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EXECUTIVE REVIEW PANEL REPORT 

CSIS established an executive review panel to assess the paper written by Peter 
Zimmerman. The panel consisted of experts on theater missile defenses, U.S. relations 
with the former Soviet Union/Russia, the ABM Treaty, Congress, and the history of 
ABM compliance issues. 

The panel was noj able to reach a consensus on the issues raised by the paper. 
Nor was it able to validate the criteria developed therein. A majority of the panel took 
exception to many of the facts, findings and conclusions of the paper. Rather than being 
a criteria setting paper it appeared to be evaluative in nature, mixing criteria and 
assessment. In many cases, the arguments in support of criteria were made in terms of 
system descriptions and evaluations and said criteria was then used to validate system 
choices. 

The major points under dispute are: 

O The characterization of the threat. The paper argues that the main threat 
against which the system should be designed is 1,000 kilometer missiles. Already the 
DPRK has tested a missile with a 1,500 kilometer range. Programs in North Korea, 
India, Israel, Iraq, Iran and elsewhere are likely to produce, in the next twenty years, 
ballistic missiles of considerably longer range than that proposed as a criterion by the 
study for future ATBM systems. Thus, given that any system will not be deployed until 
the end of the century and will be operational for twenty or more years, the panel did 
not feel that this was an appropriate criterion. 

O The definition of technical risk. The paper's view of technical risk essentially 
rested on two factors: design history and flight test record. This approach inevitably 
biased the assessment towards current systems and derivatives therefrom. However, new 
performance requirements dictated that planned new systems such as MM Patriot would 
be substantially different from its predecessor. Hence, the risk associated with modified 
designs, with system integration, with performance requirements and the like for 
derivative systems was not considered. Hence, while technical risk needed to be 
included as a factor in any assessment of future designs, as defined by the author it 
directed the study towards an answer which is predetermined by the criteria. 

In addition, the paper contained factual errors regarding flight tests and test 
results which substantially impacted on its judgements regarding the relative risks among 
different systems. Indeed, at best, the differences between the technical risks of various 
"competing" systems were with range of each other. Moreover, the criteria by which the 
judgement of technical risk was made was entirely subjective and hence open to ready 



contradiction. 

O System performance requirements. Other that a ballistic missile range limit and 
a desire to make any proposed system proof against countermeasures, the study is silent 
with respect to operational requirements. The majority of the executive panel argued 
that it was impossible to ignore military operational requirements in defining criteria for 
an ATBM system. The essential requirement is to provide high confidence protection 
of potential regional targets. Such targets can include military facilities, forces, and 
urban centers. Furthermore, as demonstrated in the Gulf War, the adversary may target 
third parties or the homelands of coalition members. Therefore, the majority of the 
panel felt that systems with very small footprints, such as MM Patriot, were in 
themselves inadequate to provide the necessary area coverage. Moreover, the threat of 
weapons of mass destruction raised the need to destroy incoming RVs outside the 
atmosphere. Both of these factors argue for systems with higher velocities and much 
larger footprints than would be attainable with a basic system based on Zimmerman's 
criteria alone. 

O Limits on ATBM systems imposed by the ABM Treaty. The paper argued that 
ABM Treaty limits and Russian sensitivities precluded development and deployment of 
defenses much above the inherent capability limits of the MM Patriot. The majority of 
the panel disagreed with this view strongly. The compliance negotiating record suggests 
that a standard of demonstrated capability, not inherent capability, is the appropriate 
one to use when judging ATBM systems. This is the standard which was applied by the 
U.S. Government to Soviet air defense systems. Also, the fact that the Russians were 
willing to enter into negotiations to revise/amend the ABM Treaty and that the USG 
was actively involved in negotiating such changes which would provide for more capable 
ATBM systems was contrary to the picture presented in the paper. 

O Congressional Views. It was the paper's contention that the Congress would 
only fund one system to deployment and might eliminate the program entirely if that 
one system failed technically (the DIVAD example). The majority of the panel took 
enormous exception to this argument. First, Congress has historically funded more than 
one system and has accepted the idea of deploying multiple missile defense systems. 
Second, technical failures have not proven a bar in Congress to funding of alternative or 
follow-on designs. The Panel found that the paper ignored the evident sentiments of 
Congress in its support for the Clinton Administration's missile defense program. 
Additionally, the recent election and statements from the new majority indicate a very 
different attitude developing towards missile defense than that which serves as the basis 
for the paper's criterion on Congressional views. 

O Cost and IOC dates. The paper made much of the issue of predictable system 
costs and IOC dates. Yet, it failed to provide the kind of analysis which would have 
allowed an adequate comparison between systems. It presumed that a derivative system 
had more predictable costs and that the IOC for such a system could be readily 
determined with confidence. The majority of the panel disagreed with this finding as 
well. 



1 Executive Summary 

The United States Congress has mandated the development of a ballistic missile interceptor 
to destroy tactical (or theater; the two words will be used interchangeably) ballistic missiles 
(presumably with ranges up to 3,000 km or with maximum speeds of 5 km/sec) and which 
can be deployed by the end of the century while remaining compatible with the ABM Treaty 
of 1972, perhaps as clarified or amended by negotiations with the successor states of the 
former Soviet Union. It is extremely probable that the Congress will fund one interceptor 
system, perhaps including both underlay and overlay components, through its full life cycle, 
but it appears less likely, based on discussions on the Hill, that more than one missile system 
will be so fortunate. This is particularly probable if two wholly different airframes and radar 
systems are required, as opposed to a system in which a missile is introduced with less-than-
full capability at deployment but which has a rational upgrade path over the first decade or 
so of its operational lifetime. 

Architectures which have been proposed to deal with the current threat, the threat of the 
next 10-20 years, and the distant threat have in common an endoatmospheric interceptor 
("underlay") which destroys warheads at relatively low altitudes and relatively short radii 
from their targets. Systems designed to deal with somewhat more advanced threats include 
an exoatmospheric ("overlay") interception system designed to destroy incoming warheads 
at high altitudes and long ranges in addition to an underlay. Such overlay systems provide 
multiple chances to engage threats and to destroy chemical and bacteriological warheads at 
altitudes so great that the agents do no measureable damage. 

The existing ballistic missile threat to U.S. expeditionary forces comes almost exclusively 
from rockets with ranges less than 1,000 km. At the moment North Korea has under 
development three missiles with ranges of 1,000 km or more: the No Dong 1, which has 
been tested once;3 the Taepo Dong 1 with a predicted range of 2,000 km, and the Taepo 
Dong 2, with a predicted range of 3,500 km. None of these missiles is operational today, 
and neither Taepo Dong is likely to be deployed before 2000; the Taepo Dong 2, which 
presumes a successful predecessor, may not be available for 15 more years. Given the 
turmoil in North Korea, it is not certain that any of these missiles will ever be completed. 

In all probability the total number of missiles with ranges greater than 1,000 km available 
outside the hands of Chinab or U.S. friends and allies throughout the entire world by 2010 

The No Dong either failed in that test or the test was deliberately not to full range. 

China has indicated that it will no longer sell CSS-2 missiles. Russia has no missiles in the range 
covered by the INF Treaty, 300-5,000 km. However, many of the then-Soviet SS-21 and SS-23 
missiles were transferred to Poland, (then) Czechoslovakia, and the German Democratic Republic 

(continued...) 
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will be around a dozen.0 This is not a count of types but of total airframes.1 Most, if not 
all, of these missiles will be owned by India or Israel. Indian missiles will likely be targeted 
on the Peoples Republic of China. It is hardly conceivable that the United States would send 
expeditionary forces to intervene in a nuclear conflict between those two nations.d 

A significant tension exists between two possible approaches to the deployment of a 
comprehensive ATBM system: (1) ERINT as an "underlay" available within a few years and 
the THAAD "overlay available" in the mid- to long-term [this is the presently-approved 
system], and (2) a more conservative package which accelerates deployment of a large 
number of interceptors of the present generation (ERINT or Patriot Multi-Mode Missile 
(MMM)) while delaying the development and deployment of an overlay system until the 
necessary changes to the ABM Treaty can be made and until the nature of the long-range 
threat becomes clearer. That is, waiting until we know with greater certainty whether a 
significant number of theater ballistic missiles with ranges greater than about 1,000 km will 
be in the hands of opponents of the United States or its allies and whether overlay systems 
may be deployed at sea under an amended ABM Treaty. We refer to these two choices as 
Path 1 and Path 2. 

If Path 2 were chosen, it would offer the promise of cost savings in FY 1995 through 
FY1998 because full-scale development on an overlay system would be deferred or scaled 
back. If the Multi-Mode Missile replaced ERINT as the underlay interceptor on this path, 
it might offer further cost savings because an upgrade to place a second stage hit-to-kill 
exoatmospheric interceptor on the MMM appears to be feasible, saving some of the expense 

(...continued) 
before the INF Treaty entered into force. This was clearly a move to preserve the airframes 
within the boundaries of the Warsaw Pact. The East German missiles are gone; one can be 
certain that the missiles in Poland and within Czechia and Slovakia will not be transferred to 
Russia. The US should press the possessor countries to destroy those missiles. 

c This statement, supported by Congressional testimony of S. Hildreth, counts missiles in the hands 
of nations (i) which are likely to be hostile to the United States or its allies and (ii) where it is 
conceivable that the U.S. might deploy expeditionary forces. For example, Chinese-owned and 
Indian-owned missiles are not counted. 

d The North Korean No Dong 1, Taepo Dong 1, and Taepo Dong 2 with, respectively, 1,000 km, 
2000 km, and 3,500 km ranges are often posed as the threats of the present and the immediate 
future. One should remember that the No Dong 1 has been tested only once, and that flight was 
unsuccessful if intended to fly to maximum range. The two Taepo Dong missiles exist at present 
only on paper. And North Korea is in a state of transition which could well end in the collapse 
of the present system. A 1,000 km threat (the No Dong 1) is well within the capability of many 
of the proposed ATBM systems considered in this paper; the two Taepo Dong missiles are over 
the time horizon. If the DPRK regime falls, it is possible that none of the three will ever be 
deployed; in any event, the Taepo Dong missiles are too hypothetical a threat to use to specify 
requirements for the next US ATBM system. 
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associated with developing and producing a completely new missile and launcher for the 
overlay. Path 1 offers the possibility of having an overlay sooner, but may result in an "over 
buy" if the threat does not materialize or if the ABM Treaty amendment process is unsuc
cessful. 

The period from June, 1994 until any new system is fielded is likely to be a long one; it is 
more likely that systems which are not far along in their development will suffer greater 
schedule "slippage" than those which are presently in advanced stages of testing. Because 
American forces may need missile defenses at any time, it is important that a useful ATBM 
system can be deployed on a predictable, and preferably short, time table. Schedule slippage 
implies cost growth, and beyond some unknown "magic" cost level Congressional support 
for a system begins to ebb, forcing further schedule stretch-outs, reduced production, higher 
unit costs, and potentially cancellation before IOC. 

Some proposed systems have greater elements of risk than others, however the concept of 
"technical risk" is not, in general, properly understood. It appears that the common 
interpretation is that a "risky" program will take somewhat longer to complete than its 
sponsors hope, and that it will come in well above the initially-approved budget. While 
these are certainly frequently-seen characteristics of some programs which have been 
technically risky, they do not define the common thread of understanding in the scientific 
community. A technically risky project has a significant, and sometimes quantifiable, 
probability of being an utter failure, producing no usable combat system at its end. The 
"Sergeant York" (DIVAD) air defense gun is an example of such a failure, although DIVAD 
was not inherently a technnology failure. 

The most mature defensive systems today are endoatmospheric interceptors which can func
tion alone or play the role of "underlays" in a two-tier system. Additionally, some underlay 
interceptors which are operational or in an advanced stage of development carry a significant 
payload (their high explosive warhead and fuze system) to high altitude, and could be 
adapted to carry a second stage hit-to-kill interceptor which operated endoatmospherically. 

The PAC-2 missile used against Al Husayns probably had a rather low SSPK (single shot kill 
probability), likely less than 0.25 per interceptor. While this performance was politically 
in 1990 against conventionally-armed missiles, it would have been militarily and politically 
useless against nuclear-tipped TBMs. However, interceptors with SSPKs > about 0.7 may 
have real utility against the missiles of a "micro-nuclear power," one having ten or fewer 
nuclear weapons.2 An SSPK >0.7 is the measure of effectiveness used here to mean 
"confident kills" against TBMs. 

The ABM Treaty of 1972 as it was originally signed and ratified, and which has been 
reaffirmed by the Clinton Administration, imposes fairly severe limits on the performance 
of advanced ATBM systems. Some consider THAAD, and other upper-tier systems with 
comparable or greater fly-out velocities, to have "significant" capabilities against an ICBM, 
defined by the SALT Accords as having a range of 5,500 km. Because the Congress 
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(particularly the Senate Foreign Relations Committee) may set high barriers to changing the 
ABM Treaty, and because treaty amendments take time to negotiate and ratify, an ATBM 
system which is manifestly compliant with the ABM Treaty is more likely to be able to 
sustain Congressional support than is a system which arouses the opposition of a powerful 
committee chairman. If doubt about the compliance of a system exists, the question must 
be resolved in negotiations with the States Parties to ABM Treaty, while the outcome of 
such a negotiation is predictable, it is not guaranteed. This could delay deployment of a 
mobile ATBM and deter allies from placing orders for interceptors, raising the unit cost to 
U.S. forces. 

The criteria which should be used to choose among the competing proposals for ATBM 
defense are that the selected system(s) should meet all or most of the following criteria: 

• Technology which provides confident kills of TBMs with ranges up to 1,000 km, the 
threats of most concern through at least the first decade of the next millennium. 

• The ability to defeat countermeasures which make the threat missile at least as 
difficult a target as were the disintegrating Scuds encountered during the Gulf War. 

• Use technology which poses risk of technical failure commensurate with the 
anticipated benefit and the anticipated time scale to deployment. 

• Predictable costs and predictable IOC date. 

• A logical upgrade path to provide more capable defenses should foreign threats 
require them and assuming that the ABM Treaty is modified to permit those defenses. 

• Maximum probable costs consistent with the likely ATBM share of the foreseeable 
magnitude of the Defense budget in the next five years. 

• Unambiguous compliance with the ABM Treaty in order to maximize Congressional 
support, permit foreign sales, and minimize any restrictions on fully realistic testing 
against targets which resemble in great detail the probable threats. 

Evidence to support the choice of these criteria will be advanced in the body of the text. 
The weight given to each criterion will vary according to the choice of Path 1 or Path 2 as 
described above. 
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2 Background 

The successful use of the Patriot PAC-2 (Patriot Antimissile Capability) missile to defend 
American expeditionary forces against tactical ballistic missile (TBM) attack during the 1991 
Gulf War reinvigorated interest in defenses against attack by tactical and theater ballistic 
missiles.6 As a consequence, a number of promising programs were collected under the 
framework of the Theater Missile Defense Initiative (TMDI) established within the 
Department of Defense pursuant to Section 231 of the National Defense Act For Fiscal Year 
1993 (Public Law 102-484). Then-Secretary of Defense Richard Cheney assigned the TMDI 
to the former SDIO, now the Ballistic Missile Defense Organization (BMDO). 

Depending on who is counting, and specifically which subprojects are enumerated, it appears 
that the Department of Defense is pursuing as many as a dozen distinct anti-tactical ballistic 
missile programs. These include the Patriot PAC-2 upgrade, the Patriot Multimode Missile, 
THAAD, ERINT (the interceptor component of the current PAC-3 system)f, CorpsSAM, the 
Navy's Standard Missile Block IVa upgrade, and the mating of the LEAP (Light 
Exoatmospheric Agile Projectile) kick stage and hit-to-kill vehicle with any number of 
existing airframes. It is reasonable to suppose that the Congress will fund at most one 
complete ATBM system (perhaps including both overlay and underlay components, 
particularly if a single booster can be used for both systems) as an acquisition program, and 
no more than one additional system as an advanced research project or upgrade to the base 
system. In a time of declining defense budgets it is, therefore, imperative to select for full-
scale development and production only those programs which promise high effectiveness, 
cost efficiency, and relatively low technical risk. It is likely that ATBM development and 
deployment will be severely constrained by a lack of available resources. 

Opinions differ on the response of Congress to the technical failure of an advanced ATBM 
system. Most of the people with whom the author and his colleagues spoke believe that 
Congress would be unlikely to fund a "second chance" system. Others, however, believe that 

The "absolute" performance of the interceptor will never be known because of the difficulties of 
conducting an assessment during the war, but it is likely that the defense accounted for about 
4 0 % of the engageable Scuds over Israel and up to 70% of the engageable missiles attacking Saudi 
Arabia. T. Postol and G. Lewis of MIT have frequently criticized the performance of Patriot, and 
have frequently alleged that the missile may have failed to destroy even one Scud. Even if Postol 
and Lewis were correct, Patriot's performance in the Gulf War is responsible for most current 
interest in T M D — tactical missile defense. Patriot was, indisputably, a political success, regardless 
of the actual numbers of attacking TBMs it destroyed. 

Originally, the term "PAC-3" referred to the advanced interceptor being developed by the 
Raytheon Company, and "ERINT1 to a separate missile system. The present nomenclature calls 
the advanced system "Patriot PAC-3" even though it uses the ERINT, not a missile derived from 
the original Patriot, as its interceptor. The nomenclature is confusing; this report has attempted 
to be accurate at all points. 
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if a credible threat exists, the Congress would be compelled to allow BMDO or its successors 
to try again. The weight of informed Congressional opinion assesses the probability of a 
second system as being fairly low. For that reason it is felt that it would be unwise to 
commit to a technically risky route to wide-area ATBM defenses, effective against the most 
probable threats, particularly if such a commitment delayed the deployment of less capable 
but still useful lower-tier defenses, which might occur should funds need to be redirected 
from development of a conservative lower tier system to support an upper-tier system which 
has encountered unexpected difficulties. 

Due consideration must also be given to the probable dates of IOC and full operational 
capability. The threat of global nuclear war has receded, but the probability that U.S. troops 
might be committed to battle against a foe armed with TBMs remains considerable. It may 
be preferable to field a "second best" system sooner rather than an "ideal" system far later, 
so long as "second best" provides measurable protection against the most likely threats. In 
this case "likely" includes those missiles known to be in the hands of countries hostile to the 
United States and against which the U.S. might intervene with less-than-strategic force, or 
reasonably anticipated to be in the hands of such nations by 20108. The missiles in question 
may be armed with nuclear, conventional, chemical, or biological weapons, although the 
military utility of conventionally tipped TBMs is small, and that of biological weapons 
unproven. This approach would concentrate resources on the Patriot PAC-3 system, while 
deemphasizing work on THAAD and other new-development overlay systems. 

The Clinton Administration program for ATBMs includes the PAC-3/ERINT interceptor 
combined with THAAD and Navy Lower Tier (the Standard Missile-2/Block 4a with alter
ations to make it suitable as an ATBM. Other projects, although not ranked as core 
components of the program, are also being supported. This may seem an ambitious 
undertaking, given the projected shortfalls in the defense budget. 

A contrasting point of view might favor developing the most capable long-range interceptor 
system first while continuing to deploy the Patriot PAC-2 as improved after the Gulf War. 
In this event one would use available resources to favor THAAD development over work 
on either of the nearer-term Patriot PAC-3 interceptors, ERINT or Patriot MultiMode-
Missile, still under consideration as a hedge against ERINT failure. In a "resource con
strained" military budget, this is equivalent to wagering that the next conflict which pits U.S. 
forces against enemy theater ballistic missiles will come later rather than sooner. 

Yet another point of view is that there is no need for ATBM systems. Those with that 
opinion are likely to believe either that there is little or no threat from conventional ballistic 
missiles, that the use of warheads containing weapons of mass destruction against U.S. forces 

China and Russia are excluded from this list because the ballistic missile component of a war with 
either is not likely to be confined to exchanges of tactical or theater missiles. 
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is deterred by American nuclear supremacy, that ATBM systems cannot be effective in any 
real-world situation, or a combination of all of those assumptions. 

Finally, the 1972 Anti-Ballistic Missile Treaty remains in effect, and has been affirmed by 
the Clinton Administration and by the Congress. It is unlikely that any missile defense 
system which does not comply with the restrictions of the Treaty as it presently stands or 
with a revised Treaty ratified by the United States and the appropriate successor states to the 
Soviet Union will ultimately be deployed.11 

2.1 Threat 

Threat assessments vary within the ATBM community and within the unclassified policy 
community. One needs to understand the nature of the proven threat existing today and 
the hypothetical nature of threats which may emerge in the future. 

2.1.1 Today's threat 

It is clear that as of the end of July, 1994 the only missiles which pose credible threats to 
US forces in any likely conflict have ranges less than about 1,000 km. These missiles include 
the Soviet-designed Scud B (300 km) and its variants such as the Iraqi-engineered Al Husayn 
(600 km, used in the Gulf War) and Al Abbas (range estimated to be between 600 and 1,000 
km; not used in the Gulf War). The North Korean produced Scud B and Scud C missiles 
must also be included in the count. 

In addition, China has supplied or may supply missiles (the M7 and M9) with ranges 
between 600 and 900 km to nations such as Pakistan and Syria. 

India has produced the 2,500 km range Prithvi which has been tested three times, but with 
little success.. 

Israel has the Jericho 1 and Jericho 2 missiles with ranges up to 1,500 km. 

The CSS-2 (3,000 km) has been sold by the Chinese only to Saudi Arabia. Some experts 
believe that those 40 airframes are not even usable at this point. 

The Bush Administration, wishing to keep the process of amending the ABM Treaty as simple as 
possible, maintained that only Russia was a successor state to the USSR for the purposes of the 
ABM Treaty. That position was impossible to maintain, given that Treaty-accountable radars, 
operational missiles, and/or test ranges exist in five countries: Belarus, Kazakhstan, Latvia (one 
large phased array radar used for warning of missile attack), Russia, and Ukraine, and that the 
Treaty covered the landmass of the FSU. 
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It is not credible to suppose that the United States or its allies would face attack by Israeli, 
Indian or Pakistani missiles; this nation went to war to defend Saudi Arabia. 

Thus, today's real threat to American forces is limited to TBMs (theater ballistic missiles) 
with ranges of 1,000 km or less. Worst-case analyses might assume that the Saudi missiles 
were turned against American forces, or that the Chinese would suddenly sell missiles to 
nations about to go to war with this country. 

2.1.2 Projected Threats 

While very many nations are expected to have ballistic missiles with ranges between 300 km 
(technology equivalent to the German V-23, mature in 1945) before the end of the first 
decade of the next century, and a large fraction of those nations may be able to build 
missiles with ranges up to 1,000 km, the difficulties of extending range further are 
considerable. In order to go to longer range, the burnout velocity must increase as the 
square root of the range. However, for fuels of given specific impulse, burnout velocity of 
a rocket increases only logarithmically with the mass ratio ([initial mass + final mass]/[final 
mass]) unless multiple stages are used. Staging, however, vastly increases the size of the 
missile and the technical complexity. Additionally, heating upon reentry increases with the 
cube of reentry velocity and aerodynamic stress on the reentry body with the square of the 
velocity (at least). Achieving ranges beyond 2,500 km is a feat so far achieved in deployed 
missiles only by a few nations, among them the most technically advanced; with the possible 
exception of China, none of the powers which have built missiles with ranges in excess of 
2,500 km are likely to be military opponents of the US; neither are their client states. 

Developing a missile with longer range than 1,000 km is a technically challenging and 
financially demanding task. In all probability such developments will be confined to nations 
with enemies at long range or with serious designs on regional hegemony. North Korea is 
one such; some nations in the Middle East such as Iraq, Iran, and Libya are others. 

One may not discount entirely the possibility that missiles with ranges exceeding 1,000 km 
will be commonplace by 2010 or 2020; however, it is the author's judgment, not concurred 
in by the entire panel, that even out to 2020 the most probable and most numerous threats 
will come from TBMs with ranges between 300 and 1,000 km, that a few missiles with 
ranges up to 2,000 km in the hands of potential opponents is possible, and that negligibly 
few airframes with greater ranges will be in the hands of nations hostile to the United States. 
Quantitatively, missiles with ranges less than 1,000 km will dominate the threat spectrum. 

The missiles aimed against US forces may carry conventional warheads, nuclear warheads, 
or chemical/biological munitions. Missiles with ranges in excess of 300 km are more likely 
to be armed with weapons of mass effect, if such are available, than with high explosive. 
It is not economical to expend the effort required to throw a few hundred kilograms of HE 
1,000-2,000 km with a ballistic missile. It is barely economical to use chemical agents at 
that range unless psychological shock is the primary weapon effect desired. 
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3 Specific ATBM programs 

Missile defense architectures which have been proposed to deal with the current threat, the 
threat of the next 10-20 years, and the distant threat have in common an endoatmospheric 
interceptor ("underlay") which destroys warheads at relatively low altitudes and relatively 
short radii from their targets. Systems designed to deal with somewhat more advanced 
threats include an exoatmospheric ("overlay") interception system designed to destroy 
incoming warheads at high altitudes and long ranges. Such overlay systems provide multiple 
chances to engage threats and opportunities to destroy chemical and bacteriological 
warheads at altitudes so great that the agents do no measureable damage. However, the 
simple analytic tool of multiplying together survival probabilities for each intercept or each 
tier of the system in order to produce a predicted effectiveness much higher than that of any 
tier acting alone1 fails because the tiers are not and cannot be statistically independent of one 
another — if only because they must engage the threat in a specific order.4,i 

Some existing ATBM programs will be outlined and the advantages and disadvantages of 
their technologies discussed, although it is not the purpose of this paper to recommend any 
specific missile or program over any other. Rather, the intent of this report is to suggest 
criteria which might be used by the Department of Defense to make such a selection. The 
Patriot missile program will be examined in detail simply because the PAC-2 version is the 
only interceptor which has been used in combat against tactical ballistic missiles. Thus, 

The usual argument for a multi-tiered system runs as follows: Suppose each tier has a 90% 
chance of destroying an incoming target. Then the target has a 10% chance of surviving passage 
through that tier. That is, of 100 warheads reaching the top of the overlay, only 10 will 
penetrate to the underlay. Of those 10 warheads reaching the underlay system, only one will 
reach its target on the ground. Thus, it would appear that a 99% effective system can be 
constructed from two 90% effective systems. In fact, however, such a scheme is akin to pyramid 
sales practices and Ponzi stock scams because any unexpected failure of an upper tier can lead 
to catastrophic failure of lower tiers. This occurs, in large measure, because the lower tier is 
saturated with warheads in numbers beyond its ability to engage. That is, when the lower tier 
is designed, it is sized on the assumption that the upper tier will function to some level; one 
would not build two tiers, each sized to handle the full possible assault if only on financial 
grounds. Should the upper tier leak substantially worse than its designers anticipate, the missile 
interceptors of the underlay would rapidly be exhausted. This argument is equally valid whether 
the two (or more) tiers comprise a single system or whether they are not integrated. 

It is, however, true that an upper layer can be designed for other purposes than to thin the attack. 
If the upper layer is designed to cope with specific types of threats, e.g. submunitioned chemical 
weapons, and it fails, the failure is still catastrophic for the lower tier. 

i The individual SSPKs of the interceptors or other weapons in each layer do not change depending 
upon the method of attack, but the effectiveness of the layers does. Thus, the layers are not 
statistically independent in their performance, and the convolution of survival probabalities is 
inappropriate. 
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Patriot has provided a rich legacy of real-world experience on which we can draw for insight 
into the initiafoperations of a defensive system. 

3.1 Patriot 

The Patriot missile system consists of an interceptor, launcher, and radar, all of which are 
being upgraded under existing funded programs. The kill vehicle for the new PAC-3 
(Patriot Antimissile Capability) system will be the LORAL-Vought ERINT (Extended Range 
Interceptor), a new design not derived from the Raytheon interceptor used in the Gulf War, 
although the Raytheon Multi-mode Missile (MMM), which does derive from the older 
missile, will continue in development at a reduced rate as a hedge against the possible failure 
of ERINT. 

The Patriot system has a long history, having been started as the SAM-D more than 20 years 
ago, and having evolved to its present status as the only ATBM (PAC-2) ever used in combat 
and the finest air defense missile in the world. The ERINT uses original Patriot launchers 
and an improved Raytheon radar, but does not derive from the original Patriot missile. 

3.1.1 Development 

The Patriot air defense missile began its career as a ground-to-air missile called "SAM-D" 
many years ago. In the early 1980s it became apparent that with minor changes to the 
software of the system it could be given modest capabilities as an anti-tactical ballistic missile 
(ATBM); this first upgrade version was termed PAC-1 for Patriot ATM (anti-tactical missile) 
Capability. The PAC-1 upgrade "consisted entirely of software modifications to the system's 
surveillance, track, guidance, battle management and C3 ... functions to accommodate the 
differences between ballistic missiles and air-breathing targets."5 

PAC-1 was successfully tested for the first in 1986 against a Lance missile; the upgrade was 
deployed to all units in July, 1988, and gave U.S. forces point defense capability against the 
Soviet FROG and SS-21 missiles. However, PAC-1 did not provide the ability to destroy 
TBM warheads catastrophically; instead, it was intended to make "mission kills" in which the 
incoming missile was diverted from its target and disabled. 

While mission kills are useful, it is clearly more desirable to provide the ability to make 
catastrophic warhead kills, and also to expand the spectrum of threats against which the 
basic PAC-1 system was effective. This led to the development of the PAC-2 hardware and 
software upgrades. The fundamental improvement was to alter the missile's fuze and 
warhead in such a way as to provide a capability against targets in the general class of the 
(unmodified) Scud-B, a 300 km range TBM which carried a warhead of approximately one 
ton of high explosives. It was believed that the Scud-B could also carry unconventional 
munitions including nuclear warheads, chemical, and biological weapons. The upper range 
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limit to the PAC-2 capability was set by the belief that only missiles which escaped the 
limitations of the INF Treaty (i.e. less than 300 km range) need be planned for. 

The first PAC-2 was tested against a Scud surrogate target in 1987, and delivery of the first 
PAC-2 missiles to the U.S. Army was planned for January, 1991. As Robert Stein of 
Raytheon wrote, "in early August, 1990 Saddam Hussein caused those plans to be changed."6 

3.1.2 Gulf War combat performance as an ATBM 

Iraq was equipped with indigenously-modified Scud B (Al Husayn) missiles having a range 
of 600 km, twice that of the Soviet rocket which had been the design goal for the Patriot 
system. Because of its longer range, the Al Husayn had a maximum velocity roughly 1.4 
times that of the Scud B. In addition, it was anticipated that the Iraqis would use their 
inaccurate missiles against extended targets such as cities rather than against the kind of 
point targets (e.g. airfields, communications nodes) which the Patriot was intended to 
defend. 

Only the PAC-2 version of the system would have any capability to do the job, and when 
Kuwait was invaded the Army had only three PAC-2 missiles. Those were left over from 
a testing program. The Army alerted the Patriot project office on August 7 of the need to 
accelerate delivery of both PAC-2 missiles and the "PDB-3" (Postdeployment build) software 
to upgrade the existing defense system. In a remarkable display of industrial capability, 
Raytheon, the prime contractor, was able to deliver the first software packages on August 
11 and to begin shipping complete PAC-2 missiles on September 2, 1990.7 

On January 18, 1991 Saddam Hussein's rocket forces began the bombardment of Saudi 
Arabian, American, and Israeli targets with Al Husayn missiles. Only the Patriot fire units 
in Israel and Saudi Arabia were able to oppose this attack. The details of the battle have 
been recounted at length in official and unofficial reports.8 In the first days of the battle 
Patriot appeared from the vantage point of the TV-viewing audience to be astoundingly 
successful; in the months after the war it became clear that the interceptors had destroyed 
a large fraction of their targets, but by no means all of them. It was obvious to all observers 
that the Al Husayn missiles were more difficult targets than had been anticipated by the 
Patriot system engineers: physical considerations dictated that the reentry speeds of the 
extended-range Scuds built in Iraq would be roughly 2.4 km/sec at their full range of 600 
km, but the PAC-2 missile was designed to counter a 300 km range missile with a 
significantly lower reentry speed (1.7 km/sec); to make the task of interception yet more 
difficult, the Al Husayns often disintegrated on reentry and flew non-ballistic trajectories, 
spiraling to the ground while shedding parts which could easily be confused with real targets 
by the interceptor fire control system. 

The gap between reality (40%-70% kill rates, according to Army estimates but possibly 
somewhat lower) and video impressions gave rise to a storm of criticism, most of which was 
the result of misanalysis of ground damage statistics or the over-analysis of crude videotapes 
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of Patriot-Scud engagements made by television news crews.9 The problem was exacerbated 
by the fact that the Patriot fire units were not initially equipped with digital data recorders 
and that the gathering of detailed damage reports from the ground took a back seat to 
fighting the war and trying to improve the Patriot system as quickly as possible based on real 
combat data rather than simulations and theory. Thus, complete data on the Patriot system's 
performance were unavailable. 

During the first nights of combat over Saudi Arabia the Patriot results appeared to be 
generally good, but missile expenditure was much too high. In part this was due to a 
problem with "ghost" radar images of aircraft landing behind the fire units which were 
misinterpreted as incoming TBMs; in part it was due to the fragmentation of the Al Husayn 
missiles on reentry which unintentionally provided a stream of decoys.10 In part it was due 
to the non-ballistic trajectories flown by the TBM warheads. 

By January 23 the operators of the fire units had developed ad hoc manual methods for 
dealing with the fragmentation problem, and software modifications to automate this 
procedure and to eliminate the ghosting problems were deployed to the field on February 
4 and February 18. The ability of the system to be so quickly and accurately improved 
during the war contributed greatly to the overall performance ~ and contributes strongly to 
optimistic assessments that Patriot-based systems could be modified virtually in "real time" 
to engage threats which deviated significantly from those on which the system design was 
based. 

The most important lesson of the use of Patriot-PAC-2 in the Gulf War is that 
the design basis threat for the defensive system is unlikely to match the actual 
threat to U.S. forces, and that it must be possible to make extensive modifica
tions in the field within a few days or less to any anti-missile defense in order 
to provide significant protection to American and Allied troops by coping with 
the unexpected. One must construct a missile system which can cope with the 
unexpected, because that is what the enemy will provide. The next American 
ATBM system must certainly be capable against targets at least as hard to hit 
as those employed by Saddam Hussein's forces. 

3.1.3 Principal lessons of the Gulf War for Missile Defense 

The Patriot-Scud duels in the sky above Saudi Arabia and Israel proved several points 
beyond dispute: 

• Tactical ballistic missiles carrying conventional warheads are more a psychological 
than a military threat, but their psychological effects must not be underestimated. 
A defense, even one which is not highly effective, negates much of the psychological 
threat posed by conventionally-armed TBMs.. 
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• It is possible for an anti-tactical ballistic missile system to perform successful 
intercepts in combat situations, although it must be understood that the specific case 
of the Gulf War did not stress the capability of the battle management software and 
hardware to handle a large number (e.g. 50) of real threats simultaneously. 

• Countermeasures can be quite effective against ATBM interceptor systems, and even 
inadvertent countermeasures, such as resulted from the disintegration of the Scuds 
and the "corkscrew" trajectories which they flew, can be important. 

• No missile defense system, as designed, tested, and deployed, will initially be 
satisfactory or fully effective against the real-life threat which it faces. This will 
result from many sources of error including faulty or incomplete intelligence, "bugs" 
in the software which do not show up until the system is stressed with unforeseen 
target performance, human errors and oversights which creep into the design, and 
the general tendency of "Murphy's Law" to dominate the behavior of complex 
systems. 

3.1.4 The PAC-2 system response to the lessons of the Gulf11 

The Patriot currently deployed around the world (as of February, 1994) differs in significant 
ways from the missile used in the Gulf War, largely because of the lessons learned in that 
conflict. PAC-2 upgrades are being made in two phases, the "Quick Response Program" or 
QRP, and the Guidance Enhancement Missile, "GEM". The combination of QRP and GEM 
is expected to enlarge the area of the defended footprint of the system by over four times. 
Real-time recording of engagement data for later study and analysis is being provided by 
means of optical disk recorders which have the requisite bandwidth and data storage 
capacity. 

3.1.5 The PAC-3/Multimode Missile 

The modifications contemplated for the MMM are, of course, far more extensive than those 
incorporated under either the GEM or QRP programs. The improvements are contained 
in a "Phase 3 ground equipment upgrade" and the heavily modified "Multimode Missile" 
(MMM). The modifications to the ground equipment can be made by retrofitting existing 
systems; trie MMM will require new production. The Army's schedule based on the present 
funding profiles anticipates the first deployment of the entire package by 1998; a UOES 
(User Operational Evaluation System) could be available for US Patriot units in 1996. 

The Multimode Missile will incorporate a Ka-band active seeker on board the interceptor, 
adding a narrow beam highly-accurate measurement of the angle between the Patriot and 
target trajectories. The improved sensor will permit accurate measurements of the target, 
and may allow specific features to be located. In addition, the presence of a radar 
transmitter so close to the target should assist in tracking stealthy TBMs at relatively long 
ranges and should permit better pursuit of deliberately-maneuvering targets. 
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A second major upgrade to the MMM is a new fuzing system which will take advantage of 
the output from the active seeker during the last few seconds of the endgame. The accurate 
information provided will permit the computer on the interceptor to determine the optimum 
moment at which to detonate the warhead. 

Finally, the PAC-3 warhead will incorporate a focussed explosive fragment warhead which 
permits the seeker output to be used to determine the direction of the TBM and, hence, to 
focus the explosive fragment energy in the direction of the point of closest approach. This 
is particularly useful in cases when the TBM is exhibiting a high degree of "unanticipated" 
maneuver-that is, when it is either deliberately maneuvering randomly or when random 
phenomena, such as those associated with the disintegration of parts of the TBM, cause the 
target to exhibit non-ballistic behavior. The combination of focussed fragment energy and 
a fragmentation warhead may make destruction of a TBM on a non-ballistic trajectory more 
likely than would be the case for a hit-to-kill warhead operating within the atmosphere (n.b., 
it is nearly impossible for a warhead to follow a non-ballistic trajectory for extended periods 
between the time it leaves the atmosphere and the time it reenters the sensible atmosphere 
(30-50 km)). 

3.1.6 PAC-3/ERINT 

The winner in the competition with the MMM as the interceptor to be used in the PAC-3 
upgrade system is LORAL's ERINT (Extended Range Interceptor) which is designed to 
destroy its targets by scoring direct hits. The advantage of hit-to-kill for an ATBM is that 
much of the kinetic energy stored in the interceptor and its target is converted virtually 
instantaneously into heat during the collision. The resulting fireball is at a high enough 
temperature to completely destroy any chemical or biological agents on board the target.k 

Assuming a hit, the lethality of a hit-to-kill missile against the most dangerous kinds of TBM 
warheads is far greater than that of a fragmentation warhead, and this was part of the basis 
for selecting ERINT. 

The kinetic energy of an object is T=(1/2)MV2 , where M is the mass of the object and V is its 
velocity. If V is in meters/second and M in kilograms, the result is given in energy units called 
Joules. A stick of dynamite (1 kg) has about four million Joules of chemical energy. Hence, a 
one kilogram object travelling faster than about 2.6 km/sec has as much kinetic energy as the 
explosive energy in an equivalent mass of dynamite. If even a small fraction of the kinetic energy 
of an ERINT or a Scud warhead (velocity when intercepted roughly 2-2.5 km/sec) is rapidly 
transformed into heat, the resulting effects greatly resemble the effects of many kilograms of high 
explosive. 

If the incoming missile has dispensed chemical or biological submunitions early in its flight, they 
will, of course, not be involved in the collision and will not be destroyed. The question of 
salvage-fuzing a nuclear warhead to operate under the conditions of a high-mass, hypervelocity, 
impact cannot be addressed in the unclassified literature. 
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In addition to potential higher lethality against weapons of mass effect than MMM, ERINT 
is also smaller'and lighter. Four ERINT rounds fit into the launch cannister volume of a 
single MMM, making it possible for a single launcher to engage many more targets. 

The disadvantage of hit-to-kill is that the "lethal radius" of the interceptor is no larger than 
the longest dimension of its body and may be as small as the missile diameter itself. If 
ERINT does not hit its target directly, it cannot kill the target (a fragmentation warhead, 
such as is used on the MMM, has a larger lethal radius, but does not deposit as much energy 
in the target, and may not be as effective against some types of warheads). In the event that 
the target flies a non-ballistic course and makes a change of trajectory (with a AV multiplied 
by the remaining time until the trajectories intersect greater than the projected diameter of 
the ERINT) within the last guidance cycle time of the interceptor, ERINT might not be able 
to keep up with rapid, random, non-ballistic behavior and might miss. The military 
significance of this depends upon the divert capability of the ERINT and the speed with 
which it can react to course changes; the importance might be low or high, depending upon 
the details which probably remain classified. However, at least in theory, this might reduce 
its lethality against non-ballistic TBMs.1 

ERINT has had several test flights, including two successful and well-publicized intercepts 
which resulted in fireball formation and destruction of the target, and one near miss. 

LORAL has not provided any public estimate of the size of the footprint of the ERINT 
missile, but stated in a telephone discussion that it met the [classified] specifications for the 
PAC-3 system interceptor. One may assume that the ERINT footprint is roughly 
comparable to that of MMM against comparable targets. 

3.1.7 ABM Treaty Concerns with the PAC-3 missile family 

The ABM Treaty is the "law of the land", and the version which binds the United States 
today is the original, unmodified, text. The United States has proposed modifications (which 
will require ratification by the US Senate and the parliaments of the successor states to the 
USSR) which would define an ATBM as an interceptor which has never been tested against 
a strategic ballistic missile (i.e. does not have the "demonstrated capability" to counter a 
strategic ballistic missile or its elements in flight trajectory), and then define a strategic 

A TBM flying on a ballistic trajectory, under the influence of gravity, its own velocity and without 
the use of aerodynamic or rocket-thrusted maneuvering follows a path which is both smooth and 
extremely predictable. Thus, the computer in the ERINT (or any other hit-to-kill missile) has a 
good possibility of solving the "guidance equations" well enough to bring about a direct hit. On 
the other hand, if the target deviates from its ballistic trajectory for any reason within the 
response time of a hit-to-kill system, the collision might be averted, saving the target from 
destruction. Iraqi Al Husayn missiles did fly non-ballistic trajectories, complicating their 
interception by PAC-2 missiles. 
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ballistic missile as a missile which exceeds a 5km/second speed at some point in its trajectory. 
The Russians, in turn, proposed an interceptor fly-out speed limit of 3 km/sec. 

MMM and ERINT are being designed to be effective against threats with ranges on the 
order of 1,000 km or less. Because the shortest-range strategic ballistic missile ever captured 
by the ABM Treaty of 1972 was the SS-N-5 aboard a HOTEL class submarine (1,200 km), 
both MMM and ERINT are unambiguously permitted under standard or traditional/strict 
constructionist interpretations of the Treaty. If either interceptor were coupled with a LEAP 
+ kick stage assembly which had a final velocity in excess of 3 km/secm, it is likely that the 
combined system would be an unambiguous violation of the ABM Treaty, both as it exists 
today, and as it might be amended in the future. Alternatively, it is possible to adjust the 
impulse of the kick stage to produce virtually any desired exoatmospheric interceptor 
velocity. Thus, with a properly chosen kick stage, Patriot MMM + LEAP could be made 
compliant with the ABMT as it exists today and as it might be modified in the future. 

3.1.8 Upgrade path 

In the event that only an underlay system is pursued now, or as a hedge against technical 
failure of the THAAD(or other upper-tier systems), it would be useful to have a missile 
which can evolve to meet longer-range threats than can either MMM or ERINT acting 
alone. The capability to evolve in this manner is termed an "upgrade path" in this report. 

The importance of an upgrade route depends upon whether the Congress and the Admini
stration ultimately opt for Path 1 or Path 2 as described in the Executive Summary as the 
route to an effective ATBM deployment. 

Patriot MMM missiles can be upgraded to cover extremely wide areas if they can be 
combined with the LEAP, and if the system can be cued from space-based sensors (The issue 
of space-based cueing requires interpretation/modification of the ABM Treaty if the sensor 
is held to be a substitute for an ABM radar.). This is possible because the explosive warhead 
and shroud can be removed to make space and payload available for the additional kill 
vehicle and its rocket booster, called a "kick stage." The destructive payload of ERINT, 
however, consists of the missile itself, leaving no explosive warhead and shroud which could 
be removed to make way for the LEAP vehicle and its associated rocket motor. Increasing 
the length of ERINT to accommodate an advanced upper stage would require significant 
alterations to the missile's airframe and rocket motor as well as changes to the software of 
its endoatmospheric guidance system. This might, or might not, be a prudent engineering 

According to Dr. Stanley Riveles, acting commissioner of the SCC, the Russian Component has 
proposed an upper limit of 3.0 km/sec fly-out speed on any missiles considered to be ATBMs. 
On physics grounds this appears to be a more functionally-related limit than the restriction on 
target velocity which the U.S. Component has proposed to its counterparts. Riveles made this 
statement at a CSIS function early in 1994, and it has subsequently been confirmed elsewhere and 
reported extensively in the press. 
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course to follow, depending sensitively upon the aerodynamic stability of the upgraded 
missile, its ability to fit within existing launchers, the ability of the "first stage" guidance 
thrusters to supply adequate torques and moments to control the altered air frame, and the 
resonant frequencies of the structure itself. 

A MMM+LEAP combination with a flyout velocity exceeding 3 km/second would violate 
the tentative agreement on flyout speed for land-based interceptors reportedly reached 
between the US and Russia. If THAAD is held to open a "back door" to strategic defenses 
(see below), then so would MMM+LEAP and a possible MMM+ERINT. 

It has been suggested that one reason for selecting ERINT over MMM was the fact that it 
was more difficult to add a LEAP upper stage to ERINT, thus ruling out an ERINT variant 
as an overlay system. In turn, this mandated continued development of THAAD. 

3.2 THAAD 

3.2.1 System characteristics, schedule and estimated cost 

The 'Theater High Altitude Area Defense" system is intended as an "overlay" interceptor 
which can engage 3,000 km range TBM targets above the sensible atmosphere (exoatmo
spheric intercept). It is intended to provide a wide area defense, sufficient to include 
coverage of dispersed military assets or population centers. According to one study, the 
expected capabilities of the missile are not publicly known and may not even be known 
internally (within DoD) until the end of the demonstration/validation phase in late FY 
1996.12 The footprint of the THAAD against 3,000 km range missiles is a matter of 
conjecture. BMDO briefings13 show the missile defending an area roughly the size of the 
combined states of Illinois and Indiana with cueing only from the system's own radar, and 
covering a (roughly) 600 km wide by 900 km long ellipse if cued by "Brilliant Eyes" (BE). 
If BE can provide trajectory information, the system covers an area greater than ten per cent 
of CONUS. BMDO also asserts that THAAD has no capabilities against "modern" strategic 
ballistic missiles. 

An effort is being mounted to provide a UOES, or prototype battery, for crisis use in 1996, 
much earlier than the 2002 projected IOC for the entire system. THAAD, like Patriot and 
ERINT, is an Army program. It should be noted that 1996 is less than two years away. 
This is a very stressing schedule, and the element of temporal stress itself adds technical and 
buddgetary risk. 

On 25 July 1994 Defense News reported that the first test of THAAD, previously scheduled 
for September, 1994, had been postponed until at least January, 1995. 

Unlike Patriot PAC-2, which is an operational system undergoing major modifications, or 
ERINT which has been tested against ballistic test targets, THAAD has not yet made its first 
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flight, previously scheduled for September, 1994 assuming ABM Treaty concerns were 
eliminated." A 1993 GAO report14 estimated the cost of the THAAD program as $9.5 
billion including production costs of $5.3 billion (beginning in FY 1999) and engineering 
and manufacturing development of $2.1 billion, beginning in FY 1996. The FY 1995 budget 
and its projections now show THAAD development costs rising to over $14 billion. The 
GAO report called this effect "persistent optimism in budget requests and plans" and asserted 
projects and schedules had been based on "unrealistic and overly optimistic funding requests 
and schedules through fiscal year 1993," and said that this has resulted in "lost effort and 
higher risks."15 

The same GAO report identifies several areas of technical risk for THAAD including the 
producibility of the solid state modules needed for the system's radar, the integration of 
missile and radar, kill vehicle integration including the seeker, protective window shroud, 
sapphire seeker window, and the avionics hardware, and software problems including the 
task of integration of "available code" for reuse, and testing of the software. According to 
the GAO, "BMDO reports that the innovative nature of the new algorithms makes it difficult 
to accurately predict [sic] the time and cost needed to develop them."16 GAO does not 
explicitly compare the risk to that inherent in other systems, but most of the interception 
software for MMM and ERINT has been written, debugged, and tested in live firings at 
White Sands. 

A deployment as large as currently contemplated, 1272 interceptors, with THAAD flyout 
velocities as high as they are expected to be,° could raise significant questions about the 
intent of the United States. That is, whether THAAD was primarily an interceptor of theater 
ballistic missiles or an open back door to provide true ABM capabilities. This is especially 
true because the THAAD system is intrinsically mobile. 

If the THAAD "buy" remains as large as planned, and the THAAD capabilities are as 
extensive as sometimes suggested, the Russians (and other ABM Treaty successor states) 
might be less accommodating on the issues now being discussed in the Standing Consultative 
Commission. At present the American position is that interceptors must have "demonstrated" 
ABM capabilities in order to be classified as ABMs instead of ATBMs, and that the 
demarcation should be based on the maximum speed of the target missile. The Russians, 
on the other hand, wish to impose an interceptor fly-out speed limit of (approximately) 3 
km/sec. The Pentagon wishes to eliminate interceptor speed limits, at least for sea-based and 

n That test has been postponed until next year; see above. 

° Unclassified estimates of the THAAD fly-out speed center around the value 2.6-2.7 km/sec. 
Other estimates indicated that the 2.6-2.7 km/sec speed is that of the missile booster and that the 
kill vehicle has an additional AV of 0.6 km/sec, making the total interceptor speed approximately 
3.3 km/sec. The additional 0.6 km/sec is not counted by DoD as a contributor to the fly-out 
speed because it is reserved for the divert velocity budget. 
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land-based ATBMs in order to permit both the Navy's Upper Tier system and various Air 
Force proposals for air-based boost phase interception. The American position could be 
misinterpreted by the Russians and the other Successor States as an attempt to fashion a base 
for a rapid deployment of territorial strategic missile defenses.p17 

3.2.2 ABM Treaty Concerns 

Analysts Lisbeth Gronlund, George Lewis, Theodore Postol, and David Wright, in contrast, 
suggest that THAAD can only cover a lozenge shaped area 150 km wide at its blunt end 
(facing the target trajectory) and tapering down over a 150 km long axis.18 Gronlund and 
her collaborators also suggest that the coverage area is about 100 km wide by 150 km long 
for a 10,000 km range strategic ballistic missile. This group of analysts arrives at a footprint 
which is very much smaller than does BMDO for long-range TBM targets; however BMDO 
indicates that the interceptor has no significant capability against SBM targets. Resolution 
of the inconsistencies between the results obtained by outsiders and those provided by 
BMDO must await a detailed comparison of several parameters including missile fly-out 
speed, GBR power-aperture product, target radar cross-section, and interceptor flight 
parameters and analytic methodology. 

This situation is reminiscent of the "Tallinn Upgrade" problem which surfaced during the SALT 1 
negotiations on the ABM Treaty itself. The Soviet Union's SA-5 surface-to-air missile was a high-
performance system, initially observed near the Estonian capital city of Tallinn shortly before the 
Soviets began deploying the GALOSH ABM system around Moscow. According to John 
Newhouse, 

With the advent of Galosh the Americans began to fear that the Tallinn system might be 
ultimately designed for defense against missiles or, at the least, to serve dual purposes. Tallinn, 
guarding the approaches to Leningrad and to the industrialized European Russian in the south, 
is an area that requires defending against bomber attacks. But the location of the system also 
coincides with the flight paths of many American missiles, and this strengthened the suspicion that 
it was destined for an ABM capability. As the SA-5 and its radars began to be deployed in large 
numbers around the Russian perimeter, the Air Force argued—with some support from DIA (the 
Defense Intelligence Agency)—that it was illogical for the Soviets to commit such large resources 
against a diminishing American bomber threat unless Tallinn was to have some ABM capability. 

The argument concerning the Tallinn/SA-5 system's capabilities and the intentions behind its 
deployment continued for many years after the ABM Treaty entered into force. While mirror-
image analogies are often questionable, and sometimes wrong, the parallel of the SA-5 to the 
THAAD is strong enough to suggest that a THAAD procurement which is large enough and 
capable enough to provide a potential base for a nation-wide missile defense (even if that is not 
the intent of the United States, and even if it occurs because of the requirements for a robust 
TBMD system) might make it more difficult to obtain a Treaty demarcation which will permit 
missile defenses against even the most likely threats, let alone against highly-evolved TBM systems 
which may threaten the U.S. and its allies ten or fifteen years hence. 
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The results of Gronlund, et al. do not appear to predict THAAD footprints an order of 
magnitude gre'ater in area than those for PAC-3 with cueing and commit from overhead 
sources, but they do show.that THAAD has significant residual capability against 10,000 km 
range missiles, let alone the strategic ballistic missiles captured in the SALT 1 Interim 
Agreement. The large discrepancy between BMDO footprints for THAAD against 3,000 km 
missiles and Gronlund's result indicates, however, the high probability that she and her 
colleagues have erred in their calculations, while probably providing unclassified lower 
bounds to the footprints of THAAD against various threats. 

Many supporters of the ABM Treaty argue that a THAAD which had only the capabilities 
computed by Gronlund, et al. goes beyond the ABM Treaty's limits on interceptor 
capability. Therefore, an interceptor with the capabilities as shown by BMDO would be an 
even more serious breach. The Treaty can, of course, be amended to permit THAAD. 

It is possible that an ABM Treaty demarcation between permitted ATBMs and prohibited 
ABMs will be successfully negotiated in the Standing Consultative Commission. Some 
believe that this will occur by autumn, 1994; others believe that it will take longer. In any 
event, a demarcation cannot take effect until the Senate has given its advice and consent to 
the amendment or clarification of the accord. 

3.3 Risk Assessment 

Technical risk includes the possibility of total failure of a program, a failure so great that no 
usable product emerges. The first nuclear-powered submarines in their day, and the B-2 
in its, were both examples of programs with significant components of technical risk; but 
both were ultimately successful. The B-lb bomber, because of its development process 
which emphasized concurrent engineering development and series production, and the 
Sergeant York (or DIVAD) anti-aircraft gun were examples of failed programs which have 
proven to be either less capable than their sponsors predicted (B-lb) or total write-offs 
(DIVAD).q While not all risky programs turn out badly, some do — and the prudent military 
planner must include that fact in his or her calculations, which must also include a measure 
of the benefit which one hopes to achieve from taking a risk. Great risks can be tolerated 
if the anticipated benefit is commensurate with the associated costs. But major risks should 
not be run if (a) the same benefit can be achieved with more confidence via another invest
ment strategy or if (b) the anticipated benefit is less than the cost of failure plus remediation 
via a more conservative approach. Cheap risks-ones which entail little cost in the event of 
failure-can, of course, be accepted more readily, particularly if the payoff is expected to be 
large. 

DIVAD did not initially appear to be inherently risky, but merely involved the integration of three 
technologies. The job was more difficult than its sponsors believed, and took so long to complete 
that the Soviet threat outran the DIVAD defense. 
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3.3.1 Objective relative risk categories derivable from open data 

In the absence of detailed "inside" (and probably classified) information, it remains possible 
to establish a scale of relative risk using objective measures. Where a reputable outside body 
with classified access has identified specific risks associated with a project, that system is 
moved to one risk category higher than would otherwise be warranted. 

• No significant risk: missiles which have successfully intercepted ballistic 
missiles in combat. (Patriot PAC-2) 

• Minimal risk: missiles which are directly derived from combat-proven 
missiles. (Patriot PAC-2 QRP; GEM) 

• Low risk: missiles which have successfully intercepted one or more 
TBMs on test ranges (ERINT, Standard/Navy Lower Tierr) 

• Moderate risk: missiles which have been test flown but which have not 
intercepted a TBM under test conditions (MMM, potentially LEAP and 
LEAP+booster) 

• Risky: missiles which have not yet flown but for which prototypes exist 
or are in production. (LEAP+booster) 

• Significant risk: missiles in the pre-prototype stage but which do not 
require "quantum jumps" in the state of technology (CorpsSAM; Navy 
Upper Tier; THAAD8) 

• Risky gambles: anti-missile systems which require major advances in 
technology to enable them to perform as advertised by their sponsors, 
even when it presently appears that such advances can be made. 
(HVM; airborne laser systems) Note: the payoff from these systems is 
so high that they warrant investment at this time, but must be 
reassessed before being moved to the development stage. 

Navy Lower Tier is rated in this category because so much of the system has already been placed 
into service as an anti-air system. Navy Lower Tier has not been tested against a TBM. 

THAAD would fall in the previous category except that the GAO has identified several areas of 
its technology which GAO judges to pose significant risk of failure. 
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4 Upgrade Paths and Advanced Technology 

Neither ERINT nor the MMM are, by themselves, capable of any role other than per
forming the function of an endoatmospheric underlay system with a maximum protected 
area measured in the few tens of square kilometers. That is, either might be useful for city 
defense against conventionally and nuclear armed missiles with ranges out to 1,000 km and 
also capable of defending against unitary chemical warheads. And both might have 
application for defense of targets such as ports and airfields against similar threats, but 
neither is capable of intercepting TBMs at long range and high altitude, and of protecting 
very large areas on the ground. In short, neither missile has intrinsic capability for 
exoatmospheric interceptions; neither can serve as an "overlay". MMM + LEAP has the 
potential to become an upper tier system based on further developments of existing 
hardware. ERINT probably cannot be retrofitted to carry LEAP plus its kick stage. 

The LEAP program has successively driven down the sizes and masses of the miniature hit-
to-kill vehicles being tested. The first vehicle tested, the "On Target" fired on 1 August 
1989, massed 100 kg and was 1.9 meters long. A liquid propellant vehicle built by Hughes 
and tested on 18 June 1991 was .30 m long (one foot!) and massed 5.5 kg (12 pounds). 
Other kill vehicles which have been tested include liquid and solid propellant missiles built 
by Hughes, Boeing, and Rockwell. 

Variants of the LEAP vehicle can be mated with Patriot and (Air Force) SRAM missiles as 
well as with the Navy's SM-2. An inert LEAP + its kick stage identical in size and mass to 
the proposed operational vehicle were mated to a Navy SM-2 (Block II ER) missile and test 
flown on 24 September 1992. This experiment demonstrated that even with the 18" 
extension required to accommodate the LEAP the combination was aerodynamically stable 
and performed precisely as expected. The actual apogee (103.3 km) was only 0.3 km lower 
than that predicted by computer simulation before the experiment, and the time to apogee 
differed from expected by less than one second. The Air Force has carried out a similar test 
using a SRAM/LEAP combination launched from a B-lb with comparable success. 

LEAP vehicles have been tested in a hovering and maneuvering mode while seeking infrared-
emitting simulated targets inside space chambers on the earth, again with good success. 
There is, of course, a great difference between experimental prototypes which function as 
expected and production hardware. Indeed, none of the LEAP vehicles which have been 
built to date qualify as prototypes of operational weapons, and much development is still 
required. Nonetheless, the LEAP + "SAM" missile concept is likely to provide an 
operational exoatmospheric ATBM overlay system at about the time a TBM threat which 
requires such early interception or which has the long range to make exoatmospheric 
interception of great value emerges in any quantity in the hands of potential adversaries. 
Since only the specific LEAP kill vehicle, roughly comparable in concept to that required on 
THAAD, needs development beyond relatively simple modification of existing SAM boosters, 
it is likely that the LEAP route is the most cost-effective way to achieve an exoatmospheric 
interception capability. 
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The assembly of an integrated missile from off-the-shelf "piece parts" developed for other 
uses is frequently a feasible operation. When it is, the risk of failure is relatively low because 
each component has already gone through a development process and been shown to work. 
The only difficulty is in potential subtle incompatibilities of the various parts. Gross 
incompatibilities can be detected before a significant commitment to the project is made; 
subtle problems may not show themselves to the "naked eye", but usually do appear in 
careful computer simulations. 

Many have criticized the notion of combining piece parts as "tinker-toy missiles" as 
compared to building a dedicated (and possibly more highly optimized) system from scratch. 
Others point out that retrofitting is not always easy. However, the enormously successful 
1994 Clementine mission to the moon was made possible precisely because its designers 
dared to integrate off-the-shelf hardware. Clementine was hardly an optimized spacecraft, 
but she produced the most detailed maps of the moon in history. 

Fielding of one LEAP+kick stage-(-booster selected from the array of possible parent missiles 
and kill vehicles appears to pose less overall technical risk than designing and developing 
a new missile including airframe, propulsion system, guidance system, launcher, radar, kill 
mechanism, and seeker from scratch. 

The kick stage of the LEAP must be chosen carefully so that the combination of booster + 
LEAP does not become an ABM system in fact, no matter what nomenclature is applied to 
it. For example, the Russians have proposed a demarcation between ATBM and ABM 
interceptors based on a maximum interceptor velocity of 3 km/s. The most commonly 
proposed LEAP kick stages will propel the kill vehicle to a maximum speed more nearly 4.5 
km/s, thus exceeding the Russian proposal by 50%. Upgrade routes other than adding the 
LEAP to an existing booster may also merit consideration. 

The most risky surface-based programs include THAAD which has not yet flown, CorpsSAM 
which is very early in its development cycle, and the Navy Upper Tier (which has not yet 
been integrated, nor even fully defined). THAAD incorporates a new airframe, new 
guidance, radars, and new launchers. Furthermore, it significantly extends the intercept 
envelope of a non-nuclear hit-to-kill interceptor beyond the regions in which such missiles 
have been tested before—in altitude, target velocity, target entry angle, and target range.1 It 

The Homing Overlay Experiment Interceptor built in the early 1980s by Lockheed, the THAAD 
prime contractor, did intercept one ICBM warhead, but credible questions have been raised about 
the realism of all of the testing conditions. This story was first reported by Tim Weiner in the 
New York Times for August 18, 1993. The best-substantiated and most significant allegation is 
that the ICBM target used on the last test after a series of failures was deliberately heated in order 
to ensure that the experimental interceptor's seeker would have a better chance to detect its 
target. While BMDO officials have given an apparently logical explanation for the heating, the 
fact that only the final test target was so treated—and all could have been— raises doubts as to 

(continued...) 
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does so, furthermore, without any kind of fall-back position. An upper-tier system such as 
THAAD either works as planned, or it will not deliver usable capabilities against tactical 
ballistic missiles of shorter range. 

We do not judge that THAAD is likely to fail; one should, however, caution that its success 
is less certain and its development timetable and probable cost are far less predictable than 
those for endoatmospheric interceptors and for exoatmospheric upgrades (LEAP) to endo
atmospheric interceptors already in development. 

THAAD does, however, provide quantifiable benefits in terms of defended area per launch 
site, and also in terms of reduced airlift compared to Patriot for comparable area covered. 
However, it may be that much of the area defended by a THAAD battery does not contain 
any targets worth attacking—or defending. 

If a decision is made to accept the technical risk associated with some proposed systems, due 
consideration should be given, in advance, to planning for a hedge against failure. This may 
include continuing development (but not deployment) of a less risky, but potentially less 
capable system, or providing paths to substitute mature technology into the risky system ro 
replace components which fail in the hope of reconstituting a working but, once again, less 
capable, defense. Both absolute and relative costs will play roles in determining the kinds 
of hedges the United States can make. 

5 ABM Treaty Concerns 

5.1 Context 

The ABM Treaty, formally the 'Treaty Between the United States of America and the Union 
of Soviet Socialist Republics on the Limitation of Anti-Ballistic Missile Systems," was signed 
by Presidents Nixon and Brezhnev in Moscow on May 26, 1972. The U.S. Senate advised 
ratification on August 3, 1972, and the Treaty entered into force on October 3 of the same 
year. It strictly limits the number of interceptor missiles which may be deployed to provide 
a defense against strategic ballistic missiles (not defined in the Treaty, but taken to be those 
missiles limited by the SALT I Interim Agreement, signed and ratified on the same dates as 
the ABM Treaty). The original Treaty permitted 100 interceptors to be deployed at each 
of two sites (plus 15 launchers at test ranges); a protocol signed on July 3, 1974 by 
Presidents Nixon and Brezhnev reduced the allowable deployments to one site in each nation 
(plus the launchers at test ranges). The Senate advised ratification of the Protocol on 
November 10, 1975, and the revised agreement entered into force on May 24, 1976 when 
the instruments of ratification were exchanged. 

'(...continued) 
whether the heating was done for scientific or political purposes. 
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The ABM Treaty forbids the deployment of "ABM systems for a defense of the territory" of 
each nation as-well as provision of a base for such deployment. In addition, it restricts the 
permitted deployments of ABM interceptors to the protection of an "individual region" of 
the country as opposed to the entire territory.19 A lengthy discussion with one of the U.S. 
negotiators indicated that the U.S. delegation had been more concerned with the "thickness" 
of a missile defense (i.e. how many interceptors were permitted and where they could be 
deployed) than they were with the actual technical capability of the interceptors themselves. 
Following that interpretation of the negotiating record, a single-site deployment of 100 or 
fewer interceptors, each of which could provide some measure of protection of all of the 
"lower 48" states might be acceptable; however deployment of the same interceptors at more 
sites and/or in larger aggregate numbers would not be permitted. 

In that sense any of the proposed hybrid upper tier systems could be legally turned into an 
ABM, so long as only 100 were deployed at one site. However, the Treaty makes clear that 
if even one missile of a given type is tested or deployed as an ABM, all missiles of the same 
type must be treated as ABMs, no matter where deployed.20 Mobile land-based, and all air-
and sea-based ABM systems are prohibited. Declaration of any of the proposed upper-tier 
systems as an ABM would foreclose its use as a mobile or deployable ATBM and also its sale 
or transfer to other nations. 

5.2 Current concerns 

The capabilities of THAAD, as they are presently understood in the unclassified policy 
community, raise serious concerns that it has more than residual ABM capabilities21. That 
is, it is generally felt that the "footprint" of protection provided against strategic ballistic 
missiles (i.e. missiles which are "strategic" under the Interim Agreement) or even ICBMs 
(defined as having ranges in excess of 5,500 km) approaches 10%-15% of the land area of 
the lower 48 states. Since the Spartan interceptor missile deployed at the single U.S. ABM 
site at Nekoma, North Dakota, near Grand Forks, could protect about the same area, if 
Spartan was an ABM, then so should THAAD be, according to that line of reasoning. Under 
the Treaty, as it exists at present, a system which has the capability to destroy "strategic 
ballistic missiles or their elements in flight trajectory" is an ABM system, regardless of 
whether its capabilities have been demonstrated by "testing in an ABM mode." Thus, if 
THAAD has significant ability to intercept SBMs, it would be governed by the ABM Treaty." 

Since THAAD is explicitly designed to be mobile, and since many more than 100 missiles 
are to be deployed, Treaty-compliant deployment of THAAD as an ATBM must require a 
negotiated change in the Treaty itself. 

Similar concerns would apply to future or hypothetical upper-tier systems with comparable or 
greater interceptor fly-out velocities, but THAAD is the only system currently in advanced 
development. 
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This position was espoused by some members of the Senate Foreign Relations Committee 
at a hearing held on 10 March 1994 and by most analysts testifying at the 3 May 1994 
hearing of the same committee. Senior members of the Committee also indicated that it was 
their opinion that any changes in the Treaty to accommodate interceptors with significant 
capabilities against a strategic ballistic missile, under the traditional interpretation, would 
require the advice and consent of the Senate/ However, Patriot PAC-3, using either the 
Multimode Missile or ERINT as the interceptor, is unambiguously Treaty-compliant. 
Neither missile has any credible capability against any modern SBM, and barely any against 
the shortest-range SLBMs captured by the SALT 1 Interim Agreement. 

5.3 Probable evolution of concerns 

The ABM Treaty of 1972 as it was originally signed and ratified, which has been reaffirmed 
by the Clinton Administration, imposes fairly severe limits on the performance of advanced 
ATBM systems*. Because the Congress (particularly the Senate Foreign Relations Commit
tee) may set high barriers to changing the ABM Treaty, and because treaty amendments take 
time to negotiate and ratify, an ATBM system which is manifestly compliant with the ABM 
Treaty is more likely to be able to sustain Congressional support. 

The US negotiating position appears to have incorporated the Russian demand for a 3 
km/sec interceptor fly-out speed limit, at least for land-based interceptors. Since the 
THAAD fly-out speed is commonly given as 2.6-2.7 km/sec (sometimes as high as 2.8 

v It should be noted that there is some conflict between ordinary interpretations of the ABM Treaty 
and that unilaterally adopted by the Congress last year which included the statement that the 
Treaty only applied to a capability to counter "modern strategic ballistic missiles" [not defined] 
and interceptor systems with "demonstrated" ABM capabilities. Most knowledgeable students of 
the Treaty believe that, absent a negotiated amendment, the text of the accord supersedes 
unilateral interpretation, even that made by the US Senate. 

w The so-called Foster Box used by DoD officials in testimony when the Senate was considering the 
ABM Treaty stipulated that the U.S. would consider interceptors with maximum fly-out speeds 
less than 2 km/sec and tested at altitudes less than 40 km to be manifestly compliant with the 
Treaty. Experiments which fell outside this box would require review and compliance 
assessment. The Soviets did not formally adopt the same criterion. However, as part of the 
ratification proceedings for the ABM Treaty the US Senate and the Executive Branch reached a 
"shared understanding" concerning capability based on the Foster Box. As a consequence, and 
as a matter of domestic law, any subsequent agreement between the US and the successors to the 
USSR defining ATBMs interms of testing against target vehicles with a velocity exceeding 
2 km/sec or at altitudes higher than 40 kilometers, or in terms of "demonstrated capability" are 
"amendments" under US law, requiring Senate advice and consent. Under the terms of the 1972 
"shared understanding", THAAD, the proposed Navy upper-tier system, some variants of the 
"LEAP+Booster" concept, and Air Force ATBMs all will have capabilities to counter strategic 
ballistic missiles. 
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km/sec), it would appear to be compliant with a slightly-revised accord. But, THAAD has 
a kill vehicle with a 600 meter/second AV, placing the maximum fly-out speed at over 3 
km/sec. DoD does not count the kill vehicle's velocity increment because it is reserved for 
the trajectory divert budget, not the attainment of the needed velocity to reach the target. 

However, it is unlikely that such a fine system-based distinction can be accepted in arms 
control negotiations. The situation is analogous to defining the "range" of a cruise missile 
under SALT 2. The US suggested that the range be the maximum "practical" distance 
between launcher and target allowing a significant reserve for maneuver and navigation. 
The Soviets rejected that definition, demanding that range be the maximum length of the 
projection on the surface of the earth of the flight path of the missile when flown to fuel 
exhaustion. The US side must assume that the Russian side will take precisely the same 
position in defining fly-out speed since only the extreme velocity of a system can be 
determined by NTM. 

It is important to understand that ABM Treaty concerns and restrictions push the shape of 
a future ATBM system in directions different from a straight-forward application of 
technology to obtain maximum possible mission effectiveness from the defense. This is part 
and parcel of the bargain made in 1972 to ensure strategic stability by guaranteeing that 
most strategic ballistic missile warheads would penetrate to their targets. An effective upper-
tier ATBM will undoubtedly have some, perhaps even useful, kinematic, capability to defeat 
5,500 km range ICMBs [undeniably strategic missiles] as well, and will certainly have the 
ability to defeat the shorter-range sea-based strategic systems captured by SALT 1. 

One may well assert that the ATBM system functioning as a system with all of the unveri-
fiable limitations imposed by radars, missile maneuverability, crossing-angle considerations, 
fuzing, etc. has no credible or significant ABM capability. If, however, the interceptor has 
the kinematic ability to fly to a strategic missile target, it violates the strict interpretation of 
the Treaty's text. Since compliance with the ABM Treaty is only verified by NTM, only 
observables which can be detected by NTM can be used to assess compliance. Thus, the 
gross properties of interceptors, launchers, and radars-kinematics, interceptor length and di
ameter power-aperture product, number of radar faces, MIRVing of interceptors, rapid 
reload abilities—may be used to determine whether or not a particular component may be 
classified unambiguously as an ATBM or whether it crosses the (admittedly fuzzy) border 
and becomes an ABM. 

Should THAAD, or any combination of existing booster with LEAP 4- kick stage, be 
determined to be an ABM for the purposes of the Treaty, then another complication arises. 
Sales to foreign countries would also be ruled out because the Treaty forbids (Article IX) 
transfer of ABM technology to other nations. It is normal practice in planning American 
weapon systems to count on some sales abroad to lower the unit price to the United States 
armed forces 
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Agreement with the Russians on modifications to the ABM Treaty has not yet been achieved. 
In addition, air twelve CIS republics of the Former Soviet Union have already claimed to be 
successor states to the USSR along with Russia, and can become ABM Treaty negotiating 
partners, although only three have chosen to do so\ Negotiating amendments with three, 
let alone twelve, states and obtaining ratification by all of their parliaments is likely to be 
a lengthy, and chancy, task. Furthermore, it is not obvious that any negotiated modification 
will receive the required advice and consent of the Senate. Therefore: 

If the goal of providing protection against ballistic missile attack to American 
expeditionary forces deployed abroad is to be achieved within this decade, it is 
imperative to place primary emphasis on ATBM systems which are manifestly 
compliant with the ABM Treaty. Procurement of other, potentially more 
capable, anti-missile systems should be deferred until their status is clarified. 
While clarification could occur in the immediate future, the history of arms 
control negotiations makes relying on early success unreasonable. 

Adopting this goal is essentially equivalent to choosing Path 2. 

5.4 A side-issue of some importance 

The ABM Treaty makes no reference to kill mechanisms. The proposed new definitions of 
ATBMs would permit the Russians to export systems such as the SA-300 (NATO SA-10) as 
an ATBM. The Soviets, and now the Russians, have long employed nuclear warheads in the 
air defense role, as well as the ABM role. At one point US SAMs were also nuclear-tipped 
(e.g. Nike-Hercules), and the US even had a nuclear air-to-air missile (Genie). US ABMs 
were also nuclear tipped. 

While ABMs may not be exported or deployed abroad, ATBMs may. In view of world-wide 
concerns about nuclear proliferation and a general belief that the principal role of nuclear 
weapons lies in deterrence, an explicit agreement that ATBMs may not be nuclear-armed, 
even if intended to be operated by Russian or US troops, should be incorporated in any 
clarification of the Treaty. To take a different view would be at odds with US policy that 
all former Soviet nuclear weapons should be returned to Russian territory for storage or 

The official US position is that all twelve republics are successors and may attend SCC meetings 
on an equal footing with Belarus, Russia, and Ukraine. Latvia, because of the Skrunda Radar (an 
LPAR), attends SCC meetings as an observer. At present only Belarus, Russia, and Ukraine 
choose to send delegations to the SCC, and no nation which does not take part in the 
negotiations is likely to be allowed the opportunity to decline to ratify a finished agreement. 
However, the US position allows for the expansion of the table to include all republics of the 
former USSR except the three Baltics—and, as mentioned, one Baltic republic is an observer 
because it has a Treaty-accountable facility on its territory. The question of succession has not 
been finally settled among the parties (July, 1994) 
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dismantlement, but it would remain consistent with the existing GALOSH ABM system at 
Moscow. 

6 Conclusions 

6.1 Policy questions 

Technology to provide defense against tactical ballistic missiles with ranges less than about 
1,000 km is essentially mature and at hand, and missiles with ranges under 1,000 km pose 
virtually the sole demonstrable threat to U.S. expeditionary forces for at least the next 
decade. Interceptors built to provide such protection pose little technological risk, and are 
apt to become available well before the turn of the century at predictable costs and with 
predictable initial operating dates which are unlikely to slip by any militarily significant 
amount. Furthermore, such ATBM systems are unquestionably permitted by the 1972 ABM 
Treaty, can be deployed on land and sea without problems being posed by the Treaty or 
other international law, and can be sold abroad to friendly nations. 

Congressional support for such an ATBM system from today forward through a complete 
life cycle is also assured. The same cannot be promised for a technologically risky system 
which runs into difficulties which can be predicted in general but not, of course, with any 
specificity. That is the nature of uncertainty and risk. 

Finally, many of the ATBM systems which use the technology of 1994 have upgrade paths 
which can be used to "grow" those weapons from being endoatmospheric ATBMs to become 
the basis for an upper tier of exoatmospheric defenses should the negotiations to modify the 
ABM Treaty be successful both with our negotiating partners in the former Soviet Union and 
with the United States Senate. 

6.2 Criteria 

The rules for choosing among competing ATBM technologies, therefore, are clear. A viable 
ATBM system will meet all or most of the following criteria: 

• Technology which provides confident kills of TBMs with ranges up to 1,000 km, the 
threats of most concern through at least the first decade of the next millennium. 

• The ability to defeat countermeasures which make the threat missile at least as 
difficult a target as were the disintegrating Scuds encountered during the Gulf War. 

• Mature technology which poses risk of technical failure commensurate with the 
anticipated benefit. 
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• Predictable costs and predictable IOC date. 

• A logical upgrade -path to provide more capable defenses should foreign threats 
require them and assuming that the ABM Treaty is modified to permit those defenses. 

• Maximum probable costs consistent with the likely ATBM share of the foreseeable 
magnitude of the Defense budget in the next five years. 

• Unambiguous compliance with the ABM Treaty (as clarified or amended-should that 
occur) in order to maximize Congressional support, permit foreign sales, and 
minimize any restrictions on fully realistic testing against targets which resemble in 
great detail the probable threats. 

The United States is indeed fortunate that it has more than one option for ATBM 
development and deployment which meet all or most of the above criteria. ERINT or 
MMM are mature, fully ABM Treaty compliant, and either missile can be expected to 
proceed through the development cycle with minimum risk. Navy Lower Tier builds on an 
existing airframe, launcher and radar; potential "upper tier" variants for it and MMM appear 
feasible. THAAD is riskier, technically speaking, but provides useful added capabilities 
against possible future threats with ranges in excess of 1,000" km. THAAD, along with most 
upper-tier variants of lower-tier missiles, in the judgment of most ABM Treaty scholars, 
presents significant problems of compliance with the existing text, but a likely modification 
now being negotiated should remove those difficulties. 

Until tests of THAAD begin in 1995, it is impossible to state with confidence that it will~or 
will not—meet its IOC and budget targets. 

If the ABM Treaty is revised to allow upper-tier systems with roughly the capabilities of 
THAAD, it may be prudent to revisit the question of THAAD and ERINT now (Path 1) as 
compared to deploying as soon as possible a lower-tier system which is roughly as capable 
against today's TBM targets, but for which an upgrade path can be defined (Path 2). The 
second Path may allow earlier deployment of an ATBM which is effective against the threats 
for the next decade or more, at less current cost in the Defense budget/, while providing a 
cost effective route to build an upper-tier system on a less-stressing schedule, with less 
technical risk, than the current plan requires. This would require rethinking the decision 
to build ERINT rather than MMM. 

If the Treaty cannot be amended because of objections from our negotiating partners, then 
the question of upper-tier systems which can defend large areas is moot. 

Because THAAD's full-scale development costs would be postponed, as would those of other 
similar upper-tier systems. 
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