of sorts—
constituting forces on U.S. territory that are also to some degree forward
deployed. That is also true for the growing presence on Guam, which is
soon to feature three attack submarines, up to forty-eight fighter aircraft,
up to ten Global Hawk spy planes, special forces, tanker aircraft, Navy
vessels known as Littoral Combat Ships, and those 8,000 Marines from
Okinawa.® Many of these aircraft may also have hardened shelters built
for them (and over time, hardened runways are a possibility, too, depend-
ing on how the theater evolves). It also has the capacity for massive rein-
forcement; up to r7o B-52 bombers at a time operated there during the
Vietnam War.**

The United States is losing an air base in Ecuador that has been used by
several aircraft such as AWACS to maintain surveillance over and near
that country (including over ocean waters) as part of the drug war. The
loss of this base is potentially significant, to be sure—but for its direct lo-
calized effects on narcotics interdiction, not for broader or larger military
operations in the waters around Ecuador or beyond. As such, it is a sec-
ondary matter in the context of this analysis of America’s global base net-
work and how that allows power projection around the globe.*

Moving to the Middle East, U.S. military capabilities are of course
found overwhelmingly in Iraq at present. There were about a dozen very
large bases, and some forty-five major bases overall, as of the peak of op-
erations in 2007. Counting forward-operating bases and combat outposts,
the number of installations exceeded 100. The larger bases include Camp
Victory at the Baghdad Airport, where the main U.S. military headquar-

ters as well as two American divisions were located (as of 2007), Camp
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Anaconda/Balad Air Base north of Baghdad (home to the 332" Air Ex-
peditionary Wing, the only Air Force wing in Iraq), and Camp Speicher
near Tikrit.40

Kuwait hosts the second largest U.S. capability in the region, with
some 20,000 troops. Roughly sixteen bases are currently used to support
this presence.* Bahrain is notable for providing a home to the U.S. Fifth
Fleet, with more than 1,000 American sailors located there. Qatar is a
major logistical hub as well as the regional headquarters for Central Com-
mand (the main headquarters for which are in Tampa, Florida) and com-
mand center for the main U.S. regional command airbase (Al Udeid);
several hundred Americans are stationed in that country. Egypt, a major
non-NATO ally, allows invaluable air and naval transit for U.S. forces
through the Suez Canal. It is also home to the biennial BRIGHT STAR
multinational training event for CENTCOM. Some 400 U.S. personnel
are in Egypt, mostly airmen and airwomen. Also key in the war on terror
is a combined joint task force operating out of Djibouti for the Horn of
Africa. Almost 1,500 U.S. troops are stationed there, apportioned roughly
equally among the military services.*® About 1,000 U.S. personnel are also
found on Diego Garcia, a British-owned territory in the Indian Ocean, a
major logistical hub.

'The United States has about 2,400 uniformed personnel in sub-Saharan
Africa (as of mid-2007), up substantially from the 300 there in mid-2001.%
There were thirteen cooperative security locations in Africa under EU-
COM jurisdiction prior to the creation of AFRICOM. With that com-
mand’s creation, the cooperative security locations switch to its
jurisdiction—though the fact that AFRICOM is based in Europe, with
an uncertain political status and acceptability in much of Africa itself,
provides more questions than answers about the future of U.S. capabilities
on that continent.”®

Normally, the Army has two brigades’ worth of prestationed or prepo-
sitioned combat equipment in Kuwait as well. However, ongoing opera-
tions in Iraq and Afghanistan have largely made use of these (as well as
two brigade sets typically on ships, one at Guam, the other on the Indian
Ocean island of Diego Garcia). Of the Army’s normal allotment of five
prepositioned brigade sets of equipment, only the set in South Korea is
roughly complete at present.”! For these reasons, rather than being able to
make several brigades operational within as little as five to ten days (as
troops were airlifted to join up with their equipment), the United States
would have to load up equipment from the United States and then ship it
across the oceans, necessitating a month or more even if equipment was
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promptly available for loading. This situation would have posed a substan-
tial risk in the decades when North Korea’s military was stronger than
South Korea’s; it is probably less worrisome now, but still a strategic con-
straint on prompt American responsiveness to various places.

'The Marine Corps has a policy of keeping a brigade’s worth of preposi-
tioned equipment afloat at Diego Garcia, a second in the Mediterranean,
and a third at Guam. The Air Force keeps ammunition ready to move
quickly on ships at Diego Garcia; the Army also keeps support equipment
quickly deployable on Guam.>

Purposes and Functions of Major Bases

How to understand the various roles played by these bases? Even among
the major facilities, there exists a wide range of main missions and objec-
tives. They include:

*  Combat bases for tactical aircraft (as in Japan and Korea)

*  Ground combat bases (Iraq and Afghanistan and central parts of
Korea)

* Ports for ships (as in Japan and Guam, and to a lesser extent Bah-
rain, Diego Garcia, and Italy)

*  Major logistics hubs for equipment repair, storage and transship-
ment of supplies and equipment, refueling of aircraft (as in Ger-
many, Kuwait, Turkey, Italy, Spain, Diego Garcia, southern Korea
and again Guam and Japan)

* Ground force bases focused on maintaining a forward presence
for general deterrence and for alliance exercises (Germany and

Okinawa)

Which of these functions are most significant? It is important to ask in
case choices might have to be made about which to keep (should a host
nation, for example, ask for a smaller U.S. footprint due to domestic po-
litical realities). It is also important to develop backup options for those
bases that are truly crucial. Moreover, which bases are most likely to sur-
vive in the face of a possible enemy attack? This is a growing worry in an
era of increasingly precise ballistic and cruise missile inventories for many
countries.

Working through the same list, combat air and ground bases are clearly
quite important if one anticipates the real possibility of fighting a major
war (or deterring it) in a given region. That makes combat air bases in
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Japan and Korea quite important but suggests that remaining tactical air
bases in places such as Germany and Britain are less important, given the
stable character of contemporary Western Europe. For tactical combat
aircraft, it is optimal to have bases within about 500 miles of where they
are likely to conduct wartime operations; facilities in Japan and Korea are
within that distance of North Korea and the Taiwan Strait, whereas those
in Western Europe probably are not close to any likely future combat
theater.

How many air bases are needed in a given location? It is generally dif-
ficult to operate more than a wing of aircraft (about seventy-two planes)
from a given base, based on historical averages and air traflic practicalities.
So several major air bases, say at least ten, would ideally be available for a
major operation given the experiences of the Iraq wars.

'This might seem a fairly straightforward number to have available, as
the world inventory of runways of at least 6,000 feet with sufficient
strength to handle at least a fighter jet exceeds 2,000 (roughly 300 in Asia,
150 in the Persian Gulf and Middle East region, 400 in Western Europe,
600 in North America, and about 550 in the rest of the world combined).
But they are, of course, unevenly distributed. Many countries only have
one or two (and those with hardened shelters for aircraft that might be
attacked are far fewer).”® Moreover, the United States only has about fif-
teen major air bases abroad in a total of ten countries now. So there is a
premium on retaining access to these facilities.™* Aircraft carriers, and
improvised use of commercial airfields or other countries’ military air-
fields, can clearly help in crises if available. But they are generally less op-
timal for sustained combat operations.

One reason to have a certain number of dedicated military airfields
concerns airbase survivability. Aircraft, runways, and the people working
on airplanes or flying them are increasingly vulnerable to precision weap-
ons and submunitions (not to mention attacks by special forces, which
have damaged or destroyed more than 2,000 aircraft since 1942, according
to Alan Vick of RAND). Israel proved this even in 1967 when it destroyed
300 Egyptian aircraft within five hours. The Israelis had time for a second
strike in 1967 because in their first wave of attacks they had also used
runway-penetrating weapons that prevented Egypt from moving its sur-
viving aircraft.

Runway repair equipment and multiple runway surfaces can help ad-
dress the vulnerability problem by making it easier to restore flight opera-
tions quickly. Hardened facilities and shelters for tactical aircraft can help
too, as Egypt proved in 1973. Of course, to have hardened shelters and re-



Logistics and Overseas Bases 159

pair equipment available requires planning and a political environment in
which such preparations are possible. Accordingly, while some 1,400 hard-
ened shelters lie in Asia, almost half (some 640 as of 2002) are in the Re-
public of Korea and are not necessarily available for conflicts beyond the
peninsula. Also, about 100 hardened shelters are in Japan, at least 200 in
Taiwan, just over 200 in India, and just under 200 in Pakistan—but which
if any would be available to U.S. forces in a crisis or conflict is hard to say,
and most would be well out of range of any given conflict.® Moreover,
these shelters are expensive, to the tune of about $4 million a piece typi-
cally (with costs for construction of an entire modern air base likely to
reach s1.5 billion or more, and the time period for construction likely to
reach into many months at a minimum). Although modern precision
weapons make many shelters vulnerable to direct hits in ways they were
not years ago, shelters are still generally a great aid to aircraft survivabil-
ity.” And repair equipment can keep runways and taxiways functioning.
Such survivability assets are generally much easier to build and operate at
dedicated military bases than elsewhere.

What about the Navy? Of course, American warships do not require
coaling stations to operate globally any more. But they can maintain de-
ployments more efficiently if homeported abroad. Such stationing reduces
time wasted in transit; it also allows a given vessel to be essentially “on
call” at all times, even when in port. This means, for example, that there is
a huge benefit to the use of ports in Japan in particular (that is the main
place where American warships are routinely home-based). By some esti-
mates, to achieve the same continual level of presence and deterrence in a
place like the Persian Gulf or Western Pacific, it could require four to six
times as many ships operating out of American ports as operating from a
well-positioned forward homeport.*®

Logistics hubs are quite important, especially in regions where huge
numbers of personnel and supplies might need to be surged in a major
crisis. As noted, ports and airfields in combat theaters often get clogged
up during big deployments; they can also be vulnerable to attack. And as
with any base, access to it may be denied by a host government in a given
crisis or war. All these factors place a high premium on having a number
of bases available; they also place a premium on being able to set up infra-
structure such as underground fuel storage facilities in advance of any
crisis. Having logistics hubs where large ships and planes can be unloaded
and supplies transferred to smaller, more manageable vessels and aircraft
is critical for reducing bottlenecks and increasing safety in major deploy-
ment operations.
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What about the last bullet point from the previous list, the symbolic
value of bases? While not trivial, it is not generally the most important
reason to have bases. There usually are alternatives to stationing large
ground force contingents overseas if their main purpose is to show the flag
and conduct exercises with allies. Forward presence is important, but it is
also largely an intangible, and as such modest reductions in a given capac-
ity can often be tolerated if need be.

QuesTIoN 11: For global use, which is a better place for the United States
to station Army forces, Texas or Germany?

Answer: The key point to recognize in answering this question is, as
shown in Table 3.1 and 3.2, that heavy forces are quite massive. They al-
most always require movement by sea; only small elements of them can
realistically be delivered intercontinentally by air. The practical impor-
tance of this fact is that one must think through the steps of loading and
sailing ships, not just look at a map and think of distances as the bird flies,
when evaluating transportation options.

Seen in this light, having U.S. ground forces in Western Europe in the
modern era may be of little benefit, even though those forces are closer to
likely trouble spots in the Middle East than if based in Texas or Georgia
or North Carolina or California. This is because the most efficient deploy-
ment path from Germany to the Persian Gulf is via rail to ports in the
Baltic Sea, and then over the Atlantic Ocean and into the Mediterranean.
Despite the fact that Germany has an excellent infrastructure and tends to
facilitate the movement of American forces through its territory (even in
the runup to the 2003 invasion of Iraq, when the German government op-
posed the war), that trajectory is little better than a deployment from the
United States (and it is worse than starting from the central or western
United States if the goal is to reach East Asia). Perhaps three days of sail-
ing time would be averted en route to the Gulf, at most; other timelines,
for loading forces on trains and moving them to ports, as well as loading
and unloading ships, would be essentially unchanged. In fact, deployment
from Europe could actually be slower unless sealift ships were already on
hand in Europe when a crisis began and the clock started ticking.

It is important to understand, in considering such options, that the sav-
ings associated with basing forces in the United States rather than abroad
are generally modest. Costs to purchase equipment, train, pay salaries,
and the like are comparable whether forces are stationed at home or
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abroad; some base costs may also be partially covered by allied nations
(Japan is especially generous in this regard). As such, bringing home
50,000 soldiers from Europe and South Korea (the total number deployed
in those two countries as of 2004, before recent reductions began, was
80,000) would save about s1 billion a year in annual operating costs once
implemented (about half in base operations, half in personnel costs for
purposes such as moving people about and running schools abroad). The
bases themselves that would be rendered unnecessary by such a change are
worth billions. But they would generally revert back to their host nations
rather than be available for sale by the United States. In fact, if replace-
ment bases had to be rebuilt in the United States, costs for stationing more
forces in the United States would be greater than those for keeping them
abroad for a time. That fact helps explain why the U.S. military is now
slowing its reductions in Europe, since its recent decision to increase the
size of the Army and Marine Corps makes available basing back home
somewhat scarce and would necessitate the construction of more facilities
for returning units.*’

QuesTioN 12: Which U.S. bases in Japan are most important?

AnsweRr: It is useful to break this question down into two main parts:
the large (and controversial) U.S. military presence on Okinawa, and the
presence on the main island of Honshu (focused on the homeporting of a
U.S. aircraft carrier battle group in Yokosuka, though there are other im-
portant U.S. military capabilities on the main islands, too, including more
aircraft in the north of Japan and Navy ships near Nagasaki).

Tactical air bases are extremely important in Okinawa, and in Japan
and Korea more generally, to reach potential combat zones in North Ko-
rea and the Taiwan Strait. There are only two main U.S. tactical air bases
on Okinawa—Kadena for the Air Force and Futenma for the Marine
Corps—underscoring their importance. (Some of that extreme impor-
tance may have been mitigated by recent U.S.—Japan agreements to make
available Japan’s own military and civilian airfields in the event of a crisis,
but these facilities are less well prepared for supporting combat opera-
tions.) The other alternative, in the event of war, would be to build new air
bases in the course of conflict. While bulldozing and paving can be done
fairly fast, within weeks perhaps under some circumstances, construction
of the vast underground fuel and ammunition storage facilities needed for
such operations as well as hardened shelters for the aircraft themselves
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realistically requires months. Not having immediate access to air bases
thus makes forward defense less credible and weakens deterrence.

'The U.S. Marine Corps presence on Okinawa, by contrast, is more a
matter of convenience than of military necessity—as evidenced by the fact
that the United States is now willing to bring half of those Marines to
Guam to reduce the associated political burden on Okinawan and Japa-
nese politicians. As noted, the Marines do not fight on Okinawa; they
would have to load up on ships to deploy in substantial numbers with their
equipment (and there are only enough amphibious ships in Japan to deploy
about 2,000 of them with their combat equipment at a time). Aerial trans-
port can move modest numbers of Marines, but equipment and supplies
are so heavy that the throughput capacity would be limited, as Tables 3.2
through 3.5 underscore. Okinawa for the Marines is mostly a staging base,
not a combat base. The Marine Corps presence on Okinawa may have
important symbolic virtue, but its military necessity probably does not ri-
val that of the Air Force Kadena base there.

Moving to the aircraft carrier issue, consider the hypothetical of the
homeport being lost. In that situation, the most straightforward (though
expensive) response would be to build a larger Navy to compensate and
base the ships in the United States. Then, the same number of days per
year of needed forward presence could be maintained, but only by virtue of
having more ships share in the task. Typically, for ships homeported in the
United States, the Navy will be able to maintain a ship forward deployed
and on station about 20 to 25 percent of the time. It will use another 25
percent for training, perhaps 10 to 15 percent for moving the ship to and
from the overseas theater in question, another 25 percent for rotating crews
and allowing recovery time on shore, and an average of another 10 to 15
percent for major ship overhaul every few years. So a forward presence of
one carrier in the Western Pacific could be maintained either by one car-
rier homeported in Japan (and considered to be on station at all times) or
about five carriers sharing the job and based back in the United States.
Given the costs of aircraft carriers (see Table 1.5), the difference could be
as much as s25 billion a year, if it really was necessary to construct a larger
Navy to compensate for the loss of Yokosuka.
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CHAPTER 1V

Technical Issues in Defense Analysis

How poEs AN ANALYST or policy specialist wade into the complex world
of actual military science—that is, the realm of physics and engineering
on which so many practical decisions about military matters turn? Given
the sophistication of the technologies involved, this would seem an im-
possible task for the generalist, or even for many scientists lacking special-
ized knowledge of certain aspects of military technical matters. But in
another sense, it is a necessary task. Only by striving for answers to ques-
tions like can missile defenses work, can space weapons provide capabili-
ties unavailable from systems based on Earth, and can future warfare be
radically transformed by changes in underlying weapons systems and tac-
tics may we reach decisions about proper defense resource allocation. Only
in these ways can we, even more importantly, avoid major surprises in fu-
ture wars (or, to put it differently, profit from any surprises before adver-
saries can do so). Only in these ways can we understand the potential, and
the limits, of arms control.

This section of the book provides a primer on some of these key techni-
cal subjects to aid the general reader. In so doing, it suggests an analytical
approach to addressing such subjects that may be of broader use even for
matters not discussed here.

'The utility of such a primer is limited in part by the technical proficien-
cies of the author, but even more fundamentally by the fact that technolo-
gies change with time, and that basic knowledge can only go so far in an-
swering questions that often require detailed precise information about
the very latest technological trends and opportunities. To pursue state-of-
the-art scientific work, scientists are clearly needed, and policy generalists
cannot be of great use. It took Szilard and Einstein to warn President Roo-
sevelt that nuclear weapons were possible, for example, and it also took
experts to figure out when capabilities like radar, aerial flight, space flight,
and laser sensors as well as weapons were within reach. To anticipate future
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breakthroughs, and help decide which technologies are worth pursuing,
the Department of Defense has numerous expert scientific advisory groups
and consultants today—ranging from the notorious JASON group and
the Defense Science Board, to the main weapons laboratories run by DoD
(like Lincoln Labs at MIT) and the military services as well as the De-
partment of Energy, to many individual scientists or groups of scientists
working either for the defense industry or for universities.

That said, some basic understanding of scientific and technical issues in
defense policy is essential for the policymaker. Scientists cannot be asked
to make all decisions concerning technology, since many decisions involve
other matters, too—the country’s national security objectives, its resource
constraints, its competing priorities, its arms control interests, and so on.
Since many core matters in defense policy revolve heavily around physics
and engineering, a basic familiarity with these fields is necessary. Even a
very limited basic knowledge about key concepts and terminologies allows
the generalist to follow conversations and studies led by more technically
expert individuals. If generalists are at least able to follow technical dis-
cussions, they can often discern the key assumptions behind science-based
arguments. In other words, basic scientific literacy among generalists helps
create a vetting process that can often weed out sloppy, mistaken, or ideo-
logically motivated arguments. It can also make generalists more able to
appreciate the work of whistleblowers and dissidents from wizhin the sci-
entific community, and pay them heed when institutional and political
forces may otherwise overwhelm them.!

Some basic matters of physics are both simple enough to be accessible to
the generalist, and important and enduring enough that they can be ex-
pected to remain relevant for policymakers well into the future. When the
immutable laws of physics can be invoked to help understand a situation,
the resulting explanation is more likely to be durable. It is not always pos-
sible to find basic physical arguments or principles that help resolve a tech-
nical issue or debate, but it often is. Making some investment in under-
standing core physics concepts can then have benefits far down the road.

Some examples of how a sound understanding of basic military princi-
ples and technologies can inform policy debate may illustrate these points.
Take the missile defense debate of the 1980s, shortly after Ronald Rea-
gan’s “Star Wars” speech of 1983 in which he announced his Strategic
Defense Initiative (SDI). Whatever the broader strategic benefits of SDI
may have ultimately been, many of the technical goals advanced by its
partisans could be debunked—or shown to be very expensive and rather
improbable—by basic physical reasoning. For example, putting lasers in
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space to shoot down warheads could be shown to require dozens of lasers
(because of the Earth’s rotation, meaning a given satellite would not stand
still over a given point on the planet’s surface). With each of those lasers
requiring a mirror effectively equivalent to that of the Hubble telescope
just to steer the beam, costs could be placed into the many tens of billions
for just the initial deployment of the system (even assuming its technical
feasibility). On a related subject of SDI, a good deal of analysis about pos-
sible countermeasures that an attacker could use to fool a defense sug-
gested that any country sophisticated enough to build a substantial nuclear-
tipped ballistic missile inventory could defeat most basic defenses. These
arguments did not shut the door on all possible uses for missile defense, by
any means, but they were sobering for those who wanted to believe that
defense could trump offense in the nuclear realm.

In 1999, many predicted that NATO airpower could easily intimidate
Serbian militias into stopping their deprivations against the Kosovar Al-
banian population. But others recognized that, if NATO planes stayed
above 15,000 feet altitude to reduce their vulnerability, their ability to
identify and target small Serb formations would be extremely limited—
and the ability of their precision bombs to strike accurately through the
cloud cover prevalent in the Balkans in early spring would be limited as
well. Again, basic science, coupled with Clausewitzian cautions about fog
and friction in war, provided policy-relevant insights.

Finally, the popular hypothesis of the 199os and early years of this cen-
tury that a revolution in military affairs (RMA) was underway led to a
number of unsound predictions. Some knowledge of technology tended to
make it easier to see why skepticism was warranted. Chief among the as-
sertions of the RMA proponents was that most, if not all, forms of war-
fare would be radically changed, leading to a much different (and reduced)
role for traditional ground power in combat. The technological basis for
this prognostication was always weak, and it did not take a Ph.D. in phys-
ics to know why. Yet the RMA movement is part of what influenced Don-
ald Rumsfeld, first to try to cut back severely on U.S. ground forces during
his first year as Secretary of Defense for President George W. Bush, and
then to insist on deploying only a small invasion force to Iraq in 2003.

This chapter begins with the issue of the so-called revolution in mili-
tary affairs or RMA. It is the broadest technical subject addressed here.
(In addition to helping frame subsequent discussions, it also complements
the discussion of military readiness in the book’s budgetary chapter.) The
chapter then turns to three more specific subjects. It addresses space
weaponry, missile defense, and nuclear weapons design and testing in
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turn. They are distinct, yet are also somewhat interrelated: space assets are
quite important in missile defense, and missile defenses are designed
largely to defend against enemy nuclear weapons.

This chapter is hardly a comprehensive treatment of topics in military
science. Important matters such as understanding trends in miniaturization,
robotics, and nanotechnology, controlling the development and spread of
advanced biological pathogens, and curbing nuclear proliferation through
tougher export controls are not considered. But several of the key subjects of
the modern era are addressed.? The general approach in each of the following
sections is to provide a basic overview of the relevant physics and technology
issues, and then try to draw whatever policy lessons might follow.

A REvoLUTION IN MILITARY AFFAIRS?

In the 1990s, after the drama of Operation Desert Storm brought war to
living rooms in near—real time, and displayed the remarkable effectiveness
of precision weapons in modern warfare, it became popular to argue that a
revolution in military affairs (RMA) was brewing. Akin to previous radi-
cal transformations in warfare, such as those brought on by the inventions
of gunpowder, railroads, machine guns, tanks, and airplanes—as well as
the doctrines turning those individual technologies into potent fighting
forces—many hypothesized that the computer age would turn the world
of warfare upside down again.’ In the American debate, this hypothesis
was advanced with breathless enthusiasm by some, who assumed that the
United States would continue to lead the world in innovation and hence in
new forms of warfare, but with some trepidation by others, who observed
that established powers are often challenged by rising powers when new
eras in warfare become possible. Various phrases have been coined to de-
scribe variants on the overall modern RMA theory, including network-
centric warfare (with its associated concept of “effects-based operations”
designed to attack enemy nodes of information gathering and decision-
making) and fourth-generation warfare (following the previous genera-
tions of Napoleonic war, early industrial war culminating in World War I,
and blitzkrieg/carrier/maneuver war exemplified in World War II).*

'The experience of the current decade has put these RMA debates into
some perspective. The 9/1r attacks themselves, as well as the difficulties
faced by American forces in Iraq, have disabused most of the idea that we
could be entering into a “post-heroic” or “virtual” era of warfare.’ By the
predictions of some, such an era would be characterized by conflicts in
which risking casualties was no longer quite as necessary (or politically
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possible), at least for an advanced superpower fighting a less advanced foe,
and in which stand-off weaponry (or, increasingly, robotic weapons) linked
to reconnaissance systems via lightning-fast communications networks
would dominate the fighting.

Since technology by itself does not a revolution make, however (with
the possible exception of nuclear weaponry), an RMA could only be ex-
ploited properly if it was catalyzed by the decisions of defense policymakers.
In other words, any such revolution would need to be made, not passively
received. Defense innovation is a complex process requiring not just dif-
ferent decisions on resource allocation but on warfighting doctrines and
tactics, and the ways in which different elements of military forces cooper-
ate together.® To be sure that the United States and its allies benefited
from the RMA, rather than being hurt by it relative to their enemies,
money and the energies of key leaders would need to be shifted away from
areas where trends in warfare seemed largely static and redirected to new
and exciting horizons.” For proponents of the RM A, instructive analogies
might be the eras in which wooden sailing ships, horse cavalry, or bayonet-
wielding infantrymen became obsolete. Surely those who recognized these
trendlines earliest were best served in future wars, since they no longer
wasted scarce funds—or even more importantly in some cases, scarce
hours for strategizing and training and preparing battle plans—on mori-
bund notions of how to wage war.® This logic led some RMA proponents
to suggest, for example, that the United States might need to preserve re-
sources for military innovation by avoiding peacekeeping missions, reduc-
ing forward-deployed forces for deterrence in key regions of the world,
scaling back its two-war combat capability, and/or canceling major weap-
ons systems of the traditional or “legacy” variety.”

But how to size up this modern debate meaningfully? Asserting an
RMA, and pointing to nifty new gadgetry that seems to portend or con-
stitute major progress, does not suffice to conclude the argument. This is a
classic example of a technology-centric hypothesis in which the lay ob-
server can feel frustrated, if not shut out, by the conversation—yet one in
which the nation’s interests can only be advanced by combining technical
analysis with broader strategic judgment. Decisions about when to wage
war, whom to fight and whom not to fight, which interests to defend and
which interests to recognize as indefensible (or too hard to protect at a
reasonable cost) must be informed by the technical and doctrinal realities
of warfare. Yet they obviously must be made only after broad consideration
of many factors. As such, it is important that most non-specialists 7oz be
precluded from joining the conversation. Similarly, decisions about military
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resource allocation should be influenced by an understanding of which ar-
eas of modern military capability are potentially advancing so quickly that
they merit extra attention and additional money. But those budgeting deci-
sions also require a sense of the nation’s broader priorities and interests—of
which wars we are likely to need to fight, not just which wars we might
most prefer, or which might best play to our current and future strengths.!
It is important that the RMA debate not be so obtuse, arcane, or inacces-
sible that most policymakers and citizens feel unable to participate. It is
also important that the hypotheses of RMA proponents be expressed as
specifically and carefully as possible, so they can be evaluated analytically
and individually.!

In the following pages, I suggest three ways in which this assessment
can be attempted. The first is to look at history and place current technical/
doctrinal trends in some perspective. Are we truly at the cusp, or in the
middle, of a transition so dramatic that it qualifies as revolutionary—
meaning that change is not only impressive, but disproportionately more
rapid than in past recent eras?

A second approach is to look at areas of major technology more care-
tully. Computers are undergoing a contemporary revolution, to be sure,
but is this true for other key areas of military technology as well?> And to
the extent it might 7oz be true, can fundamental progress in computers as
well as perhaps a couple other key areas of technology nonetheless them-
selves drive a revolution at a time when many key material underpinnings
of modern militaries may not be progressing so fast?

A third approach is to try to understand outcomes in recent military
battles as clearly as possible. This should then help us understand the de-
gree to which modern technology is the driver—and the degree to which
expected future progress in technology may so radicalize the way humans
battle each other that we must discard many old notions of conflict to
prepare for a whole new future way of war.

The Computer Age in Historical Perspective

Beyond a doubt, a computer-driven revolution is occurring in modern
times, with implications that go far beyond how fast we can call up data
on the Internet. Microprocessors combined with modern communications
technologies such as fiber optic cable and satellite constellations guide the
performance of many mechanical systems, permit creation of real-time
data networks accessible not only at desks but by phones and BlackBerrys
and other devices, and point the way to a pending age of robotics. These
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changes are remarkable. Certainly they would seem, at first blush, as dra-
matic as some of the technology-driven revolutions of past times, such as
the invention of the crossbow centuries ago, or of gunpowder, or iron-
hulled ships, or the machine gun, or blitzkrieg and aircraft carrier war.
But how do we know if they portend, or ensure, a revolution in warfare?

To answer this question, we must be specific. Many historians will
surely look back on this era and, with rhetorical flourish, remark on the
changes that occurred. But in policy terms, the most important matter is
whether changes in warfare are now so rapid, and so exponential, that they
necessitate a fundamental change in how we do business.!?

The modern American military has institutionalized change from
within in the last hundred years or so. At least since the 1920s, military
planners have consistently expected the next decade of war to differ greatly
from the one before. And even once one moves beyond the chronology of
the 1930s and 1940s, which brought the world blitzkrieg, carrier war, am-
phibious assault, modern radar, great strides in submarine as well as anti-
submarine technologies such as sonar, and nuclear weapons, changes were
rapid. The 1950s saw the coming of age of helicopters and jets; the 1960s
witnessed widescale adoption of satellites and ballistic missiles; the 1970s
brought huge leaps in cruise missile, stealth, infrared, and night-vision
technologies; the 1980s and 1990s saw the real arrival of the modern age of
precision strikes and rapid battlefield communications, facilitated in large
part by modern computing, and the initial arrival of robotic technologies
like unmanned aerial vehicles—followed in the current decade by the
weaponization of such vehicles.

Even this cursory review reminds us that the age of computing is not
without modern precedent, in terms of the remarkable new capabilities it
offers. Certainly the notion of airplanes, then of airplanes flying without
propellers, then of airplanes flying with rotary wings able to go straight up
and down are quite remarkable. Yet the latter two of these changes rarely
are viewed as revolutionary. Being able to monitor the Earth from space,
or through bad weather, or at night creates a transparency to the battle-
field radically different than what had been the case before—yet most of
these breakthroughs in sensing technologies are often not as ballyhooed as
the computer is today. Is that because the computer is so obviously more
important? Perhaps, and perhaps not.

In addition, to the extent the modern era is characterized as a computer-
driven period of civilian and military innovation, is it possible that the
fastest rate of change may already be behind us? That is, the basic notion
that we are living in an era during which the military “reconnaissance
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strike complex” of advanced sensors, munitions, and information net-
works has begun to flourish is now widely appreciated by defense planners.
To be sure, that reconnaissance strike capability is constantly improving,
but the core concept is now well understood and established. So even to
the extent that there is revolution in the air, it is possible we are beyond
the point of maximum change.!?

These arguments are hardly conclusive; they are designed simply to be
reminders of how much change has gone before us, as a way of maintain-
ing a certain humility about the context of contemporary accomplish-
ments. For the broader purposes of this chapter, they also provide an ex-
ample of how historical perspective may be used to gain some analytical
perspective on a given hypothesis or recent development. History can it-
self be a tool of scientific inquiry—even if it is generally not conclusive in
its lessons for today.

To take the next step in evaluating the significance of modern technol-
ogy innovation, and its potential for dramatically changing warfare, we
need to learn more about the nature of technological progress in the world
today. Is it truly most dramatic in the computer area? Are other sectors of
technology changing as fast, or almost as fast, or significantly more slowly?
With some provisional answers to these questions in hand, we can then
return to the broader question of trying to ascertain how everything adds
up—how the overall state of modern technological innovation affects
what is possible for military planners today and tomorrow.

Key Areas of Technology

One report from the 199os that was enthusiastic about the prospects of a
modern revolution in military affairs argued that computers are not unique.
It claimed, by contrast, that the rate of change they are experiencing #ypifies
the modern era. In other words, by this logic, computers are not the outlier,
they are the new norm, and most types of systems are changing compara-
bly fast—meaning a new generation of capability emerges every few
years.*

A more sober perspective might note that most modern airplanes,
ships, and ground vehicles travel at roughly the same speed as their prede-
cessors of twenty, thirty, or even forty years ago; that modern satellites
and other sensors, while better to be sure than their predecessors, perform
their jobs in roughly comparable ways; that the internal combustion en-
gine remains the dominant power source for land warfare, ensuring huge
logistical trains to support deployed armies; that small arms and explo-
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sives remain very difficult to detect from any distance, especially in com-
plex or urban terrain.

Rather than keep the debate at such a broad level of point and counter-
point, it is better to get more concrete. Several broad categories of technol-
ogy can be defined, then several subcategories within each can be further
specified, and then each can be individually assessed. Such was the meth-
odology I adopted in a book written in 2000. After a survey of the techni-
cal literature, and an appeal to basic concepts of physics that established
the realm of the possible for many of them, I hazarded initial estimates
about the rate of change in each area. With these approximations in hand,
formulated crudely given the facts that my technical training went only
through the Master’s Degree level and was not dramatically improved by
real-world work experience, I then traveled to numerous weapons labora-
tories and research centers around the country to engage in dialogue with
true experts and gain their feedback. This approach is an example of how
someone with less than world-class technical credentials can nonetheless
wade into the scientific debate about military matters.

The spectrum of key defense technologies can be broken down in many
ways. One convenient method is to focus on the following:

* Sensors

* Communications systems

*  Main engine / propulsion technologies and robotics

* Explosive and kinetic ordnance, as well as new weapons tech-
nologies such as directed energy

* Defenses against weaponry

Note with this list that computers are a key element of each of the cat-
egories rather than a category unto themselves. The preceding categories
directly relate to key battlefield requirements for any army—gaining in-
formation, sharing it, maneuvering, destroying the enemy, and protecting
oneself.

SENSORS

'The laws of physics limit progress that is being made, or that will be pos-
sible, in many areas of sensing—that is, trying to locate and identify ob-
jects of military interest through visual, infrared, radar, sonar, or other
detectors. Progress in miniaturization and computing is allowing some prog-
ress in technologies like radar, while robotics is permitting reconnaissance
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systems to go more easily where they could go before only with great dif-
ficulty and risk. For the most part, however, progress rates are modest in
sensor technology.!®

Sonar has largely plateaued, and predictions from the 199os that the
oceans would become transparent to one form of sensor or another remain
extremely far from realization.!® (The laws of physics suggest it will take a
very long time indeed to change this situation, given that most forms of
radiation do not penetrate more than a few dozen meters of seawater.)
Optically-based systems remain inherently limited by their difficulty see-
ing through walls, soil, water, and foliage. Most of these constraints apply
to radar too, even if some kinds of foliage-penetrating radar show some
promise. Particle beams can see a great deal, but typically only at close
range, and only when substantial power sources are available. Aspirations
remain to make them capable of seeing through walls or dense jungle.!”
But systems capable of such accomplishments are likely to be very expen-
sive and probably quite large for many years.

Biological detectors are advancing, but it remains very hard to identify
pathogens at any distance even when they are in aerosol form.!® Magnetic
detectors cannot easily find small arms or IEDs or other such materials
except at very close range, given the number of non-military objects emit-
ting signals themselves (and the possibility of weapons being made with-
out metal). Chemical detectors are improving, but again need to be rela-
tively near their quarry in order to have access to enough molecules to
allow reliable detection. Systems for detecting sniper fire are being re-
searched, but in the near future they will not prevent well-trained snipers
from getting in the first shot and then fleeing.”

Of course, the state of the art is hardly static. For example, even if the
underlying technologies on sensors are themselves advancing only mod-
estly in most cases, the ability to proliferate sensors across more platforms,
including unmanned ones, is growing. So is the ability of communications
networks to share whatever information is obtained more quickly. Clever
applications of such capabilities will arise, like a fledgling capability known
as Ancile that identifies incoming mortar rounds, predicts their impact
points, and informs individuals near those impact points of how to move
to avoid harm most efficiently.?

But when one considers some of the bolder rhetoric of RMA propo-
nents and compares it with the technical and physical realities, there is a
case for sobriety and modesty in expectations.?! For example, according to
an Air Force document of a decade ago, sensors will soon allow us to find
and identify virtually anything of military significance on the face of the
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Earth in coming years. This vision is not plausible, however. Similar cau-
tion should be taken when considering, for example, the prospects of an
idea put forward by the Defense Science Board in 1996—that “there is a
good chance that we can achieve dramatic increases in the effectiveness of
rapidly deployable forces if redesigning the ground forces around the en-
hanced combat cell [light, agile units with ten to twenty personnel each]
proves to be robust in many environments.”?> Unmanned platforms may
be proliferating, but they are still expensive to operate and hardly omni-
present on the battlefield. Communications systems may be radically bet-
ter than before, but they cannot themselves generate good data and con-
tinue to rely on sensors for that data. Most of all, in complex environments
such as cities, the majority of military targets remain small and well cam-
ouflaged amidst very complex backgrounds, and often shielded from most
stand-off sensors by buildings or other objects. As a result, even high-tech
U.S. units in such environments will often “find” their enemies by being
shot at.

COMMUNICATIONS

In communications, there is no doubt that progress has been remarkable.
In the last decade or so, computers have been placed on tactical fighting
vehicles, data rates involving satellite communications have increased by
somewhere between a factor of 10 and 100 depending on the measure
used, and through frequent practice the U.S. military has greatly improved
procedures to get the right real-time data to the right people on the battle-
field. Underlying progress in computer technology has made all this pos-
sible by radically improving the rates at which data can be processed before
being distributed, making possible what the military likes to call “Network-
Centric Warfare.” In Operation Desert Storm, a delay of many hours or
even days arose between when one sensor on one part of the battlefield
found a target and when an aircraft elsewhere could be directed to attack
that target. The typical delay had shrunk to less than an hour by the end of
the 1990s and to less than half an hour in recent years. The benefits of
these trends are seen not only in the air and naval domains, where modest
numbers of high-value platforms are the order of the day, but even in
ground combat, where communications systems like FBCB2 (“Force 21
Battle Command Brigade and Below”) increasingly integrate every major
ground vehicle into a common battlefield picture, benefiting from GPS
and other enabling technologies. Even when enemy force positions are not
known, these kinds of systems help a great deal with “blue force tracking,”
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allowing American and coalition forces to know each other’s whereabouts,
as evidenced in the invasion of Iraq and other recent missions.??

Of course, many trends in communications help potential enemies, too.
Al-Qaeda and its global affiliates have learned how to communicate via the
Internet very effectively, frequently changing web site electronic addresses
while also varying the physical locations from which they set up and update
those sites. They have learned how to avoid reliance on satellite phones and
to minimize their use even of cell phones, especially in areas with strong
U.S. or allied local presence. This reduces their inherent ability to coordi-
nate quickly in some ways, but they have adapted by dispersing the tech-
nologies and the authority needed to initiate operations locally so that
central headquarters are not as critical—at least not for the routine use of
car and truck bombs and other such relatively simple devices. Turning to
the other end of the conflict spectrum and the actions of potential nation-
state rivals, countries like China are increasingly emulating the United
States by constructing “reconnaissance strike complexes” of their own.

Within the communications realm at least, it is probably fair to say that
trends are indeed revolutionary, even if they may help adversaries nearly as
much as America and its allies. However, one fundamental vulnerability
of these new communications capabilities remains: the information net-
works being constructed today are fragile, remarkably so in some ways.
Some of the most striking vulnerabilities are in the growing use of com-
mercial communications satellites, for example, which are not resilient to
direct attack or jamming. If major powers fight each other, the resilience
of their information grids will be quickly and severely tested.

ENGINES AND PROPULSION TECHNOLOGIES

Without belittling the efforts of modern engineers, if there is a single
striking area of technology in which progress is not revolutionary, it is in
the basics of how vehicles are powered—and fueled—on the battlefield.
Visionaries about future war have talked about fast jets bouncing along
the troposphere and covering intercontinental distances in two hours, or
weapons in space being de-orbited to strike rapidly and precisely at targets
on Earth, or ground armies quintupling their speeds while reducing five-
fold or tenfold the number of forces they need to accomplish a given mis-
sion. But a careful examination shows fairly definitively that such visions are
not within reach in the foreseeable future. As such, the following language
used in the well-regarded 1997 National Defense Panel report is too sweep-
ing to be accurate: “The rapid rate of new and improved technologies—a
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new cycle about every eighteen months—is a defining characteristic of
this era of change . . .”?* Indeed, for many areas of engine and propulsion
technology, it can be debated whether there is a new cycle of technology
even every eighteen years, if one focuses on the fundamentals of fuel con-
sumption and speed.

Of course, modern jet fighters are faster than before, their engines burn
at hotter temperatures, they can go further and faster on supercruise.
Catamaran-hull ships can attain speeds of 50 knots or more. Solar-powered
robots are being developed. Ramjets can power certain air-to-air missiles
at remarkable supersonic speeds, and will get even faster as scramjet (or
supersonic combustion ramjet) technology becomes available in coming
years.?> Per pound of vehicle mass, modern internal combustion engines
are more efficient than their predecessors. And next-generation combat
vehicles are intended to require much less fuel than Abrams tanks.

But there are striking limitations implicit in all the preceding observa-
tions and predictions. Most radically new capabilities such as hypersonic
vehicles and electromagnetic rail guns relate to special-purpose vehicles
that are too immature and expensive to be widely practicable in the near
future.? Transport planes and ships as well as main warships and aircraft
carriers and submarines, ballistic missiles and space launch vehicles, and
battlefield trucks continue to plow along at roughly the same speeds, with-
out radically reduced fuel requirements, relative to their predecessors of
two or three or even four decades ago. Progress is measured in improve-
ments of 10 and 25 percent from one generation of vehicle to another, not a
doubling of capability and speed every eighteen to twenty-four months as
with computers.?’

If next-generation main combat vehicles require less fuel than today’s
big tanks and fighting vehicles, it will be largely because they will be
smaller and lighter—and, inevitably, more vulnerable to direct fire, given
the modest incremental rates of progress in armor.?® (This is especially
true when measured on a relative scale against the rates of progress in
antitank weaponry.) The internal combustion engine of today is better
than that of the 1960s, 1970s, and 199os, but it operates not far beyond the
basic parameters of such earlier vintages. Predictions like that offered by a
knowledgeable observer in 1997 that the speeds of battlefield maneuver for
major ground forces might increase from 4o kilometers per hour in Op-
eration Desert Storm to 200 kilometers per hour by 2010 can now be seen
to be incorrect (with today’s speeds much closer to the 40 than 200 ).

This is not to say we should abandon all modernization efforts of tradi-
tional weapons platforms. To take one example, the U.S. Air Force strongly
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favors the F-22 Raptor and F-35 Lightning II out of a conviction that pre-
vious generations of fighters are now less capable than a number of foreign-
made combat aircraft, and that they would fare poorly against comparably
trained pilots in air-to-air combat (as well as against enemy surface-to-air
missile attacks). For example, the Air Force rates the Russian-made Su-30
Variant as superior to an F-15C air superiority fighter in its radar, its weap-
ons, its electronic attack capabilities, its range, its multitarget tracking
ability, and its maneuverability (in other words, all the categories it ap-
pears to consider major in importance, based on a recent briefing). Some-
what dubiously, the U.S. Air Force also gives the edge to the Chinese-
made F-uB, though by a closer margin.’® Rather than hinge everything
on superior pilot training and superior networking (through systems such
as AWACS control planes), therefore, the Air Force wants its future air-
craft to be more capable.

To be sure, as history advances, some capabilities may become more
important than others, with stealth as well as advanced sensor and fast
communications systems at the top of the list. Such an argument is not
necessarily a case for a categorical improvement of all combat capabilities;
what matters is reducing key vulnerabilities and improving systems where
advances in technology offer major benefits. For example, moving from a
traditional combat aircraft such as an F-14, -15, -16, or -18 to a stealthy
plane can reduce an aircraft’s radar cross section (or effective reflective
area for radar waves) from say 10 square meters down to o.o1 or even 0.001
square meters, based on the best available unclassified estimates—implying
a tenfold reduction or more in the distance at which an aircraft can be
tracked by current-generation radar.’! These improvements can dramati-
cally reduce aircraft attrition per sortie, by a factor even greater than the
range reduction of radars trying to find and track the aircraft; they can
also improve the element of surprise in an attack. These types of specific
arguments based on concrete attainable improvements in existing systems
should always be considered seriously by force planners. It is worth noting,
however, that they are often at some odds with the RMA visionaries who
tend to belittle improvements in existing weapons systems as old-fashioned
as 2 manned combat aircraft.

Robotics do promise important new capabilities. In fact, they are al-
ready delivering them, starting with recent dramatic increases in unmanned
systems in combat (including the first uses of weaponized robotics, the
unmanned combat aerial vehicle).3? Several thousand UAVs and several
thousand more ground robots have been employed in the Iraq and Afghan-
istan wars, focused on what Jim Carafano and Andrew Gudgel of the
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Heritage Foundation describe as the “Three D’s,” jobs that are dull, dirty,
and/or dangerous.3® Explosives ordnance disposal is a good example, and
robotics allow humans to stay in the loop from close proximity, easing the
challenge of making the robotics sophisticated enough to get the job done.3*
Improvements in computing and in certain mechanical technologies are
making this possible. But the state of battery technology still limits what
small systems can do, and big systems wind up not being dramatically
cheaper or more expendable than manned systems. What robotics can do
in the coming years is reduce the risk of U.S. and allied casualties—for
submarines patrolling shallow waters and looking for enemy submarines or
mines, for ground forces disabling ordnance or searching houses that could
be booby-trapped, for aircraft hovering over enemy territory for long peri-
ods or trying to penetrate dense enemy air defenses.’® This is a very real
benefit, to be sure, but it should not be confused with radical improvements
in capability, or the replacement of normal troops with automated armies.

ORDNANCE

Modern military ordnance is remarkably capable. This is not so much a
statement about the explosive materials contained within them, which
have evolved only modestly over the years (in terms of explosive power per
unit of mass and such features), but more about their accuracy and auton-
omy. In recent times, every few years have brought another round of
innovation—laser-guided bombs and “tank plinking” on a large scale in
Desert Storm in 1991, the use of GPS-guided joint direct attack munitions
(JDAMs) in the 1999 Kosovo War, the use of semi-autonomous submuni-
tions such as sensor-fused weapons each carrying multiple SKEET war-
heads in Operation Iraqi Freedom in 2003. The next war could likely wit-
ness the use of fully autonomous, loitering submunitions that hover above
a battlefield until a suitable target appears—such as the so-called LO-
CAAS (low-cost autonomous attack system), which has already been suc-
cessfully tested.3® These more accurate munitions also reduce logistics re-
quirements for deployed forces at least modestly, by reducing the weight of
typical ammunition expenditures over any given period of time.

However, it is possible that the dramatic progress in precision-guided
ordnance of the 1970s, 1980s, and 199os has actually been slowing in pace.
The first of these decades brought remarkably accurate ballistic missiles,
and the early use of laser-guided and infrared-guided bombs as well as the
beginnings of cruise missile technology. The 1980s saw the blossoming of
these capabilities, which culminated in Operation Desert Storm in 1991.
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The 1990s saw the extension of these trends in precision to all-weather
day-night weaponry such as the JDAM and other munitions guided by
GPS satellites.

However, in the current decade, change may be somewhat less dra-
matic. The GPS constellations are being modernized, but less to create
huge new accuracies and more to ensure dependability in the face of pos-
sible jamming. So-called ramjet technology is being applied to develop
hypersonic missiles, going much faster than the speed of sound, but again
the purpose is largely to protect gains realized already (by striking air de-
fense radars and other moveable assets more quickly, so they cannot elude
attack) than to create capabilities never before seen. Large-ordnance
weaponry is being built, including the so-called Massive Ordnance Pene-
trator with 5,300 pounds of explosive (and a total weight of 30,000 pounds)
and an ability to penetrate 200 feet into the soil. It could be useful against
Iranian or North Korean deep underground targets, such as leadership
bunkers or nuclear weapons facilities. But the number of aimpoints for
which it is needed are a very small single-digit percentage of the overall
target set in most conflicts, and the likelihood of having adequately reli-
able targeting data to use such ordnance most effectively is modest.*”

It is important here to note that as the pace of innovation may be slow-
ing for the United States, American competitors may be catching up. For
example, in coming years China could gain the ability to use large num-
bers of precision submunitions launched from maneuverable ballistic mis-
sile reentry vehicles. These could, in theory, make it quite impractical to
use airfields lacking hardened shelters; and even those with shelters could
have their runways threatened.®

CONCLUSIONS AND POLICY LESSONS

So which technology trends are most important? And what do they say
about the prospects for a military revolution? More importantly, what do
they say about the need to reallocate resources and priorities within the
Department of Defense to make sure any such revolution helps the United
States and its allies rather than having said revolution catch them by
surprise?

We can learn much about the answers to these questions from the real-
world laboratory of the battlefield. For all the progress in international
security since World War II, and the relative infrequency of wars between
the major powers, there are still enough wars among regional powers, be-
tween the major powers and smaller powers, and within states, that we



can see vividly what modern technologies and other new aspects of the
contemporary era are doing to change the nature of combat. For students
of warfare, many questions about technology issues such as the RMA
hypothesis can be settled—or at least informed—by careful study of ac-
tual modern combat. Consider the following recent trends, and their ap-
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parent implications for assessing the viability of the RMA hypothesis:

'The Marine barracks bombing in Lebanon in 1983 and the Soma-
lia debacle of 1993 portended problems seen subsequently for the
United States—on September 11, 2001 and in the wars of Iraq and
Afghanistan, respectively. They suggested that simple technologies
on a complex urban battlefield involving irregular forces would
remain—and will remain—very challenging for countries like the
United States despite their huge technological advantages in many
realms of weaponry.

Operation Desert Storm, while famous for the use of precision
weapons and the dawn of a new age of modern airpower, was also
instructive for revealing the importance of traditional ground
combat skills. American troops overwhelmingly defeated Iraqi
forces as much due to their basic competence in maneuver, and
the Iraqis’ basic incompetence in simple tasks such as properly
hiding military assets and properly employing advance guard
outposts to provide warning of pending attack, as due to technol-
ogy. In fact, this was not a unique characteristic of Desert Storm,
but one example of a broader reality about modern warfare in
which the lethality of weaponry has become so great that militar-
ies not getting the fundamentals of warfare right open themselves
up to the likelihood of rapid and overwhelming defeat.®

'The Kosovo War showed the promise of airpower, but it could be
called a success only because Serb irregulars displaced rather
than killed the Kosovar Albanians they sought to defeat, allow-
ing NATO to coerce the Serbs over time into letting those ethnic
Albanians back to their homes. Had the Serbs resorted to direct
killing instead, the airpower campaign would have been too slow
and indirect, and it would have been hard to declare the outcome
a victory.*

The successful war against the Taliban and al-Qaeda elements in
Afghanistan was an impressive vindication of technologies such
as satellite-guided JDAM bombs, unmanned aerial vehicles, and
handheld GPS “compasses” and laser rangefinders held by U.S.
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forces and their allies. But it was only possible due to the excel-
lent traditional skills of American special forces and CIA opera-
tives riding horseback through rough terrain, living and working
with their Afghan allies, and ferreting out the locations and
identities of enemy forces. It also required that Northern Alli-
ance Afghan forces allied with the United States engage in tradi-
tional combat at times to defeat Taliban and al-Qaeda forces who
were not particularly vulnerable to standoft attack with advanced
ordnance in many settings.*!

* 'The Iraq invasion of 2003 was less a triumph of networked systems
and high technology (though these admittedly helped enormously)
than of proficient armored maneuver, close combat by American
and British ground forces against Iraqi regular forces and Saddam
Fedayeen, and smart adaptation to difficult battlefield conditions
(like surprise flank attacks against invading forces in Iraqg’s southern
cities, on the human side, and sandstorms on the natural side).*?

*  Most of all, the enormous challenges faced by U.S. forces in Iraq
since Saddam was toppled in 2003 show how much about warfare
has not changed. Finding enemies within a civilian population
remains arduous work. Detecting small arms, explosives, and
IEDs remotely and reliably is hard even for a country devoting
billions of dollars in crash research efforts to the task. Reversing
the trends and becoming more successful in Iraq in 2007 de-
pended far more on returning to old-fashioned counterinsurgency
tactics such as adequate force-to-population ratios, street patrol-
ling with an emphasis on providing civilian population security,
and effective partnering with local allies than on high-tech.

Of course, the situation is not either/or. We need not conclude defini-
tively that we are living in revolutionary times, or not. Nuance is accept-
able, and it is reasonable to conclude that there are elements of revolution
and major transformation demanding our attention as well as major
changes in policy, while other aspects of warfare change less quickly. The
fact that technical progress has sometimes been exaggerated hardly means
it is unimportant, and the fact that it seems gradual when we are living
through it does not mean it is slow in historical perspective. In the Af-
ghanistan war, for example, it often became possible to take information
from a sensor and get it to a “shooter” literally within minutes. This was
perhaps not the result of a clear single technical breakthrough so much as
a gradual improvement in procedures over the years that complemented
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ongoing progress in sensor systems and communications capabilities, as
well as the proliferation of sensor technologies (often on unmanned aerial
vehicles) that had not previously been numerous enough to create a con-
tinuous surveillance capability.** But a measured view about the so-called
RMA may help avoid overly faddish beliefs that new types of combat have
suddenly become predominant, with potentially serious consequences for
how the United States allocates defense resources and plans for war.

THE MiLrtary UsSES OF SPACE

Space is a region from which the United States now does far more than
monitor nuclear weapons and missiles. In addition to traditional recon-
naissance and early-warning missions, space is now the place from which
the United States coordinates its conventional wars in real time. Informa-
tion on battlefield targets is sometimes acquired there; information about
these targets, as well as most other data, flow through space to allow rapid,
high-volume, and dependable transmissions.

Several broad questions about space policy require a level of under-
standing about the basic science and physics of using space for military
purposes.

* Are there additional ways in which space can be productively
employed for military organizations, beyond those already being
exploited?

* Are weapons based in space capable of providing many capabili-
ties that Earth-based systems cannot?

* Is the nature of the space environment amenable to arms control
measures?

A Brief Primer on Space, Orbits, and Satellites

Near-Earth space is home to a wide range of military and civilian satel-
lites, not to mention vast amounts of debris that can interfere with satellite
operations. Assets in space also require assets on the ground, and links with
the ground, to provide services to military users of satellites.

Satellite Orbits

Most satellites move around Earth at distances ranging from 200 kilome-
ters to about 36,000 kilometers. This region is divided into three main
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bands. Low Earth Orbit (LEO) extends out to about 5,000 kilometers.
Geosynchronous orbit (GEO) is the outer band for most satellites. It is
35,888 kilometers or 22,300 miles above the equator of Earth. At that alti-
tude, a satellite’s revolution around the Earth takes exactly twenty-four
hours, meaning it remains over the same spot on Earth’s equator continu-
ously. Medium Earth Orbit (MEO) is essentially everything in between
LEO and GEO. MEOQOs are concentrated between 10,000 and 20,000 ki-
lometers above the surface of Earth.**

'The range of LEO orbits begins just above Earth’s atmosphere, which
is generally considered to end at an altitude of about 100 kilometers. The
altitude of LEQO orbits is less than the radius of Earth (which is about
6,400 kilometers, or almost 4,000 miles). In other words, if one viewed
low-altitude satellites from some distance, they would appear quite close
to Earth, relative to the size of the Earth itself. The dimensions of geosyn-
chronous orbits are large relative to the size of Earth (though they are still
small relative to the distance between Earth and the moon, about 380,000
kilometers). Earth’s gravitational field, together with the velocity (speed
and direction of movement) of a satellite, establish the parameters for that
satellite’s orbit. Once these physical parameters are specified, the orbit is
determined and trajectories are predictable, unless and until a maneuver-
ing rocket is subsequently fired.

Close-in satellite orbits take as little as ninety minutes to complete a
tour around the planet. As noted, geosynchronous orbits take exactly
twenty-four hours. Satellites in close-in circular orbits move at nearly 8
kilometers per second; those in geosynchronous orbit move at about 3 ki-
lometers per second. Those following intermediate orbits have intermedi-
ate speeds and periods of revolution about Earth.

Satellite orbits are generally circular, though a number are elliptical,
and some are highly elliptical—passing far closer to Earth in one part of
their orbit than in another. Satellites may move in polar orbits, passing
directly over the North and South Poles once in every revolution around
Earth. Alternatively, they may orbit continuously over the equator, as do
GEO satellites, or may move along an inclined path falling somewhere
between polar and equatorial orientations.

Getting satellites into orbit is, of course, a very challenging enterprise.
They must be accelerated to very high speeds and properly oriented in the
desired orbital trajectories. Modifying a satellite’s motion is very difficult
once the rocket that puts it into space has stopped burning; generally, the
satellite’s own small rockets are only capable of fine-tuning a trajectory,

not changing it fundamentally. Even though satellites in GEO end up
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moving much more slowly than satellites in LEO, they must be acceler-
ated to greater initial speeds (typically about 10.5 kilometers per second).
This is because they lose a great deal of speed fighting Earth’s gravity as
they move from close-in altitudes to roughly 36,000 kilometers above the
planet’s surface. In fact, a three-stage rocket that could carry a payload of
fifteen tons into LEO, for example, could only transport three tons into
GEO. For that reason, it typically costs two to three times as much per
pound of payload to put a satellite into GEO as into LEO.

Even getting to LEO is difficult. For example, putting a payload into
Low Earth Orbit typically requires a rocket weighing 5o to 100 times as
much as the payload. Consequently, even Low Earth Orbit launch is stub-
bornly expensive, despite longstanding efforts to reduce launch costs; put-
ting a satellite into LEO typically costs from $3,000 to $6,000 per pound
(though some Ukrainian and Chinese launch services charge less than
$2,000).* There are some hopes that the next generation of launch vehicles
will be less expensive—but probably not radically so.*¢

Most satellites weigh from 2,000 pounds to 10,000 pounds, roughly
speaking, implying launch costs of about s1o million for smaller satellites
in LEO to s1oo million for larger satellites in GEO. Exceptions exist,
however, including the large imaging satellites known as Lacrosse and
KH-11, each of which is believed to weigh about 30,000 pounds. In addi-
tion, most satellites have dimensions ranging from 20 feet to 200 feet and
power sources capable of generating 1,000 to 5,000 watts—though again,
imaging satellites would be expected to exceed these bounds.

Current Satellites

Currently, about 17,000 items of space debris are large and visible enough
to be tracked by U.S. monitoring equipment. Given the state of technol-
ogy at present, that implies a diameter of at least ten centimeters (about
four inches). Less than 1,000 of these objects are working satellites; the
rest are old satellites or large pieces of debris from rockets.*’

The vast majority of most countries’ current satellites are in LEO or
GEO. In fact, excluding Russian satellites (with their particular history
and their particular circumstances, servicing a large northern country),
each of those zones accounts for about 45 percent of the satellites in active
use today. Another 5 percent are in MEQOj; most of the remainder are lo-
cated in highly elliptical orbits.*8

In many cases, the dividing line between military and civilian satellites
is blurred. The United States uses GPS satellites for military and civilian
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purposes. It buys time on commercial satellites for military communications.
'The U.S. military and intelligence services often purchase imagery from pri-
vate firms, especially when relatively modest-resolution images (with corre-
spondingly larger fields of view) are adequate. And some satellites provide
weather data to the military as well as to other government agencies.

In addition to satellites, a tremendous amount of manmade junk resides
in space. Probably 100,000 pieces of debris larger than a marble are in
orbit—those at altitudes above 1,000 kilometers will remain in orbit for
centuries; those above 1,500 kilometers for millennia. Perhaps 300,000
small objects, such as chips of metal or even specks of paint, are too small
to be tracked—nevertheless, if measuring at least four millimeters in size,
they are large enough to do potential harm to any object they might strike,
given the enormous speeds of collision implied by orbiting objects. In 1983,
for example, a paint speck only o.2 millimeters in diameter made a 4--
millimeter dent in the Challenger space shuttle’s windshield. Only two
other collisions between debris and operational satellites were known to
have occurred through 2001, but with debris in low orbital zones growing
at the rate of about 5 percent annually, more can certainly be expected.
Indeed, a small satellite at an altitude of 8oo kilometers now has about a 1
percent chance annually of failure due to collision with debris. In the
range below 2,000 kilometers, there is now a total of 3 million kilograms
of debris (in contrast to about 200 kilograms of meteoroid mass).*

To illustrate some of these general considerations more vividly, consider
the current American satellite fleet. Most individual types of satellites are
in LEO or GEO. However, MEO is also important due to about thirty
global positioning satellites now in that region.”® These provide navigation
aid to military and civilian users. Since 2000, they have provided both
types of users with their positions to within about five meters.

The U.S. military operates LEO satellites for ocean reconnaissance,
weather forecasting, and ground imaging. The number of White Cloud
ocean reconnaissance satellites that listen for emissions from ships proba-
bly numbers about eight, at altitudes of roughly 1,000 kilometers. The
United States has at least two weather satellites, known as Defense Me-
teorological Satellite Program systems, in polar LEOs (they also carry
gravity-measurement, or geodetic, sensors).’!

'The United States also deploys probably half a dozen high-resolution
imaging satellites in that LEO zone. They come in two principal types:
radar imaging satellites, known as Lacrosse or Onyx systems, and optical
imaging satellites, known as Keyhole systems, with the latest types desig-
nated KH-11 and KH-11 follow-on or advanced satellites. The Lacrosse
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radar satellites operate at roughly 600 to 700 kilometers above Earth, are
capable of effective operations in all types of weather, and produce images
with sufficient clarity to distinguish objects one to three meters apart. The
KH satellites are capable of nighttime as well as daytime observations, by
virtue of their ability to monitor infrared as well as visual frequencies.
'They acquire information digitally and transmit it nearly instantaneously
to ground stations. Their mirrors are nearly three meters in diameter, and
they move in slightly elliptical orbits ranging from about 250 kilometers at
perigee (point of closest approach to Earth) to 400 kilometers or more at
apogee. Ground resolutions are as good as roughly fifteen centimeters (six
inches) or even less under daylight conditions. They can take images about
100 miles to either side of their orbital trajectories, allowing a fairly wide
field of view.*? They do not work well through clouds, however.*?

In GEO or near-GEOs, the United States deploys communications
satellites, early-warning satellites for detecting ballistic missile launch, and
signals-intelligence satellites for listening to other countries’ communica-
tions or the emissions of their electronics systems, such as surface-to-air
radars. For example, in the communications domain the United States has
numerous Air Force packages on various hosts (including GPS satellites in
MEO) for tactical communications; eight Follow-On satellites (or UFOs!)
operating in the UHF frequency band that replace the Navy FLTSAT-
COM satellites for naval communications; two global broadcast system
satellites for transmission of video and other high-data multimedia; nine
defense satellite communications system (DSCS) satellites; and five MIL-
STAR (Military Strategic and Tactical Relay) satellites hardened against
nuclear effects and jamming for critical communications. It also has at least
three defense support program (DSP) satellites for early warning of ballis-
tic missile launches (as with most of its sensitive military satellites, exact
numbers are classified; often what is publicly available is the record of
launches rather than of how many satellites remain operational).>*

The United States fields a handful of signals-intelligence satellites in
GEOQO, though like the Lacrosse, Keyhole, White Cloud, and DSP sys-
tems, their exact number is classified. The signals-intelligence satellites have
in recent times included the Magnum, with an antenna reportedly 200
meters wide for eavesdropping on communications. Jumpseat satellites,
flying elongated orbits, were developed to listen into communications
from northern parts of the Soviet Union.

'The United States puts most military payloads into orbit from launch
facilities at Cape Canaveral in Florida and Vandenberg Air Force Base in
California. It also operates a half dozen smaller sites for some payloads.>
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These satellites have permitted a radical increase in data flow rates in
recent conflicts—from 200 million bits per second, already an impressive
tally, in Operation Desert Storm in 1991 to more than ten times as much
(2.4 gigabits per second) in Operation Iraqi Freedom in 2003.°® With the
introduction of laser communications satellites over the coming decade,
this progression is expected to continue, with another tenfold or more in-
crease in capacity likely (assuming, that is, that reliable high-speed ways
to link the satellites with ground stations are found—atmospheric turbu-
lence and weather create challenges to using many types of lasers).”

As for tracking objects in space, today most countries conduct space
surveillance using telescopes and radar systems on the ground. Only the
United States has a system providing some semblance of global coverage
(though its southern hemisphere capabilities are quite limited). Its moni-
toring assets are located in Hawaii, Florida, Massachusetts, England,
Diego Garcia, and Japan.

Consider the capabilities of a couple other countries as well. Although it
has clearly fallen from its superpower status, Russia remains the world’s
second space power by most meaningful measures. It continues to put sat-
ellites into space at an impressive pace, averaging more than twenty-five
launches a year in recent times, in contrast to a U.S. level of around forty.*®
It does so using at least eight different families of launch vehicles of many
sizes and payloads, including Molniya, Soyuz, Cosmos, Shtil, and Start
variants. It operates five of the world’s twenty-seven major launch sites.
Russia’s manned space program also continues. In recent years, it has
maintained a typical flight schedule of two launches with three to six cos-
monauts per year.

Russia has more than forty working military satellites by recent esti-
mates, close in quantity to the United States. They run the gamut from
communications and navigation assets to early-warning satellites to elec-
tronic intelligence devices. Its satellite capabilities have been deteriorating
since the dissolution of the Soviet Union, though some efforts of late have
been made to restore these capabilities, for example with satellite naviga-
tion systems akin to GPS.*’

China has more than thirty satellites in orbit and has been increasingly
active, with five to ten launches per year in recent times.*® It operates three
launch sites and is an increasingly popular low-cost provider of orbiting
services. It also is working on a manned space program, run by the Peo-
ple’s Liberation Army (PLA), and put its first astronaut into space in 2003.
It also hopes to put an unmanned vehicle on the moon within a few years.
China uses a half-dozen space launch vehicles in the Long March series.
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Most are three-stage rockets whose payloads range from 2,000 to 10,000
pounds per launch. An improved family of liquid-fueled rockets is also
being developed. One variant is expected to have, among other features,
the capacity to lift 24,000 pounds to LEO. China is improving its satellite
and space capabilities with vigor, and is interested in developing imaging
satellites based on electro-optical capabilities, synthetic aperture radar,
and other technologies. Its Ziyuan imaging satellites, planned in conjunc-
tion with Brazil, would have real-time communications systems to get
data to the ground quickly, as would be needed for tracking mobile mili-
tary targets including ships. It is also cooperating with Russia on a num-
ber of space programs, possibly including satellite reconnaissance technol-
ogy, and is making progress on electronic intelligence satellites, as well as
on a rudimentary GPS-like system called Beidou.®!

If space-related technologies could be frozen in place in their current
state, the United States would be in a fortunate position. It dominates the
use of outer space for military purposes today, while Russia’s capabilities
have declined considerably. China’s assets are improving, but it probably
needs better real-time information grids and perhaps an electronic signals
intelligence satellite to have significant capabilities against U.S. Navy
ships near Taiwan, for example.®? The capabilities of America’s other po-
tential rivals are generally rudimentary. The United States is able to use
satellites for a wide range of missions, including not only traditional re-
connaissance and early-warning purposes but also prompt real-time tar-
geting and data distribution in warfare. Although some hope to develop
space-based missile defense assets someday, the present need for such ca-
pabilities is generally rather limited, and ground-based systems increas-
ingly provide some protection, in any event (see the next section of this
chapter for more). Of course, it is not possible to freeze progress in tech-
nology, nor stop the dissemination of technologies already available.

Trends and Future Opportunities

Clearly many technologies related to space are advancing rapidly. The fol-
lowing discussion focuses on several that seem likeliest to offer major
breakthroughs in military capability in coming years.

Other technologies not discussed here in detail will improve, too, cer-
tainly, but in many cases, while the new capabilities they provide will be
important, they may not offer radical changes. For example, space-based
radar constellations may be larger and much more capable in the future.
Even then, satellites will remain very expensive (a billion dollars a piece or
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more, for large systems), placing limits on how fast such capabilities can be
deployed. Moreover, they will not provide capabilities that are otherwise
totally absent, since aircraft (like JSTARS as well as various UAVs) can
provide similar types of coverage in theaters where the United States can
establish air supremacy.®®

High-Energy Lasers

Chemically fueled lasers that could destroy their targets by heating them
with continuous waves of infrared radiation are being developed today by
the United States as missile defense systems, and perhaps by other coun-
tries as well (see the following discussion on missile defense). They could,
however, be used against LEO satellites as well, at least in theory. This
makes them relevant to a broader discussion on the military uses of space.
Such lasers are usually able to convert about 20 to 30 percent of the
energy released by chemical reactions into laser power.®* To damage a soft
target like paper or human skin, a total dose of about 1 joule per square
centimeter is required (a joule is a watt of power applied for a second). The
type of target usually envisioned for high-energy laser weapons today, for
example, the metal making up the skin of a SCUD missile, might be
damaged after receiving 1,000 joules per square centimeter. By contrast,
many satellites could apparently be damaged after receiving as few as ten
joules per square centimeter, assuming a pulse lasting several seconds, ac-
cording to a 1995 Air Force scientific advisory study. (Their trajectories are
also easier to predict, further easing the challenge.) The main point is that
satellites can be much easier to damage or destroy than missiles like
SCUDs, meaning they could be targeted from much lengthier distances.
'The current airborne laser program (simply known as ABL) enjoys two
major advantages over most previous laser systems (such as the so-called
MIRACL laser built in New Mexico). First, it is airborne, meaning it can
fly and operate above the atmosphere’s densest region and above almost all
clouds. Since Earth’s atmosphere interferes with most kinds of visible and
near-visible light, scattering or absorbing much of it, this is a great benefit.
In addition, the infrared wavelength used by the airborne laser is less af-
fected by whatever atmosphere it does encounter (a wavelength range of
0.5 to 1.5 microns is considered ideal; the ABL operates at 1.315 microns).
Each ABL is actually designed to be a system of lasers. The main beam is
a high-power system for destroying an enemy missile. Other lasers of
lesser power on the aircraft are designed for targeting and tracking and to
measure atmospheric conditions. The ABL is designed first and foremost
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to work against liquid-fueled short-range missiles, such as SCUDs, in
their burning or “boost” phase, though it could certainly be used against
any liquid-fueled rocket with comparable effectiveness. Whether the ABL
would work against solid-fuel ICBMs or not is unclear.

'The ABL uses hydrogen peroxide, potassium hydroxide, chlorine gas,
and water as raw ingredients. A number of modules (six on the first test
aircraft, fourteen eventually) will together produce a beam with a strength
of about 1 million to 2 million watts and a beam roughly the size of a bas-
ketball at a range of hundreds of kilometers. It is to operate on a modified
747 aircraft, and its maximum range against a short-range ballistic mis-
sile is estimated at up to several hundred kilometers. With a single pay-
load of chemical fuel, it could fire about twenty shots, each lasting several
seconds.®®

Due to its basic technology, the ABL inherently constitutes a latent
antisatellite capability.® The main issue with converting the ABL into an
antisatellite (ASAT) weapon probably concerns target acquisition and track-
ing. At present, the ABL relies on hot rocket plumes for acquisition of
the target; overhead satellites would not provide such a signature. Thus,
the ABL could not track and destroy a satellite unless its tracking sensors
were first cued to the satellite’s location by the U.S. space surveillance
system. Providing the necessary data links would require software changes
and perhaps even more, but it would not require changes to the basic laser
system of the ABL.

What could other countries do to exploit high-energy laser technology
for space weapons applications? Consider the case of China. The Pentagon
believes the Chinese may have acquired (perhaps from Russia) high-energy
laser technology that could be used in antisatellite operations. Some reports
indicate it has investigated atmospheric “thermal blooming,” an effect
caused by the passage of high-powered laser light through the atmosphere
that leads to the distortion and weakening of a high-powered laser beam if
not properly addressed.

In the end, however, it is doubtful that China, or for that matter any
other country, could develop an airborne laser capability in the next ten to
fifteen years. The juxtaposition of various technologies and the resources
required for such a program are probably beyond its means; it is not totally
a given that the United States will itself be successful with this technol-
ogy. China may soon have the inherent ability to produce a ground-based
high-energy laser like the MIRACL, should it devote the very substantial
resources and time needed to make such a program work. It is not clear it
could build the adaptive optics and other sophisticated features that would
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help concentrate its power, however. Without the latter, a ground-based
system would have limited capabilities for ballistic missile defense, given
atmospheric effects and the fact that Earth’s curvature would prevent the
laser from striking most missiles during much of their trajectory. But
ASAT operations are easier to contemplate, since one can wait for a clear
day and for the target to fly overhead.

What about space-based lasers? They are much further from fruition
than ground-based systems or the ABL. The Pentagon acknowledges that
they are probably ideas for 2020 and beyond. The U.S. space-based laser
program as conceived to date would employ a different type of chemical
laser that makes use of hydrogen and fluorine to create hydrogen fluoride,
resulting in infrared radiation at a wavelength of 2.7 microns. That is about
twice the wavelength of the airborne laser and is less suitable for use
within the atmosphere. Given how strongly radiation at that wavelength is
absorbed by water vapor, it would probably only penetrate down to 30,000
to 40,000 feet if directed into the atmosphere from space. But against
targets in space that disadvantage clearly would not matter. The fuels are
light and relatively stable, which is good for long-term storage in space. In
the space-based laser (SBL), a large mirror with a diameter of at least four
meters and perhaps as much as eight meters would be used to create a fine
beam. The mirror would have to be extremely light. It would probably
need to be furled up while being deployed, and then unfolded once in
space. The laser would be about twenty meters long and weigh nearly
twenty tons, according to current plans. The program’s goal has been to
move toward a lethal demonstration of the system in orbit by 2012, but a
constellation of a dozen or more satellites providing global coverage is
probably at least a decade away.®’

Each SBL would essentially be a combination of three extremely com-
plex technologies: the laser itself, the power source for the laser, and the
equivalent of a space telescope to direct the beam. Integrating these ele-
ments may be no harder than in the airborne laser. Indeed, a space-based
laser would not have to deal with any atmospheric distortion of its beam,
as noted. But in other ways, the challenge associated with the SBL is
much greater. It is already proving difficult to put lasers with weights of
100,000 pounds or more on aircraft; it is far harder to put them into space
with rockets each capable of lifting payloads less than half that weight.
Even if high-powered lasers, space telescopes, and large fuel payloads
could be individually orbited, assembling them in space and making them
work in that environment for the purposes of missile defense or antisatel-
lite operations is a far more challenging proposition. These challenges may
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or may not prove surmountable within two decades. But absent major
breakthroughs in materials or rocketry, or both, the costs of building and
orbiting a constellation of space-based lasers may prove excessive, even if
the concept turns out workable. Should certain new laser concepts, such as
the free-electron laser or all-gas-phase iodine laser, be developed in the
megawatt range by then, the construction and launch costs of the basic
optics alone could still prove staggering. Costs for a constellation of two
dozen laser weapons were recently estimated at s50 billion or more by the

Congressional Budget Office.®

Launch Vebicles and Rockets

As noted earlier, space is an expensive place to operate, not only because it
is remote, but because launch costs are very high. Will this remain true in
the future? Many concepts of future space warfare assume much cheaper
future pathways to space that may or may not be realistic.

In fact, fundamental improvements in the efficiency and cost of space
launch systems have been elusive for many years now. Progress in propel-
lants and structural materials for rockets, be they launch vehicles or
ICBMs and SLBMs or interceptors, has been limited. Indeed, the theo-
retical maximum performance of current chemical fuels is being ap-
proached. New materials used in the structures of rockets can improve
performance at the margin, but major improvements are unlikely with
current technology. The evolved expendable launch vehicle (EELV) pro-
gram, the major U.S. effort of late to achieve greater efficiencies and lower
costs in space launch operations, will do very well to reduce costs by half.
In fact, it seems more likely that it will do well to reduce costs at all.

Even more futuristic weapons are being contemplated by defense plan-
ners. For example, space-to-Earth kinetic energy attack weapons could
also be of interest. The basic science of these types of vehicles is not par-
ticularly challenging. However, a dedicated program to create the appro-
priate types of aerodynamic vehicles would be needed, as would testing. It
would be necessary either to develop objects that would fall predictably
through the atmosphere without deviating from planned trajectories or
burning up, or to develop an aerial vehicle that could fly to its destination
once it had been decelerated. But orbiting weapons and later deorbiting
them does not offer advantages in speed or cost or technological feasibility,
compared, for example, with ballistic missiles. Putting the objects in space
is roughly as energy-intensive as shooting them halfway around the world
on a ballistic trajectory; using booster rockets to cause them to descend
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takes comparable lengths of time to what ballistic flight requires. Because
of the huge costs of putting objects in space, it is extremely rare that weap-
ons in space can be even remotely cost-competitive with Earth-based
weapons.® (There are notions of building a “space elevator” to reduce such
costs—but of course the elevator, dozens of miles long at a minimum, first
needs to be invented, proven practical and affordable, and then built!)

Microsatellites

Progress in electronics and computers, as well as improvements in minia-
turized boosters, have made possible smaller and smaller satellites in re-
cent years. These types of devices augur a whole new era in satellite tech-
nology. Beyond benign applications in communications, scientific research,
and the like, one type of application could be small stealthy space mines
able to position themselves near other countries’ satellites, possibly even
without being noticed, awaiting commands to detonate and destroy the
latter. They could also use microwaves, small lasers, or even paint to dis-
able or destroy certain satellites. Moreover, they could be orbited only as
needed, permitting countries to develop ASAT capabilities without hav-
ing to place weapons in space until they wished to use them.

Most devices known as microsatellites weigh ten to one hundred kilo-
grams; nanosatellites are smaller, weighing one to ten kilograms. In recent
years, experimental picosatellites—devices weighing less than one
kilogram—nhave been orbited. Two have been put up by the United States,
and there may be others in space as well, as yet undetected. But it is mic-
rosatellites that are becoming prevalent. For example, Germany, China,
and the United States have all orbited satellites weighing about seventy
kilograms, Brazil has put up a satellite of about 100 kilograms, and Thai-
land and Surrey Satellite Technology in the United Kingdom have jointly
orbited a device weighing less than fifty kilograms. Advanced microsatel-
lite programs, designed largely for research purposes but also for activities
such as communications, are under way in the United States, the United
Kingdom, France, Russia, Israel, Canada, and Sweden. Other countries
collaborating with private firms based in these locations include China
and Thailand, as well as South Korea, Portugal, Pakistan, Chile, South
Africa, Singapore, Turkey, and Malaysia.

Using microsatellites as ASATs may already be theoretically within
near-term reach for a number of countries. The maneuvering capability
needed to approach a larger satellite through a co-orbital technique is not
sophisticated, especially if there is no time pressure to attack quickly and
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the microsat can approach the larger satellite gradually. In June of 2000,
for example, the University of Surrey launched a five-kilogram nanosatel-
lite built for less than $1 million on a Russian booster (that also carried a
Russian navigation satellite and Chinese microsatellite). The nanosatellite
then detached from the other systems and used an onboard propulsion
capability to maneuver and photograph the other satellites with which it
had been orbited. In early 2003, a thirty-kilogram U.S. microsat maneu-
vered to rendezvous with the rocket that had earlier boosted it into orbit.
These microsats were already near the satellites they approached, by virtue
of sharing a ride on the same booster, making their job somewhat easier.
But the principle of independent propulsion and maneuvering is being
established. Larger maneuvering space mines are quite likely already
within the technical reach of a number of countries; smaller versions may
soon be, too.

Conclusions and Policy Lessons

In summary, then, a few enduring realities about the physics and technol-
ogy of space systems can be distilled, and a few general answers to the
questions posed at the beginning of this section can be deduced.

* Space is a complex environment in which to work, and is difficult
to master. Launch vehicles often fail; satellites remain challeng-
ing to build since they require great precision in their manufac-
ture; and satellites in orbit remain impractical to repair.

* However, countries willing to develop expertise in space can cer-
tainly be successful with time, at least for basic technologies, and
they can rent commercial assets even if they cannot field their
own.

* Space is definitely already militarized, through the increasing use
of satellites for real-time targeting and other such tactical warf-
ighting purposes, through a process led by the United States in
the post—Cold War era. (Before this, while the superpowers used
satellites for nuclear targeting purposes and very limited com-
munications, they did not have the capacity to create “reconnais-
sance strike complexes” to conduct real-time operations making
heavy use of space assets.)

* Space may or may not become formally weaponized in coming
years, in the sense of weapons being placed in orbit, or Earth-based
weapons being developed to threaten satellites. But the latent
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capacity for weaponization will grow even in the absence of deci-
sions to pursue such a route for at least two reasons. First, missile
defense systems will have an inherent capability against Low
Earth Orbit satellites, which mimic ballistic missile warheads in
their flight profiles to a large extent. The use of the Navy’s Aegis
ballistic missile defense capability, employing a Standard SM-3
Block IA missile launched from a Ticonderoga-class cruiser, to
shoot down an errant satellite at an altitude of 153 miles in Febru-
ary of 2008 underscored this point. Only small software changes
were required to make the intercept possible, according to Ray-
theon, the maker of the missile.”’ Similar capabilities are surely
inherent in the midcourse defense system based in California and
Alaska. Second, as microsatellites proliferate and become more
advanced and maneuverable, their inherent ability to become ef-
fective antisatellite weapons (by having their scientific payloads
replaced by ordnance) will grow.

These realities make many types of space arms control unverifi-
able, though it may still be feasible to place limits on certain
kinds of actions or activities (such as debris-causing explosions and
collisions) if not actual capabilities.

LEO satellites in particular are also vulnerable to nuclear deto-
nations. Nuclear bursts can destroy satellites at hundreds of kilo-
meters from a detonation point, either from the blast or x-rays,
and some satellites might even be affected at distances of 20,000
to 30,000 kilometers by a large blast, assuming limited shielding
of the satellite.”* In addition, a LEO nuclear burst could leave
low-altitude space inhospitable to satellites (through “pumping”
of the Van Allen radiation belts) for an extended period. Unhard-
ened LEO satellites with expected lifetimes of five to fifteen
years might last only a few months or less under such conditions.”
Space is an expensive place in which to operate, with huge inef-
ficiencies in using chemically fueled rockets to place objects in
orbit, thus limiting the advantages of space for most military
applications.

Yet certain military functions, notably in regard to communica-
tions and reconnaissance, are efficiently conducted from space
despite the burdens of placing objects in orbit. Even though costs
are high, benefits are greater still. Early-warning and communi-
cations satellites in geosynchronous orbit, and GPS satellites in
MEQ, are additional cases in point.
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MissiLe DEFENSE

Missile defense was among the most polarizing and contentious issues in
American defense policy for at least two decades until the Bush adminis-
tration withdrew from the ABM Treaty and proceeded to deploy ballistic
missile defense systems—most notably, one for intercepting long-range
warheads in the midcourse of their flight that had been developed largely
by the Clinton administration. As such, while the Bush administration
was eager to withdraw from a treaty that the Clinton administration had
had very mixed views about, the decision to deploy had a certain biparti-
san quality at some level (even as most Democrats objected to the way in
which the Bush administration withdrew unilaterally and rather abruptly
from the ABM Treaty). The wars of recent years then tended to keep the
focus oft missile defense, reinforcing the new tendency to relegate it to
somewhat secondary status as a prominent issue.

That said, the issues with missile defense remain very important. The
overall program is very expensive, averaging about s12 billion a year all
told (including defenses against shorter-range missiles) during the Bush
years. The request for 2009 was for s13 billion and the longer-term plan
forecast spending of $62.5 billion over the following five years.”> Among
other things, this sum of money is to purchase twenty more midcourse
interceptors for the Alaska/California system, 211 Standard Missile inter-
ceptors for the Aegis Navy system, ninety-six land-based THAAD inter-
ceptors, about 400 additional land-based and shorter-range Patriot mis-
siles, and ten interceptors for the midcourse system to be based in Europe.”
Missile defense remains a source of substantial contention with Russia,
most acutely in regard to a possible European site for a defense base but
also more generally as a symbol of unchecked American power (dating
back to the withdrawal from the ABM Treaty and, in fact, the entire leg-
acy of the Strategic Defense Initiative of Ronald Reagan). It also causes
concerns in Beijing, a major power with a much smaller nuclear arsenal
than Russia that could in theory be countered to some extent by American
missile defenses—and also a power that could conceivably wind up in a
serious crisis with America over the matter of Taiwan (even if that seems
less likely at the moment). One need not oppose missile defense categori-
cally, wish for a restoration of the ABM Treaty, or sympathize with any
and all criticisms of missile defense by foreign governments to recognize
the sensitivities of the issue.

Several programs are at the core of the current U.S. missile defense ef-
fort. They include the Patriot missile (for ground-based defense against
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missiles in the final or “terminal” stage of flight), THAAD (ground-based
defense against midcourse threats of modest range), the Alaska/California
system (ground-based defense, with help from a sea-based radar, against
long-range missile threats), the Aegis Navy system (against missile threats
over or near the sea), and the airborne laser as well as the kinetic energy
interceptor (both designed to work against missiles in their “boost phase,”
just after launch and while they are still burning). In addition, many of
these specific systems are being linked together, and fed information, by
various command and control systems, radar programs (upgrades to exist-
ing radars and deployment of new ones), and the planned launch of a ma-
jor satellite constellation to track warheads (and try to identify them if
disguised within clouds of decoys or other countermeasures). Each of
these various types of capabilities is being upgraded sequentially.

As of the end of 2008, the Missile Defense Agency had upgraded ra-
dars on land in Japan, the United Kingdom, Alaska, and California, and
built a sea-based mobile radar homeported in Alaska. It had increased its
tally of midcourse interceptors based in California and Alaska to thirty. It
now has eighteen Aegis-class ships with the capability to intercept medium-
range missiles, and a total of thirty-four SM-3 interceptors on them. And
it has conducted thirty-five successful “hit to kill” intercepts in forty-three
attempts, with various degrees of realism in those tests, but a clear track
record of improved capability.”®

To evaluate these plans and consider various options for missile de-
fense, it is important to have a clear mental picture of how ballistic mis-
siles and the technologies designed to counter them actually function.
Missile defense is very hard, and given the fact that it must work with
extremely high overall reliability against nuclear-tipped missiles to offer
acceptable levels of protection, the advantage clearly goes to the attacker
over the defender. But if the defender has a major technological advantage,
and enough resources, it may be increasingly possible to neutralize some of
the plausible threats a small extremist state may pose. That mixed message
is where the following basic technological discussion would seem to lead.

Basic Elements of Missile Defense

Ballistic missiles are rockets designed to accelerate to fast enough speeds
that they can fly relatively long distances before falling back to earth. They
are first accelerated by the combustion of some type of fuel, after which
they simply follow an unpowered—or ballistic—trajectory. They consist,
most basically, of rocket engines, fuel chambers, guidance systems, and
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warheads, though the specifics vary a great deal depending on the range
and sophistication of the missile.

For shorter-range missiles, the entire weapons system is generally sim-
ple. The missile usually consists of a single-stage rocket, which fires until
its fuel is exhausted or shut off by a flight-control computer and then
ceases functioning for the duration of the flight. The missile body and
warhead often never separate from each other, flying a full trajectory as a
large single object.

For longer-range missiles or rockets, the system consists of two or three
stages, or separate booster rockets, each with its own fuel and rocket en-
gines. The rationale for this staging is to improve efficiency and thereby
maximize the speed of the reentry vehicle or vehicles. Putting all the fuel
for along-range rocket in one stage would make for a very heavy fuel cham-
ber and mean that the rocket would have to carry along a great deal of
structural weight throughout the entire phase of boosted flight. That would
lower the ultimate speed of the warhead or warheads, reducing their range.
With staging, by contrast, much of the structural weight is discarded as
fuel is consumed. That makes it possible to accelerate the payload to speeds
sufficient to put it on an intercontinental trajectory. Long-range warheads
must reach speeds of about 4.5 miles a second (roughly 7 kilometers a sec-
ond), or almost two-thirds of the speed any object would need to escape the
earth’s gravitational field entirely (roughly 7 miles, or 11 kilometers, a sec-
ond). To reach such speeds with existing rocket fuels, efficiency in design—
including rocket staging—is essential.

On long-range rockets, warheads are designed so they can be released
from the missile body during flight. Generally, warheads and any decoys
are released after boosting but while the rocket is still going up—that is,
in the ascent phase of flight.”® Releasing warheads from the missile is
clearly necessary if multiple warheads with multiple aim points are to be
used. It is also desirable since large missile bodies are subject to extreme
forces on atmospheric reentry that could throw them, and any warheads
still attached to them, badly off course.

In fact, warheads do not fly free and exposed. They are instead encased
within reentry vehicles. These objects provide heat shields and aerodynamic
stability for the eventual return into earth’s atmosphere. They protect the
warheads from melting or otherwise being damaged by air upon reentry
and also maximize the accuracy with which they approach their targets.

Missiles may be powered by solid fuel or liquid fuel. If liquid fuels are
used, it is usually considered desirable that they be storable and not require
cooling or other special treatment that would involve extensive preparation
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before launch. Advanced intercontinental ballistic missiles (ICBMs) can
use either type of fuel; Russian SS-18s use liquid fuel, for example, whereas
modern U.S. missiles employ solid fuel.”’

Missile guidance must be exquisitely accurate. Warhead trajectories are
determined by the boost phase, meaning their course is set hundreds or
thousands of miles before they reach their targets. To land within a few
hundred feet of a target—or even a couple of miles—requires considerable
care in how long the rocket motors are fired and in what direction the
rocket is steered. Generally, rockets use inertial guidance systems to mea-
sure the acceleration provided by the boosters at each and every stage of
their burning. Computers then integrate those measurements to plot out a
trajectory for the warheads; a feedback loop then corrects any inaccuracies
in how the rockets have been firing, so that when they are shut off, the
warheads’ ballistic flight will take them halfway around the world and land
them perhaps within a few football fields of their designated aim point.

The standard simple missile carries a single warhead. It is generally
large as warheads go, but not enormous—typically weighing about as
much as bombs dropped from aircraft (several hundred pounds up to per-
haps a ton in weight). Rockets can also carry large numbers of bomblets
instead of warheads if the weapon is not designed to cause a nuclear deto-
nation. These can carry conventional, chemical, or biological agents in
smaller packages, or submunitions, distributing their aggregate effects
over a larger area than a single warhead could. They could also carry radio-
logical payloads—basically radioactive waste, designed not to explode but
to contaminate, injure, and kill indirectly.

Both warheads and bomblets can be designed to explode on impact, or
when reaching a certain altitude, or after a certain amount of flight time.
Bombs designed to explode at a particular altitude or after so much flight
time may—or may not—detonate if they accidentally strike the ground.
Much depends on the details of their design; as a rule, modern U.S. war-
heads would not explode under such circumstances, but simpler weapons
could. This fact is relevant to certain types of missile defenses that could
destroy a missile but not the warheads it carried.

Long-range missiles can also have multiple independently targetable
reentry vehicles, or MIRVs. Britain, France, Russia, and the United States
have developed and deployed this technology. It works in the following
manner. All warheads are initially within a “bus,” or vehicle-sized object
that separates from the rocket’s third stage at the end of powered flight.
'The bus has mini-booster rockets of its own, which it can use to modify its
own position and speed before releasing a reentry vehicle (RV) containing
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awarhead (and any decoys or chaff to accompany it). It can then reposition
itself before releasing another RV. Based on their minor differences in
position and velocity, the warheads can then travel slightly different tra-
jectories. Magnified by the effects of fifteen to twenty minutes of high-
speed long-distance flight, these minor changes in trajectory can translate
into impact points distributed throughout a “footprint” perhaps 100 by
300 miles in size.”®

As noted, a missile bus may also carry decoys. These are objects designed
to resemble warheads, thereby confusing the defense’s sensors and prevent-
ing them from identifying the true warhead or slowing the defense’s re-
sponse time. In the vacuum of space, even extremely light decoys move at
the same speed as heavy warheads if given the same initial speed; air resis-
tance is clearly not a factor, and gravity acts equally on objects of all weights.
‘That makes it straightforward to fool simple sensors during exoatmospheric
flight. More advanced sensors that can gauge the size, shape, rotational mo-
tion, temperature, or radar reflectivity of an object may be able to distin-
guish warheads from decoys—unless the decoys become more sophisticated
or unless the warheads are camouflaged to make them resemble decoys.

The Trajectory of a Ballistic Missile

Ballistic flight is unpowered flight within the earth’s gravitational field. In
other words, it corresponds to what is essentially the freefall of a fast-
moving object. Once a rocket stops burning, the only forces acting on
it—or any warheads or decoys released from it—are because of gravity or,
upon atmospheric reentry, air resistance. That makes flight trajectories
predictable and essentially parabolic with respect to the earth’s surface.
But the other details of the trajectories vary greatly and depend on the
speed of the rocket when its boosters stop firing, as well as the angle at
which the rocket is pointed.

The first, or boost, phase of a ballistic-missile trajectory is a powered
flight typically lasting one to five minutes. This boost phase generally lasts
about a fifth of a missile’s total flight time.

For shorter-range missiles, the boost phase occurs entirely within the
earth’s atmosphere; for long-range missiles, it generally extends beyond
the atmosphere into space. Either way, during boost phase, the missile
gains an upward as well as an outward or horizontal component to its ve-
locity. For a long-range ICBM, the missile will usually be about 200 to
500 miles downrange of its launch point and have reached an altitude of
about 125 to 400 miles at the end of its boost phase.”
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Once boost phase is complete, the remainder of the upward flight is
often termed the ascent phase. Upward flight ends at the trajectory’s apo-
gee, or highest point above the earth. The missile then begins to accelerate
back to earth in its descent phase.

For existing ICBMs, the ascent phase begins outside the atmosphere. It
would be possible for a sophisticated country to build a fast-burn missile
that would complete its boost phase within the atmosphere, but that has
not yet been accomplished.®® (The atmosphere is generally considered to
end at roughly sixty miles or one hundred kilometers above the Earth’s
surface—even though there is no true cutoff but instead an exponential
decline, and some air molecules are found even above one hundred
miles.)

During exoatmospheric flight, the horizontal element of the velocity of
the missile and any warheads or decoys remains constant. The vertical
component of velocity is reduced by gravity, eventually slowing to zero
and then reversing as the missile and any objects it has released return to
earth. The result is, as noted, essentially a parabolic trajectory, as the mis-
sile continues in a generally upward motion until gravity turns its trajec-
tory first flat and then downward.

Finally, the missile and any objects it releases, including warheads,
bomblets, and decoys, reenter the atmosphere—assuming they reached a
high enough altitude to have left it in the first place. Typically, missiles
with ranges of 300 miles (about 500 kilometers) or more leave the atmo-
sphere; those with shorter ranges do not.

Missile bodies, warheads, and decoys slow down during reentry be-
cause of air resistance, and do so in a manner that depends on their weight,
size, and shape. As a result of this air resistance, descending objects heat
up. They are also subject to strong forces that may damage them structur-
ally if they are not well built.®!

Missiles may be flown on several different types of trajectories to cover
a given distance. A missile that flies a minimum-energy trajectory will
travel the maximum distance given the speed at which its rocket burns
out. But missiles may also fly on what are known as lofted or depressed
trajectories for certain purposes. These names are fairly self-explanatory.
Lofted trajectories are those on which the rocket’s flight attains a higher
altitude than a minimum-energy trajectory for the same horizontal range.
Depressed trajectories, by contrast, stay closer to the earth’s surface than is
normal for long-range flight. Both require greater speed, and hence more
fuel, to cover the same distance relative to the Earth’s surface.
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Basic Types of Missile Defenses

One can categorize defenses by considering the range of the defensive
weapons as well as the type of mechanism used to destroy a warhead. One
can also distinguish defenses according to where they are based—on land
or sea, in the air or in space.®?

To date, many defense systems (such as early versions of the Patriot)
have employed traditional explosives to destroy incoming warheads. But
modern systems such as the Alaska/California national missile defense
system of the United States increasingly use “hit to kill” technology in
which high-speed collisions between interceptor and warhead destroy the
latter. (Given the typical relative speeds of well over 10 kilometers per
second of these objects when they approach each other, any contact virtu-
ally guarantees the annihilation of both.)

Most missile defenses to date work in a fairly straightforward and simi-
lar fashion—and in a manner not so different from the way a radar-guided
surface-to-air missile works against an airplane. First, a defense battery is
“told” of a missile launch, usually by communication from an early-
warning satellite that senses the heat or infrared signal from the offensive
missile’s booster rockets. The defense battery’s radar then begins to scan
the sky looking for the incoming threat. Once it locates and begins to
track the threat, and the incoming object is at the proper distance, an in-
terceptor missile is launched. Its trajectory is chosen to put it in the right
place to meet the incoming threat; a computer linked to the radar makes
the necessary computation.

For older systems employing explosive kill methods, the approach is
then typically as follows. After interceptor launch, the defense battery ra-
dar does double duty, tracking the incoming threat and the outgoing de-
fensive interceptor missile. The interceptor missile may have a radar re-
ceiver that allows it to pick up radar echoes from the target. (Placing a
radar receiver on the interceptor missile allows for more precise tracking;
it is referred to as semiactive homing.) At the proper moment, a ground
control station sends a radio signal to the interceptor, causing it to deto-
nate a conventional-explosive warhead. The explosion then creates shrap-
nel that, if sufficiently close to the incoming warhead, should destroy that
warhead. This is the basic way the Patriot missile defense system known as
the Patriot PAC-2 functions.®

With hit-to-kill interceptors, such as the most advanced version of the
U.S. Patriot system (PAC-3), the Army’s theater high-altitude area defense
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(THAAD), and the Navy’s theater-wide (NTW) programs, the final ap-
proach is different. Equipped with many miniature boosters, they are in-
tended to maneuver so well that they can collide directly with incoming
threats, obviating the need for (and weight of) explosives. They generally
also will use either their own radar (as with the Patriot PAC-3) or ad-
vanced infrared sensors (THAAD and NTW, as well as the Alaska/
California long-range system) for the final homing, having first been
steered to the general vicinity of a target by radar.

'The Alaska/California system mentioned earlier is an example of what
is sometimes called a midcourse missile defense against long-range ICBM
or SLBM warheads. Such systems generally have fifteen to twenty min-
utes to work against ICBMs, which is one of their appeals. During that
time, interceptor missiles could travel thousands of miles, meaning that,
in theory, it is practical to defend an entire land mass such as the United
States with a single base or two of missiles.

'The interceptors could be fired as soon as an enemy launch was noticed
by an infrared-detection satellite. More likely, they would be launched
after radar picked up the missile following a few minutes of flight. The
United States presently has radars for such purposes on its own continen-
tal coasts, in Alaska, in England, and in Greenland. These types of radars
have long wavelengths that are optimal for long-range detection. A differ-
ent type of radar, generally using shorter wavelengths and thus having less
range but more accuracy, would then track the threatening objects. It
would guide interceptors toward targets until the interceptors were close
enough to pick up the threats with their own sensors. In the final approach,
such sensors would provide much more accurate readings of the location of
the threats than distant radars could.?

Several interceptors might be launched more or less simultaneously at a
single threat, to account for the possibility of random failures. Alterna-
tively, if time were sufficient, a first interceptor could be launched, and
then a second or third would be launched if previous efforts had failed.
'This latter technique is called a “shoot-look-shoot” defense.

In fact, it could take four or five interceptors to reliably shoot down a
single warhead, not only for midcourse NMD but for most types of mis-
sile defense using interceptor rockets. That is why the Clinton administra-
tion advertised its proposed one-hundred-interceptor system as capable of
destroying only a couple dozen warheads. Several problems could cause a
given interceptor to miss. Rocket boosters can fail—for example, during
the cold war, superpower ICBMs were generally considered to have no
more than 8o to 85 percent reliability.®> Or the so-called kill vehicle could
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miss its target, because of random error, a manufacturing defect, or some
other cause. Even if the overall interceptor reliability were as high as 8o
percent, very high reliability is needed against a nuclear weapon. To ob-
tain 99 percent confidence of a successful intercept, in this example, three
interceptors would be needed per warhead. Even more might be required
if several interceptors could fail for the same reason (that is, if their prob-
abilities of failure were not simply random, and independent from each
other, but linked and systemic). Since there is not a great deal of time in
which to intercept warheads, moreover, it might be impractical to attempt
one intercept before firing a second and third and perhaps a fourth and
fifth interceptor just in case they were needed. In other words, “shoot-
look-shoot” defensive tactics may not be possible, necessitating a launch of
several interceptors at once against a given warhead.

Boost-phase defenses have an appeal that midcourse systems do not:
they can in theory destroy a rocket before it releases multiple warheads, as
well as any decoys designed to fool a defense. An example of boost-phase
systems includes the airborne laser or ABL system now in development. A
major difficulty with boost-phase defenses, however, is that they must be
based near the enemy missile launch point. That could be on land, at sea, or
in the air—but it would need to be near the enemy missile launch points in
any case. Since the boost phase lasts only three to five minutes (or less for
shorter-range missiles), an interceptor does not have much time and cannot
cover much distance. As a result, it must begin its flight near its target. This
problem is not serious if the potential missile threat comes only from small
countries that border U.S. allies or international waterways. But it makes a
boost-phase defense generally impractical against missiles launched from
countries with large land masses, like Russia or China.

What if a boost-phase defense were based in a low orbit in space? Even
then, a space-based interceptor would need to be in the right place at the
time a missile was launched, since it would not have much time to complete
the intercept before the oftensive booster stopped burning. So the defender
would need to put interceptors in many different orbits, spacing them ap-
propriately (the interceptors would be in constant motion relative to the
Earth’s surface). A simple calculation shows that only one out of several
dozen interceptors might be, by chance, in the right place at the right time
to intercept a given ICBM. So even to have the capacity to intercept five to
ten enemy missiles, several hundred interceptors could be needed.®

Looking at the geometry and geography of various boost-phase op-
tions, as well as existing technologies and the likely growth in cost over
time of key missile defense components, the Congressional Budget Office
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estimated costs for a number of modestly sized boost phase missile
defenses. Its 2004 study considered five options. The first three involved
land-based or sea-based interceptors of varying speeds, assumed that
sixty would be needed at a total of ten sites (for any one of the options),
and estimated investment costs at up to roughly s15 billion to $30 billion.
Operating costs would add another s11 billion or so over twenty years.
Space-based options would involve roughly 150 to 350 interceptors, re-
spectively (since the Earth’s rotation below orbiting interceptors would
guarantee that most of them would be out of position at any given mo-
ment). Investment costs could reach $22 billion to $35 billion, with esti-
mated twenty-year operating costs adding from s22 billion to s50 billion
more.%”

Even lasers, which produce beams traveling at the speed of light, would
need to be located near missile launch points. Otherwise, their beams
would be too weakened by the atmosphere, or by the inevitable spreading
of a light beam that occurs over distance (known as diffraction) even in
the vacuum of space. The beams could also simply be blocked by the
earth’s curvature.

Missile defense systems would generally be alerted about the launch of
an enemy missile by infrared-detection satellites high above the earth. The
satellites would see the strong heat signature of the rocket. Although such
signals have occasionally been confused with forest fires and other hot
emissions from our planet over the years, the combination of experience,
more sensitive satellites, and better computers makes such confusion less
likely all the time. As noted earlier, U.S. early-warning satellites are
“parked” in geosynchronous orbit about 22,000 miles (or roughly 36,000
kilometers) above the Earth’s surface. At that height, an object orbiting
the Earth completes a full revolution once every twenty-four hours—the
same speed at which the Earth’s surface rotates. As a result, the satellite
remains above the same region of the planet continuously.

Countermeamres

Missile defense technology is surely improving. But adversaries can adjust.
Even relatively unsophisticated enemies would surely do everything in
their power to make a defense’s job as hard as possible—and they would
probably have some fairly simple ways to do so.

One approach would be to fire more missiles than the defense has in-
terceptors, simply saturating the defense and ensuring that some offensive

weapons could not be intercepted. If the attacker had MIRV technology,



Technical Issues, Defense Analysis 211

saturating a midcourse or terminal defense would be even easier and re-
quire even fewer missiles.

Against defenses that can only work outside the atmosphere, in the
vacuum of space, an attacker could choose to fly its shorter-range missiles
on trajectories that would never leave the atmosphere. Some defenses only
work in outer space (or in the very high parts of the atmosphere) because
they depend on sensitive infrared detectors to home in on a target—and
such detectors can be blinded by the heat generated by air resistance, par-
ticularly if an interceptor missile is traveling at high speed. Keeping tra-
jectories within the atmosphere would require an attacker to shorten the
range of many of its missiles. But for many scenarios that would not be a
steep price for an attacker to pay. Rather than flying its missiles on de-
pressed trajectories, an attacker might also move its missiles as close as
possible to their target (for example, Chinese missiles aimed at Taiwan
could be placed near the Taiwan Strait before launch, as indeed they have
been by Beijing). In that case, their natural trajectories would be lower and
their durations of flight would be reduced—preventing some defenses
from having enough time to intercept them.

Against any defense that must work in the vacuum of outer space, the
attacker has its greatest range of options.®® In this exoatmospheric or mid-
course region, a warhead would generally have separated from its missile—
or could be designed to do so almost immediately after boosting was
complete. (As noted, an advanced country could design even its long-
range missiles to complete their boosting while within the atmosphere,
though a less sophisticated country might not be able to.)®’

Outside the atmosphere, air resistance will not separate out the gener-
ally lighter decoys from the heavier warheads (as it would do for the Pa-
triot and other TMD systems that operate within the atmosphere).”® In
outer space, even extremely light decoys would fly the same trajectory as
true warheads, so speed could not be used to distinguish the real from the
fake. To mimic the infrared heat signature of a warhead, thereby fooling
sensors that measure temperature, decoys could be equipped with small
heat generators, perhaps weighing only a pound. To fool radars or imaging
infrared sensors, warheads and decoys alike could be placed inside radar-
reflective balloons that would make it impossible to see their interiors.”!
Decoys could also be spun by small motors so the balloons surrounding
them rotated at the same speed as real warheads, in case the defense’s ra-
dar was sensitive enough to pick up such motion.

There is some chance that lighter decoys could be distinguished from
heavier warheads based on how they moved away from the bus. If pushed
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away by something like springs, lighter decoys would tend to move faster
than heavy warheads, assuming springs of similar force. But detecting
such differences in motion would require extremely precise sensors. The
attacker might also compensate by issuing chaff just prior to releasing de-
coys and warheads—to prevent radars from seeing what happens during
the release. It is for these reasons that the decoy problem is acute, and pos-
sibly not solvable for the foreseeable future, in the case of midcourse
defenses.

Decoys like those mentioned here are not trivial to make, however—
and might work only if repeatedly flight tested. (A test of a missile defense
system by the United States in late 2008 involved decoys that failed to
function properly.)?? Balloons need to be inflated in outer space. Some
type of mechanism must physically separate each decoy from its host ve-
hicle as well—something that is easy to do for Russia (or the United
States, Britain, or France) and others that have mastered MIRV technol-
ogy, but a bit harder for countries that have not. (Most states that are of
concern to the United States are highly unlikely to have MIRV technol-
ogy anytime soon.) The associated technology is fairly simple, but making
it work in the laboratory is not the same as making it work at high speed
in outer space, especially after a high-acceleration trajectory through the
Earth’s atmosphere. (It bears re-emphasis that in late 2008 the United
States conducted a test in which decoys failed to deploy properly.)”?

Making decoys work within the atmosphere is even harder. It can be
done, but it requires decoys that can overcome the effects of air resistance
so as not to slow down more quickly than real warheads would. Decoys
that could mimic warheads within the atmosphere therefore might need
small booster rockets. Alternatively, they could be made small and dense,
so they would fly the same trajectories as heavier but larger warheads
(since the rate of slowing from air resistance increases with an object’s size
as well as its weight), though in that case their radar signatures might give
them away.

Against boost-phase defenses, countermeasures are also possible, though
they are relatively difficult to make. As noted, boost phases could theoreti-
cally be shortened to minimize the time a defense would have to home in
on the hot rocket booster. Against interceptors that would track a rocket’s
plume, contaminants could be put in the rocket fuel to make its plume
asymmetric and potentially lead astray any interceptors that might home
in on the midpoint of the plume (unless the interceptors also had an ad-
ditional sensor). Against lasers, a rocket could be rotated, or given a shiny
external surface that would reflect most incoming light. Finally, rockets
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could also be launched from remote locations on cloudy days when infra-
red detection satellites might not detect their heat signatures immediately—
reducing the time when boost-phase defenses could work.

In short, the missile defense job involves not only very advanced tech-
nologies but a complex interaction between offense and defense. More-
over, the tools available to each side are different, and in many cases ad-
vantageous to an attacker, meaning that even a less sophisticated attacker
may be able to compete successfully with a technologically advanced de-
fender. The broad message here is that one must ask about the likely of-
fensive countermeasures that could be deployed against each and every
different type of defense. Missile defense is not pure science; it is an inter-
active, competitive, action-reaction process.

Conclusions and Policy Lessons

Missile defenses are improving, but the task is inherently very challeng-
ing. In addition, “the enemy gets a vote,” and can employ various
countermeasures to challenge a defense that may have performed well
against a single easily distinguishable warhead in a simulation or test. On
balance, the offense is in a stronger inherent position than the defense,
especially when nuclear weapons are involved (since they require any
meaningful defense to have a very high probability of successful intercept).
However, it is worth bearing in mind as well that countermeasures are not
trivial to perfect, especially for countries with small warhead and missile
inventories and limited military resources or diplomatic “space” within
which to test. The following points provide some additional detail to sub-
stantiate these broad conclusions.

* Existing rocket capabilities, when juxtaposed with greater com-
puting power and better sensors, offer meaningful new options for
missile defense. The advent of hit-to-kill technology manifests a
new accuracy and quickness in sensors, computing, and resulting
course adjustment for small “kill vehicles.” For example, the mid-
course system for missile defense, begun under the Clinton ad-
ministration, deploys four small “divert thrusters” on its 140--
pound exoatmospheric kill vehicle (EKV). It has already struck
its target on several occasions, revealing the remarkable quick-
ness and precision of a device that is trying to “hit a bullet with a
bullet” (notwithstanding other potential limitations in the sys-

tem due largely to the likely effects of enemy decoys).
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These tests were not entirely realistic, even in simulating inter-
cepts against simple threats not including decoys, and numerous
tests failed. So a mixed message arises from these trends: Remark-
able new things have become possible in the realm of missile de-
fense, but to work effectively many things must go right, including
coordination between sensor systems, central headquarters, and
interceptor bases typically spaced thousands of kilometers from
each other.?*

Countermeasures such as Mylar balloons released in outer space
by a missile (along with the actual warhead or warheads) could
defeat a system such as the earlier-noted midcourse defense sys-
tem of the United States (now featuring interceptor missiles based
in Alaska and California, with plans to deploy similar capabili-
ties in Poland and the Czech Republic). They can mimic the sig-
nature of actual warheads beyond the capacity of current sensors
to distinguish real warheads from decoys.

Releasing decoys (and having balloons properly inflate in space),
however, requires some of the technologies used in building
MIRV’ed rockets in the Cold War that were not trivial even for
the superpowers to develop. Moreover, a country like North Ko-
rea may not have the political or diplomatic ability (or the excess
rockets) needed to do enough tests to verify that its procedures
for releasing decoys really work.

Boost-phase defenses that would destroy a rocket before it could
release any warheads and decoys can overcome these countermea-
sures. But they may be vulnerable to certain other countermea-
sures. Most of all, they must generally be based near the potential
adversary in advance of a conflict, given the short amounts of
time available to do boost-phase intercepts.

Someday, space-based missile defenses may become possible in
theory, providing an answer to the difficulties of having boost-
phase defenses predeployed in the right places before a conflict.
Advances in processing power and miniaturization could also
make a concept like “brilliant pebbles” of Reagan-era “Star Wars”
fame more feasible than in the past. The idea is to base small in-
terceptors in space for ballistic missile defense, igniting their
boosters when necessary to attack a ballistic missile or its war-
heads. The Missile Defense Agency is hopeful that a concept for
a boost-phase interceptor can be developed within half a dozen
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years, initially using ground-based rockets but perhaps shortly
thereafter space-based interceptors as well.

* Making a single brilliant pebble technically feasible, however, is
a far cry from populating low Earth orbit with enough of them to
provide even a limited national missile defense capability. Be-
cause such pebbles would always be in motion relative to Earth,
and because only a pebble that was near a ballistic missile at the
time of launch could destroy it, given the short timelines avail-
able for intercept, at least several dozen pebbles would be needed in
orbit for every missile that might need to be destroyed. In addition,
the brilliant pebbles would not remain in orbit indefinitely. They
would probably have to be replaced every ten years or so, necessi-
tating an average, ongoing annual investment of at least several
billion dollars (even for a very limited system), given current con-
cepts for how to build such a missile defense constellation.”

NucLear WEeaPoNs, NUCLEAR TESTING,
AND NUCLEAR PROLIFERATION

A technical issue of great importance is nuclear testing. It is relevant to
maintaining deterrence for the United States, but perhaps even more impor-
tantly in the modern era, it is of importance in addressing the nuclear non-
proliferation agenda. To put it directly, if testing can be impeded or stopped
by international accord and resulting international pressure on any would-be
violators, can nuclear proliferation be slowed? To get at such questions, this
section begins with a primer on how nuclear weapons work.

Basics of Nuclear Bombs

Fission bombs, the simplest type, use either enriched uranium (U-235), or
reprocessed plutonium (with Pu-239 the key isotope) created in a nuclear
reactor, as their core material. Either one is capable of undergoing a chain
reaction, meaning that once some atoms within a given mass of material
begin to split or fission, they can cause an exponentially increasing num-
ber of atoms to themselves fission, in a process that accelerates extremely
fast. Neutrons produced by the process of one atom splitting are sufficient
in number, and typically endowed with the right amount of energy, that
they can, on average, cause more than one atom to split themselves, as-
suming a sufficiently large amount of material is present in a condensed
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space. Hence, a chain reaction occurs, with one fission resulting from an-
other, in a process that builds upon itself. The point here is that, with more
than one fission resulting on average from any previous one, the process
escalates exponentially. The rate at which this occurs is fast enough that, if
the materials are appropriately sized and shaped, they can create enormous
numbers of fissions—and enormous energy—before the weapon blows it-
self apart.

A number of things must go right for this process to work. The correct
amount of material must be present, and the weapon must be constructed
in such a way that it does not destroy itself before a large yield is created.

One way to build a bomb is with enriched uranium 235—the scarcer
isotope of the two found most in nature (the other being U-238, which
makes up 99.3 percent of natural uranium). Since U-238 is not very prone
to fissioning, even in the presence of lots of free neutrons, bombs using a
uranium chain reaction as their source of explosive energy cannot be built
unless the concentration of U-235 is greatly increased through a process
like centrifuge rotation or gaseous diffusion. With these methods, the
slightly lighter weight of U-235 means that on average molecules contain-
ing it have greater speed than those with U-238, so through a repetitive
process of enrichment the concentration of the U-235 atoms or molecules
can be increased if a mechanism to separate faster molecules from slower
ones is employed.

Once adequate amounts of U-235 are available, typically twenty kilo-
grams or more, the uranium can be put into two main chunks, neither one
large enough to generate a chain reaction. (This is because, if the mass is
small enough, those natural fissions that do occur in the uranium gener-
ally produce neutrons that escape from the mass into space, rather than
encountering and being absorbed by new uranium atoms. So the chain
reaction process never gets going.) But when the two chunks are joined, as
with a “gun-assembly” weapon like the Hiroshima bomb, they produce a
large enough mass to “go critical.” If the uranium is partially surrounded
with materials that tend to reflect neutrons—so any neutrons headed for
the open tend to return to the uranium mass and have a chance at causing
new fissions—and if it is also surrounded with a tamper that slows down
the process of the explosion, allowing more time for new chain reactions
to occur—the yield can be further enhanced.

Built in this way, the Hiroshima bomb had a yield of ten kilotons (the
equivalent of 10,000 tons of TNT) and destroyed a region with a radius of
about one kilometer; such a weapon detonating in New York could easily
kill 100,000.%® Just to underscore the power of nuclear explosives, that
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much energy is created by the complete fissioning of just half a kilogram
of uranium or plutonium. (In other words, despite all the efforts to reflect
neutrons and slow the blast process, nuclear explosives are not very effi-
cient, and do not typically consume the majority of their nuclear “fuel” in
the course of an explosion.)®”

For today’s nuclear powers, the most common way to build a fission
weapon is not to use a gun-assembly uranium weapon, but to surround a
shell of plutonium with conventional explosive. The explosive must have
multiple detonators so it is simultaneously detonated all around the shell,
and it must be shaped correctly so the explosive force applies equally across
the surface of the plutonium. When the weapon is triggered, the shell is
thereby compressed, forming a sphere that attains critical mass. Less than
eight kilograms of plutonium (under twenty pounds) is adequate to create
such a weapon.’®

As with uranium bombs, the yield of these weapons is enhanced con-
siderably, for a given amount of fissile uranium or plutonium, if a neutron-
reflecting material like uranium-238 or a beryllium or tungsten product is
used to enclose the plutonium. Also, weapons can be made more efficient
and deadly if neutron generators (designed to start the chain reaction more
quickly) are used. In that way, the weapon does not depend entirely on
random fissions to begin the chain reaction process, so the exponentially
accelerating process can happen faster, allowing a greater yield before the
weapon  self-destructs. Polonium-210 is such a neutron-generating
element.”’

All of these materials, it is worth noting, are either hard to acquire or
hard to work with—underscoring the degree to which building a nuclear
bomb is challenging, even for some nation states, and certainly for terror-
ist groups. They are dangerous to handle, and they must be well machined
to function correctly within a weapon. But on balance it must still be con-
cluded that for groups able to get their hands on fissile material, the odds
of it being turned into at least a crude and heavy nuclear device are fairly
high.100

For those groups or states able to build bombs, the yield of a weapon
can be increased if a weapon is “boosted” by a mixture of deuterium and
tritium gas injected inside the shell of the plutonium as the weapon is
detonated. That tritium absorbs neutrons and then undergoes a fusion
process (atoms coming together to form new heavier atoms, rather than
the opposite fission process in which a large atom splits to form more than
one smaller atoms). The fusion process itself generates energy. Even more
important than the energy thereby generated by fusion in the boosting
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process, however, are the neutrons generated by the fusion—which in turn
have a high likelihood of inducing more fissions from the plutonium.
Again, the goal is to maximize the number of plutonium atoms that fis-
sion quickly, before the bomb essentially blows itself up and terminates
the chain reaction process.

An even more advanced bomb is the thermonuclear or hydrogen bomb.
Such a bomb includes a device like that described earlier as its “primary,”
which gets the whole explosion going. In addition, it has a “secondary”
stage, powered by x-rays from the first stage, that is designed to produce a
large fraction of its energy from fusion. The yields of such thermonuclear
weapons can be very large, hundreds of kilotons or even megatons (by
contrast, even the most sophisticated and efficient fission bombs typically
have yields limited to several dozen kilotons at most).

Some assume that in a thermonuclear or fusion bomb, the primary is a
fission device, while the secondary is the fusion part of the weapon. But as
noted, many primaries also employ fusion to an extent, through the boost-
ing process. To add further to the confusion, much of the energy from the
second stage of a thermonuclear bomb is typically produced by fission,
since the deuterium-tritium gas is enclosed generally by a uranium-238
shell, which is good at absorbing the high-energy neutrons produced by
the fusion process (even though U-238 is not good at absorbing neutrons
from fissioning uranium atoms, as noted previously, given the different
average speeds of those neutrons). So there is actually some fusion within
the “fission” part of the bomb—the first stage—and some fission within the
“fusion” part.1!

'This type of primer, while obviously not adequate for answering ques-
tions such as whether North Korea or Iran can build a nuclear weapon to
fit on a missile in the coming years, nonetheless helps inform some of the
questions relevant to the nuclear testing debate and specifically the issue
of whether the comprehensive nuclear test ban treaty (CTBT) would en-

hance American security. This is considered in the following.!%2

Is a Ban on Testing Verifiable?

Large nuclear weapons detonations are easy to detect. If they occur in the
atmosphere (in violation of the atmospheric test ban treaty) they are visible
to satellites, and their characteristic radiation distribution makes them
easy to identify. It is for such reasons that no country trying to keep its
nuclear capabilities secret has tested in the atmosphere in the modern era
(South Africa is the last country that may have done so). If the detonations
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are underground, as is more common, they are still easy to identify via
seismic monitoring, provided they reach a certain size. Any weapon of
kiloton power or above (the Hiroshima and Nagasaki bombs were in the
ten to twenty kiloton range) can be “heard” in this way. In other words,
any weapon with significant military potential tested at its full strength is
very likely to be noticed. American seismic arrays are found throughout
much of Eurasia’s periphery, for example, and even tests elsewhere could
generally be picked up. Indeed, even though it either “fizzled” or was de-
signed to have a small yield in the first place, with a yield of about one
kiloton and thus well below those of the Hiroshima and Nagasaki bombs,
the October 2006 North Korean test was detected and clearly identified as
a nuclear burst.!

The chances of detection can be reduced in only two viable ways. First,
test a device well below its intended military yield, through some type of
modification of the weapon’s physics. (Doing this may make the device
very different from the actual class of weapon it is designed to represent,
meaning sophisticated extrapolation will be needed to deduce how the
actual weapon would behave based on the results of the detonation of the
modified device.) Second, dig out a very large underground cavity into
which a weapon can be placed, thereby “decoupling” the blast from direct
contact with the ground, and allowing it to weaken before it reaches sur-
rounding soil or rock and causes the Earth to shake. This latter approach
is arduous, and does not make a weapon totally undetectable. It simply
changes the threshold yield at which it can be heard by American, Rus-
sian, and international seismic sensors.'%*

In summary, a country that was very sophisticated in nuclear technol-
ogy might be able to do a test of a modified device that escaped interna-
tional detection by virtue of having its normal yield reduced through modi-
fications to the basic physics of the weapon. For example, less plutonium
or highly enriched uranium might be used. Or if it was an advanced type of
weapon, less tritium might be used. But accomplishing such engineering
feats would probably be beyond the means of a fledgling power, since they
are difficult even for advanced nuclear powers. ('This is much of the reason
why the threshold test ban treaty that limits the power of any nuclear ex-
plosion allows tests of up to 150 kilotons. It is hard to use very small explo-
sions in the sub-kiloton range to verify the proper functioning of a sophis-
ticated and powerful nuclear weapon.) Scientists can learn some things
from artificially small explosions caused by modified devices—but proba-
bly not enough to give them high confidence that the weapon they have
developed is highly reliable at its intended yield.
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U.S. nuclear verification capabilities have picked up the Indian, Paki-
stani, and North Korean nuclear tests—even the small, relatively unsuc-
cessful ones—in the last decade and would be able to do so with high
confidence for tests from those or other countries in the future. Verification
capabilities are not airtight or perfect, but their limitations are probably not
solid grounds upon which to oppose a test ban treaty, on balance.

Ensuring Stockpile Reliability without Testing

Most agree that the United States needs a nuclear deterrent well into the
foreseeable future. Common sense would seem to support the position
that, at some point at least, testing will be needed in the future to ensure
the arsenal’s reliability. How can one go 10 or 20 or 50 or 100 years without
a single test and still be confident that the country’s nuclear weapons will
work? Equally important, how can one be sure that other countries will be
deterred by an American stockpile that at some point will be certified only
by the experiments and tests of a generation of physicists long since retired
or dead?

From the nuclear arms control point of view, some of this perception
about the declining reliability of nuclear weapons might be welcomed.
Declining reliability might translate into declining likelihood of the weap-
ons ever being used and declining legitimacy for retention of a nuclear
arsenal. But as a practical strategic and political matter, any test ban must
still allow the United States to ensure 100 percent confidence in its nuclear
deterrent into the indefinite future. Even if some uncertainty over the
functioning of a certain percentage of the arsenal is tolerable, doubt about
whether any part of it would function effectively could seriously disrupt
the core logic of deterrence.

Thankfully, a reasonable confidence in the long-term viability of the
American nuclear arsenal should be possible without testing. To be sure,
with time the reliability of a given warhead class may decline as its com-
ponents age. In a worst-case scenario, it is conceivable that one category of
warheads might become flawed without our knowing it; indeed, this has
happened in the past. But through a combination of monitoring, testing,
and remanufacturing of the individual components, conducting sophisti-
cated experiments (short of actual nuclear detonations) on integrated de-
vices, and perhaps introducing a new warhead type or two of extremely
conservative design into the inventory, the overall dependability of the
American nuclear deterrent can remain strong. In other words, there
might be a slight reduction in the overall technical capacities of the arse-
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nal, but still no question about its ability to exact a devastating response
against anyone attacking the United States or its allies with weapons of mass
destruction.

Consider first the issue of monitoring a given warhead type, and periodi-
cally replacing components as needed. This is the key way the United States
is maintaining its nuclear arsenal at present (its last test was in 1992). As an
example, as noted earlier a typical nuclear warhead has a shell of plutonium
that is compressed by a synchronized detonation of conventional explosives
that surround it. Making sure the explosion is synchronized along all parts
of the explosive, so the compression of plutonium is symmetrical, is critical
if the warhead is to work. Over time, wires can age, detonators can age, and
so forth. But these types of components can be easily replaced and their
proper functioning be verified through simulations that make no use of nu-
clear material (and are thus allowable under a CTBT).

Things get a bit more complicated once the compression of the pluto-
nium is considered. The interaction of the conventional explosive with the
plutonium is a complex physical phenomenon that is highly dependent on
not just the basic nature of the materials involved, but their shapes and
their surfaces and the chemical interactions that occur where they meet.
Plutonium is not a static material; it is, of course, radioactive, and ages in
various ways with time. Conventional explosives age, too, meaning that
warhead performance can change with time. To prevent this, in theory one
can simply rebuild the conventional explosives and the plutonium shells to
original specifications every twenty or thirty or fifty years, avoiding the
whole issue of monitoring the aging process by simply remanufacturing
the key elements of the weapon every so often. In fact, one of the fathers
of the hydrogen bomb, Richard Garwin, once recommended doing exactly
that.1% But others retort that previous processes used to cast plutonium and
manufacture chemical explosives have become outdated. For example, pre-
vious generations of plutonium shells (often called “pits” in the nuclear
trade) were machined to achieve their final dimensions, but this produced a
great deal of waste. The goal for the future has been to cast plutonium pits
directly into their final shape instead (by heating the plutonium to molten
form, forming it into a proper shape, and then letting it cool). Doing so,
however, would create a different type of surface for the pit that might in-
teract slightly differently with the conventional explosive relative to the
previous design. And even a slight difference might be enough to throw off
the proper functioning of a very sensitive, high-performance, low-error-
tolerance warhead. Similarly, the way high explosives are manufactured
typically changes with time. Replacing one type with another has in the
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past greatly affected warhead performance, even when that might not have
been easily predicted based on the explosive force of the explosive—again,
the detailed chemical interactions with the plutonium pit, among other
such complex phenomena, are of critical importance.

So what to do? Some would argue that, for relatively small and shrink-
ing nuclear arsenals, it is worth the modest economic cost and environ-
mental risk (which is quite small by the standards of Cold War nuclear
activities) to keep making plutonium pits and conventional explosives as
we have before, even if the methods are outdated. That would ensure reli-
ability by keeping future warheads virtually identical to those of the past.
Mimicking past manufacturing processes should not be beyond the ca-
pacities of today’s scientists. But this argument is not presently carrying
the day, in part because of the view that there will inevitably be at least
small differences in how warheads are built from one era to another even
if attempts are made to avoid it.1%

DoE has instead devoted huge sums of money to its science-based
stockpile stewardship program, to understand as well as possible what hap-
pens within aging warheads and to predict the performance of those war-
heads once modified with slightly different materials in the future. It is a
very good program, even as elements of it naturally remain debatable.!%” It
is also more scientifically interesting—and thus more likely to attract good
scientists into the weapons business in future years—than a program for
stockpile maintenance that would do no more than rebuild weapons every
few decades. But the science-based stockpile stewardship program still
gives some people unease. For example, a key part of the effort is using el-
egant three-dimensional computer models to predict what will happen in-
side a warhead modified to use a new type (or amount) of chemical explo-
sive based on computational physics. This is a very challenging process to
model accurately. This method is good but perhaps not perfect.!%8

A final way to ensure confidence in the arsenal is to design a new type
of warhead, or perhaps use an old design that is not currently represented
in the active U.S. nuclear arsenal but that has been tested before. This ap-
proach would seek to use “conservative designs” that allow for slight errors
in warhead performance and still produce a robust nuclear yield. The con-
servative warhead could then take its place alongside other types of war-
heads in the arsenal, providing an added element of confidence. Taking
this approach might lead to a somewhat heavier warhead (meaning the
number that could be carried on a given missile or bomber would have to
be reduced), or a lower-yield warhead (meaning that a hardened Russian
missile silo might not be so easily destroyed, for example). But for the pur-
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poses of post—Cold War deterrence, this approach is generally sound, and
weapons designers tend to agree that very reliable warheads can be pro-
duced if performance criteria are relaxed. It could also lead to less use of
toxic materials such as beryllium and safer types of conventional explo-
sives (that are less prone to accidental detonation) than is the case for some
warheads in the current arsenal.%’

It is for such reasons that the Bush administration and Congress have
shown interest in a “reliable replacement warhead” concept the last few
years. To date, it is only a research concept, and a controversial one at that,
with Congress not always willing to provide even research funding."'® But
it does have a certain logic and, as one element of a future American arse-
nal, makes sense on balance. In fact, it might even obviate the need to
consider the periodic-remanufacturing idea, since it is quite clear that
the United States could deploy such a warhead with extremely high confi-
dence of its reliability.!!! Simple warhead designs are quite robust—recall,
for example, that the Hiroshima bomb (a gun-assembly uranium device)
was not even tested before being used.

The Case for New Nukes

Some have suggested we may need future nuclear testing for new types of
warheads to accomplish new missions. For example, in the 1980s, some mis-
sile defense proponents were interested in a space-based nuclear-pumped
x-ray laser. That was never particularly practical. But the idea of developing
a nuclear weapon that could burrow underground before detonating has
gained appeal—not least because countries such as North Korea and Iran
are responding to America’s increasingly precise conventional weaponry by
hiding key weapons programs well below the planet’s surface.

One possible argument for such a warhead is to increase its overall de-
structive depth. In theory, the United States could modify the largest nu-
clear weapons in its American stockpile to penetrate the Earth. This ap-
proach would roughly double the destructive reach of the most powerful
weapons in the current arsenal, according to physicist Michael Levi.!'?
But if an enemy can avoid weapons in the current arsenal, it could avoid
the more powerful bombs by digging deeper underground. Given the
quality of modern drilling equipment, that is not an overly onerous task.

Could Earth-penetrating weapons at least reduce the nuclear fallout
from an explosion? They could not prevent fallout. Given limits on the
hardness of materials and other basic physics, no useful nuclear weapon
could penetrate the Earth far enough to keep the radioactive effects of its
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blast entirely below ground. But such weapons could reduce fallout. Relative
to a normal bomb, it is possible to reduce the yield of an Earth-penetrating
weapon tenfold while maintaining the same destructive capability against
underground targets.!'3 This would reduce fallout by a factor of ten as well.

That would be a meaningful change. But is it really enough to change
the basic usability of a nuclear device? Such a weapon would still produce
a huge amount of fallout, its use would still break the nuclear taboo, and it
would still only be capable of destroying underground targets if their loca-
tions were precisely known—in which case there is a chance that conven-
tional weapons or special forces could neutralize the site. This is the policy
question that the preceding technical discussion is designed to inform,
and answering it clearly requires a combination of technical and broader
strategic assessments. But the technical aspects of the problem should be a
part of any such calculation.

Conclusions and Policy Lessons

Nuclear weapons are complex devices that are expensive and complex to
produce. That is a fortunate fact of science. More than sixty years into the
nuclear age, if it had been different on the technical front, many more
countries and perhaps terrorist groups could have their own fission and/or
tusion weapons. But the prevalence of nuclear material worldwide, the fact
that numerous countries including Pakistan and North Korea already do
possess nuclear weapons, and the limitations of international controls on
the movement of nuclear technologies and materials nonetheless make the
present situation fraught with danger.

'The focus here has been on the issues involved in building and testing a
nuclear weapon. This is relevant to, among other things, the nuclear test-
ing debate. Specifically, how much would an international accord banning
nuclear tests (and punishing any violators of the regime) complicate the
challenges of would-be proliferators? On the other hand, assuming nu-
clear weapons are still viewed as necessary for the foreseeable future, how
much might a CTBT impinge on the reliability and credibility of the
American nuclear deterrent? Several observations flow from the earlier
discussion. Like those of other sections of this chapter, they do not tend to
put policy debates to rest or resolve them definitively. Rather, they estab-
lish some boundaries to the debate and help inform the choices at hand.

* Simple nuclear weapons are not inherently difficult to make, as-
suming fissile materials are available and that a country has a re-
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spectable engineering and science tradition that, among other
things, lends itself to the precise manufacture of various compo-
nents that must be built to fairly demanding specifications.

To put it differently, mid-sized countries with good scientific and
industrial capabilities can generally make nuclear weapons, while
small poor countries and terrorist groups probably cannot. Unfortu-
nately, defined in this way, the list of countries that could develop
nuclear weapons would appear to include Iran and North Korea.
Even for mid-sized countries, obtaining fissile material to build a
bomb is difficult. It requires time and considerable expense, and
generally involves some degree of international help and overseas
technology as well.

Even for those countries able to build simple fission bombs—
something likely within the reach of most countries that can get
their hands on enough U-235 or plutonium—making weapons
capable of delivery by missile is hard. Given the need to be very
efficient in the use of conventional explosives, casing, and other
such materials (to keep weight down), it is not clear that such
weapons can be developed without testing. This fact may be the
chief technical argument on the positive side of the ledger when
evaluating the CTBT.

As for other aspects of such a treaty, a CTBT could be generally
well verified. Only a very limited class of nuclear detonations—
so small as to have quite modest military utility, especially for
countries with fledgling nuclear research infrastructures—would
have any realistic hope of evading detection.

A CTBT would not weaken the essential reliability of America’s
arsenal. That is to say, the United States could still credibly
threaten powerful nuclear retaliation against an enemy with vir-
tually complete technical confidence.

'The detailed performance of some warheads could be cast into
doubt under a CTBT, especially over a period of decades. But
any reduced confidence would affect only high-performance
high-yield weapons, and even then only to a limited degree in all
likelihood. The detailed capabilities of America’s arsenal against a
wide array of targets might be reduced somewhat, but confidence
in a flexible dependable deterrent force would not. Whether such
possible degradation in U.S. nuclear capability would be tolerable
given the requirements of deterrence is, of course, a matter for

policy debate.
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* A CTBT could deprive the United States of a new type of nu-
clear warhead, specifically one able to penetrate deeply under-
ground. There is a chance that such a warhead could be con-
structed by modifying existing weapons without testing, but it is
not clear. The case for weapons like Earth-penetrating warheads
is in my judgment not strong; they cannot be made in a way that
would prevent fallout. A broader policy judgment on their desir-
ability requires considering the relatively modest (but nonetheless
real) potential technical military advantages of any such new
weapons against the harm to global nonproliferation efforts that
any American resumption of nuclear testing could cause. In my
view, testing to build such weapons is not worth it. That is admit-
tedly a policy judgment informed by—but not immediately prov-
able with—the technical assessments offered here.

OBSERVATIONS ON THE ROLE oF SCIENCE IN
GENERAL DEFENSE ANALYSIS

Beyond the specifics of any issue, what are the broad lessons that emerge
from the preceding discussions? Clearly, knowing more about scientific
and technical matters in military analysis is better than knowing less; few
would contest this assertion. But for the generalist, untrained in advanced
science or engineering and unequipped to understand the complexities of
nuclear science, space technology, military robotics, sonar and radar, lasers
and radio-frequency weapons, and so on (not to mention topics not ad-
dressed here, such as advanced biological pathogens), how should one try
to tackle even the rudiments of these complex subjects?

It is worth underscoring that it is definitely worth the while of any gener-
alist to have some familiarity with the basics of military science. If nothing
else, familiarity can provoke probing questions that require scientists to offer
detailed answers and explanations for their views—which then can be exam-
ined for internal self-consistency and be scrutinized by other scientists.

Such a process was exemplified in the 1980s debate over “Star Wars,”
the project to render nuclear weapons impotent and obsolete through
defenses—which was soon widely recognized, not only by scientists but
the general policy community, to be an excessively ambitious goal for any
technical system. (This is not to deny there were other arguments, at the
time and thereafter, in support of Reagan’s Strategic Defense Initiative.)

By contrast, such a process of vetting, and of understanding the funda-
mentals of technology, arguably did zos happen adequately prior to the
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Iraq War of 2003. At that time, Secretary of Defense Rumsfeld’s hopes
that a revolution in military affairs was truly underway (as well as some
flawed assumptions about Iraqgi politics) apparently persuaded him and
other members of the Bush administration to make only minimal plans
for the post-Saddam period. A greater respect for the age-old truths of
military history, together with some healthy skepticism about the promise
of technology and some clear-headed examination of the evidence about
whether an RMA was really going to transform land warfare quickly,
could have led to much more thorough preparation. And it did not take an
advanced understanding of the exact capabilities of modern munitions,
sensors, stealth aircraft, or vehicle and body armor to accomplish this.

By trying to grapple with basic science, a generalist can also learn im-
portant lessons about the /imits of what rudimentary science can tell us
regarding key policy debates. In other words, far from producing soph-
istry, a diligent effort to stay abreast of certain technological debates can
remind one of which aspects of the subjects are beyond them. Learning
the basics leads one to become curious about other matters, and develop
working hypotheses in one’s mind about them—which can then be com-
pared with the evidence and with the arguments of more informed schol-
ars. This is a trial-and-error process that should breed a healthy dose of
humility, not overconfidence.

For example, one can learn that any major space-based laser would—
since it is essentially the combination of a Hubble telescope and a high-
powered directed energy device—push the limits of technology, weigh a
great deal, and cost in the billion-dollar range. But a similar understand-
ing of the basics cannot help one be sure whether or not such a weapon
could actually be created within five or ten years.

Or to take another example, some understanding of nuclear physics—
and of the history of the bomb—can help a generalist appreciate that
producing fissile materials is typically the hardest part of making a simple
nuclear weapon. Once in possession of adequate amounts of such material,
most countries are likely to be able to build a workable device, perhaps
with roughly the destructive power of the Hiroshima or Nagasaki bomb.
And it can help one understand that, absent nuclear testing, it is much
harder for any country to have confidence in a more sophisticated device,
such as a thermonuclear warhead or a weapon designed efficiently and el-
egantly enough to fit atop a missile.

In the end, military science is far too big a part of defense analysis simply
to be ignored; even nonscientists must try to wade into the subject to the best
of their abilities. Thankfully, there is enough good science writing in the
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modern world that a diligent generalist can usually make substantial head-
way. The only alternative is to pretend that the scientific aspects of defense
policy matters can be separated from other aspects of key decisions, and out-
sourced to the experts for them to resolve—which, given the interconnected-
ness of so many aspects of defense policy, is really no alternative at all.

QuesTioN 13: What are the likely capabilities of North Korea’s suspected
nuclear arsenal?

Answer: The U.S. experience with its testing program (discussed earlier
in relation to the CTBT debate) and other related considerations are of
help here. No simple mathematical formula can answer the question.
However, an appreciation of where the United States has itself had prob-
lems in building reliable warheads can shed some light on which technical
challenges may be greatest for the DPRK.

North Korea is believed to have enough plutonium to make perhaps six
to eight nuclear bombs (roughly forty to forty-five kilograms).!** That plu-
tonium has been, as best we can tell from remote observation (partially
corroborated by eyewitness accounts), successfully reprocessed so it is sep-
arate from radioactive waste and usable in bombs. Since fission bombs are
considered relatively straightforward to make, for a country able to acquire
the fissile material, it has long been assumed that North Korea has had
simple nuclear explosives. That hypothesis was confirmed in October of
2006 when North Korea tested a nuclear device.

The yield of that device was quite low, however, perhaps less than one
kiloton. This suggests that the DPRK may not have mastered the art of
compressing the plutonium shell efficiently and symmetrically, nor
quickly, enough to generate a large yield. (An alternative, less likely in-
terpretation is that it intentionally caused only a small yield, but that
would imply far more sophistication than a first-time testing nation would
likely possess.)

Chances are that North Korea’s weapon is simple, crude, and heavy. It
may or may not fit on a missile. If launched on one, it may or may not
survive the g forces and heating of atmospheric reentry, given the DPRK’s
limited likely capacities to accurately model such environments (and the
fact that even the United States has experienced challenges in these areas
with its own warheads in the past).

On balance, North Korea almost surely could detonate a nuclear
weapon of simple design again. But it could require a large airplane or
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ground vehicle to deliver any such warhead, given its likely weight and
possible vulnerability to stresses and strains in a more advanced delivery
process. Only further testing (and perhaps some warhead modifications)
would likely give the DPRK real confidence that it could mount an ad-
vanced warhead on a missile.

QuesTion 14: With recent successful tests, has missile defense now
gained the upper hand against ballistic missile threats?

Answer: No. Reaching this conclusion would be to go too far. To be
sure, hit-to-kill technology is doing much better, given successful tests
this decade of the Navy’s Aegis-based Standard missile, the California/
Alaska midcourse system, and shorter-range ground-based systems. It is
only fair to acknowledge that these tests do rebut some past criticisms of
missile defense.

But all of these tests were against simple, single, isolated targets flying
predictable trajectories. None involved swarms of decoys; none involved
maneuvering reentry vehicles; and none involved salvos of multiple war-
heads at once. At present, based on what is known about American de-
fense systems, they likely could not handle more complex or sophisticated
attacks, at least not reliably.

That said, developing offensive techniques like the use of decoys to fool
defenses is perhaps harder than some assert. While not particularly com-
plex conceptually, it takes some work and testing to learn how to dispense
multiple objects from a single bus or other mechanism out in space. A
clear lesson from examining the history of missile defense and space
launch programs is that operations of any type in space are challenging,
and unexpected mistakes often happen.

Countries such as North Korea have limited resources, as well as lim-
ited international political maneuvering room, to conduct such tests. So
the DPRK’s ability to develop and maintain proficiency with space launch
operations may be limited. It has considerable experience with single-
stage rockets, and considerable expertise in building them and deploying
them successfully, but multistage rockets as well as missile bus operations
are another matter.

As such, while they have significant limitations, the U.S. ballistic mis-
sile defense systems developed to date are not without some meaningful
capabilities. The practical question is how much more to spend on them
when many other countries could, in theory, develop countermeasures,
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and when it is not clear how well more advanced U.S. systems would work
against such countermeasures.

QuesTIoN 15: Is a revolution in military affairs underway?

AnsweR: Not necessarily. To some extent, this is a matter of definition,
since there is no doubt that impressive things are happening in the realm
of military technology. But if the contention is that warfare is changing so
dramatically as to permit a radical reconceptualization of how it will be
fought in the future—and thus of how defense resources should be allo-
cated today—the question is open.

One popular formulation of the RMA hypothesis is that we occupy a
period of time when new generations of defense technology arrive every
eighteen to twenty-four months. This has been true with computing capa-
bilities, so is it true, or even partly true, more generally? Putting this thesis
on the table amounts to a testable proposition that allows greater precision
in how we evaluate the RMA hypothesis.

In fact, the radical changes in technology that are leading to new capa-
bilities every two years or so result from computer advances and not much
else. Moore’s “law” has for decades described this pace of computing inno-
vation. Plus, many other changes that have occurred in the modern era—
such as the invention of helicopters, night vision devices, and satellite
technology—were extremely impressive yet failed to be described as revo-
lutions of the type now predicted for this computer age. While other areas
of modern technology show impressive progress, notably microbiology
and some robotic systems, change is occurring at only a modest pace in
many other areas, like the propulsion systems, aerodynamics, and hydro-
dynamics of most vehicles (on the ground, in the air, on the water, and in
space), as well as most types of sensor technology (sonar, radar, and
optical).

The most enthusiastic theorizing about a modern RMA tended to pre-
cede the Iraq War. The latter experience has underscored the limits of tech-
nological progress, especially for those types of wars in which the United
States has the most difficulty. American high-tech, while hugely useful in
the war to be sure, did not produce anything close to victory for the United
States in the war’s early years. Only when the U.S. armed forces and their
Iraqi allies reverted to time-tested (and old-fashioned, generally low-tech)
counterinsurgency methods in 2007 did the tide of battle begin to turn.

'The ability of specific technologies to deliver dramatic results was frus-
tratingly slow in Iraq (and Afghanistan). For example, against improvised
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explosive devices, U.S. deaths remained very high despite years of con-
certed investment and effort. The deaths declined when the surge-based
strategy started to roll up insurgents and their IED caches before the
weapons could be implanted, and to a lesser extent when the United States
deployed large numbers of heavy mine-resistant vehicles (a type of heavier
vehicle that flew in the face of the U.S. military’s goals to make most
ground forces lighter and more maneuverable). Similarly, the only effective
method for stopping most mortar and rocket attacks in Iraq is to prevent
their launch in the first place rather than to defeat or defend against them
in a more technically innovative way.
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CONCLUSION

As AN EFFORT TO COLLECT, assess, and present simplified tools of defense
analysis, this book does not require a major conclusion to draw an overall
argument together. There is no single core policy purpose for the book,
except to help inform a debate on critically important matters of war and
peace, of strategies for combat and for deterrence, and of national resource
allocation.

It is useful, however, to repeat some of the central observations and
conclusions of the book that do bear on contemporary policy questions
fairly directly. They are not policy recommendations themselves, but are
sufficiently well established by analysis to be relevant to practical debates.
The following does not comprise an exhaustive list, but is an attempt to
capture the spirit and approach of the text. As with the main organization
of the book, the topics fall into four areas: budget analysis, combat model-
ing, logistics, and defense technology.

* Despite the amount of effort and money devoted to the under-
taking, defense budget analysis remains imprecise. This is partly
because the course of possible future wars cannot easily be pre-
dicted, partly because the expense involved in inventing a new
technology cannot be accurately forecast before the fact. It is also
because of sloppiness (or political motivation) in how calculations
are sometimes presented. A goal of this book is to help reduce
sloppiness and expose political or parochial motivations when
such calculations are done and discussed.

* To avoid tendentious defense budgeting, it is always important to
understand the budgetary details of a defense policy proposal.
Are the projected costs or savings for a single year or for the long
term? Are sunk costs being included in discussions of a future
budget option when they should not be? Are procurement costs
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for a system not yet even developed being viewed as firm and reli-
able when they should not be?

Some basic budgetary rules of thumb are worth bearing in
mind—weapons generally cost about 20 to 50 percent more to
produce than predicted before they are developed or procured;
American troops cost about $100,000 a year each in personnel
costs alone (and a roughly comparable amount to support and
train); deploying troops abroad costs extra, above and beyond
the normal Pentagon budget (which normally does not include
funds for wars or other major operations abroad), to the tune of
more than $500,000 per Marine or soldier per year in Iraq and
Afghanistan. But these rules are rough, and are not necessarily
good indicators of future realities. For example, the last figure is
perhaps twice what might have been predicted based on previous
operations (the U.S. military operation in Bosnia was forecast to
cost about $100,000 per soldier per year in 1995-1996 and wound
up costing twice that itself).

Much of the political rhetoric surrounding the state of the cur-
rent American military is overblown. Claims that the wars have
broken the force cannot be substantiated by the data. Equipment
stocks on the whole remain in generally reasonable condition (even
if 20 to 25 percent of ground combat equipment is deployed and
therefore unavailable for other missions at any given time, with
much higher percentages of specific assets such as up-armored
HMMWYVs committed in Iraq and Afghanistan). In addition,
the quality of American military personnel remains very high by
historical standards, even taking into account all the recent chal-
lenges of recruiting and retention.

Those dismissive of the strains on the force go too far.” Fairness
considerations alone suggest serious questioning about whether
the nation is asking too much of its men and women in uniform.
Even if the overall state of the military remains good—in terms
of the aptitude levels of new recruits, or the experience and reten-
tion levels of typical soldiers and Marines—current trends are
quite worrisome. Suicides and divorces are substantially higher
than in the recent past, if not necessarily beyond overall historical
(or societal) norms, as are waivers for former felons joining the
Army and Marine Corps. Plus, the sheer strain on people who
have been deployed two and three and four times represents a
potential ticking time bomb. There is no readiness crisis today,
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and no clear trend towards one, but given the strains on the force,
this conclusion is always subject to change.

American military spending dominates world figures. However,
the Iraqi resistance has shown what a group with less than 1 percent
of the total revenue of the U.S. military can do on the battlefield,
under certain circumstances, against the world’s only superpower.
This suggests that defense budgets are hardly the main determi-
nants of battle outcomes. On the other hand, when the United
States increased its resource allocation to the Iraq War by some
25 percent in 2007, it began to achieve synergies of effort, and an
overall effectiveness, that had eluded it before. Of course, its
strategy changed as well. But the sheer application of additional
resources was an important aspect of that strategy. This suggests
that, under certain circumstances, it may matter a great deal
whether the United States outspends its foe by a factor of 10, or
20, or 100 in a given conflict. In the end, budget comparisons are
poor predictors of combat outcomes.

Combat models are better predictors of outcomes than are bud-
get comparisons. These are fraught with risks, however, and im-
precisions, too. Several questions must be kept in mind when
using them. Do they employ the wrong historical battle or war
as an analogy for a future war? Do they involve such detailed
computer simulations as to appear more scientific than they re-
ally are—and obscure the key assumptions that go into them
about how long adversaries will fight and the tactics they will
employ?

A good and simple rule of thumb to avoid oversimplifying pre-
dictions about future combat is to be sure a range of plausible
combat outcomes is always presented. Failure to do so usually
indicates overconfidence about how well war, an inherently hu-
man and unpredictable venture, can be accurately forecast.
Generally speaking, if a combat model predicts the outcome of a
war within a factor of two to five—in terms of the duration of
fighting, the relative casualties of the two sides, and the overall
amount of devastation and destruction—it will have done rea-
sonably well. In other words, making a prediction that is wrong
by “only 100 percent” (for example, forecasting losses to one’s own
forces of 100 soldiers but having 200 killed in the actual opera-
tion) is actually rather precise by the standards of the field. In
fact, being oft by 300 or 400 percent is not bad—provided that
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the basic flow of battle, and the winner and loser, are not mistak-
enly predicted.

It is worth bearing in mind that historically, outnumbered at-
tackers have tended to win around half the wars they have initi-
ated. So simple quantitative rules of thumb, such as the idea that
an attacker should have three times the battle strength of a
defender to prevail, are misleading at best. They may sometimes
be useful guides for force planners, but are rarely if ever solid
bases for prognostication.

Military models, despite these limitations, have great uses. They
tended to predict rapid U.S. victories in places like Panama and
in Operation Desert Storm. They raised warnings about resultant
conflicts in the Kosovo campaign and the second Iraq war. That
was less because models yielded accurate predictions in these
cases, and more because it was difficult to see how to apply stan-
dard models to these scenarios. That fact should have sent up red
flags for anyone hazarding a prediction of either war’s outcome
with great confidence.

In Iraq and Afghanistan, quantitative rules of thumb and models
have consistently highlighted the uncomfortable fact that coali-
tion force levels have been very small by historical standards.
Even if those historical standards did not provide an exact answer
about how many forces we actually needed in Iraq and Afghani-
stan, they certainly should have made careful analysts aware of
the dangers of the operations as planned.

Models are useful in other situations, too. They can, for example,
help sketch out the hypothetical vulnerability of a city like Seoul
to artillery barrage from North Korea. Models can reveal the dif-
ficulties a country such as Israel is likely to have in wars like that
in Lebanon in 2006 (again, since we know how hard it is to find
and target enemy mortars and artillery set against complex ter-
rain). Indeed, in its late 2008 attacks on Hamas in the Gaza
Strip, Israel seemed to emphasize attacks on Hamas leadership at
least as much as on weaponry—and to have made greater efforts
to achieve surprise in its initial strikes so as to maximize effec-
tiveness. Or for a possible war between Taiwan and China (which
could also involve the United States), models can make it clear
why the PRC would have great trouble in executing a successful
all-out amphibious assault—while also demonstrating that China
might have numerous other military options short of all-out war.
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* ’'The old adage that while civilians think strategy, generals think
logistics, remains as true as ever. Modern military forces in large
operations typically require a ton of supplies per day for every ten
soldiers (plus or minus a factor of two to three). For large ground
operations, at least two-thirds of the weight is typically in the
form of fuel and water, but there are large requirements for
ammunition, spare parts, food, and other solid supplies, too (not
to mention the weight of the weapons and vehicles themselves—a
U.S. heavy division of about 18,000 troops weighs over 100,000
tons). Sustaining such a logistics flow is beyond the capacity of
almost all militaries in the world save those of the United States
and, to a much lesser degree, Britain and France. Other countries
typically cannot operate far from home territory unless they con-
tract for supplies and the transportation of those supplies, or un-
less they have many months to prepare a given mission. Even
then, their capacities are typically limited to a few hundred
troops, or at most a few thousand.

* For all the recent talk of moving to lighter and more maneuver-
able forces, that are less attached to their logistics tails than mili-
taries of the past, actual trends have continued to go in the other
direction, towards heavier forces needing more supplies. In 2002,
a different trend seemed underway, since the Kosovo and Af-
ghanistan wars both accomplished some of their goals with mod-
est American capabilities. But the Iraq War has trumped these
earlier experiences and reminded everyone how so much about
combat has nof changed.

* 'This conclusion about logistics underscores a broader reality re-
garding military technology. On the one hand it is very impres-
sive, and always changing. On the other, it does not allow truly
radical and rapid shifts in how war is fought very often. The hy-
pothesis that a modern revolution in military affairs was occur-
ring, or at least was within reach, may have helped American
strategists avoid complacency in the early years after the Cold
War. However, aspects of that debate also arguably contributed
to the U.S. sloppiness in preparing for the invasion of Iraq.

Military analysis is not an exact science. To return to the wisdom of
Sun Tzu, and paraphrase the great Chinese political philosopher, it is at
least as close to art. But many logical methods offer insight into military
problems—even if solutions to those problems ultimately require the use
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of judgment and of broader political and strategic considerations as well.
Military affairs may not be as amenable to quantification and formal
methodological treatment as economics, for example. However, even if
our main goal in analysis is generally to illuminate choices, bound prob-
lems, and rule out bad options—rather than arrive unambiguously at
clear policy choices—the discipline of military analysis has a great deal to
ofter. Moreover, simple back-of-the envelope methodologies often pro-
vide substantial insight without requiring the churning of giant computer
models or access to the classified data of official Pentagon studies, allow-
ing generalists and outsiders to play important roles in defense analytical
debates.

We have seen all too often (in the broad course of history as well as in
modern times) what happens when we make key defense policy decisions
based solely on instinct, ideology, and impression. To avoid cavalier, care-
less, and agenda-driven decision-making, we therefore need to study the
science of war as well—even as we also remember the cautions of Clause-
witz and avoid hubris in our predictions about how any war or other major
military endeavor will ultimately unfold.



APPENDIX

Figures and Tables

700

600 A

500
a I
€ 400
S
w 300 I
ZOOJ
100
0‘:IIII,l’I\H‘\h\lll,l’lll\c‘la\\\I,l’IIIIQL\\H,’\)IIIIQLIIH,’L\\IIQ‘LIIII"\7 q|7IIII"I)|
o
. . A N P AN, O . . A

Ficure a.x: Department of Defense Annual Budget Authority, 1948—2013 (Constant

FY 2009 3)

Source: DoD, “National Defense Budget Estimates for FY 2009,” pp. 109-14.

249



45%

40% [

359 /
e S * N
30% T/ R X / \ Navy
/ \\ \ Air Force
259 V.\/N. T y ~ ; '/ ~ Army

N
Q
o

.\/\/\/_/\ /k/ Defense-wide
~J

% of Total Budget Authority

T~

Ao

0%
TTTTTTTTT

S & X b S qv o & N o H O > PO D

FFFF PSS FF SIS PSS

F1GURE A.2: Department of Defense, Budget Authority by Service, FY 1960—2013

Source: http://www.defenselink.mil/comptroller/detbudget/fy2009/FYo09Greenbook/
greenbook_2009_updated.pdf, (pp. 67—72).

Note: For 1991, the official percentage of the budget authority for “Defense-wide”
spending was —3 percent. This was due to foreign contributions to Operation Desert
Storm. This is not depicted in the graph above since the curve was flattened between
the years 1990 and 1992.
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1948—2013 (Constant FY 2009 $)
Source: U.S. Department of Defense, “National Defense Budget Estimates for FY

2009,” pp. 103-8.


http://www.defenselink.mil/comptroller/defbudget/fy2009/FY09Greenbook/greenbook_2009_updated.pdf
http://www.defenselink.mil/comptroller/defbudget/fy2009/FY09Greenbook/greenbook_2009_updated.pdf

Figures and Tables 251

12

"’ A

$ billions

0 T T T T T T T T ‘D& T T I/\ T T T T T T T T T T T
) > N ) 2 G
o 0 o el Y N o N

Ficure a.4: Historical Funding for the Missile Defense Agency and Its Predecessors
(Constant FY 2009 $)

Source: www.mda.mil/mdaLink/pdf/histfunds.pdf.

Note: Historical funding levels are for Strategic Defense Initiative Organization
(SDIO), the Ballistic Missile Defense Organization (BMDO), and the Missile De-
fense Agency (MDA). SDIO was the predecessor to the MDA. Some missle defense
funding is outside these agencies.

TABLE A.1
U.S. Military Annual Active Duty Personnel End Strength, 1960—2009

YEAR TOTAL Army Navy Marines Air Force
1960 2,492,037 877,749 624,395 175,919 813,474
1961 2,552,912 893,323 641,995 185,165 832,429
1962 2,687,690 962,712 662,837 192,049 870,092
1963 2,695,240 961,211 668,626 189,937 875,466
1964 2,690,141 972,546 670,160 189,634 857,801

(continued)
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252 Appendix

YEAR TOTAL Army Navy Marines Air Force
1965 2,723,800 1,002,427 690,162 198,328 832,883
1966 3,229,209 1,310,144 740,646 280,641 897,778
1967 3,415,931 1,468,754 749,299 299,501 894,377
1968 3,489,588 1,516,973 759,163 308,138 905,314
1969 3,449,271 1,514,223 764,867 311,627 858,554
1970 2,983,868 1,293,276 677,152 246,153 767,287
1971 2,626,785 1,050,425 615,767 204,738 755,855
1972 2,356,301 849,824 593,135 199,624 713,718
1973 2,231,908 791,460 566,653 192,064 681,731
1974 2,157,023 784,128 546,464 192,174 634,257
1975 2,104,795 775301 532,270 195,683 601,541
1976 2,083,581 782,668 527,781 189,851 583,281
1977 2,074,543 782,246 529,895 191,707 570,695
1978 2,062,404 771,624 530,253 190,815 569,712
1979 2,027,494 758,852 523,937 185,250 559,455
1980 2,050,826 777,036 527,352 188,469 557,969
1981 2,082,897 781,473 540,502 190,620 570,302
1982 2,108,612 780,391 552,996 192,380 582,845
1983 2,123,349 779,643 557573 194,089 592,044
1984 2,138,157 780,180 564,638 196,214 597,125
1985 2,151,032 780,787 570,705 198,025 601,515

(continued)
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TABLE A.1 (cont.)

YEAR TOTAL Army Navy Marines Air Force
1986 2,169,112 780,980 581,119 198,814 608,199
1987 2,174,217 780,815 586,842 199,525 607,035
1988 2,138,213 771,847 592,570 197,350 576,446
1989 2,130,229 769,741 592,652 196,956 570,880
1990 2,046,144 732,403 581,856 196,652 535,233
1991 1,986,259 710,821 570,966 194,040 510,432
1992 1,807,177 610,450 541,883 184,529 470,315
1993 1,705,103 572,423 509,950 178,379 444,351
1994 1,610,490 541,343 468,662 174,158 426,327
1995 1,518,224 508,559 434,617 174,639 400,409
1996 1,471,722 491,103 416,735 174,883 389,001
1997 1,438,562 491,707 395,504 173,908 377,385
1998 1,406,830 483,880 382,338 173,142 367,470
1999 1,385,703 479,426 373,046 172,641 360,590
2000 1,384,338 482,170 373,193 173,321 355,654
2001 1,385,116 480,801 377,810 172,934 353,571
2002 1,411,634 486,542 383,108 173,733 368,251
2003 1,434,377 499,301 382,235 775779 375,062
2004 1,426,836 499,543 373,197 177,480 376,616
2005 1,389,394 492,728 362,941 180,029 353,696
2006 1,384,968 505,402 350,197 180,416 348,953

(continued)
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TaBLE A.1 (cont.)

YEAR TOTAL Army Navy Marines Air Force
2007 1,379,551 522,017 337,547 186,492 333,495
2008" 1,385,122 531,526 331,785 193,040 328,771

Source: Department of Defense, Military Personnel Statistics web site

Note: Unless otherwise noted, figures are as of September 30 for each year, which cor-
responds to the end of the fiscal year, and do not include activated reservists.

*As of June 30, 2008

TaABLE A.2
U.S. Troops Based in Foreign Countries (As of June 30, 2008)

Country or Region Total
Europe

Belgium 1,301
Germany 55,145
Ttaly 9,515
Netherlands 552
Portugal 792
Serbia (includes Kosovo) 1,289
Spain 1,238
Turkey 1,570
United Kingdom 9,613
Afloat 848
Other 958
TOTAL 82,821
Former Soviet Union 144

(continued)
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TABLE A.2 (cont.)

Country or Region Total
East Asia and Pacific

Japan 32,966
Korea 25,374
Afloat 8,975
Other 774
TOTAL 68,089
North Africa, Near East, and South Asia

Bahrain 1,504
Afloat 2,222
Other 1,648
TOTAL 5,374
Sub-Saharan Africa

Djibouti 1,900
Other 325
TOTAL 2,225
Western Hemisphere

Cuba (Guantanamo) 980
Other I,I14
TOTAL 2,094
Undistributed

Ashore 112,910
Afloat 6,168

(continued)
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TABLE A.2 (cont.)

Country or Region Total
TOTAL 119,078
TOTAL- Foreign Countries 279,825
Ashore 261,602
Afloat 18,223
DEPLOYMENTS

Operation Iraqi Freedom TOTAL 183,100
Operation Enduring Freedom 31,700
TOTAL 214,800
Deployed from Locations for OIF/OEF (outside U.S.)

Germany 18,300
Italy 2,200
Japan 2,400
Korea 100
United Kingdom 950
TOTAL 23,950

Source: DoD Personnel Statistics; http://siadapp.dmdc.osd.mil/

personnel/MILITARY/history/hsto806.pdf.

Note: Only countries with at least 500 troops are listed individually.


http://siadapp.dmdc.osd.mil/personnel/MILITARY/history/hst0806.pdf
http://siadapp.dmdc.osd.mil/personnel/MILITARY/history/hst0806.pdf
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Selected Acquisition Report (SAR) Program Acquisition Cost Summary
(As of December 31, 2007 in Millions of Dollars)

Current Estimate
Weapons System Base Year  Base Years  Currents — Quantity
Army
Apache Block III (AB3) 2006 7,158 8,996 639
ARH 2005 5,260 6,337 512
ATIRCM/CMWS 2003 4,170 4,816 3,589
Black Hawk upgrade 2005 18,935 24,043 1,235
Bradley upgrade 2001 8,570 9,695 2,568
CH-47F 2005 11,516 13,350 513
Excalibur 2007 2,233 2,465 30,388
FBCB2 2005 3,220 3,371 73,463
FCS 2003 112,425 159,320 15
FMTV 1996 16,517 20,676 83,185
GMLRS 2003 4,718 6,008 43,795
HIMARS 2003 1,797 2,049 381
Javelin 1997 4,694 4924 25463
JLENS 2005 6,089 7,500 16
Longbow Apache 1996 9,826 11,183 671
AUH 2006 1,820 2,090 345
Patriot PAC-3 2002 8,387 8,525 969
Patriot/MEADS CAP -
Fire Unit 2004 15,808 21,780 48

(continued)



TABLE A.3 (cont.)

258  Appendix

Current Estimate
Weapons System Base Year  Base Years — Currents — Quantity
Patriot/
MEADS CAP - Missile 2004 6,027 8,116 1,528
Stryker 2004 14,255 15,601 3,537
WIN-T increment 1 2007 3,798 3,860 L,677
WIN-T increment 2 2007 3,446 3,871 1,393
Subtotal, Army 270,667 348,667
Navy
ADS (AN/WQR-3) 2005 552 529 —
AGM-8SE AARGM 2003 1,426 1,710 L,9II
AIM-9X 1997 2,664 3,396 10,142
CEC 2002 4,207 4,531 306
CH-33K 2006 15,025 18,708 156
Cobra Judy replacement 2003 L,453 1,630 I
CVN 21 2000 24,987 35,119 3
CVN 68 1995 5,279 6,259 1
DDG 1000 2005 25,090 28,887 7
DDG st 1987 46,418 62,756 62
E-2D AHE 2002 13,394 17,431 75
EA-18G 2004 7,578 8,649 85
EFV 2007 13,164 15,860 593
ERM 2005 1,288 1,521 15,100
F/A-18 E/F 2000 43,258 46,345 493

(continued)
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TABLE A.3 (cont.)
Current Estimate

Weapons System Base Year  Base Years  Currents — Quantity
H-1 upgrades (4BW/4BN) 1996 6,750 8,728 284
JSOW - Baseline/BLU-108 1990 L,476 1,362 3,334
JSOW - Unitary 1990 1,777 2,725 7,000
LCS 2004 2,595 2,849 2
LHA replacement 2006 3,079 3,368 I
LPD 17 1996 11,508 14,242 9
MH-60R 2006 11,279 12,139 254
MH-60S 1998 6,504 7,843 271
MUOS 2004 5,667 6,682 6
NMT 2002 1,677 2,103 305
P-8A (MMA) 2004 26,183 32,853 113
RMS 2006 1,380 1,550 108
SM-6 2004 4,693 5,954 1,200
SSDS 2004 557 669 42
SSGN 2002 3,867 4,109 4
SSN 774 (Virginia Class) 1995 63,752 91,965 30
T-45TS 1995 6,735 6,828 223
Tactical Tomahawk 1999 3,706 4,375 3,292
T-AKE 2000 4,618 5,715 2
Trident II missile 1983 26,382 38,817 561
V-22 2005 50,473 54,227 458

(continued)
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Current Estimate
Weapons System Base Year  Base Years — Currents  Quantity
VH-71 2003 5,732 6,750 28
VTUAV 2006 1,875 2,158 177
Subtotal, Navy 458,047 571,841
Air Force
AEHF 2002 6,738 7,362 4
AMRAAM 1992 13,156 14,881 13,953
B-2 EHF increment I 2007 636 681 21
B-2 RMP 2004 1,094 1,225 21
C-zo AMP 2000 4,521 5,800 222
C-130] 1996 9,805 12,029 134
C-i7A 1996 58,665 62,307 190
C-; AMP 2006 1,377 1,405 12
C-; RERP 2000 8,478 11,131 11
F-22 2005 66,992 64,540 184
FAB-T 2002 2,963 3,622 222
GBS 1997 727 806 1,121
Global Hawk (RQ-4A/B) 2000 8,102 9,741 54
JASSM 1995 4,466 6,066 5,006
JDAM 1995 4,522 5260 201,993
JPATS 2002 4,915 5,534 768
Minuteman III GRP 1993 2,095 2,428 652

(continued)



Figures and Tables 261

TABLE A.3 (cont.)

Current Estimate
Weapons System Base Year  Base Years  Currents — Quantity
Minuteman IIT PRP 1994 2,190 2,602 601
MP RTIP 2000 1,115 1,225 -
MPS 2004 1,394 1,583 I
NAS 2005 1,424 1,491 91
NAVSTAR GPS - Space
and Control 2000 5,963 6,306 33
NAVSTAR GPS - User
Equipment 2000 1,791 2,094 -
NPOESS 2002 9,363 11,140 4
SBIRS High 1995 9,559 11,556 4
SDB1 2001 1,252 L477 24,070
WGS 2001 1,764 1,951 5
Subtotal, Air Force 235,065 256,240
DoD
BMDS 2002 89,398 102,912 -
CHEM DEMIL- ACWA 1994 5,499 7,992 3,136
CHEM DEMIL- CMA 1994 22,459 27,423 29,060
DIMHRS 2007 850 819 I
F-35 (JSF) 2002 210,015 298,843 2,456
JTRS GMR 2002 14,243 20,536 86,652
JTRS HMS 2004 2,672 3,367 95,961
JTRS NED 2002 1,743 1,962 -

(continued)
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Current Estimate
Weapons System Base Year  Base Years  Currents — Quantity
MIDS 2003 2,289 2,373 3,807

Subtotal, DoD

GRAND TOTAL

349,168 466,226

1,312,947 1,642,974

Source: http://www.acq.osd.mil/ara/am/sar/2007-DEC-SARSUMTAB.pdf.

Note: Totals may not add up exactly as shown due to rounding. Each weapon is as-

signed a base year based on key milestones in its development; costs as expressed in

“base year dollars” are measured in that base year’s constant dollars. Procurement costs,

as well as research, development, test, and evaluation costs, are included.


http://www.acq.osd.mil/ara/am/sar/2007-DEC-SARSUMTAB.pdf
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