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PREFACE
by Kenneth J. Arrow

There are many dimensions along which to
analyze the multiple programs which claim
to offer a defense against long-range missiles.
But surely one of the key elements is the sheer
cost. When a program requires many years of
development, production, installation, and op-
eration, the costs incurred at the beginning will
be misleadingly low as to the ultimate cost of
the system. As weapons systems have become
more sophisticated and more complicated, this
disparity between ultimate and immediate costs
has grown. But few, if any, military or other sys-
tems match the long-run nature of the commit-
ments involved in ballistic missile defense. In a
government budget system dominated by an-
nual cycles, the tendency to underestimate the
future cost implications of current commitments
is very strong.

In the interests of achieving a better
understanding of the true long-run cost implica-
tions of missile defense, Economists Allied for
Arms Control (ECAAR) has conducted a care-
ful study led by Richard F. Kaufman, with chap-
ters by Rodney W. Jones, William A. Cox, and
David Gold. We are privileged to have had such
a thorough analysis, which we now lay before
the public. After a careful study of the costs them-
selves, which could mount to the neighborhood
of one trillion dollars, the implications for the
Federal Budget and for the economy as a whole

are analyzed. The results are indeed sobering
and should (and, | hope, will) be central in the
debate as to whether or to what extent the na-
tion should embark on this huge commitment.

The word, “costs,” may conjure visions
of bookkeepers with green eye-shades and elicit
reactions such as, “when it comes to national
security, costs don’t matter.” But, of course, what
economists tell us is that costs always matter.
Something else has to be given up, and when
the magnitudes are those found in this study, a
lot has to be given up. It may be in terms of al-
ternative military systems which possibly could
yield more security; it may be in terms of eco-
nomic strength or health, both potent sources of
security of our system in military and non-mili-
tary terms; it may be in terms of increased de-
pendence on the rest of the world and on our
foreign trade, which may also increase our vul-
nerability.

The conservative and well-documented
approach to the estimation of the costs and the
care with which the links to other implications
are brought out will insure that this study will, or
at least should, play a major role in a needed
public debate on a policy which is developing in
a piecemeal fashion with little attention to long-
term consequences. We must make wise and
balanced decisions today, lest we find ourselves
in the future with severely limited choices.
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Executive Summary

B allistic missile defense is technologically extremely challenging and efforts to

solve the technical challenges, including those of evolving countermeasures, are
inevitably laden with uncertainty and, therefore, are expensive. The Bush
administration’s interest in building a comprehensive, or “layered,” missile defense
system could lead to extraordinary defense budget costs over the next twenty to thirty
years. The projected costs of all the layers and components of a layered missile defense
are seldom in public view, and never all at one time. Moreover, the projected future costs

over the plausible life cycles of missile defense systems are rarely examined and poorly

understood by key decision makers, at least outside the missile defense realm itself.

Presentations of the technical and cost issues needed for congressional accountability

frequently conceal more than they reveal. Assessments of the likely cost of missile

defense architectures that are intelligible to the public as a whole hardly exist.

I. ANALYSIS OF MILITARY COSTS

Most cost estimates of weapons sys-
tems prepared for Congress reflect relatively
short periods and tend to emphasize develop-
ment and acquisition costs, but often do not
project operations and support costs, and rarely
make such projections in realistic terms — as
we typically see retrospectively. It is true, to be
sure, that any projection of future costs — es-
pecially of weapons systems that involve major
technological challenges and high technical risk
—cannot be done precisely. But the effort should
be made in order to properly inform decision-
makers so that they can make rational choices,
including choices that take the long-term impact
of operations and support costs into account.

We have undertaken this analysis to
generate a reasonable assessment of the costs
— both acquisition and life cycle costs — of a
“layered” missile defense. Where relevant offi-
cial information on costs and schedules is pub-
licly available, we use it as a starting point, mak-
ing adjustments for technical uncertainty and
cost growth that reflects historical experience
with challenging weapon systems. Where offi-
cial information about the architecture and costs
of missile defense systems or components is
fragmentary or does not exist, we construct and
estimate the costs of plausible missile defense
architectures — in a layered system of systems
— that reflects the momentum of existing pro-
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grams and also covers other technology areas
of interest to the administration.

The illustrative missile defense “system
of systems” postulated in this analysis incorpo-
rates boost-phase, midcourse, and terminal de-
fenses both in and around the United States and
overseas. Taken together, the layers and com-

The likely future cost of layered missile
defense would be between $800 billion and

$1.2 trillion.

ponents of this system of systems undoubtedly
represent ambitious objectives, but are by no
means as ambitious as those conceived in Presi-
dent Reagan’s SDI, and probably fall short of
the vision of the most zealous BMD planners
today.

Our cost estimates are expressed in
constant 2003 dollars in ranges, usually with Low
and High Estimates that allow for prospective
choices of thinner and slightly thicker missile
defense architectures and deployment options.
Various combinations of deployment options
might be deemed feasible but the exact configu-
rations cannot, for obvious reasons, be forecast
clearly at this time. We do not attempt to predict
which missile defense systems will be built. In-
stead, we attempt to show how much each of
the missile defense systems under consideration
would cost if they were built to reasonable stan-
dards of effectiveness.

Readers who have seen estimates of
missile defense cost provided by the Defense
Department to Congress, or those prepared by
the Congressional Budget Office from DoD in-
formation in response to Congressional inquir-
ies, will recognize that the figures compiled in
this report are considerably higher even than
those published in recent CBO estimates. There
are several reasons why the dollar estimates
here are higher.

First, this report draws on the state-
ments of the Bush administration to illustrate
what a layered missile defense system might
look like, and to project the cumulative costs of
the full system. No publicly available DoD re-
port or CBO study depicts all the elements of
such a system, or estimates the cumulative cost
of the various interceptor layers.

Second, this report sums and displays
not only the acquisition costs but estimates the
full life cycle costs of each illustrative layer, and
the illustrated system of systems. Most policy
community members are accustomed to receiv-
ing and evaluating only the acquisition costs —
like the price sticker on a new car." But knowing
the costs of operating and maintaining missile
defense — the full cost of ownership — should
be a part of the evaluation.

Third, the estimates provided here ex-
ceed those published by the CBO on the same
systems because this analysis posits larger sys-
tem configurations in some cases (e.g., larger
SBL satellite constellations), assumes, in some
cases, higher technical challenges and longer
delays with correspondingly higher component
costs than officially acknowledged (e.g., in the
feasibility of using existing AEGIS naval plat-
forms for strategic and boost-phase interceptor

! In its latest 2002 figures on missile defense, for example, the CBO provided estimates of annual operating and support
costs as memoranda, but emphasized just the acquisition costs in its bottom line summary figures. CBO did not com-
pute and summarize the net costs including cumulative operating and support costs over the expected life of each
system for which it provided an acquisition cost estimate. To be sure, the CBO had a set of questions from Congress to
answer and undoubtedly answered those questions directly within the same terms of reference. The present report,
however, seeks to go further. For additional information and citation of the CBO 2002 report, see Section |. Basic

Approach of This Report, below.
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systems), and generally uses higher cost growth
assumptions than CBO.

Fourth, this analysis estimates the cost
of ground-based boost-phase systems on for-
eign soil and of limited terminal defenses around
the United States that could be considered logi-
cal requirements in the event a full-scale lay-
ered missile defense is constructed.

The authors of this report recognize that
independent estimates will not be accorded the
same authority as official estimates. Neverthe-
less, these estimates fill gaps in the public record
on costs that undoubtedly would be incurred
downstream by deploying and maintaining a lay-
ered ballistic missile defense system. In any
case, the independent figures offered here pro-
vide a baseline for critical discussion. Hopefully,
they will encourage the preparation of revised
and additional official estimates that provide a
more realistic guide to the expected overall costs
of a comprehensive missile defense program.

Assuming the illustrative layered missile
defense architecture and schedules described
in this study (see below, for the individual sys-
tems and layers), our basic findings are that:

1. Merely the acquisition costs,? plus op-
erations costs just through 2015 (when
applicable), of the postulated layered
missile defense system would range, on
the Low Estimate side, between $509
and $532 billion, and on the High Estimate
side, between $776 and $807 billion.

2. Once longer term operations and sup-
port costs are added to acquisition costs
to give a picture of the total life cycle
costs for each missile defense system

in the overall system, we find that the
likely future cost of layered missile de-
fense would be, on the Low Estimate
side, between $785 billion and $825 bil-
lion dollars at least, and on the High
Estimate side, between $1.1 trillion and
$1.2 trillion.

A breakdown of the layered missile de-
fense structure that is assumed as the basis for
our cost estimates, and the bottom line of the
estimates of the acquisition and total life cycle
costs of each system, follows:

Ground based, midcourse NMD system

We assume that either a two-site or
three-site ground-based, midcourse NMD sys-
tem could be built, using essentially the same
technologies that were under development dur-
ing the Clinton administration, with Low and High
estimates for each configuration.

We project that the total likely acquisi-
tion costs for the two-site option, plus operations
costs through 2015, would fall in a range be-
tween $76 billion and $110 billion dollars. Ac-
quisition costs of the three-site option, plus op-
erations through 2015, could cost between and
$90 billion and $123 billion.

Total life cycle costs for the two-site sys-
tem would range from $120 billion to $161 bil-
lion, and for the three-site system would range
from $142 billion to $181 billion.

Sea based adjuncts to a ground-
based, midcourse NMD system

Our estimates build on the limited Navy
illustrations of the “Missile Trap” and the “Stra-
tegic Defense” architectures discussed in the

2 Since most of the missile defense systems would not be fully deployed much before 2015, we also include, where
applicable, operations costs through 2015 in this summary number of acquisition costs. Acquisition costs include re-
search, development and testing costs, together with military site construction and production costs of the weapon
system, sensors, other hardware, and software. Operations and support costs are the costs to operate and maintain the
systems after they are deployed, including operations and support of partial and phased deployments. Operating costs
include the costs of personnel, site utilities, fuel, re-provisioning of ships and aircraft, equipment repair and replace-

ment, etc.
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unclassified Summary of a presentation to Con-
gress.®

We estimate that acquisition (and op-
erations through 2015) of the illustrative “Mis-
sile Trap” system would actually cost at least
$27 billion to $31 billion, and that this system
would command a life cycle cost of $52 billion
to $58 billion.

Acquisition and operations of the
heavier “Strategic Defense” system through
2015, according to our estimates, would cost
between $37 billion and $49 billion, while total
life cycle costs for this system would rise to from
$70 to $95 billion.

Space based laser (boost-phase)
missile defense system

We assume that a credible space-based
laser missile defense system would require con-
stellations of either 48 or 72 satellites, as the
basis for its cost estimates.

We estimate that acquisition of the 48
and 72 satellite constellations, respectively,
would cost $128 billion and $195 billion.

Total life cycle costs for these constel-
lations would be $310 billion and $423 billion
respectively.

Space Based Kinetic Boost Phase
Missile Defense System

We believe that the life cycle costs of a
space based kinetic missile defense system,
similar to the “brilliant pebbles” system, would
cost about $69.9 billion.

Ground Based Boost-Phase Missile
Defense System

This conceptual missile defense layer
would depend on foreign countries to host US
deployment of land-based, boost-phase inter-

ceptors, a construct endorsed by a number of
senior US defense experts and also by Russian
Federation President Putin in 2000. Develop-
ment work on such a system has not yet been
announced or conducted. We have developed
an illustrative architecture, with four-site and
eight-site configurations located in Russia or
Central Asia, representing the low and high es-
timates as a range.

Our estimates for acquisition costs (and
operations through 2015) of the four-site and
eight-site systems, respectively, are $22.5 bil-
lion and $30.1 billion.

Total life cycles costs for these two con-
figurations probably would run about $28 billion
and $41.8 billion. These figures do not include
the likely cost to obtain, protect, or secure for-
eign bases overseas where land-based boost-
phase systems might be located.

Sea Based Boost-Phase Missile
Defense System

This conceptual missile defense layer
would not depend on foreign countries for de-
ployment but today is still only a concept that
has yet to be developed and demonstrated. The
Bush administration has expressed interest in
accelerated development of such a capability,
however, probably using AEGIS ships and sub-
stituting this for the former Navy Area Defense
(NAD) program. We again offers an illustrative
architecture for a boost-phase system with ei-
ther five or seven patrol areas, relying not on
AEGIS but rather on converted cargo ships —
as proposed by some non-government experts.

We find that the acquisition costs (plus
operating costs through 2015) for such sea
based boost-phase systems would greatly ex-
ceed the costs of ground-based systems with
the same objectives, and would be on the order

8 See Ballistic Missile Defense Organization and Department of the Navy, Naval National Missile Defense: A Potential
Expansion of the Land-Based NMD Architecture to Extend Protection - Executive Summary (U), Unclassified (Washing-

ton, D.C.: Department of Defense, December 8, 2000).

Xii THE FULL COSTS OF BALLISTIC MISSILE DEFENSE



of $61.4 billion and $71 billion, for five and seven
patrol area configurations respectively.

The total life cycles costs for this sys-
tem probably would be at least $66.8 billion and
$77.5 billion respectively.

Airborne Laser Boost-Phase Missile
Defense System

This program is expected to provide
seven Boeing 747 aircraft with lasers on board
for rapid deployment anywhere in the world. The
Bush administration has given this program new
impetus, aiming to upgrade it from its original
theater missile defense (TMD) objective to pro-
vide a strategic intercept capability as well as to
expedite testing and initial deployment.

Our estimate, based on the most re-
cently adjusted administration figures and de-
layed schedules, is that the acquisition cost (plus
operations through 2015) for this system will be
about $11.2 billion dollars.

The total life cycle costs of the seven
aircraft laser fleet would easily reach $19.3 bil-
lion, and these estimated costs do not include
other operating costs for fighter aircraft protec-
tion in foreign airspace or the indirect costs of
diverting other air capabilities from their custom-
ary missions.

Coastal Terminal Missile Defense
System

The Bush administration has empha-
sized terminal missile defense rhetorically, but
has not clarified whether it wishes to use this
capability for national missile defense (defense
of the homeland) or only for theater missile de-
fense overseas. We assume that the intent in-
cludes homeland defense, and we construct an
illustrative architecture covering the US coast-

lines, but not the entire territory of the United
States. This illustration relies on naval and land-
based theater missile defense (TMD) systems
that have been developed or are under active
development by the United States, and postu-
lates two terminal missile defense capability lev-
els of increasing thickness, from “light” to “me-
dium”.

We believe the acquisition costs for the
light and medium level capabilities for coastline
terminal defense would cost, respectively, $91.6
billion and $148.1 billion.

Our estimates of the total life cycle costs
for this coastline terminal defense system are
$100.1 billion and $167 billion, respectively.

Overseas US Terminal Missile Defense
Systems

The rationale for the TMD systems that
have been under development by the US Army
and Navy has been keyed to overseas power
projection, by augmenting the US capacity to de-
fend its forces and those of allies in distant loca-
tions. Thus, estimating the costs of this category
of missile defenses means adding up the sunk
and prospective costs of the Army and Navy
TMD programs — PAC-3, THAAD, NAD, and
NTW. Larger acquisition goals (e.g., increasing
the number of combat units, missiles, and sen-
sors, or AEGIS ships) could cause these num-
bers to rise.

We estimate that the acquisition costs
of these overseas “terminal defense systems”
in the numbers currently planned will be about
$80 billion.

We expect the total life cycle costs of
these TMD systems, in the numbers currently
planned, to be about $108.2 billion.

EXECUTIVE SUMMARY
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I1. ECONOMIC AND BUDGETARY IMPLICATIONS

If a goal of full deployment of ground,
sea and air-based systems by 2015 is to be met,
half of the costs — about $500 billion — could
be incurred in the next 13 years, 2003 through
2015, inclusive. (Space-based laser defenses
would be deployed later — by 2025.) Under this
demanding schedule, spending must increase

There is no direct evidence on the size and
distribution of gains from a missile defense
program. Evidence from large military pro-
grams in the past indicates that gains are
smaller than projected, and are spread across

a narrow range of activities and locations.

very rapidly over the next several years, reach-
ing perhaps $25 billion in 2005 and $50 billion
by 2007. (All years refer to fiscal years unless
specified.)

If spending is increased more slowly
than indicated above, then deployment of at least
some components of a layered shield is likely to
be delayed. If spending rises, for example, only
to $12 billion by 2005, and, say, $25 billion in
2009, and if it does not reach $50 billion until
2013, then deployment of major components of
the ground, sea and air-based systems prob-
ably would slip to 2020 or beyond. Of course,
total spending could be reduced if some com-
ponents of the layered system we examine are
set aside or scaled back. Although we base our
analysis of the economic and budgetary conse-
quences on the ambitious 2015 deployment
schedule for most systems, we recognize that

schedules can be delayed and decisions can be
made to defer or not build some components.

The United States probably can afford
to spend a trillion dollars or more over 33 years
for ballistic missile defenses. However, this mili-
tary program does not exist in a vacuum. Even
with its enormous resources, the United States
cannot afford everything. We must make
choices, and this review makes it clear that a
serious program of layered ballistic missile de-
fenses will involve large opportunity costs over
many years.

If the military budget were not increased
to cover spending on BMD, then BMD would
displace nearly 6% of other defense spending
by 2005 and more than 12% from 2007 through
2011 before tapering down gradually as a share
of defense spending. It would continue to take
more than $50 billion each year (in 2003 dol-
lars) through 2015 (although a declining percent-
age of a growing defense budget) and between
$25 billion and $35 billion per year through 2022
before reaching a long-term operating budget
of about $22 billion per year. This would come
at the expense of other military technology de-
velopment, procurement and operations. If
spending rises more slowly at first, and deploy-
ment dates are pushed back, then spending
would not decline after 2015 but would continue
rising steeply, as deployment of ground, sea and
air-based systems coincides with high spend-
ing on production and deployment of space
based BMD systems.

Military transformation is underway, with
new organizational forms, new technologies,
new equipment and new roles for individuals.
Most transformation goals will require substan-
tial budgetary resources for research into new
technologies, extensive re-training, and re-
equipping. The schedule for missile defense
spending planned for the next several years will

Xiv THE FULL COSTS OF BALLISTIC MISSILE DEFENSE



inevitably compete with and divert resources
needed for the broader goals of military trans-
formation.

If BMD were to be financed by curtail-
ing outlays for non-defense discretionary pro-
grams, it would force cuts rising from nearly 6%
of this spending in 2005 to 11% or more from
2007 through 2011 before subsiding somewhat.
The non-defense discretionary sector of the bud-
get, however, finances many federal agencies
associated with homeland defense. Because
these functions are receiving greater priority in
light of concern about terrorism, the brunt of
spending cuts would fall much more heavily on
non-defense discretionary programs not deemed
critical to homeland defense and not protected
by powerful interests.

President Bush’s 2003-07 budget re-
quest for program areas like community and re-
gional development, the environment, job train-
ing, social services and housing assistance
would barely keep pace with inflation and in
some cases would not do so. If Congress ac-
cedes to this request, these programs will be
starved for funds. If subjected to such a budget
squeeze over a longer term, these functions
would be pushed ever more onto the states and
local governments and/or would become heavily
dependent on private charity or simply would
become neglected.

The non-defense discretionary sector of
the federal budget finances most federal civil-
ian investment in physical infrastructure and
human capital. Nearly half of non-defense dis-
cretionary spending goes to such investments.
Financing BMD by cutting non-defense discre-
tionary programs is likely to reduce federal in-
vestment in education and training, civilian re-
search and technology development, health and
physical infrastructure at a cost to future pro-
ductivity in the civilian economy. If BMD were to
be financed by curtailing outlays for non-defense
discretionary programs, it would displace

amounts rising from 5.6% of this spending in
2005 to 10% or more for six years from 2007
through 2013, inclusive, before tapering down.
It would continue to displace more than 5% of
those outlays through 2020.

If funding for what one might regard as
vulnerable discretionary budget categories, such
as community and regional development, natu-
ral resources and the environment, job training,
social services, housing assistance, and other
income security programs were to be squeezed
to finance BMD, it could displace 11% of those
outlays by 2005 and 20% or more for nine years
from 2007 through 2015, inclusive, before sub-
siding gradually. These cuts would be in addi-
tion to any that might be made in the process of
reallocating funds to other sectors of the mili-
tary or other aspects of homeland defense.

The projected rise in spending for BMD
as system deployment accelerates in 2007 and
after would coincide directly with a steep rise in
entitlement spending for the elderly. For the next
several years the combined Social Security and
Medicare Hospitalization Trust Funds will col-
lect over $100 billion per year more than they
disburse and will lend this money to the Trea-
sury. The combined surpluses of the trust funds
are projected to begin declining in 2009, how-
ever, and to drop by an average of about $18
billion per year through 2015. When the sur-
pluses of these programs decline, this source of
revenue for other purposes will dry up, forcing
other funds to be found to replace them.

Trust-fund surpluses would turn to defi-
cits in about 2017, and these deficits would in-
crease by amounts averaging some $50 billion
per year through 2020 and more thereafter.
Hence, demands for cash over and above ear-
marked tax receipts for Social Security and Medi-
care would swell by such amounts each year
and have to be met by cutting benefits or other
federal spending, raising revenues and/or bor-
rowing more in bond markets. Some people sug-
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gest that the Social Security problems can be
solved by switching to private accounts invested
partly in corporate stocks. Whether or not that is
a good idea, any transition to individual accounts
would greatly worsen the federal budget outlook
for at least two decades.

This analysis does not suggest that a
commitment to BMD alone would require cut-
backs in Social Security or Medicare. It would,
however, be a significant element contributing
to a very tight budget environment in which
changes in these programs will be made. As the
period of BMD’s phase-in stretches onward, the
demands of Social Security and Medicare are
likely to create desperately tight budgets year in
and year out. If spending for BMD systems rises
more slowly than assumed by the ambitious
deployment dates, and there reaches its peak
beyond 2015, spending would collide even more
directly with the impending financial crisis in old-
age entitlement programs.

If BMD were to be financed through tax
increases, it is unlikely to be by raising payroll
and other taxes earmarked for social-insurance
or by raising estate taxes, customs duties or user
fees. In other words, individual and corporate
income taxes would have to be increased. A
boost in receipts from those sources of 2% by
2005 and 3% to nearly 4% from 2006 through
2015 would be required. This would be equiva-
lent to a boost in marginal tax rates on the two
highest personal income tax brackets by about
one percentage point or by a larger increase in
the corporate rate or by more modest increases
in both. Boosts in excises like the gasoline tax
could play a significant role.

The Bush administration has taken the
position that the importance of fiscal surpluses
is subordinate to the needs of the military and of
“‘homeland defense” and that taxes should be
cut, not increased. If the President cannot ob-
tain large cuts in nonmilitary spending, it seems
likely that BMD would be financed by borrow-
ing. Debt financing would draw the funds from
capital markets, slightly raising interest rates and
reducing investment in the private economy or
drawing in more investment from abroad. It
would increase the interest-payment wedge of
federal outlays in the future, putting an additional
squeeze on other spending programs and addi-
tional upward pressure on tax rates.

Heavy spending for missile defense sys-
tems that have yet to be proven effective, along
with spending for other questionable weapons
systems, has already made it more difficult to
improve national security in areas such as
nuclear proliferation, airport security, and the
policing of the coastline, harbors, and coastal
rivers.

It has become traditional for proponents
of large military projects to project substantial
economic benefits in terms of employment and
income. There is no direct evidence on the size
and distribution of gains from a missile defense
program. Evidence from other large military pro-
grams in the past indicates that such gains tend
to be smaller than projected, and tend to be
spread across a relatively narrow range of eco-
nomic activities and physical locations. This is
likely to be the case with missile defense which
is less labor intensive than other government
programs and which will involve extensive ac-
tivities in a relatively few states.
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Introduction

I his report is the result of a concerted effort to estimate the full costs of a layered

ballistic missile defense and to assess the budgetary and economic implications of

building it. Many tens of billions of dollars have already been spent on developing

missile defenses, going back to the early years of the Cold War, and much more will be

spent. But how much more and what will be the consequences?

Our cost analysis differs in several ways
from what others have done with regard to mis-
sile defense, and it differs from the way the costs
of other military programs have been analyzed.
First, we examine all the systems that logically
could go into what the Administration refers to
as a layered ballistic missile defense. These in-
clude systems for which there is only a partial
indication of the likely architecture and about
which official cost figures or related information
is scanty at best.

Second, in making our estimates we
found it necessary to modify or enlarge the con-
figurations of some of the systems for which
there is some published information. This was
done in cases where we concluded that the sys-
tems described in official sources could not per-
form their intended missions. For example, we
believe that a robust sea-based mid-course sys-
tem will require additional dedicated Aegis ships,
rather than only those in the existing fleet, and
that those drawn from the existing fleet would
require extensive modifications. We also con-
clude that larger, faster interceptor missiles will
be required for some systems, and that larger

constellations of satellites would be required for
the Space Based Laser boost-phase system.

In addition to the costs of acquiring the
systems, we also calculate the long-term costs
of ownership, sometimes referred to as life cycle
costs. This requires estimates of the annual costs
to operate and support the systems for their ex-
pected lives. The expected life of most systems
is 20 years.

It will take many years to build the lay-
ered ballistic missile defense envisioned by the
Administration. To array the outlays over time,
we took as a starting point the assumptions in
the January 2002 missile defense report of the
Congressional Budget Office. CBO assumed
that the acquisition and post deployment opera-
tional testing for the ground based and sea-
based midcourse systems will be completed in
2015, and that the space based laser system
will not reach this stage until 2025. In our analy-
sis, we assume that land, sea, and air based
systems are completed by 2015, and that the
space based laser is completed in 2025. How-
ever, we also discuss the possibility that some
of the systems will be completed later than 2015
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and that there will be a slower rate of increase
of expenditures.

Ballistic missile defense systems are
categorized according to the phase of the tra-
jectory of offensive missiles that they are in-
tended to intercept. BMD systems are therefore
labeled boost phase, mid-course phase, or ter-

Our cost estimates are based on all systems
that logically could be included in a layered
BMD, based on easily foreseeable technolo-
gies and in accordance with the stated inten-

tions and goals of the administration.

minal phase defenses. We examine the mid-
course defenses first because they are furthest
along in their development and the experiences
and costs of the development, testing and ac-
quisition of those systems contain lessons that
may have a bearing on what to expect of other
types of systems.

Our cost estimates are based on all the
systems that logically could be included in a lay-
ered BMD, based on easily foreseeable tech-
nologies and in accordance with the stated in-
tentions and goals of the administration. We do
not predict that each of the systems we exam-
ine will actually be built. But we believe either
that the administration intends to build them or
that it would be necessary to build them in order
to improve the chances that the overall program
will be effective. Our estimates are intended to
show how much it will cost if the systems we
examine are, in fact, built.

We have been careful to avoid double
counting of assets or equipment that can be used
for complementary purposes, or to include in our
totals the costs of inherently alternative systems.

Thus, we conclude, as have others, that the
administration would not build both the ground
based and that the stand-alone sea based mid-
course systems. But we believe it is likely that
both a ground based system and an adjunct sea
based system will be built. We also believe that
the administration will go forward with some ver-
sion of each of the boost-phase systems exam-
ined in our report.

It needs to be emphasized that we do
not conclude that BMD will be effective in fully
protecting military assets, let alone urban popu-
lations, against a missile attack even if all the
systems under consideration are built. An im-
penetrable shield against weapons of mass de-
struction, has not been devised despite past and
present efforts and doubts remain as to whether
it will ever be possible to reach this goal. We are
used to solving problems requiring new technol-
ogy in the military area and t,here have been
significant technological gains in the search for
an effective missile defense. Unfortunately, the
technology of penetrating missile defenses is
also moving forward and these advances add
to the uncertainties of missile defense. Ques-
tions about the effectiveness of the various sys-
tems are noted throughout this report. The costs
and the accelerated pace of the Ballistic Missile
Defense program should be viewed from that
perspective.

The full costs of a layered missile de-
fense, as should be expected, are enormous.
BMD will be perhaps the first trillion dollar de-
fense program. Given the analytical approach
we employ, one might ask whether other major
weapons system would prove to be as expen-
sive if their costs were calculated in the same
way, including 20 years of operations and sup-
port costs. It is our view that other weapons pro-
grams should also be examined in the context
of their full costs including the long term costs of
ownership. Government officials and the gen-
eral public should have this kind of information.
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Indeed, objective estimates of the full costs need
to be known to make intelligent decisions about
any military program.

But the full costs of individual major
weapons systems are not comparable to a lay-
ered ballistic missile defense. The reason is that
BMD is not a single weapons system or even a
new generation of a class of weapons systems.
BMD is a vast complex of weapons systems de-
signed to have global reach, similar to major
components of the structure of forces such as
army ground forces, naval warships, and stra-
tegic offensive forces. Itincludes large numbers
of missiles, ships, aircraft, space satellites, ra-
dar and other monitoring, detection and inter-
ception activities. It is aptly called a layered pro-
gram because, in addition to the complexity of
its configuration, it represents a new layer in the
structure of forces.

The extraordinary costs raise questions
about the consequences for the Federal budget
and the economy not usually associated with
individual military programs. The issues are not
just about affordability but are also about seri-
ous tradeoffs against other crucial priorities. De-
pending on how spending for BMD is financed,

significant portions of other defense spending
could be displaced over the next 20 years, or
non-defense discretionary programs could face
significant reductions. In the case of the more
vulnerable domestic programs, the effects could
be very serious. It would be possible to finance
BMD through tax increases, but this seems un-
likely under the present Administration. If this
remains so, and non-defense programs are not
substantially reduced, missile defense will be fi-
nanced through borrowing. Our report shows
that the effects of borrowing on capital markets
could have widespread negative effects on the
economy.

It could be argued that certain economic
benefits would result from BMD spending by way
of increased employment and income. Past ex-
perience with spending for weapons systems
shows that such gains are modest and distrib-
uted among a narrow range of interests. Finally,
the report examines some of the possible alter-
native uses of future missile defense expendi-
tures. We find that if some of the planned ex-
penditures were reallocated elsewhere it would
be possible to more effectively address some of
the same threats.
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CHAPTER 1

Costs of Layered
U.S. Ballistic Missile Defense:

B allistic missile defense missions are inherently difficult. Targeting and shooting

down fast-flying ballistic missiles and their warheads takes prodigiously complex

technologies. Interceptor systems developed and built to perform those missions gener-

ally entail huge budgetary costs. The more ambitious the mission — as would be the

case for a highly effective, comprehensive defense of the United States, its allies, and

forward-based forces against surprise attack by strategic and shorter-range ballistic and

cruise missiles — the higher the costs will escalate. Even attempting to meet that goal

imperfectly is bound to be enormously expensive.

Efforts to devise a missile shield have
risen and fallen as a strategic defense priority
several times since World War Two. The unfa-
vorable cost-exchange ratio of interceptors
against strategic missiles, coupled with the
stimulus they imparted to the strategic arms
buildup, led President Nixon to enter into the
ABM Treaty with the Soviet Union in 1972, in
the midst of the Cold War. The Treaty severely
restricted the scale of U.S. and Soviet ABM de-
ployment and thus reduced the influence of one
type of strategic offensive arms competition.

Missile defense regained prominence in
1983 with President Reagan’s Strategic Defense
Initiative (SDI), due to excessive optimism that

new, non-nuclear missile interceptor technolo-
gies could provide a virtually impenetrable shield
against strategic nuclear attack. Interest in mis-
sile defense fell off after the weakening and sub-
sequent demise of the Soviet Union and after
the promoted new SDI technologies failed to ma-
terialize. But a goal of more limited missile de-
fense objectives against unauthorized or acci-
dental nuclear attack was pursued under the first
President Bush from 1988-92. Missile defense
goals initially receded further under President
Clinton, but recovered to some degree when his
administration pursued overseas theater missile
defense (TMD) and then a limited, ground-based
National Missile Defense (NMD).

' This chapter was written by Rodney W. Jones and Richard F. Kaufman.
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Congress exerted a growing influence
of its own in strategic missile defense, especially
after 1994. New evidence of long-range missile
capabilities in the hands of hostile developing
countries resulting from broader missile prolif-
eration struck a high note of concern with a North
Korean missile test in early 1998. The current

The Bush missile defense architecture is
likely to consist of: the ground based,
midcourse intercept system, a sea based,
midcourse intercept system, boost-phase
systems including space based, air based,
ground based and sea based components,

and terminal U.S. and theater defenses.

Bush administration came to office determined
to pursue a more energetic, comprehensive ap-
proach to ballistic missile defense. President
Bush made it clear that he intended to set the
ABM Treaty aside, giving notice of US withdrawal
in December 2001. Formal withdrawal took place
six months later on June 13, 2002.

Since President George Bush has com-
mitted the administration to building a layered
ballistic missile defense system with ambitious
goals, it is important to have at least a rough
idea of how attainable such a system is and, if
technically attainable, how much it would cost.
Public evaluation of such a system must weigh
not only the affordability and cost-effectiveness
of such a system against known and projected
offensive missile threats, but also compare that
figure with the costs of achieving the same ob-
jectives by other means.

Negating offensive missile threats
against the United States and its allies is also

pursued by various other means, including dip-
lomatic negotiations, arms control agreements,
threat reduction initiatives, export controls, sanc-
tions against illicit exports and inducements to
subscribe to restrictions on acquiring nuclear and
missile capabilities. Moreover, neutralizing offen-
sive missile threats has relied on deterrence
based on retaliatory instruments, and on ad-
vanced conventional interdiction capabilities,
and the credible threat of their use. While there
is no shortage of US retaliatory and interdiction
instruments today, improving those that exist —
for example, by modernizing offensive capabili-
ties — is likely to be far less costly than building
reliable missile defenses, especially against
long-range or strategic missiles. Finally, US mili-
tary planning against rogue state threats gener-
ally includes the option of preemption of hostile
strategic missiles before they can be launched.

How much it would cost to build a lay-
ered ballistic missile defense system cannot be
projected precisely. This is due, in part, to lack
of knowledge about which programs the Admin-
istration will decide to build. There is also un-
certainty about the effectiveness of unproved
missile defense technology against evolving
threats, and restrictions on public access to in-
formation about developing military technology.
Even where such technology has been devel-
oped, public information is limited by proprietary
restrictions on the dissemination of industrial
production costs. Rough order of magnitude
estimates can nevertheless be pieced together.
In some cases, estimates can be drawn from
reporting information supplied to Congress and
its research organizations regarding actual mis-
sile defense development programs. Assess-
ments that rely on information supplied to Con-
gress may also be refined, in some cases, by
drawing on experience with past weapons pro-
gram experience and inferring how they may
apply to the architectural options that are being
explored today.
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Ballistic missile defense programs are
not novelties. Research has been pursued in this
area for at least half a century, and limited BMD
systems have been deployed. The Soviet Union
installed the Galosh nuclear-tipped strategic anti-
ballistic missile (ABM) system surrounding Mos-
cow in the 1960s. The Galosh system was sub-
sequently improved in the 1980s, although its
operational status became uncertain after the
breakup of the Soviet Union. Under the Nixon
administration, the US briefly deployed and then
deactivated a similarly nuclear-tipped ABM sys-
tem known as Safeguard in the early 1970s.
Many fundamentals of physical analysis from
that time remain relevant to more recent con-
cepts of terrestrially based BMD.2

While technical capabilities of BMD
have changed over time, and even since the
Cold War when they were evaluated mainly in
the framework of the stability of the US-Soviet
strategic balance, many of the technical issues
of achieving reliable interception in the face of
offensive penetration measures still pertain.
Since the end of the Cold War, the proliferation
of long-range ballistic missile and mass destruc-
tion warhead capabilities has increased the num-
ber of actors capable of producing ballistic mis-
siles and thus expanded the geographical scope
of offensive missile threats. At the same time —
as a consequence of successfully implement-
ing the START Treaty and economic difficulties
in Russia— the total magnitude of such threats
has been reduced by deep reductions in former

Soviet strategic offensive arms.

To estimate the cost of the layered BMD
system that the Bush administration promises,
some assumptions must be made about the
planned architecture. The Bush administration
has not clarified its approach to BMD architec-
ture to date. It has affirmed, however, that it in-
tends to provide a layered BMD system that pro-
tects the United States, US allies, and US and
allied forces abroad. The Bush missile defense
architecture is likely to consist, at a minimum, of
the following components and features: The
ground based, midcourse intercept system, a
sea based, midcourse intercept system, boost-
phase systems including space based, air
based, ground based and sea based compo-
nents, and terminal U.S. and theater defenses.?

In the summer of 2002, the Bush ad-
ministration indicated that it intended to pursue
boost-phase intercept technologies aggressively,
both in the field of space-based lasers and in
naval programs. In the latter, the intent is to
modify or adapt the Navy Theater Wide (NTW)
midcourse kinetic interceptor technology to have
the option to perform boost-phase functions
against certain classes of threat missile, possi-
bly including contingency options before the
middle of the decade.*

President Bush announced on Decem-
ber 13, 2001, his intention to withdraw the United
States from the ABM Treaty, and formal US with-
drawal from the treaty took place on June 13,
2002. Withdrawal from this treaty removes cer-

2 A key difference is that designs for both US and Soviet ABM systems in the 1960s and 1970s relied on nuclear warheads
as the interceptors’ kill vehicles. The Russian system from that era remains nuclear-tipped. Current US programs for
missile defense interceptor kill vehicles generally rely on non-nuclear principles. During the Reagan administration, a
Strategic Defense Initiative (SDI) concept advocated by Edward Teller would attempt to use a nuclear explosive-pumped
laser as the kill mechanism of the interceptor. This remained a paper concept as successive administrations focused on
non-nuclear explosive principles. Some interest in studying once again the utility of nuclear-tipped interceptors has

emerged, however, in the current administration.

3 See Robert Wall, “Missile Defense’s New Look to Emerge this Summer,” Aviation Week and Space Technology, March 25,
2002. Two industry panels were commissioned by the Missile Defense Agency (MDA) in 2002 to report by June 2002 on
missile defense architecture options. One panel focused on system engineering and integration. The other dealt with
battle management issues. The were set up to advise the Pentagon on a new “development road map” for missile

defense, following US withdrawal from the ABM Treaty.

4 Robert Wall, “Pentagon Eyes Additions To Anti-Missile Arsenal,” Aviation Week & Space Technology, June 7, 2002.
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tain negotiated restrictions on BMD deployment
options and thus on choices of an overall archi-
tecture.® The Bush administration also favors
strategic boost-phase interceptors on mobile
platforms and space-based interceptor systems
that the Clinton administration shied away from
due to ABM Treaty restrictions.

US withdrawal from the ABM Treaty has
made moot the demarcation initiative of the
Clinton Administration — the purpose of which
was to define a boundary between ABM Treaty-
restricted strategic defense interceptors and less
capable tactical or theater missile defense in-
terceptors. Even as the strategic-theater missile
defense distinction becomes irrelevant as a le-
gal matter, theater level defenses will remain op-
erationally relevant against shorter-range offen-
sive missiles and their costs will continue to be
a significant part of the overall cost of US mis-
sile defense.

Presumably, the technical factors that
will shape Bush administration BMD architec-
tural choices are projections of the offensive
threat, formalization of missile defense require-
ments (to counter the postulated threat), devel-
opment of interceptor technologies capable of
satisfying the requirements, and the lead time
needed to build and deploy key missile defense
components, such as interceptors, sensor, and
battle management systems, in each layer of an
overall missile defense system.

The Bush administration’s 2001 Nuclear
Policy Review (NPR) conclusions® added a new

conceptual wrinkle. This was the term “capabil-
ity based” planning as a guide to future US de-
fense programs, including BMD. In essence, this
new “capability based” planning terminology
decouples the size and effectiveness of required
US military forces from the size and effective-
ness of an expected threat. Traditionally, the size
and effectiveness of threats postulated in offi-
cial threat assessments has been crucial to de-
fining the size and effectiveness of forces that
would be procured under US defense programs.
“Capability based” planning claims to focus
broadly on the nature of emerging threats of
various kinds — irrespective of their size or ef-
fectiveness. It is not clear from the NPR an-
nouncements what size or effectiveness stan-
dards “capability based” planning uses, or even
if it uses any quantitative standards.

During the Cold War, decisions on the
scale of defense procurement typically were
driven by estimates of the projected size of So-
viet/Warsaw Pact strategic and conventional
forces and the need to counter the threat of a
massive, surprise attack against Western Eu-
rope. The stated rationale for the new NPR’s
“capability based” planning concept is that the
traditional Cold War threats have ended or
greatly diminished in strategic importance. The
argument is that the worldwide threat horizon
now consists of emerging threats from multiple
sources, and the character of these threats may
be more important than their nominal force size.
Insofar as “capability based” planning still con-

5 As amended in 1974, the ABM Treaty restricted the United States and the Soviet Union each to the deployment of no more
than 100 strategic missile interceptors, at one site, either the national capital or an ICBM deployment area, placed
additional restrictions on the power and geographical orientation of radars, and prohibited full-scale testing and deploy-
ment of mobile (land-, sea-, or air-based) and space-based ABM interceptor systems. The Treaty’s main purpose was
to prohibit either side’s deployment of nationwide strategic missile defenses that could stimulate a competitive build up

of ever-larger strategic offensive forces.

6 A classified version was delivered to Congress on January 8, 2002, and subsequently briefed to the press at an unclassified
level. Subsequent newspaper accounts reportedly disclosed points that had appeared in the classified version. See, for
example, Michael R. Gordon, “U.S. Nuclear Plan Sees New Weapons and New Targets,” New York Times, March 10,
2002; John H. Cushman, Jr., “Rattling New Sabers,” New York Times, March 10, 2002; Paul Richter, “U.S. Works Up
Plan for Using Nuclear Arms,” Los Angeles Times, March 9, 2002; William M. Arkin, “Secret Plan Outlines The Unthink-
able,” Los Angeles Times, March 10, 2002; David G. Savage, “Nuclear Plan Meant To Deter,” Los Angeles Times,

March 11, 2002.
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siders force size, it apparently aims to build out
suites of US weapons capabilities that can be
adapted to respond to emerging threats, as and
when those threats become operational. This
concept assumes that emerging state threats are
likely to be activated one or two at a time, rather
than attacking or challenging the United States
simultaneously. Thus the idea is that US forces
and responses can be assembled flexibly and
deployed as needed to counter threats as they
materialize.

Apparently the NPR’s “capability based”
planning formula allows the administration to
defer or minimize decisions on military require-
ments for BMD, leaving in limbo clear public
explanations of BMD architecture. The same
terminology could also be used to justify, in the
interim, incomplete and ineffective responses to
what the Administration itself assesses to be the
threat. In short, “capability based” planning could

be used politically to dodge legislative and pub-
lic accountability over BMD programs, including
meaningful evaluation of their scope, scale, and
technical effectiveness. Those who are respon-
sible for evaluating the effectiveness of US BMD
programs may find that public criteria for this
purpose have not been developed.

The Bush Administration has also reor-
ganized the Defense Department’s authority
over missile defense by converting the former
Ballistic Missile Defense Organization (BMDO)
into the Missile Defense Agency (MDA). The
MDA is supposed to have greater bureaucratic
stature and presumably more autonomy in the
Department of Defense family than BMDO en-
joyed. This reorganization has been controver-
sial and may continue to be troublesome in its
own way by attenuating meaningful legislative
and public accountability.”

I. BASIC APPROACH OF THIS REPORT

This report is an effort to project in real-
istic terms the likely costs of a layered BMD sys-
tem — or “system of systems” — whose archi-
tecture corresponds to the reported aims of the
Bush Administration. The cost estimates must
reflect the development and testing of technolo-
gies and the deployment of systems that will
meet technical effectiveness criteria. The sys-
tems must be sized and configured to be cred-
ibly capable of neutralizing the offensive ballis-
tic missile threat as it evolves — from wherever
it may appear, and to be ready to do so around
the clock, irrespective of weather conditions. The
systems must be designed to be highly resis-

tant to rapid degradation, especially catastrophic
collapse. While there is no assurance today that
these technical criteria can be fully met — or
even that the Bush Administration will actually
insist that developers meet these criteria, cost
analyses must take these criteria seriously. They
will be at the forefront of legislative and public
scrutiny of the missile defense programs that are
selected at each important milestone.

In January 2002 in response to specific
questions from Senator Daschle, the Congres-
sional Budget Office (CBO) published a partial
cost analysis of some of the possible compo-
nents of layered defense entitled, Estimated

7 See Philip E. Coyle, “Who Will Run Missile Defense?” Washington Post, Dec. 14, 2001, p. A-45.
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Costs and Technical Characteristics of Selected
National Missile Defense Systems.® Daschle’s
questions and hence this CBO report reflected
the thrust of the Bush Administration’s layered
approach to BMD, insofar as it had been de-
scribed to that point.® It drew on information pro-
vided by the Ballistic Missile Defense Organiza-
tion (BMDO) and other Department of Defense
sources since the inception of the Bush Admin-
istration. It also relied on earlier CBO analyses
of BMDO plans and programs, particularly
CBO’s April 2000 report entitled Budgetary and
Technical Implications of the Administration’s
Plan for National Missile Defense."°

CBO’s January 2002 report offered ex-
plicit cost estimates only of certain candidate
BMD technologies and basing modes in re-
sponse to Daschle’s questions, and omitted oth-
ers, such as the airborne laser (ABL) system —
even though it has been fairly well defined in
recent years. CBO'’s report offered estimates for:
(1) a ground-based system along lines planned
by the Clinton Administration (with certain en-
hancements apparently planned by the Bush
Administration), (2) a stand-alone naval
midcourse system, and (3) a limited space-
based laser (SBL) system. These reflect key
areas of interest in Congress about the plans of

the Bush Administration. Where CBO declined
to offer explicit cost estimates — such as for the
costs of other boost-phase, terminal and space-
based interceptor systems in which the Bush
Administration also has expressed interest but
provided no architecture or requirements — it
nevertheless considered the conditions that are
likely to determine the costs of developing and
deploying such systems. Thus CBO'’s latest re-
port provided a useful starting point for several
elements of this independent cost assessment.

Our report attempts to go beyond the
inherently cautious estimates provided in CBO’s
latest report in four ways. First, we review the
CBO estimates to determine whether there are
additional issues or factors that are likely to lead
to higher cost growth. Second, we consider the
cost implications of larger defense configura-
tions, in some cases, than the high end of the
range CBO stipulated in its own necessarily cau-
tious terms of reference. Third, we compile (and
in some cases increase) expected life cycle costs
estimated by CBO in the form of annual figures
in memoranda but which were not spelled out in
its bottom line numbers. Life cycle costs must
be considered to provide a more realistic esti-
mate of the total costs likely to be incurred to
operate, maintain and support systems over the

8 CBO prepared and forwarded the report under a cover letter dated January 31, 2002 responding to a request for informa-
tion on BMD costs from Thomas A. Daschle, Majority Leader of the U.S. Senate. The document is available under
“Letter to the Honorable Thomas Daschle regarding potential costs of national missile defense systems,” at: <http://

www.cbo.gov>.

9 CBO noted that the Bush Administration goes beyond the previous Clinton Administration’s national missile defense (NMD)
plans — which aimed for “only a limited ground-based midcourse system” — to pursue “a wide ranging research and
development program for a variety of different missile defense systems. That program will explore systems that would
intercept missiles in the boost and terminal phases of their flights as well as in the midcourse phase.” CBO further noted
that “Subsequent [Bush Administration] decisions regarding the architecture of missile defense or the mix of systems to
be deployed will be based on the results of that research and development program.” CBO, Estimated Costs and
Technical Characteristics of Selected National Missile Defense Systems, January 2002, p. 1.

0 CBO’s April 2000 report, it should be noted, set a standard for more realistic cost analysis of the Clinton ground-based,
midcourse NMD program options than the figures issued previously by BMDO. Even without including the likely costs of
SBIRS-low as a direct cost of NMD, CBO’s April 2000 estimates for total program acquisition, construction and opera-
tions costs for an upgrade Capability 1 phase were approximately double BMDO estimates then in circulation, and CBO
projected the likely costs for the Clinton Administration’s NMD concepts for Capabilities 2 and 3 to the year 2015. This
CBO report also set the stage for growing recognition that SBIRS-low, although it would have some other military and
intelligence missions, will be indispensable to the effectiveness of any long-range midcourse or boost-phase missile
defense scheme and ought to be treated, therefore, as a direct cost of developing, acquiring and operating NMD and
upper tier or boost-phase TMD programs. CBO’s January 2002 report therefore includes the costs of SBIRS-low in its
projections of midcourse NMD systems. The CBO April 2000 report may be found at: <http://www.cbo.gov>.
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life of the programs. Fourth, with respect to sys-
tems of interest to the Bush administration on
which the CBO has not provided explicit cost
estimates (e.g., airborne laser, naval boost-
phase, and terminal defenses), this report seeks
to provide independent cost estimates based on
the information available.

Major variables for our estimates in-
clude: (1) higher cost growth assumptions than
CBO'’s, based on historical experience with tech-
nical challenges and cost overruns in strategic
weapons programs; (2) escalation of costs due
to greater adversary challenges than previously
anticipated (e.g., defense penetration or sup-
pression countermeasures), and incorporation
of additional sensors or more advanced BMD
interceptor capabilities (by evolutionary steps in
R&D and procurement) than those posited in the
existing program; (3) additional co