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4.  DEFENSE AGAINST IRANIAN BALLISTIC MISSILES: A 
TECHNICAL ANALYSIS 

The US-European Integrated Missile Defense 
4.1 The European Missile Defense System (see figure 1 below; see also figure A1 
in the attached appendix) is designed to provide missile defense components to 
complement and enhance defense of the continental United States against an attack 
by Iranian long-range ballistic missiles, and to extend U.S. ballistic missile defense 
coverage to Western and Northern Europe.   
4.2 The components to be added, all of which are to be deployed in Europe, consist 
of: a giant (750 m² antenna) low-frequency (UHF) early warning radar at 
Fylingdales in England; a large (105 m² antenna) high-frequency X-band radar 
called the European Midcourse Radar (EMR), to be deployed in the Czech 
Republic; a much smaller (9.2 m² antenna) forward based X-band (FBX) radar to 
be deployed at an unspecified location near the borders of Iran, possibly in eastern 
Turkey or the Republic of Georgia; and a launch site with 10 ground-based 
interceptors to be located in northern Poland, near the border with Kaliningrad.  

 
Figure 1 

4.3 In addition to the European radar components of this missile defense, the 
overall system includes radar components positioned closer to the United States 
that are exclusively used for the defense of the continental United States.  These 
radars are located at Thule, Greenland; Cape Cod, Massachusetts; and Grand 
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Forks, North Dakota.  Although the engineering implementation of the radar at 
Grand Forks is different from the two other radars, its performance capabilities are 
essentially the same.  Figure A1, in the attached appendix, shows the locations of 
all the critical components of the integrated US and European system.   
4.4 The UHF and X-band radars are mutually complementary, distinctly different, 
and independently critical to the performance of the defense system.  The UHF 
radars have the ability to search for and acquire warheads at long range, but they 
have no ability to determine the differences between warheads and decoys.  The X-
band radars have almost no ability to search for and acquire warheads at long 
range, but when they are pointed to radar targets by the UHF radars, they can 
collect high-resolution data on each target.  Such high-resolution data might allow 
warhead targets to be discriminated from decoys.  Thus, each of these radars 
performs a critical function for the defense system as a whole and for the other 
radars, and if either function provided by these radars were unavailable, it would 
result in a catastrophic collapse of the whole defense system. 

 
Figure 2 

4.5 The mix of X-band and UHF radars, some of them based in Europe and others 
elsewhere, is supposed to create an integrated defense system that can execute all 
the critical functional tasks of the defense system, providing complete defensive 
coverage of Northern and Western Europe, and the continental United States.   
4.6 The X-band radar to be placed in the Czech Republic is overwhelmingly the 
most important single component of the missile defense assets to be deployed in 
Europe.  It is supposed to perform the critical function of telling warheads from 
decoys, not only for the defense of Europe, but also for the defense of the eastern 
two thirds of the continental United States.   
4.7 Figure 2 illustrates the extreme importance of the EMR by showing two 
illustrative ballistic trajectories from Iran to Washington DC and from Iran to 
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Chicago, Illinois.  Both of these trajectories fly very close over the EMR, which 
will be the only X-band missile defense radar to have line of sight to warheads 
launched into Western and Northern Europe, and the eastern two-thirds of the 
continental United States. 
4.8 The decision to place the X-band radar in the Czech Republic is a retreat from 
far more ambitious plans of only a few years ago.  At that time, the U.S. Missile 
Defense Agency described defenses for the continental United States that included 
no fewer than nine X-band radars to provide the essential discrimination 
capabilities needed by the missile defense.  X-band radars were supposed to be 
placed next to each of six already existing UHF early warning radars that were 
originally built to provide early warning of a missile attack on the United States.  It 
was proposed to place an additional UHF early warning radar and an X-band radar 
in South Korea, while two additional X-band radars were to be built, one on 
Shemya Island, at the far western end of the Aleutian Island-chain off Alaska, and 
one in the Hawaiian Islands. 
4.9 The current missile defense system has been reduced to two X-band radars – 
the Sea Based X-Band Radar, which is to provide discrimination coverage for the 
West Coast of the continental United States, and the European-based EMR, which 
is to provide discrimination coverage for attacks against the eastern two thirds of 
the US Continental United States. 

4.10 The UHF early warning 
radars involved in the defense 
of the eastern two thirds of the 
United States – those located at 
Fylingdales, England; at Thule, 
Greenland; and at Cape Cod, 
Massachusetts – can easily track 
warheads at ranges of over 3000 
km.  These radars have been 
upgraded for purposes of 
missile defense, but their basic 
capabilities, and more 
importantly, their limitations as 
early warning radars, remain 
unchanged.  Of monumental 
importance is the fact that all of 
these radars, including the radar 
at Fylingdales, have a range-

resolution of only 15 m – so poor that they cannot even tell the difference between 
a 2 to 3 m long warhead and a 30 cm length of wire. 
4.11 By contrast, the X-band EMR is the only radar in this network that can 
observe warheads and decoys with a range-resolution of roughly 15 cm.  Such 
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high-resolution data does not guarantee the ability to infer whether an object is a 
warhead, decoy, piece of wire, or yet another object, but without this data the 
system would have absolutely no chance of discerning possible differences in the 
signals from the many objects that could accompany warheads during an attack. 
4.12 Thus the much higher resolution of the EMR plays a central and absolutely 
critical role for both the defense of Europe and the eastern two thirds of the 
continental United States.   
4.13 Figure 4 illustrates several fundamental characteristics of X-band and UHF 
early warning radars that have major implications for the ability of the integrated 
US and European missile defense to defend both the continental United States and 
the countries of Northern and Western Europe.   
4.14 One of the most important technical facts about X-band radar signals is that 
warheads reflect 50 to 100 times less radar signal at X-band frequencies than at the 
UHF frequencies used by the Fylingdales radar.  This means that if two radars had 
exactly the same power, antenna areas, and beam widths (for technical reasons, the 
beam widths of two such radars would be different, but we make this assumption 
here for illustrative purposes), one operating at UHF frequencies and the other at 
X-band, the X-band radar would be able to detect and track the same warhead at 
only 30-40% of the range that could be achieved by the “equivalent” UHF radar; 
but this is not in fact the case.  
4.15 Since the X-band radar operates at twenty times the frequency of the 
equivalent UHF radar, it will have a much narrower beam – about 20 times 
smaller.  As a result of the greater focusing power of the narrow beam, it will also 
have an antenna gain 400 times larger than that of the equivalent UHF radar (i.e. 
the warhead will be exposed to 400 times as much radar energy at X band than in 
the UHF band).  The much higher gain means that the X-band radar focuses its 
energy much more effectively than the equivalent UHF radar.  This greater 
focusing capability makes it possible for the X-band radar to see warheads that 
reflect 50 to 100 times less radio signal at roughly the same range as the 
"equivalent" UHF radar discussed in the previous paragraph. 
4.16 However, the greater ability of the X-band radar to focus its energy occurs at 
the cost of illuminating a much smaller area of sky.  Hence, an appropriately sized 
UHF radar illuminates a much larger area of sky, and can still detect its target at 
long-range because the radar reflectivity of the target at lower frequencies is much 
larger.  The result is that the UHF radar can search large areas of sky at long range 
but very low spatial resolution, while its equivalently sized X-band radar could 
also detect warheads at long range but would not be able to search large enough 
areas of sky to find the targets of concern in the first place. 
4.17 As a result of the disparate characteristics of UHF and X-band radars, the 
EMR and Fylingdales radars must work hand in hand.  The low-resolution long-
range Fylingdales UHF radar must provide information to the high-resolution X-
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band EMR about where to look for warheads and decoys, and the high-resolution 
X-band EMR must provide essential data to the low-resolution Fylingdales UHF 
radar so that it can determine which of the many indistinguishable objects it 
observes might actually be warheads.  If either radar fails to do its job, the missile 
defense will not have information it needs to launch and guide interceptors against 
warheads, and the missile defense will fail catastrophically.  
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Figure 4 

4.18 An additional important characteristic of the Fylingdales and EMR radars is 
that they are designed to be able to change beam directions electronically within 
millionths of seconds, a necessary capability for missile defense.  The antennas of 
radars that have this capability are constructed from numerous transmit/receive 
modules, which must be spaced on a fully populated antenna by about one-half the 
wavelength of the radio signal.  Since the wavelength at X-band is 20 times smaller 
than that at UHF, 400 X-band transmit/receive modules are needed to cover the 
same area of an X-band antenna compared to the one transmit/receive module that 
is needed to cover the same area of a UHF antenna.  Since the X-band modules are 
very small relative to UHF modules, the average power per unit area of antenna 
will still be about the same for both the X-band and UHF radars. 
4.19 One of the gigantic technical challenges of building very large X-band radars 
is that they must be built with many tens – or hundreds – of thousands of X-band 
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modules.  The current rate of U.S. production of these modules appears to be about 
30 to 40 thousand per year. 
4.20 As a result of the limited availability – and high cost – of these 
transmit/receive modules, the Czech EMR is designed to be a “sparse” phased 
array radar, having only 16,896 transmit/receive modules rather than the 300 to 
400 thousand that would be required for a “fully populated” phased array system.  
In addition, the EMR uses first-generation transmit/receive modules, which 
generate an average power of 1.2 Watts each rather than the 2 Watts of average 
power generated each by second generation transmit/receive modules.  The smaller 
number of older transmit/receive modules has several fundamentally important 
implications for EMR performance.  Any upgrade of the EMR antenna would 
require that all the transmit/receive modules have the same average power, so the 
current transmit/receive modules would have to be replaced with new-generation 
models.  The average power of the EMR is about 20 times lower than that of an 
equivalent fully populated phased array (about 20,000 Watts average power rather 
than about 600,000 to 700,000 Watts), and the EMR’s antenna gain (the ability of 
the radar to focus its radiated power in a given direction) is also about twenty times 
lower than that of a fully populated phased array; the gain is about 50,000 in one 
case and about 1,000,000 in the other.  The result of these two factors is that the 
EMR has extremely limited performance capabilities relative to that of an 
equivalent fully-populated phased array radar.1 
4.21 We estimate that the range of the EMR could be over 2,500 km against 
objects with a radar cross section of 1 m2, about 1,300 km against objects with a 
radar cross section of 0.1 m2, and less than 600 km against objects with a radar 
cross section of 0.01 m2. 

The Missile Defense Interceptors 
4.22 In order to hit a target, the infrared homing interceptors must have precise 
information from the defense’s radars about the expected location of a complex of 
targets and decoys before they can be launched.  Since the intercept process 
requires that a homing interceptor, or “kill vehicle,” destroy its target by impact, 
the interceptor must use infrared sensors to home in close enough to hit its target.  
The field of view of the infrared sensor of the kill vehicle is roughly 1 degree, 
about the same as would be achieved by looking through a soda straw.  The closing 
speed between the interceptor and its target is roughly 10 to 15 km/sec, so when 
the homing process begins at 300 to 600 km range, there are only twenty to sixty 
seconds to determine which of the objects in the kill vehicle’s field of view are 
warheads and which are decoys. 

                                                 
1 Both 20 times less power and 20 times less antenna gain, which results in range reduction factor of 4.4 according 
to the radar range equation, which predicts that a radar’s detection range varies inversely with the fourth power (R4) 
of the distance between a target and the radar antenna. 
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4.23 At the long ranges associated with the homing process, all the warheads and 
decoys look like points of light to the kill vehicle.  If decoys are clustered within a 
kilometer or less of the warhead, the wide beam of the radar will not be able to 
measure the angular position of the different objects with enough accuracy for the 
kill vehicle to select the warhead using data from the radar – even if the EMR has 
correctly identified the warhead.  The kill vehicle will be able to observe the 
angular position of decoys and warheads with very much greater precision than the 
radar, but it will not have sufficiently accurate radar data to tell which of the 
objects the radar has identified are warheads and which are decoys.2  In other 
words, the kill vehicle does not have sufficiently accurate information from the 
radar about the actual location of each object in the field of view of its infrared 
sensor to associate, on a one-to-one basis, each object seen by the radar with each 
object seen by the kill vehicle.  Because of this “association problem,” the kill 
vehicle must be able to discriminate between warheads and decoys using only its 
own infrared sensor.   
4.24 The implications of this are profound.  If an enemy launches warheads and 
decoys and distributes them in separate "clusters" a kilometer or less in diameter, 
the radar can direct the interceptor to the "right" cluster of objects if it identifies the 
warhead among the decoys.  When the interceptor encounters the cluster of 
objects, however, it will have to identify the warhead using only its infrared 
sensors. 
4.25 The "discrimination" process thus has two steps – using the X-band ground-
based radar to identify which cluster contains the warhead, and then using the 
separate and independent infrared sensor in the kill vehicle to identify the warhead 
within the cluster.  If either completely independent process fails, the system will 
fail to intercept the warhead. 

 
Limitations of the European Midcourse Radar Against Warheads on  

ICBM Trajectories from Iran 
4.26 The relatively low frequency UHF radar at Fylingdales can easily see 
warheads at all ranges needed by the defense, subject only to limitations imposed 
by the curvature of the earth.  This is not the case with the X-band European 
Midcourse Radar, which is supposed to perform the function of discriminating 
warheads from the decoys, wires, and other debris that could be traveling along 
with them.  Because the EMR operates at 20 times the frequency of the UHF radar 
at Fylingdales, the reflection of X-band radio signals from a typical warhead will 

                                                 
2 There is a specialized case where the radar can provide the Kill Vehicle with association data.  This occurs when 
the radar is nearly perpendicular to the line of sight of the Kill Vehicle.  For this specialized geometry, high 
resolution range data from the radar can be converted to angular data for the Kill Vehicle within the plane formed by 
the line-of-sight of the radar and Kill Vehicle.  As long as there is only one target observed by the radar at each 
range, the objects seen by the radar can readily be associated with those seen by the Kill Vehicle.  For essentially all 
practical circumstances associated with the current missile defense system, this situation will not occur.  
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be roughly 50 to 100 times smaller than the reflection of radio signals at UHF 
frequencies. 
4.27 Figure 5 shows calculations that estimate the radar cross-section of a 3 m long 
warhead.  If the warhead is pointed directly at the X-band radar (a nose-on view, 
which is the same as looking at it from a 0° orientation), it will have a radar cross-
section of about 0.03 m².  It is the nose radius of the warhead that determines the 
radar cross-section.  Simply covering the nose with a pointy cone-shaped thin 
metal sleeve would eliminate the rounded nose’s contribution to the radar cross-
section.  As the warhead orientation changes from nose on, the radar cross-section 
drops to about 0.004 m².  In all orientations where the radar cross-section is below 
0.01 m², the EMR's detection range will be well below 600 km. 

                                                                       
Figure 5 

4.28 Figure 6 shows two postulated ballistic missile trajectories from Iran to 
Washington DC and from Iran to Seattle.  In the case of an attack from Iran on 
Washington DC, warheads could easily be pointed towards, or nearly towards, the 
EMR.  This could be done by rotating the upper rocket stage towards the EMR, 
spinning the warhead around its axis of symmetry so that it maintains a stable 
orientation in space, and then pushing the warhead off the upper rocket stage.  A 
CIA report published in September 1999 found that any country capable of 
building an ICBM would be capable of such operations. 
4.29 Figure 6 also shows the detection range contours for the EMR and FBX X-
band radars against warheads with a radar cross-section of 0.01 m².  It is clear that 
the forward-based X-band radar, and most importantly the EMR, will not have 
sufficient range even to detect warheads, let alone gather the high-resolution radar 
data that is essential for telling the difference between warheads and decoys.   
4.30 The implications of this situation are profound.  It means that the EMR cannot 
perform its discrimination function against warheads launched from Iran against 
either Europe or the United States.  It follows that the European missile defense 
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system will provide no useful capabilities for defending either the continental 
United States or Europe against ballistic missile attack. 

  
Figure 6 

 

The Technical Basis of Russian Concerns about the European Missile Defense 
System 

4.31 The United States maintains that the US-European Missile Defense System is 
aimed at defending the United States from Iranian nuclear-armed Intercontinental 
Range Ballistic Missiles (ICBMs, ballistic missiles with ranges of 10,000 to 12,000 
km), and Europe from nuclear-armed Iranian Intermediate Range Ballistic Missiles 
(IRBMs, ballistic missiles with ranges of 4000 to 5000 km). 
4.32 The distance between the European Midcourse Radar and Iranian launch sites 
for IRBMs and ICBMs is roughly 3000 to 3500 km.  As discussed in the previous 
section, ICBMs launched from Iran on trajectories toward the United States, and 
IRBMs on trajectories towards Western Europe, would almost certainly deploy 
warheads that are oriented towards the EMR, close enough to a nose-on orientation 
to have very small radar cross-sections (0.01 m² and smaller).  Since the EMR is a 
"sparsely" populated phased array radar, it simply does not have the average power 
and antenna area to observe such small radar cross section warheads in these 
orientations.  Hence, the US-European Missile Defense System has no hope of 
engaging Iranian ballistic missile warheads unless the EMR is upgraded into a 
much more powerful radar. 
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4.33 The situation of the US-European Missile Defense System against Russian 
ICBMs is rather different.  Figure 7 shows the radar cross-sections of two ICBM-
range ballistic missiles, the Chinese DF-5, and the US Minuteman-III.3 When 
viewed from the nose-on direction to 60 to 70° or so off nose-on, their radar cross-
section is perhaps a few tenths of a square meter.    

 
Figure 7 

4.34 When the radar observes the ballistic missiles from the forward direction, a 
dominant contribution to the radar reflection comes either from the rounded nose 
tip of the shroud, in the case of the Minutemen-III, or from the warhead, in the case 
of the DF-5.  The large cylindrical body of each ballistic missile is at a sufficiently 
high slanting angle that it reflects little signal back to the radar. 
4.35 If the orientation of the missile relative to the radar is larger than 70°, the 
rounded "ogive” shape of the Minuteman-III shroud begins to present regions of 
surface that are perpendicular to the radar’s look angle.  This results in a rapid rise 
in the radar cross-section to tens of square meters.  In the case of the DF-5, the 
radar cross-section rises rapidly because the surface of the cone shaped warhead is 
perpendicular to the radar’s look angle. 

                                                 
3 Figure 7 is derived from data and graphics presented in “Report of the APS Study Group on 
BOOST-PHASE INTERCEPT SYSTEMS FOR NATIONAL MISSILE DEFENSE,” Chapter 4 
Detecting and Tracking Missiles in Powered Flight, Figure 4.8 and 4.9 
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4.36 As soon as the orientation of either ballistic missile goes beyond 90° relative 
to the nose-on orientation, the back end of the missile becomes visible.  These back 
ends contain many surfaces and edges that collectively act as corner reflectors, 
efficiently reflecting the radar signal largely independently of their orientation.  It 
follows that, from look angles beyond 90° relative to the nose-on orientation, the 
radar cross-section of the missile will be several square meters. 
4.37 For ICBMs launched from Russia (see Figure 8), the radar viewing angles for 
the different ICBM stages will produce radar cross-sections hundreds of times 
larger than the radar cross-sections of warheads launched from Iran.  These very 
large radar cross-sections would make it possible for the EMR to track the upper 
rocket stages of Russian ICBMs with high precision.  The radar could observe 
subtle changes in the motion of the upper rocket stages as the upper stage deploys 
warheads.  The radar might or might not be able to observe the warheads, 

depending on engineering details 
and on whether they can be viewed 
from the back end, but it might be 
possible to infer the trajectories of 
the warheads, providing enough 
information to launch defense-
interceptors toward intercept points 
where they would then home in on 
the infrared signals from the 
warheads.  
4.38 Since the limitations of the 
EMR are known to those who built 
the radar, the decision to place the 
radar more than 3000 km from the 
very low radar cross-section Iranian 
targets, and at roughly half that 
distance from the high radar cross-

section Russian targets, indicates that the location of the EMR was chosen with the 
knowledge that the radar would be far more capable against Russian ICBMs than 
against Iranian ICBMs, even though there may have been no intention to acquire 
the capability to intercept Russian ICBMs. 
4.39 The fact that interceptor missiles are due to be deployed in the extreme north-
east corner of Poland provides further support for these observations about the 
specialized capabilities of the EMR.  This location is close enough to the 
trajectories of Russian ICBM warheads to attempt to intercept them. 
4.40 Figure 9 shows the postulated launch of a missile defense interceptor from the 
Polish launch site against a Russian solid propellant SS-27 ballistic missile 
launched from the Russian missile battalion at Vypolzovo, Russia.  This 

 
Figure 8 
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engagement is of particular importance since it is described in briefings by the 
Missile Defense Agency to the European governments. 

 
4.41 The location of the SS-27 in powered flight is shown in one-minute intervals.  
Roughly 3 minutes after launch, the SS-27 reaches the end of its powered flight 
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the curvature of the earth and begin tracking the upper rocket stage and its payload 
of warheads at roughly the same time the SS-27 completes its powered flight.   
4.42 The missile defense interceptor could be launched immediately after the radar 
begins tracking.  The interceptor has a burn time of about two and a half minutes 
(about 140 seconds to be exact).  Since the interceptor obtains most of its velocity 
within the last 30 to 60 seconds of flight, it is relatively straightforward to place it 
on the right intercept trajectory towards the end of its flight.  Since the interceptor 
has a burnout speed of greater than 8 km/s while the SS-27 upper rocket stage has 
a velocity of 6.3 km/s, the interceptor is well able to catch up to the ICBM payload 
and destroy it by impact at closing speeds of near 2 km/s. 
4.43 Figure 10 shows numerous kinematically achievable intercept locations 
assuming that the missile defense interceptors are launched after the ballistic 
missiles end their powered flight.  The interceptors cannot be launched until the 
powered flight ends because the final trajectory of warheads could be substantially 
altered during the last tens of seconds of flight. 
4.44 As can be seen from Figure 10, the trajectories of the Russian ICBMs (in this 
case from the large SS-18 base in Tatishchevo, Russia) can all be engaged from the 
antimissile interceptor launch site in Poland. 
4.45 The United States has argued that the launch site in Poland would have only 
10 interceptors and could thereby pose no substantial threat to the large numbers of 
ICBMs currently possessed by Russia.  This argument is based on the conception 
that a future threat from Iran would be fixed in size. 
4.46 As noted in Part III, there is little evidence that in the foreseeable future Iran 
could produce ICBMs capable of threatening the United States.  If, however, Iran 
were able to produce ICBMs, it would produce them in its own manufacturing and 
fabrication facilities.  If Iran had the ability to produce such systems and were 
intent on posing a threat to the United States, there would be no reason why it 
would produce only 5 to 10 ICBMs.  Russian planners thus would have to consider 
the possibility that the US anti-missile interceptor site could expand in size 
considerably in response to an expanding threat from Iran.  Indeed, for no cogent 
reason, the Clinton Administration increased the number of interceptors to be 
deployed against a hypothetical North Korean ICBM threat from 25 to 100. 
4.47 An additional concern for Russian planners is that the United States is 
developing large, high-acceleration, mobile interceptors to be used as part of the 
US National Missile Defense System (see figure 11).  These interceptors will be 
transportable on C-17 aircraft and launched from mobile launch trailers.  Russian 
military planners would have to consider the possibility that such interceptors 
could at some unforeseen future time be deployed to substantially increase the 
firepower of the European missile defense against Russian long-range ballistic 
missiles. 
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KEI Element Description - Land Block 12 
 

KE Interceptors 

Common Land/Sea Interceptor 
• 40” diameter, 466” Length, 23,000 lb 
• High Vbo, High Acceleration Booster 
• Multi- Use 2 Color Seeker 
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4.48 These possibilities, however remote, show that in the long term U.S. missile 
defenses could potentially be used against Russian strategic forces.  This is a threat 
that Russian military and political decision-makers cannot ignore.  This potential 
threat is aggravated by the fact that U.S. offensive forces are sometimes claimed to 
have the ability to destroy large parts of Russia’s silo-based missile ICBM force 
and to pose a short-warning attack threat to Russia’s mobile land-based missiles, 
which are generally not dispersed in peace time.  Such a combination of offensive 
and defensive missile capabilities might not be able to stop Russia from retaliating 
with nuclear force against the United States, but it could create uncertainty about 
the ability of each launched Russian missile to reach its target.  Concerns about the 
ability of individual Russian missiles to reach their targets might well drive 
Russian strategic planners to cross-target additional missiles to ensure that critical 
targets are covered.  This will have implications for the numbers of missiles 
needed to cover targets the Russians believe must be covered.  This, in turn, will 
make it more difficult for Russian political decision-makers to accept arms control 
reductions in the size of Russian strategic arsenals. 
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Countermeasures 
4.49 The U.S.-European missile defense, along with its supporting components in 
and around the continental United States, is designed to intercept warheads when 
they are at high altitudes in the near vacuum of space, where light and heavy 
objects fly along together because there is no aerodynamic resistance to cause light 
objects to slow up relative to heavy objects.  These conditions are inherent to all 
long-range ballistic missile defenses that are designed to intercept targets at high 
altitudes.  The fact that there is no aerodynamic resistance to cause light objects to 
slow up relative to heavy objects makes it possible for adversaries to build 
extremely simple countermeasures that can readily overwhelm the defense. 
4.50 Figure 12b shows the series of reflections from a candidate warhead target 
that would be used as part of the process of identifying warheads relative to 
decoys.   
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4.51 Figure 12a shows how the radar signal-measurement shown in figure 12b 
might be obtained.  The radar emits an extremely narrow pulse of electromagnetic 
signal – in this case we assume for one nanosecond (one billionth of a second) – 
which propagates out to the target.  As the signal propagates, it spreads in 
directions perpendicular to the axis of the beam direction, eventually spreading to 3 
to 5 km in diameter at a range of 1,000 to 1,500 km.  However, the energy in the 
pulse is spread over a radial distance of roughly 0.3 m. 
4.52 When the "pancake" of radio signal passes by the warhead, radio signal is 
reflected from the round nose, from the metallic joint between the forward and aft 
cone-sections, and from the back end.  If this were an actual warhead, the radar 
could potentially identify it based on knowing that these three reflections will be 
spaced in time and intensity as depicted in figure 12b.  If the warhead were 
wobbling the relative intensity of these three peaks would change, giving the radar 
further information that could be used to infer that the signal was the same as that 
previously observed from other such warheads. 
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4.53 The attacker could change the intensity of these reflections.  The nose 
reflection could be greatly reduced in intensity or eliminated by covering the nose 
with a pointy metallic sleeve with the same half angle as the forward cone section.  
It would be possible to eliminate the radar reflection from the seam between the 
metallic sleeve and the body of the warhead by covering the seam with radar 
absorbent material.  The reflection from the back of the cone could be reduced by a 
factor of 10 by simply constructing the warhead with a rounded back rather than 
one with an edge.  Covering the back edge with radar absorbent material could also 
eliminate this reflection.  By scarring the surface of the warhead with wires, it 
would be possible to create additional reflections, in order to confuse the radars.  
4.54 Figure 13 shows a series of objects that could be made to appear like credible 
targets to the infrared homing kill vehicle.  If the warhead is accompanied by other 
infrared targets within a range of hundreds of meters, the kill vehicle will not have 
sufficiently accurate position information to tell which of the clustered objects is 
the warhead and which are decoys. As already noted, that will be true even if the 
radar has properly identified the warhead. 

 
Figure 13 

4.55 The objects labeled A, B, and C are balloons, one covered with a thin metallic 
coating about 12 m in diameter and two others, one black and the other white.  The 
large metallic balloon would be very easy for the radar to track but it would not be 
possible for the radar to determine if the balloon, or other similar balloons, 
contained a warhead.  The black and white balloons could be made so that they are 
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extremely difficult to track by inflating them with radar absorbing foam.  Each of 
these could be made to contain nothing but radar observing foam, or a warhead that 
is surrounded by radar absorbing foam. 
4.56 The kill vehicle, which has only infrared sensors, would see various bright 
objects in front of it, none of which would have a distinct characteristic that could 
be used to determine that it was a warhead or a warhead surrounded by a balloon. 
4.57 The objects labeled D and E are also good candidates for defeating the 
homing kill vehicle’s capacity to discriminate between warheads and decoys.  The 
object D is simply a light, rigid, cone-shaped replica of a warhead that is balanced 
so that it will wobble in space like a warhead that has been spin stabilized after 
deployment.  Object E is a balloon that contains a flexible surface, within which 
there is a tight mesh of wires to make the balloon look like a rigid cone-shaped 
object, and flowing water, to make the surface temperature of the balloon similar to 
that of a warhead.  The decoys D and E are far more complex than necessary for 
defeating the kill vehicle.  One would expect a conservative adversary simply to 
use balloons inflated with radar absorbent material to make it difficult or 
impossible for the radar to observe the warhead and for the kill vehicle to tell 
which balloon contains the warhead. 
4.58 The countermeasures needed to defeat the integrated U.S.-European missile 
defense are shockingly easy to implement because the kill vehicle is attempting to 
operate in the near vacuum of space.  As long as the kill vehicle has to operate in 
the near vacuum of space, such countermeasures will be readily available to any 
adversary who is capable of building, deploying, and operating an ICBM. 

A Possible Alternative Defense Concept 
4.59 As noted above, the prospects of the US-European missile defense system 
working against long-range ballistic missile threats are dim.  These prospects are 
mostly the consequence of the extreme ease with which decoys and other similar 
countermeasures can be implemented in the near vacuum of space.  This suggests 
that if an alternative missile defense is to be possible, it will have to be based on an 
entirely different concept from what is now being pursued. 
4.60 It may be possible to build such a defense for the very specialized 
circumstances that are of concern to the United States and its Western and 
Northern European allies.  The particular kind of defense we are contemplating 
would use large pilotless drones to carry homing missiles that could shoot down 
Iranian or North Korean ICBMs or IRBMs as they slowly accelerate from their 
known launch sites.  It would take advantage of the fact that the ICBMs and 
IRBMs built by Iran or North Korea would be large and cumbersome, have long 
powered flight-times, and could not be operated as mobile missiles.  As such, these 
missiles could only be able be launched from well-known launch sites.  
4.61 There are several questions associated with the performance of such a defense 
that need further study.  They are as follows: 
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o The system should be designed with a high priority to minimize the potential 

consequences from debris falling from intercepted rockets.  If such possibilities 
are not taken seriously, the United States and its allies would rightly be seen as 
willing to cause damage to innocent bystander nations in order to defend 
themselves. 

o The system might be able to "shoot down" the ballistic missile early enough in 
flight so that its payload will not fall on another country.  The circumstances 
and technology requirements to implement such outcomes need to be identified 
and studied. 

o It is also possible to select intercept points against ballistic missiles that might 
drop the debris into the ocean or in areas that have low population densities.  
Methods for choosing such intercept points need to be defined and analyzed. 

o The stealthy drones must be able to operate for extended periods of time in the 
presence of air defenses.  It cannot be ruled out that a postulated enemy would 
be able to deploy concentrated air defenses around the ICBM launch complex. 

o The intercept process should aim at destroying the warhead to prevent it from 
falling on another country.  This will be difficult to guarantee, but every effort 
should be made to try to achieve this result. 
It should be recognized, however, that hitting the warhead may not always be 
possible.  If the warhead is under a shroud, or intentionally placed in a location 
that is not expected, a kill vehicle striking the missile may not actually pass 
through the section that contains the warhead.   

o The defense would have to be configured so that it does not impede the 
possibility of further nuclear arms reductions between Russia and the United 
States.  For this goal to be accomplished, the defense will need to be configured 
so that it unambiguously does not pose a threat to Russian strategic nuclear 
forces. 

What is the Threat and How Could It Be Addressed? 
4.62 The analysis in Chapter 3 of this report indicates that the postulated threat is a 
large liquid propellant ICBM derived from SCUD ballistic missile technology, the 
ICBM can be expected to weigh at least 75 to 80 tons if it is to carry a 1000 kg 
payload to 9,000 to 10,000 km range.  We know that the Chinese provided a 
Uranium implosion bomb design to Pakistan and that A. Q. Khan provided this 
design information to Libya.  We do not know whether this design information was 
also made available to Iran and North Korea.  If not, one cannot assume that a 
sophisticated country like Iran could not eventually replicate it on their own.  In the 
case of North Korea, their bomb technology is based on a Plutonium device which 
failed to achieve a nominal yield in its only test.  If either of these designs were 
used in an ICBM, they could potentially weigh as little as 1000 pounds (roughly 
500 kg).  The designs would have to be ruggedized for launch on an ICBM and 
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ancillary equipment would be needed to package it for reentry, provide mountings 
on the ICBM, various kinds of protective devices, and so on, resulting in a payload 
that should be around 2000 pounds.  This leads to our estimate that an emerging 
nuclear armed ICBM threat would have to be able carry a payload of at least 1000 
to 1500 kg.4   

Basic Operational requirements of the Anti-ICBM Drone Defense 
4.63 Figure 14 shows the powered flight trajectory of a typical large liquid 
propellant ICBM.  In this particular case it is assumed to have a powered flight 
time of about 320 seconds.  If the powered flight time is much shorter, like for 
instance 240 seconds, the same insights apply. 
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Figure 14 

4.64 An inspection of figure 14 shows that if the ICBM is intercepted within two 
minutes of launch, its payload and accompanying debris will fall within 350 km of 
launch site.  Also shown are the ranges at which impacts occur if the intercept 
occurs at 130, 140, 145, and 180 seconds after launch.  It is clear that at times 
much beyond two minutes from launch, and interceptor will result in debris 
potentially falling on neighboring countries. 
4.65 If one assumes that an intercept would have to occur within two minutes of 
launch and at 50 to 100 km of the launch site, the 5 km/s interceptor would have 
roughly 100 to 120 seconds to reach its target.  This means that optimistically the 

                                                 
4 There is an exception to these possibilities.  A gun-assembled Uranium bomb could be constructed by using 60 to 
100 kg of highly enriched Uranium.  Such a device could potentially weigh considerably less than an implosion 
device.  In the case of North Korea, such a device would not be possible, as North Korean nuclear bombs are based 
on the use of Plutonium.  In the case of Iran, it would take roughly three times the 25 kg of Uranium that would 
otherwise be required for an implosion device. 
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range of such an interceptor should be no more than 500 to 600 km.  In reality, the 
interceptor is likely to be somewhat slower, so it is probable that a realistic 
operational range would be between 350 and 450 km. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 15 
4.66 An important assumption in this range estimate is that the interceptor can be 
launched essentially when the ICBM is launched.  In this circumstance, such an 
assumption applies for two important reasons.  One is that the lateral divert 
velocity of the interceptor’s kill vehicle would be roughly 2 km/s.  During the first 
100 seconds of flight, the ICBM only achieves a velocity of 2 to 2 1/2 km/s, well 
within the ability of the interceptor to change its course so that it can hit the target.  
The second reason that the interceptor could be launched essentially at the same 
time the ICBM is launched is that the United States has developed "see to the 
ground" sensors for the generation of early warning satellites that will be replacing 
the Defense Support Program early warning satellites.  There is also another 
important phenomenon that the satellites can exploit.  Even when there is cloud 
cover it is known that the infrared signal from a missile launch can be detected as a 
diffuse scattered signal through the clouds.  Hence, interceptors could be launched 
essentially at the time the ICBM is launched. 
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4.67 Figures 15, 16 and 17 show notional operational areas for a stealthy drone in 
the case of Iran, and North Korea. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 16 
4.68 In the case of Iran, the assumption is that the ICBM would be launched from 
current launch sites.  If this is the case, then it might even be possible for anti-
ICBM drones to shoot down ICBMs while operating over the Caspian Sea, outside 
the borders of Iran.  If the Iranians move their launch sites further into the country's 
interior, the stealthy drones would have to operate over Iranian territory during a 
crisis (a period where an ICBM is being assembled and readied for launch).  In this 
case it will be critical that the drones be sufficiently stealthy that they can operate 
for extended periods of time in an environment that may contain numerous ground-
based air defenses.  This requirement will be discussed shortly. 
4.69 In the case of North Korea, it should easily be possible to operate such a 
defense over the Sea of Japan (see figure 17 on next page).  In this case, the use of 
ultra stealthy ant-ICBM drones may not be fully needed, although it still would be 
preferable since the range of circumstances where anti-ICBM threat might be 
needed are not fully predictable. 
4.70 Because North Korea is physically such a small country, and it is readily 
accessible from international airspace, it presents a special case where the use of a 
variant of the anti-ICBM drone could be used to defend Japan.  However, 
defending Japan against the shorter range Nodong is likely to be problematic since 
the Nodongs are sufficiently numerous that a small number of drones could not 
handle the massed attack.  Also unfortunate, is that it does not appear that 
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circumstances favor a similar variant system that could be used to defend Israel 
from such shorter ranged mobile missiles that could be launched by Iran. 
4.71 In the case of the Nodong missile, its powered flight time is completed in 
roughly 100 seconds.  It is probably not realistic to assume that an engagement 
against such a missile could occur immediately upon launch.  A more realistic 
assumption for the Nodong, given that it is mobile and its launch location would 
probably not be known, would be the launch of an interceptor at perhaps 40 or 50 
seconds after launch.  If the Nodong has to be destroyed roughly 10 seconds before 
it ends its powered flight, this would mean an interceptor might have 30 or 40 
seconds to reach such a missile, resulting in an intercept range of perhaps 150 to 
200 km.  Hence, for this very special case the system may be adaptable for shorter 
range missiles.  The reason the specialized character of this case is emphasized is 
that any attempt to generalize the use of this "designer" defense to deal with the 
more general short range mobile missile problem will drive the requirements and 
the size of the resulting systems to monstrous proportions, expense and very 
questionable workability.  Such an extremely costly and questionably effective 
system should not be allowed to happen. 
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Radar Characteristics of the Stealthy Anti-ICBM Drones 
4.72 We now turn to the important question of whether it is reasonable to expect 
the drones to be stealthy enough to operate with impunity over or near the national 
airspace of a hostile state capable of deploying significant air defenses. 
4.73 Figure 18 below shows a simulated photograph of a candidate stealthy drone 
on the deck of an aircraft carrier.  This particular drone can carry a payload of 4500 
pounds, which is more than enough to accommodate two 2000 pound interceptors, 
or a single heavier interceptor.  The heavier interceptor might be more desirable for 
situations where an interceptor burnout speed in excess of 5 km/s is desired.  
Smaller interceptors would probably have burnout speeds of perhaps 4 to 4 1/2 
km/s.  These lower burnout speeds are quite likely to be adequate.   
4.74 If such vehicles are to be able to loiter for days or weeks within hundreds of 
kilometers of the ICBM launch facility they will need to have very low radar cross-
sections.  Radar cross-sections that are between 0.002 m² and 0.003 m² should be 
achievable.  Such small radar cross-sections require not only that the aircraft have 
a shape that does not strongly reflect radar signals, but it also requires that the 
aircraft be covered with radar absorbing material.  A bare skinned version of this 
aircraft would have a small radar cross-section, but it would still be roughly 10 
times larger than the same aircraft if it were covered with radar absorbing material. 
4.75 Figure 19 shows additional details of the shape of this particular vehicle.  
Figure 20 shows a Russian computer-based estimate of the radar cross-section of a 
B-2 bomber (a vehicle with a roughly 50 m wingspan) as a function of its 
orientation towards the radar. 
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Figure 18 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 19 

Two Views Showing the Shape of the 
Northrop X-47B Stealthy Pilotless Drone 
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4.76 When the aircraft is oriented so that the leading and trailing edges of its wings 
are not perpendicular to the radar, it has a radar cross-section of about 0.01 m².  
The stealthy drones are smaller aircraft (they have a wingspan of roughly 20 m).  
The radar cross-section of the drones should scale roughly as the square of the 
projected area of the drone relative to the larger B-2 target.  Since the projected 
area of the drone is less than 20% that of the B-2 bomber, simple scaling suggests 
that the radar cross-section of the drone could be 25 times smaller (about 4% that 
of the B-2).  In reality, this is unlikely to be the case since at this level of radar 
return reflections from small imperfections on the surface of the drone would 
substantially contribute to its overall radar cross-section.  It is clear however, that 
the radar cross-section could well be roughly 10 times smaller than that of the 
equivalent B-2 bomber. 

 
4.77 Figure 21 below is a cartoon displaying the results of calculations that 
estimate the search range against a stealthy drone.  The search range assumes the 
radar completes a full scan of its search volume once every ten seconds.  It also 
assumes a very powerful radar, with about 20 KW average power, a very low-noise 
radar-receiver and very small signal system losses.   
4.78 Even using these optimistic assumptions about the characteristics of the air-
defense radars, they still can only achieve a detection range of no more than 
roughly 40 or 50 km.  If the radar cross-section is much higher, 0.01 m², the 
detection range is still no more than 80 km.  Given that the drones could operate 

 
Figure 20 

Radar cross section estimates from: 
Computer Simulation of Aerial Target Radar  
Scattering, Recognition, Detection and Tracking,  
Yakov D. Sherman, Editor, Artech House, 2002 
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4.79 within a range of 400 to 500 km of the ICBM launch site and still shoot down 
the ICBM, it is clear that an enormous number of air defense systems would be 
needed to present a significant threat to patrolling drones. 
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Conclusion 
4.80 The analysis in this chapter points to the following conclusions: 

 The addition of European-based components to the US national missile 
defense would, if the missile defense worked as claimed by the Missile 
Defense Agency, provide critical discrimination data for ballistic 
trajectories from Iran to the eastern two thirds of the continental United 
States.  It would also, with the same caveat, provide for the defense of 
Western and Northern Europe. 

 There are, however, good reasons for concluding that the European 
missile defense system will provide no useful capabilities for defending 
either the continental United States or Europe against ballistic missile 
attack.  This is because the European Midcourse Radar will find it 
impossible to discriminate warheads launched from Iran against Europe 
or the United States from the decoys that might accompany them; and 
because any country capable of building, deploying, and operating 
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ICBMs will be able to develop the countermeasures needed to render 
the missile defense ineffective. 

 In the immediate case where there are no countermeasures, the current 
EMR will not have sufficient range to detect, yet alone track and 
perform discrimination measurements on warheads launched from Iran 
towards the United States and Western and Northern Europe.  This is 
because the current EMR simply does not have a nearly large enough 
antenna nor enough transmit/receive modules to achieve a useful 
working detection range against Iranian cone-shaped warheads, which 
can be expected to have radar cross sections of 0.01 m2 or less..  The 
detection range that can be achieved against cone-shaped warheads by 
the current EMR is less than 600 km, and the range needed for the EMR 
to even attempt the process of discrimination against warhead targets on 
relevant trajectories is more than 2,000 km. 

 The analysis in Chapter 3 concluded that Iran would not be able to build 
and deploy IRBMs or ICBMs for at least ten years and probably much 
longer, even assuming that Iran makes an immediate and determined 
decision to embark on the development of nuclear weapons and of 
rockets with ranges and payloads higher than that of the Safir.  We have 
no evidence that Iran has taken such a decision. 

 The Safir missile could potentially deliver a nuclear weapon of very 
advanced design to a range of about 3000 km, but only if the payload of 
the Safir missile were roughly 500 kg.  To achieve this, Iran would have 
to produce a very compact and light nuclear warhead along with the 
necessary reentry systems and structural integration.  It is highly 
improbable that such a threat could materialize in less than ten years, 
unless Iran received substantial help from other countries. 

 It is more likely that an Iranian nuclear weapons program could produce 
a warhead and reentry system for a payload of 1000 kg.  The Safir 
missile could potentially carry such a payload to a range of about 2000 
km. 

 None of these threats, assuming they can be addressed by an 
exoatmospheric missile defense, could be engaged by the European-
based components of the US National Missile Defense.  Instead, 
shorter-range missile defenses like the Terminal High Altitude Area 
Defense (THAAD) would be the only systems that could engage such 
shorter-range missiles.  This, of course, would require that these 
shorter-range exoatmospheric defense-systems could cope with the 
potential countermeasures that could defeat the longer range 
exoatmospheric defense-system.  
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 Russia would have to take into account the possible future expansion of 
the European missile defense system and the effect that this might have 
on Russian retaliatory capabilities.  Under those circumstances, Russia 
would be less willing to engage in negotiations to make further 
reductions in the size of its strategic nuclear forces. 

 This situation indicates that there is no reason to rush ahead and build a 
missile defense that can engage only longer-range missiles.  In spite of 
claims to the contrary, the facts show that there is ample time to 
conduct a reasoned technical review of the capabilities claimed for the 
current US National Missile Defense System.  We believe that such a 
review will show that the capabilities of the US National Missile 
Defense System are far more limited than the capabilities that have 
been claimed; and, further, that they are not appropriate for dealing with 
any potential missile threat from Iran over the next ten years. 
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Mr. Chairman, members of the committee, I appreciate the opportunity to appear before you today 
to discuss, in an open session, the Intelligence Community’s recent National Intelligence Estimate 
(NIE) on the ballistic missile threat to the United States through the year 2015. Following my 
statement, I will try to answer your questions without providing important information to countries 
seeking to hide weapons developments from us. Thus, you’ll understand that if I cannot answer a 
question more fully, it’s not that I do not want to. In such cases, I could provide a classified answer 
for the record if you would like. 

My Statement for the Record does not cover all the important material published in our recent 
unclassified paper on this subject. Moreover, in the interest of time I would like to summarize my 
statement verbally, so I would like to submit both the unclassified paper and my written statement 
for the record.  

Congress has requested that the Intelligence Community produce annual reports on ballistic missile 
developments worldwide. We produced the first report in March 1998 and an update memorandum 
in October 1998 on the August North Korean launch of its Taepo Dong-1 space launch vehicle. Our 
1999 report is a classified NIE, but we summarized it in the unclassified paper I just mentioned. 
You have copies of that paper for this hearing.  

This year we examined future capabilities for several countries that have or have had ballistic 
missiles or space launch programs or intentions. Our approach for this year’s report differs with past 
efforts in three major ways.  

• First, we have projected missile developments through the year 2015; previous reports 
projected the threat through 2010. Thus, we have added five years of further development.  

• Second, using intelligence information and expertise inside and outside the Intelligence 
Community, we examined scenarios by which a country could acquire an ICBM and 
assessed the likelihood of various scenarios. (Earlier intelligence reports have focused on 
scenarios we judged as most likely; the Rumsfeld report focused only on what a country 
could do. We decided it was time to combine both approaches, although one agency believes 
that the prominence given by this approach to missiles countries "could" develop gives more 
credence than is warranted to developments that may prove implausible.) We did not 
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attempt to address all of the potential political, economic, and social changes that could 
occur. Rather, we analyzed the level of success and the pace countries have experienced in 
their development efforts, technology transfers, political motives, military incentives, and 
economic resources. From that basis, we projected possible and likely missile developments 
by 2015 independent of significant political and economic changes.  

• Third, because countries could threaten to use ballistic missiles following limited flight-
testing and before a missile is deployed in the traditional sense, we use the first successful 
flight test to indicate an "initial threat availability." Emerging long-range missile powers do 
not appear to rely on robust test programs to ensure a missile’s accuracy and reliability or to 
intend to deploy a large number of long-range missiles to dedicated, long-term sites. A 
nation may decide that the ability to threaten with one or two missiles is sufficient. With 
shorter flight test programs—perhaps only one test—and potentially simple deployment 
schemes, the time between the initial flight test and the availability of a missile for military 
use is likely to be shortened. Using the date of the first projected flight test as the initial 
indicator of the threat recognizes that an adversary armed with even a single missile capable 
of delivering a weapon of mass destruction may consider it threatening. Using the first flight 
test also results in threat projections a few years earlier than those based on traditional 
definitions of deployment.  

I should note that our projections are based largely on limited information and engineering 
judgment. Adding to our uncertainty is that many countries surround their ballistic missile programs 
with secrecy, and some employ deception. Although some key milestones are difficult to hide, we 
may miss others, at least until flight testing; recall that we did not know until its launch that North 
Korea had acquired a third stage for its Taepo Dong-1.  

I should also note that we incorporated the results of several expert, academic and contractor efforts, 
including the recommendations of former members of the Commission to Access the Ballistic 
Missile Threat to the United States, assistance from politico-economic experts to help examine 
future environments that might foster ICBM sales, and the expertise of missile contractors to help 
postulate potential ICBM configurations others could pursue.  

The Evolving Missile Threat in the Current Proliferation Environment  
Worldwide ballistic missile proliferation has continued to evolve during the past 18 months. The 
capabilities of the missiles are growing, a fact underscored by North Korea’s Taepo Dong-1 launch. 
The number of missiles is increasing. Medium- and short-range ballistic missile systems, 
particularly if armed with weapons of mass destruction, already pose a significant threat to US 
interests, military forces, and allies overseas. We have seen increased trade and cooperation among 
countries that have been recipients of missile technologies. Finally, some countries continue to work 
toward longer-range systems, including ICBMs.  

Projecting political and economic developments that could alter the missile threat many years into 
the future is virtually impossible. The threat facing the United States in the year 2015 will depend 
on our changing relations with foreign countries, the political situation within those countries, 
economic factors, and numerous other factors that we cannot predict with confidence.  

• For example, 15 years ago the United States and Soviet Union were superpower adversaries 
in the midst of the Cold War, with military forces facing off in central Europe and 
competing for global power.  

• Fifteen years ago Iraq shared common interests with the United States.  
• Finally, we do not know whether some of the countries of concern will exist in 15 years.  
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Understanding the uncertainties, we project that during the next 15 years the United States most 
likely will face ICBM threats from Russia, China, and North Korea, probably from Iran, and 
possibly from Iraq. The Russian threat, although significantly reduced, will continue to be the most 
robust and lethal, considerably more so than that posed by China, and orders of magnitude more 
than that potentially posed by the others, whose missiles are likely to be fewer in number—probably 
a few to tens, constrained to smaller payloads, and less reliable and accurate.  

The new missile threats confronting the United States are far different from the Cold War threat 
during the last three decades. During that period, the ballistic missile threat to the United States 
involved relatively accurate, survivable, and reliable missiles deployed in large numbers. Soviet—
and to a much lesser extent Chinese—strategic forces threatened, as they still do, the potential for 
catastrophic, nation-killing damage. By contrast, the new missile threats involve states with 
considerably fewer missiles with less accuracy, yield, survivability, reliability, and range-payload 
capability than the hostile strategic forces we have faced for 30 years. Even so, the new systems are 
threatening, but in different ways.  

• First, although the majority of systems being developed and produced today are short- or 
medium-range ballistic missiles, North Korea’s three-stage Taepo Dong-1 SLV 
demonstrated Pyongyang’s potential to cross the ICBM threshold if it develops a survivable 
weapon for the system. Other potentially hostile nations could cross that threshold during 
the next 15 years.  

• Second, many of the countries that are developing longer-range missiles probably assess that 
the threat of their use would complicate American decision-making during crises. Over the 
last decade, the world has observed that missiles less capable than the ICBMs the United 
States and others have deployed can affect another nation’s decision-making process.  

• Third, the probability that a missile with a weapon of mass destruction will be used against 
US forces or interests is higher today than during most of the Cold War. Ballistic missiles, 
for example, were used against US forces during the Gulf war. More nations now have 
longer-range missiles and weapons of mass destruction. Missiles have been used in several 
conflicts over the past two decades, although not with weapons of mass destruction. 
Nevertheless, some of the regimes controlling these missiles have exhibited a willingness to 
use such weapons.  

Thus, acquiring long-range ballistic missiles armed with a weapon of mass destruction probably 
will enable weaker countries to do three things that they otherwise might not be able to do: deter, 
constrain, and harm the United States. To achieve these objectives, the missiles need not be 
deployed in large numbers; with even a few such weapons, these countries would judge that they 
had the capability to threaten at least politically significant damage to the United States or its allies. 
They need not be highly accurate; the ability to target a large urban area is sufficient. They need not 
be highly reliable, because their strategic value is derived primarily from the implicit or explicit 
threat of their use, not the near certain outcome of such use. Some of these systems may be intended 
for their political impact as potential terror weapons, while others may be built to perform more 
specific military missions, facing the United States with a broad spectrum of motivations, 
development timelines, and resulting hostile capabilities. In many ways, such weapons are not 
envisioned at the outset as operational weapons of war, but primarily as strategic weapons of 
deterrence and coercive diplomacy.  

The progress of countries in Asia and the Middle East toward acquiring longer-range ballistic 
missiles has been dramatically demonstrated over the past 18 months:  
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• Most notably, North Korea’s three-stage Taepo Dong-1 SLV has inherent, albeit limited, 
capabilities to deliver small payloads to ICBM ranges. The much more capable Taepo 
Dong-2 could be flight tested this year, unless it is delayed for political reasons.  

• Pakistan flight-tested its 1,300 km range Ghauri missile, which it produced with North 
Korean assistance.  

• Iran flight-tested its 1,300 km range Shahab-3—a version of North Korea’s No Dong, which 
Iran has produced with Russian assistance.  

• India flight-tested its Agni II MRBM, which we estimate will have a range of about 2,000 
km.  

• China conducted the first flight test of its DF-31 mobile ICBM in August 1999; it will have 
a range of about 8,000 km.  

Potential ICBM Threats to the United States from Five Countries  
North Korea. After Russia and China, North Korea is the most likely to develop ICBMs capable of 
threatening the United States during the next 15 years.  

• With an operable third stage and a reentry vehicle capable of surviving ICBM flight, a 
converted Taepo Dong-1 SLV could deliver a light payload to the United States. In these 
cases, about two-thirds of the payload mass would be required for the reentry vehicle 
structure. The remaining mass is probably too light for an early generation nuclear weapon 
but could deliver biological or chemical (BW/CW) warfare agent.  

• Most analysts believe that North Korea probably will test a Taepo Dong-2 this year, unless 
delayed for political reasons. A two-stage Taepo Dong-2 could deliver a several-hundred 
kilogram payload to Alaska and Hawaii, and a lighter payload to the western half of the 
United States. A three-stage Taepo Dong-2 could deliver a several-hundred kilogram 
payload anywhere in the United States.  

• North Korea is much more likely to weaponize the more capable Taepo Dong-2 than the 
three-stage Taepo Dong-1 as an ICBM.  

Iran. Iran is the next hostile country most capable of testing an ICBM capable of delivering a 
weapon to the United States during the next 15 years.  

• Iran could test an ICBM that could deliver a several-hundred kilogram payload to many 
parts of the United States in the latter half of the next decade, using Russian technology and 
assistance.  

• Iran could pursue a Taepo Dong-type ICBM and could test a Taepo Dong-1 or Taepo Dong-
2-type ICBM, possibly with North Korean assistance, in the next few years.  

• Iran is likely to test an SLV by 2010 that—once developed—could be converted into an 
ICBM capable of delivering a several-hundred kilogram payload to the United States.  

• Beyond that, analysts differ on the likely timing of Iran’s first flight test of an ICBM that 
could threaten the United States. Assessments include:  

• likely before 2010 and very likely before 2015 (noting that an SLV with ICBM capabilities 
will probably be tested within the next few years);  

• no more than an even chance by 2010 and a better than even chance by 2015;  
• and less than an even chance by 2015.  

Iraq. Although the Gulf war and subsequent United Nations activities destroyed much of Iraq’s 
missile infrastructure, Iraq could test an ICBM capable of reaching the United States during the next 
15 years.  
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• After observing North Korean activities, Iraq most likely would pursue a three-stage Taepo 
Dong-2 approach to an ICBM (or SLV), which could deliver a several-hundred kilogram 
payload to parts of the United States. If Iraq could buy a Taepo Dong-2 from North Korea, it 
could have a launch capability within months of the purchase; if it bought Taepo Dong 
engines, it could test an ICBM by the middle of the next decade. Iraq probably would take 
until the end of the next decade to develop the system domestically.  

• Although much less likely, most analysts believe that if Iraq were to begin development 
today, it could test a much less capable ICBM in a few years using Scud components and 
based on its prior SLV experience or on the Taepo Dong-1.  

• Analysts differ on the likely timing of Iraq’s first flight test of an ICBM that could threaten 
the United States. Assessments include unlikely before 2015; and likely before 2015, 
possibly before 2010—foreign assistance would affect the capability and timing.  

Russia. Russia’s strategic offensive forces are experiencing serious budget constraints but will 
remain the cornerstone of its military power.  

• Russia currently has about 1,000 strategic ballistic missiles with 4,500 warheads.  
• Russia will maintain as many strategic missiles and associated nuclear warheads as it 

believes it can afford, but well short of START I or II limitations.  

— If Russia ratifies START II, with its ban on multiple warheads on ICBMs, it 
would probably be able to maintain only about half of the weapons it could maintain 
without the ban.  

• We judge that an unauthorized or accidental launch of a Russian strategic missile is highly 
unlikely so long as current technical and procedural safeguards are in place.  

China. Chinese strategic nuclear doctrine calls for a survivable long-range missile force that can 
hold a significant portion of the US population at risk in a retaliatory strike.  

• China’s current force of about 20 CSS-4 ICBMs can reach targets in all of the United States.  
• Beijing also is developing two new road-mobile, solid propellant ICBMs.  

— It conducted the first flight test of the mobile DF-31 ICBM in August 1999; we 
judge it will have a range of about 8,000 km and will be targeted primarily against 
Russia and Asia.  

— We expect a test of a longer range mobile ICBM within the next several years; it 
will be targeted primarily against the United States.  

• China is developing the JL-2 SLBM, which we expect to be tested within the next decade. 
The JL-2 probably will be able to target the United States from launch areas near China.  

• By 2015, China will likely have tens of missiles targeted against the United States, having 
added a few tens of more survivable land- and sea-based mobile missiles with smaller 
nuclear warheads—in part influenced by US technology gained through espionage.  

• China has had the technical capability to develop multiple RV payloads for 20 years. If 
China needed a multiple-RV (MRV) capability in the near term, Beijing could use a DF-31-
type RV to develop and deploy a simple MRV or multiple independently targetable reentry 
vehicle (MIRV) for the CSS-4 in a few years. MIRVing a future mobile missile would be 
many years off.  



Foreign Missile Developments   Page 6 of 8 
and the Ballistic Missile Threat  CIA 

 

• China is also significantly improving its theater missile capabilities and is increasing the size 
of its SRBM force deployed opposite Taiwan.  

• We assess that an unauthorized launch of a Chinese strategic missile is highly unlikely.  

Foreign assistance  
Foreign assistance continues to have demonstrable effects on missile advances around the world.  

• Russian missile assistance continues to be significant.  
• China continues to contribute to missile programs in some countries.  
• North Korea may expand sales.  
• Some countries that have been recipients of technology are now sharing more amongst 

themselves and are pursuing cooperative missile ventures.  

Moreover, changes in the regional and international security environment—in particular, Iran’s 
Shahab-3 missile test and the Indian and Pakistani missile and nuclear tests—probably will fuel 
missile and WMD interests in the region.  

Sales of ICBMs or SLVs, which have inherent ICBM capabilities, could further increase the 
number of countries that will be able to threaten the United States. North Korea continues to 
demonstrate a willingness to sell its missiles. Projecting the likelihood of a Russian or Chinese 
ICBM transfer 15 years into the future is very uncertain, driven in part by unpredictable future 
economic conditions, how Moscow will perceive its position vis-à-vis the West, and future Russian 
and Chinese perceptions of US ballistic missile defenses. Nevertheless, we continue to judge it 
unlikely that Moscow or Beijing would sell a complete ICBM, SLV, or the technologies tantamount 
to a complete ICBM.  

Warning Times and our Ability to Forecast Missile Development and Acquisition  
Our ability to provide warning for a particular country is depends highly on our collection 
capabilities. For some countries, we have relatively large bodies of evidence on which to base our 
assessments; for others, our knowledge of the programs being pursued is limited. Our monitoring 
and warning about North Korea’s efforts to achieve an ICBM capability constitute an important 
case study on warning. In 1994, we were able to give five years warning of North Korea’s efforts to 
acquire an ICBM capability. In hindsight, however, we had overestimated that North Korea would 
begin flight testing the Taepo Dong-1 and Taepo Dong-2 missiles years earlier than turned out to be 
the case; projected correctly the timing of a North Korean missile with the potential to deliver 
payloads to the ICBM range of 5,500-km; and underestimated the capabilities of the Taepo Dong-1 
by failing to anticipate the use of the third stage.  

North Korea demonstrated intercontinental-range booster capabilities roughly on the timetable we 
projected in 1994, but with a completely unanticipated vehicle configuration. Thus, detecting or 
suspecting a missile development program and projecting the timing of the emerging threat, 
although difficult, are easier than forecasting the vehicle’s configuration or performance with 
accuracy. Furthermore, countries practice denial and deception to hide or mask their intentions—for 
example, testing an ICBM as a space launch vehicle.  

We continue to judge that we may not be able to provide much warning if a country purchased an 
ICBM or if a country already had an SLV capability. Nevertheless, the initiation of an SLV 
program is an indicator of a potential ICBM program. We also judge that we may not be able to 
provide much, if any, warning of a forward-based ballistic missile or land-attack cruise missile 
(LACM) threat to the United States. Moreover, LACM development can draw upon dual-use 
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technologies. We expect to see acquisition of LACMs by many countries to meet regional military 
requirements.  

Space Launch Vehicle (SLV) Conversion. Nations with SLVs could convert them into ICBMs 
relatively quickly with little or no chance of detection before the first flight test. Such a conversion 
would include the development of a reentry vehicle (RV).  

• If the country had Russian or Chinese assistance in a covert development effort, it could 
have relatively high confidence that a covertly-developed RV would survive and function 
properly.  

• If a country developed an untested RV without foreign assistance, its confidence would 
diminish, but we could not be confident it would fail. Significant amounts of information 
about reentry vehicles are available in open sources. The developing country could have 
some confidence that the system would survive reentry, although confidence in its proper 
delivery of the weapon would be lower without testing.  

Alternative Threats to the United States  
Several other means to deliver WMD to the United States have probably been devised, some more 
reliable than ICBMs that have not completed rigorous testing and validation programs. The goal of 
an adversary would be to move the weapon within striking distance without a long-range ICBM. 
Most of these means, however, do not provide the same prestige and degree of deterrence or 
coercive diplomacy associated with long-range missiles, but they might be the means of choice for 
terrorists.  

Several countries are technically capable of developing a missile-launch mechanism to use from 
forward-based ships or other platforms to launch SRBMs and MRBMs, or land-attack cruise 
missiles against the United States. Some countries may develop and deploy a forward-based system 
during the period of the next 15 years. A short- or medium- range ballistic missile could be 
launched at the United States from a forward-based sea platform positioned within a few hundred 
kilometers of US territory. If the attacking country were willing to accept significantly reduced 
accuracy for the missile, forward-basing on a sea-based platform would not be a major technical 
hurdle. The reduced accuracy in such a case, however, would probably be better than that of some 
early ICBMs. A concept similar to a sea-based ballistic missile launch system would be to launch 
cruise missiles from forward-based platforms. A country could also launch cruise missiles from 
fighter, bomber, or commercial transport aircraft outside US airspace.  

Although non-missile means of delivering weapons of mass destruction do not provide the same 
prestige or degree of deterrence and coercive diplomacy associated with an ICBM, such options are 
of significant concern. Countries or non-state actors could pursue non-missile delivery options, 
most of which:  

• Are less expensive than developing and producing ICBMs.  
• Can be covertly developed and employed; the source of the weapon could be masked in an 

attempt to evade retaliation.  
• Probably would be more reliable than ICBMs that have not completed rigorous testing and 

validation programs.  
• Probably would be more accurate than emerging ICBMs over the next 15 years.  
• Probably would be more effective for disseminating biological warfare agent than a ballistic 

missile.  
• Would avoid missile defenses.  
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Foreign non-state actors, including some terrorist or extremist groups, have used, possessed, or are 
interested in weapons of mass destruction or the materials to build them. Most of these groups have 
threatened the United States or its interests. We cannot count on obtaining warning of all planned 
terrorist attacks, despite the high priority we assign to this goal.  

Recent trends suggest the likelihood is increasing that a foreign group or individual will conduct a 
terrorist attack against US interests using chemical agents or toxic industrial chemicals in an attempt 
to produce a significant number of casualties, damage infrastructure, or create fear among a 
population. Past terrorist events, such as the World Trade Center bombing and the Aum Shinrikyo 
chemical attack on the Tokyo subway system, demonstrated the feasibility and willingness to 
undertake an attack capable of producing massive casualties.  

Immediate Theater Missile Threats to US Interests and Allies  
The proliferation of MRBMs—driven primarily by North Korean No Dong sales—has created an 
immediate, serious, and growing threat to US forces, interests, and allies in the Middle East and 
Asia, and has significantly altered the strategic balances in the regions.  

• Pakistan has M-11 SRBMs from China and Ghauri MRBMs from North Korea; we assess 
both may have a nuclear role.  

• India has Prithvi I SRBMs and recently began testing the Agni II MRBM; we assess both 
may have a nuclear role.  

We judge that countries developing missiles view their regional concerns as one of the primary 
factors in tailoring their programs. They see their short- and medium-range missiles not only as 
deterrents but also as force-multiplying weapons of war, primarily with conventional weapons but 
with options for delivering biological, chemical, and eventually nuclear weapons.  

Penetration Aids and Countermeasures  
We assess that countries developing ballistic missiles would also develop various responses to US 
theater and national defenses. Russia and China each have developed numerous countermeasures 
and probably are willing to sell the requisite technologies.  

• Many countries, such as North Korea, Iran, and Iraq probably would rely initially on readily 
available technology —including separating RVs, spin-stabilized RVs, RV reorientation, 
radar absorbing material (RAM), booster fragmentation, low-power jammers, chaff, and 
simple (balloon) decoys—to develop penetration aids and countermeasures.  

• These countries could develop countermeasures based on these technologies by the time 
they flight test their missiles.  

Espionage  
Foreign espionage and other collection efforts are likely to increase. China, for example, has been 
able to obtain significant nuclear weapons information from espionage, contact with scientists from 
the United States and other countries, publications and conferences, unauthorized media 
disclosures, and declassified US weapons information. We assess that China, Iran, and others are 
targeting US missile information as well.  

That concludes my opening statement and I am prepared to take your questions.  
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