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Technical Debate over Patriot
Performance in the Gulf War:
American Physical Society
Panel Correctly Rejects
Criticisms of Analysis
Showing Patriot Failed to
Destroy Scud Warheads

George N. Lewis? and Theodore A. PostolP

(This comment has not been fully peer reviewed in the usual manner of the
journal.)

INTRODUCTION

From 1991 through 1993, we carried out a detailed study of the performance
of the Patriot system in attempting to destroy Iraqi Scud (Al-Hussein) mis-
siles during the 1991 Gulf War. This work was based in large part on analyses
of news media videos of Patriot-Scud engagements. We found that the actual
success rate for Patriot against the lraqi missiles was very low, and most
likely was zero.!

a Dr. George N. Lewis is Associate Director of the Security Studies Program at the
Massachusetts Institute of Technology, Cambridge, Massachusetts.

b Theodore A. Postol is Professor of Science Technology and National Security Policy
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For comparison, the U.S. Army initially assessed Patriot to be 96% effective,
and this claim was subsequently reduced in several stages to about 61%,
which is the currently claimed success rate. Today the U.S. Army continues to
claim that Patriot “did what it was designed to do in terms of knocking down
most of the SCUD missiles which were fired at it."2

Our analysis was immediately attacked by persons associated with the U.S.
Army, the Raytheon Company (the prime contractor for Patriot) and others.
These criticisms were based on arguments that were either irrelevant or
incorrect (or both) but nevertheless succeeded at least to some extent in
obscuring public and congressional awareness of the failure of the Patriot sys-
tem to destroy the Iraqi missiles. Given the importance of this issue, and the
fact that the debate revolved around technical and scientific issues, we asked
the American Physical Society (APS) to examine our analysis and the objec-
tions raised by our critics. In effect, we asked the APS to provide a scientific
and technical “peer review” of our work and of the claims of our critics.

In the spring of 1993, the Panel on Public Affairs (POPA) of the APS
appointed an ad-hoc panel (hereafter referred to as the “POPA Panel”) to look
into the technical questions surrounding the debate over Patriot performance.
This Panel held a meeting in Washington, DC in May 1993 at which we, some
of our critics, and others made presentations. In November, 1993, the Panel
submitted its report to POPA.2 One of the recommendations of that report was
that “APS/POPA appoint a small team to prepare a short article about the cur-
rent status of the debate over the performance of the Patriot system in the
Persian Gulf War, suitable for publication in Physics Today, Science, or an
equivalent technical journal.” POPA subsequently asked the six members of
the Panel to write just such an article. The result was the report, “Technical
Debate over Patriot Performance in the Gulf War,” by Jeremiah D. Sullivan,
et.al., published in Science & Global Security in 1998. This report (hereafter
referred to as the “POPA Panel report”) rejected all of the arguments made by
our critics and concluded that our work produced “a physically consistent
interpretation of all the phenomena observable in the videos together with all
the other pertinent data available in the public domain.” It further found that
our analyses showing that the Patriot success rate was zero or near zero were
“insensitive to minor changes in their analysis and are demonstrably inconsis-
tent with success rates reported by the Army for the performance of the
Patriot system in the Gulf War.” °

We are disturbed by the fact that the POPA Panel took five years to pro-
duce an article that we believe could have been written in a few months. This
long delay reduces the value of their report. Nevertheless, the major findings
of the POPA Panel Report are both clearly laid out and correct.
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In contrast, we find that Robert M. Stein, John P. Kantelis, and Peter D.
Zimmerman in “Response to Science & Global Security Article ‘Technical
Debate over Patriot Performance in the Gulf War’ by Jeremiah Sullivan et al.,”
(hereafter referred to as “SKZ”) make many incorrect and misleading argu-
ments in an apparent attempt to discredit the findings of the POPA Panel.®

As we will show, SKZ make no valid arguments that call into question any
of the POPA Panel's major findings. We focus on the main points that SKZ
attempt to make (for clarity we discuss them in a different order than SKZ).
Below, we first summarize our major points; the rest of this article then dis-
cusses each point in much greater detail.

(1) SKZ argue that our analysis showing that an intercept attempt that
appears to be a clear miss on the videos must in actuality be a miss (an analy-
sis confirmed by the POPA Panel) is incorrect. They construct a scenario
which they claim shows how an intercept attempt that appears to be a miss on
the videos could actually be a successful intercept. We will show that this
argument by SKZ is completely wrong. SKZ construct their argument about
what is seen on the videos using a “true” Patriot fireball size that is much
smaller than the fireballs actually seen in the videos. With the use of the cor-
rect fireball diameter, SKZ's argument fails completely. It is difficult to under-
stand how SKZ could make such an obvious and egregious error, given the
intense scrutiny that has been focused on this issue, and that a member of
SKZ conceded before the POPA Panel that the Patriot fireballs were indeed
large. SKZ then go on to argue that their small “true” fireball size could be
consistent with the much larger Patriot fireballs actually seen in the videos.
We show that this argument is both logically and mathematically incorrect.
Finally, quite aside from the above errors, we note that SKZ's scenario is
invalidated by the use of a critical parameter value that is far outside the
range of values that actually occurred in the Gulf War videos.

(2) SKZ claim that classified “hard evidence” was found in recovered
debris that showed that Patriots had killed the Scud warheads in two engage-
ments in which the videos clearly showed that all the intercept attempts were
clear misses.”’ Together with their (incorrect) scenario discussed in (1) above,
they argue that this classified data shows that there are engagements in
which the videos show only clear misses but in which the Scud warhead was
actually hit. We will show, using SKZ's own description of the recovered
debris, that this classified evidence in fact provides no evidence whatsoever for
Patriot success, and indeed is fully consistent with the Patriot interceptors
missing the warhead by a large distance, as the videos prove. More generally,
the U.S. Army, Raytheon, and others have repeatedly argued that the Army
has classified physical evidence that proves Patriot's success. We will show
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that such claims cannot be taken seriously, given the inability of the Army to
produce this claimed “hard data” for congressional investigators and given the
history of incorrect claims regarding classified data that have occurred
throughout the Patriot debate.

(3) SKZ raise questions regarding our identification of the falling object
seen in the videos as the Scud warhead, a finding that was confirmed by calcu-
lations carried out by the POPA Panel. SKZ present calculations that they
ambiguously portray as calling into question the POPA Panel’s conclusions.
We will show that the calculations presented by SKZ in no way challenge the
POPA Panel’s calculations and findings confirming that the falling object seen
in the videos is in fact the Scud warhead. In fact, SKZ's calculations simply
confirm part of the POPA Panel’s calculations, but do so over a much wider
range of initial conditions than those assumed by the POPA Panel.

(4) SKZ dispute our analysis that proved that the bright flashes of light
seen in the videos when the warhead reaches ground are the explosions of the
Scud warheads, an analysis that was confirmed by the POPA Panel. Specifi-
cally, SKZ argue that the POPA Panel’s assessment of the ground light flashes
is flawed because they misunderstand the U.S. Army’s definition of a “dud”
Scud warhead, and thus undercount the number of non-exploding warheads.
We will show that this claim is incorrect, that the POPA Panel does not under-
count the number of non-exploding warheads, and that the POPA Panel’s defi-
nition of a “dud” warhead is exactly the same as the Army'’s definition. SKZ
also incorrectly argue that the POPA Panel only considers whether the flashes
seen in the videos are consistent with warheads exploding on the ground, but
ignores other possible causes. In fact, the Panel did consider other possibili-
ties, including both of those raised by SKZ, and rejected them.

(5) SKZ argue we have established criteria for assessing Patriot perfor-
mance that “all but guarantee” that Patriot could not be assessed as achieving
a successful intercept. SKZ further argue that a successful intercept would
not be recognized on the videos, because the detonation of the Scud warhead
would not “vaporize” the rest of the Scud, and so objects would be seen emerg-
ing from even a successful Patriot intercept. Both of these arguments are
incorrect. We will show that all of our criteria for assessing the failure of an
engagement are valid and reasonable. We will also show that a successful
intercept would have an outcome that would be quite evident on the videos.
The fact that such outcomes are never seen on the videos is not due to our cri-
teria for assessing success or failure, but due to the failure of Patriot to
destroy Scud warheads.

(6) SKZ argue that one of us (Postol) “eventually backed away from his
earlier claims” that ground damage data in Israel demonstrated that Patriot
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did not work as claimed. We will show that, in fact, Postol’'s “earlier claim” is
now known beyond doubt to be correct. Indeed, Postol did later change his
assessment on what the ground data damage can reveal about the U.S. Army'’s
claims of Patriot success, but only because the Army changed its claimed
Patriot failure rate by a factor of ten (a fact not noted by SKZ2).

(7) Although SKZ do not discuss this issue, nevertheless, the reader may
wonder how the U.S. Army could have assessed Patriot as having a 61% suc-
cess rate (an assessment endorsed by Raytheon), when the publicly available
videos clearly prove the Patriot was a complete or near complete failure. We
urged the POPA Panel to also review in detail the U.S. Army’s assessment of
Patriot's effectiveness. Because the Army’'s data was classified, the Panel
chose not to do so, simply noting that the Army’s approach could have intro-
duced an “upward bias” in their claimed success rate.8 We will show that the
U.S. Army’s methodology (which is unclassified) for assessing Patriot success
is clearly and deeply flawed, and show how such a flawed methodology can be
used to obtain the Army’s claimed success rate even when absolutely no suc-
cess was actually achieved.

(8) Finally, SKZ argue that there is now “virtually no significance” left in
the debate over Patriot effectiveness in the Gulf War. They argue that the
Patriot system has changed significantly since 1991, and thus analysis of its
performance in the War has little relevance today. However, the true signifi-
cance of the Patriot experience lies not in such narrow technical issues, but
instead centers on questions of accountability and credibility. It is unaccept-
able that the U.S. Army, supported by a major defense contractor, should be
able to present the U.S. Congress and the American people with a completely
invalid assessment of the performance of a major weapons system, and subse-
guently obtain a multi-billion dollar upgrade of that system.

In addition, in the near future, the United States will be facing many cru-
cial decisions about ballistic missile defenses, decisions that will inevitably be
colored by the false perception that the only time the United States has used a
missile defense, the defense worked. The central issue confronting these
defenses will be their ability to defeat efforts by missile attackers to defeat the
defenses (countermeasures), a problem missile defense supporters say they
can solve, but can't say how because of classification. The Patriot experience
emphasizes not only that missile defenses must be able to deal effectively with
countermeasures, but also that the assessment of these defenses’ ability to
defeat such countermeasures cannot be left in the hands of those with vested
organizational and financial interests in the systems.
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Background

One of the major problems in assessing Patriot’s performance during the Gulf
War was the quality of the available data collected by the U.S. Army. In gen-
eral, Patriot batteries collected only limited types of target and interceptor
track data, and even this was not routinely collected (it required the operator
to push a button to print out just the current data). Towards the end of the
War, video cameras were installed in some batteries to record what was dis-
played on the radar and control screens. Portable data recorders that would
have recorded far more detailed radar data were only installed in Israel
towards the end of the war (at Israeli insistence) and recorded only three
engagements. Although the Israelis performed systematic searches for and
analyses of ground impact sites, this did not happen in Saudi Arabia.

In the course of our work, we found that the news media videos of Patriot-
Scud engagements in fact appear to provide the best single source of informa-
tion about the outcomes of these engagements. These nighttime videos from
the Gulf War typically show the cameras picking up the Scud as an incandes-
cent falling object. As the Scud falls, it is generally seen to break up, produc-
ing a series of flashes and a cloud of debris. This break-up took place whether
or not the Scud was engaged by Patriot. One object, and only one object, is
seen to emerge from this break-up and continues to the ground at a high rate
of speed, typically reaching the ground in 9 to 15 seconds.?® Using simple phys-
ics, it is straightforward to show that the warhead of the Scud can reach the
ground in the time observed and that no other part of the Scud can do so.
Thus the observed falling object must be the Scud warhead. With the excep-
tion of one Scud warhead that is known to be a dud, when this falling warhead
reaches the ground a bright flash of light is seen. We have shown that this
flash must be due to the Scud warhead exploding.

Patriot missiles are often seen in the videos attempting to intercept the
Scud, both before and after the observed Scud breakup. When the Patriot
warhead detonates, it produces a large fireball on the video screen. If the
Scud is well outside of the Patriot fireball at the moment of detonation, we
label this a “clear miss,” and have presented analysis proving that the Patriot
detonation could not have damaged the Scud warhead. If the fireball covers
the Scud as seen on the videos (a “fireball overlap”) then one cannot tell just
from the location of the Scud and Patriot at the moment of detonation whether
or not the Patriot intercept attempt was successful. This uncertainty results
from both the large size of the fireball as seen in the videos (100 meters or
more, much larger than the Patriot warhead’s Kill radius) and an uncertainty
of up to about 70 meters in the actual position of the Scud at the time of the
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Patriot detonation due to video frame time effects. However, the videos often
provide additional information that allows a determination of success or fail-
ure. For example, if the Scud warhead is seen emerging unchanged from the
intercept attempt and continuing on to the ground and/or the Scud warhead is
seen exploding on the ground, then it is clear that the intercept attempt did
not succeed in detonating the Scud warhead.

Next we consider in detail the main points summarized in the introduc-
tion.

(1) “Clear misses” are actually misses

We first consider the argument made by SKZ that intercept attempts that we
label as “clear misses” could in fact be hits. SKZ devote over a quarter of their
paper -- ten full pages (including three figures) -- to this argument. SKZ con-
struct a scenario which they argue shows that an intercept attempt that
appeared to be a clear miss could actually have been a hit. Based on this sce-
nario, they then argue that our analysis “...has the potential, on occasion, to
classify a successful intercept incorrectly as a clear miss.”1° Their argument is
completely wrong, for several reasons:

€) Their argument relies on a profound conceptual error. Specifically,
their argument requires the use of a relatively small Patriot fireball diameter.
They use a value for this Patriot fireball diameter which is far too small and
which is completely unrelated to anything seen on the nighttime Gulf War vid-
eos. Such an error is highly surprising, since the size of the Patriot fireball
has been perhaps the most intensely debated aspect of the video analysis, and
at the May 1993 meeting organized by the POPA Panel one of SKZ conceded
that the Patriot fireballs seen on the videos were indeed quite large.

(b) SKZ construct a mathematically incorrect argument to claim that the
so-called “true” fireball they use in their analysis could be consistent with the
much larger Patriot fireballs actually seen in the videos. This argument relies
on varying two parameters while holding a third parameter constant. But
this third parameter is inversely proportional to both of the first two parame-
ters! When this error is corrected, it is clear that SKZ's small “true” fireball
cannot be consistent with the much larger fireballs seen in the videos.

(c) Their argument relies on using a crucial parameter value (for the cam-
era viewing angle) that is far outside the range of values that were actually
seen on the videos.
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(1a) SKZ's scenario is invalidated by its use of an incorrect Patriot fireball
diameter

SKZ’s scenario depends crucially on the use of a Patriot fireball diameter that
is far too small.

First, some additional background information is needed.

Because the video only has a frame rate of 30 frames per second, the Scud
moves a distance Vgcyp/30 between each video frame, where Vgcyp is the
speed of the Scud.

When a Patriot warhead detonates, it produces a fireball that persists for
many video frames. This fireball is essentially stationary in space, and thus
provides a reference point that can be used to measure the motion of the Scud
as seen on the video. If the Patriot fireball, on the first frame it is seen, covers
the location of the Scud, we refer to this event as a “fireball overlap.” In such a
case one cannot determine whether the Patriot has hit or missed the Scud
based only on the location of the Scud and the Patriot detonation as seen on
the video.

However, in the large majority of the intercept attempts seen on the vid-
eos, the fireball and Scud are clearly separated, with the Patriot fireball in
almost all cases located behind the Scud. Note that because of the large clos-
ing speeds involved, the Patriot must explode ahead of the Scud if fragments
from its warhead are to strike the Scud warhead.

In principle, however, even if the Patriot detonation appears on the video
to be behind the Scud, it may still be possible for the Patriot detonation to
have occurred ahead of the Scud, so that its warhead fragments could actually
hit the Scud warhead. This is because the actual position of the Scud at the
moment of the Patriot detonation is uncertain by a distance of Vg yp/30 due
to the frame rate of the videos. This distance can be as large as about 70
meters.

However, we have shown unambiguously that such an occurrence could
not have happened on any of the “clear misses” seen on the videos. Thus any
intercept attempt that appears to be a miss on the videos is in fact an actual
miss.

A key parameter in our analysis is the size of the Patriot fireball as seen
on the videos. If the Patriot fireball as seen in the videos is extremely small,
say five to ten meters, than indeed it would be possible for an apparent miss to
actually be a hit. If a somewhat larger fireball diameter is used, for example
the 25 meter diameter used by SKZ in their scenario, then while it is still the-
oretically possible for an apparent miss to be a hit, such an outcome requires
the use of a set of parameters (such as the camera viewing angle) that are well
outside those that actually occurred in the intercept attempts seen in the vid-
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€0s.

However, we have shown that the Patriot fireball diameters seen on the
videos are in fact much larger than the 25 meters used by SKZ, with diame-
ters of order 100 meters or larger. In this situation, it is impossible for an
apparent miss to actually be a hit. The POPA Panel confirmed our analysis
demonstrating this, and SKZ raise no valid challenge to either our original
analysis or the POPA Panel’s confirmation of this analysis.

The previous debate over the Patriot fireball diameter.

Given the central importance of the large size of the Patriot fireballs as seen
on the videos to the debate on Patriot effectiveness, the reader might wonder
why the POPA Panel did not devote considerable space to discussing this
issue. The reason is simple: the main critics of our analysis, Peter Zimmer-
man and Robert Stein (respectively the “Z” and “S” of SKZ), had already con-
ceded this point at the 1993 meeting with the POPA Panel.

A simple calculation of the size of the fireball, based on the distance that
the combustion products from the detonation would travel before being
stopped by atmospheric drag, gives a fireball diameter of about 10 meters.
However, the apparent sizes of the fireballs seen on videos are considerably
larger than such a calculation would indicate.

We had shown, prior to the 1993 POPA Panel meeting, using test range
video footage, that daytime Patriot fireballs appear to be about 25 meters in
diameter. However, in the nighttime Gulf War videos, the fireballs appear to
be much larger. It hardly seems surprising that fireballs appear larger at
night than during the day, and the POPA Panel suggests a number of possible
explanations, including “atmospheric effects, internal scattering within the
camera optical system, focal plane saturation, or a combination of such
effects.” 12 We have published detailed analysis, based on cases in which the
location of both the video camera and the Scud impact point were known, that
conclusively demonstrated that the fireballs seen in the videos were very
large, with diameters of 100 meters or more.'® The APS Panel reviewed our
analysis, and agreed with it. No one has ever raised any valid objections to
these analyses, and SKZ do not even attempt to do so. In fact, as we discuss
next, they have already conceded that the nighttime fireballs do appear much
larger.

Prior to the May 1993 POPA Panel meeting, Peter Zimmerman had sub-
mitted to Congress a paper arguing that the fireball diameters seen on the
videos would be about 8 to 10 meters (based on a calculation of the stopping
distance for the explosion’s combustion products) and thus that what
appeared to be a clear miss could be a hit.}* However, as noted above, we had
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unambiguously demonstrated -- based on data from the videos -- that the fire-
balls seen in the video were much larger, of order 100 meters or more. More-
over, we also showed that Zimmerman'’s assumed small fireball diameter led
to fatal inconsistencies, such as requiring that all the Scuds must have
impacted much closer to the camera locations than was known to have hap-
pened.

At the May, 1993 POPA Panel meeting, Peter Zimmerman, in a presenta-
tion coordinated with one by Robert Stein, conceded that the nighttime fire-
balls were indeed much larger than those seen in daytime (or than would have
been expected based on the stopping range of combustion products). Accord-
ing to the first report issued by the POPA Panel (the report which led to the
Panel being asked to prepare the paper that was published in Science & Glo-
bal Security): “By the time of the ad hoc panel’'s meeting, Zimmerman had con-
cluded that the large fireball size seen in the videos could be due to blooming,
other camera artifacts, atmospheric effects, or perhaps some combination of
these effects.”!®> The POPA Panel report thus only briefly discusses this his-
tory, concluding that this 25 meter daytime Patriot fireball is “far smaller”
than the fireballs that actually appear in the videos.1® It does not analyze this
issue in detail, presumably because the POPA Panel believed that this issue
was now completely resolved.!’

The fireball size in SKZ's scenario

In order to be able to construct a scenario in which an apparent miss could be
a hit, SKZ needed to use a Patriot fireball diameter as seen on the videos that
is not much more than about 25 meters in diameter. But as discussed above,
it has already been established that the Patriot fireballs seen on the videos
have diameters of order 100 meters or larger. How do SKZ justify using this
25 meter fireball diameter rather than the much larger fireball diameter actu-
ally seen on the videos? They don’'t. SKZ do not challenge the fact that the
Patriot fireballs seen in the nighttime videos are very large — a fact which has
been supported by detailed analysis, which was noted by the POPA Panel in
their Report, and which, as noted above, had already been conceded by Zim-
merman at the POPA Panel meeting.

Instead, they simply construct their scenario using what they call a “true”
fireball diameter that is much smaller than the Patriot fireball seen in the vid-
eos. Here is how they justify using this fireball size:

“The [POPA] Panel reports a value in note 38 where they say ‘An unclassi-
fied daytime photo of an interception at White Sands Missile Range of a Lance
missile by Patriot PAC-2 shows a fireball diameter of about 25m.” How much
of the 25m diameter is an artifact of the camera, even in daytime, is not
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known. Here, to be conservative, we have selected the larger 25 meter true
diameter for our example scenario.”'8

Thus although they cite the POPA Panel Report as the source for the 25
meter fireball diameter they use, SKZ do not mention that the POPA Panel
Report says this 25 meter fireball was “far smaller” than the fireballs seen in
the videos. Thus SKZ simply use a 25 meter fireball saying that this diameter
has been seen in a daytime intercept. They then use this so called “true diam-
eter” in a discussion of what would be seen on the video screens, even though
this “true diameter” has nothing at all to do with what is seen on the video
screens, where what is seen is the much larger nighttime fireball diameter.
SKZ's “true diameter” simply has no relevance to what is seen in the videos.

If SKZ had used Patriot fireballs of the size actually seen in the videos in
their scenario, their argument would fail completely. Instead, they simply
choose a diameter for the Patriot fireball that allows them to make the argu-
ment they want, in complete disregard of the absolutely clear evidence and
data on the size of the Patriot fireballs seen in the videos.

(1b) SKZ's argument that their 25 m fireball diameter is consistent with what
is seen on the videos is logically and mathematically incorrect.

SKZ make a mathematically and logically incorrect argument that their 25
meter “true” fireball, if observed over the range of Scud velocities and viewing
angles seen in the videos, could actually appear to be very large and is thus
consistent with the large fireballs seen in the videos. SKZ construct this argu-
ment by varying two parameters, while holding a third parameter constant,
even though this third parameter is inversely proportional to both of the other
parameters!

SKZ correctly state that the fireball size seen on the videos can be calcu-
lated using the equation:
Fireball Diameter = #JDV * Vgcyp * sin(a) /30

In this equation, Vgcyp is the velocity of the Scud and a is the angle
between the Scud'’s velocity vector and the camera viewing direction. Thus the
camera sees a Scud speed of Vgcyp*sin(a). Since the camera has a frame
rate 30 frames per second, the camera sees a Scud motion per frame of
Vgcup*sin(a) /30. Equivalently, this quantity is the distance the Scud is seen
to “jJump” between successive video frames, and is known as the video jump
distance, referred to as JDV by the POPA Panel. If we then measure the ratio
of the Patriot fireball diameter to this video jump distance, and call this ratio
#JDV (again using the POPA Panel’s terminology), we get the above equation,
which gives the Patriot fireball diameter as seen on the videos.

In the scenario SKZ constructed to argue (incorrectly) that clear misses
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could be hits, for example, they use a = 7 degrees and Vgcyp = 1 km/second
and a fireball size of 25 meters. This gives an apparent Scud motion per video
frame of 1,000/30 *sin(7°) = 4.06 meters and thus a #JDV of 25/4.06 = 6.2.

SKZ then claim that assessing this equation using the limits of the values
we cite for the Scud’s velocity and viewing angle (from 6 to 37 degrees) and a
constant value of 6.2 for the #JIDV taken from the scenario they constructed,
shows that their 25 meter fireball is consistent with the much larger fireballs
seen in the videos. Plugging in these numbers, they get fireball diameters
ranging from 43 to 274 m, which they claim demonstrates that their assumed
25 m fireball is consistent with the 100 meter and larger fireball sizes seen in
the videos.

This argument is clearly absurd. Not only does their calculation mix
actual data (for Vgcyp and a) with a value for #JDV that is derived from a
number — the 25 m “true” fireball diameter —that has nothing to do with what
is seen on the videos, but their use of a constant value of #JDV in this argu-
ment ignores the fact that for the fixed 25 meter value of the fireball diameter
they are assuming, #JDV is inversely related to both Vgcyp and sin(a) .

For example, SKZ argue that if one uses another set of Scud parameters,
a =21.5 degrees and V=2.1 km/second, and holds #JDV constant, then their
25 meter fireball would appear to be 159 meters in diameter. But one cannot
simply hold #JDV constant, since as noted above it is inversely proportional to
both sin(a) and V. If they had done this example correctly, they would have
noted that for a 25 meter fireball, the parameters they have chosen for a (21.5
degrees) and V (2.1 km/second), give a value for #IDV of 0.97. Not surpris-
ingly, when this error is corrected, one finds that their 25 meter fireball will
remain a 25 meter fireball as other parameters are varied, and their argu-
ment that their 25 meter fireball is consistent with what is seen on the videos
is clearly wrong.

(1c) SKZ's scenario depends on an incorrect parameter value

In fact, even with their arbitrarily selected and incorrect Patriot fireball diam-
eter, SKZ's scenario still fails, since their scenario requires the use of a value
for a key parameter which is far outside the range of values that actually
occurred in the intercept attempts on the videos.

Aside from their incorrect fireball diameter, SKZ need two other key
assumptions in order to make their scenario work: a relatively low intercept
altitude (so the Scud velocity would be relatively low), and a Scud approaching
nearly directly at the camera (7 degrees off).19 This combination of low alti-
tude and small viewing angle does not correspond to any of the clear misses
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observed on the videos.2°

While the most intercept attempts occurred at higher altitudes (7 to 12
km), some did occur at lower altitudes. Thus the altitude of 5 km used by
SKZ, while far from typical, is possible.

However, SKZ use a figure for the viewing angle a of 7 degrees, which is
far too small. SKZ give the reader the impression that the 7° viewing angle a
they use in their calculation is consistent with the values of a observed in the
videos, since they note that we report a minimum value of 6°. However, what
they neglect to tell the reader is that our angles are calculated using the dis-
tance between Scud impact points and the camera location, and that the
resulting viewing angle is a function of the altitude of intercept attempt. Asis
clearly explained in Appendix B of our Video Evidencepaper, the extreme min-
imum value for a of 6 degrees is calculated assuming an intercept altitude of
10 km.?! If one wishes to use a different altitude, one must scale a accord-
ingly: for the 5 km altitude they use, one gets an extreme minimum a value of
13°. Had SKZ used a valid value of a in their scenario, it would have failed.
Even with their wrong fireball size, in order to construct their engagement
scenario, SKZ need to use a parameter value that falls well outside those seen
in the videos.

(2) “Hard Evidence” of Patriot Success

SKZ claim that in two engagements in which the videos show that all the
Patriots fired at the Scud warhead were clear misses, there exists classified
“hard evidence” that proves these engagements were successful. They go on to
argue that combined with their scenario that shows how clear misses could
actually be hits, this “hard evidence” demonstrates that there were cases in
which there were only clear misses on the videos, yet the Patriot hit the Scud
warhead.

But we have already shown that SKZ's argument that clear misses could
in fact be hits is wrong. Intercept attempts that appear on the videos to be
clear misses are in fact misses.

So how can SKZ claim there is hard physical evidence of Patriot success in
two cases in which all the Patriots clearly missed the Scud? First we will
show, based on SKZ's own description, that this “hard evidence” actually pro-
vides no evidence at all for Patriot success, and that, in fact, it is entirely con-
sistent with all the Patriots missing the Scud warhead, as the videos show
they did. Then we will more generally show that claims that there is classified
evidence supporting Patriot success cannot be regarded as credible.
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(2a) The two cases of “hard evidence” cited by SKZ

First consider the two cases cited by SKZ for which they say there were only
clear misses on the videos, but for which they say there is “hard evidence”
showing Patriot succeeded. Their description of this “hard evidence” is as fol-
lows: “in one case, recovered Scud debris with Patriot fragment holes and in
the other, recovered debris imbedded with Patriot warhead and guidance
parts..”22 These descriptions are very similar to the official descriptions of
these two cases taken from the U.S. Army’s ground damage assessment data-
base:

-- Small crater (and recovered debris with fragment holes) not indica-
tive of high order ground detonation

-- Recovered debris with possible warhead parts (with serial numbers)
and guidance implies no explosion at impact.?3

However, note neither SKZ nor the Army database description say that
the recovered Scud debris are from the Scuds’ warheads. This is certainly not
the case for the second Scud described above, where they say parts from the
Patriot warhead were found in the debris, since it is known that no Patriot
fragments were recovered from any Scud warhead.?* Thus it appears clear
that the Scud debris referred to by SKZ is not Scud warhead debris, but debris
from some other parts of the Scud.

Finding Patriot damage to a part of a Scud other than the warhead pro-
vides absolutely no evidence at all of Patriot success. In fact, it would not be
surprising to find evidence of a Patriot warhead detonation in Scud debris,
because in both of these engagements, the Patriot detonations occurred well
behind the warhead where, following the Scud breakup, so was the rest of the
Scud. Thus in these engagements, the Patriot may well have fused on the
body of a Scud or other Scud parts that were trailing well behind the warhead.
Moreover, it is now known that 30% of all the Patriots fired in the Gulf War
were not even fired at Scud warheads, but at Scud debris (and another 15%
were fired at non-existent targets).?®

However, such evidence provides absolutely no evidence that Patriot in
any way damaged the Scud warhead. Moreover, as we discuss in (2b) below, in
general any claims about classified evidence of Patriot's success need to be
viewed with considerable skepticism.

So there is no conflict at all between the videos and the ground data. The
videos clearly show the engagements failed, and the classified evidence cited
by SKZ provides no evidence for Patriot success.

(2b) General claims that classified data shows that Patriot succeeded.
More generally, claims that there is classified physical evidence that clearly
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supports claims of Patriot success have been made before. But when Congres-
sional investigators, with security clearances allowing them access to the clas-
sified data, looked into such claims, they found that the claimed evidence did
not exist:

“The Army did not have evidence of any scientific analysis performed on a
Scud warhead to determine whether, in fact, the marks found on the Scud
warheads were caused by Patriot fragments or by ground impact or detona-
tion. These assertions are based in each case on the opinion of a single indi-
vidual, sometimes recorded months after the event. In one case they are
based on the opinion of a Patriot Program Office Official who told the GAO he
had seen a classified photo of a warhead and in his opinion the damage could
only have been caused by a Patriot. He refused to show the photo to the GAO
on the grounds that it was too highly classified, a claim later proved to be
incorrect.” 28

Moreover, recovered Scud warheads that were not even fired at by Patriot
were found to have suffered damage similar to that claimed as being evidence
of Patriot’s success. Responding to a claim similar to that made by SKZ, that
there was “clear physical evidence” that Patriot caused Scuds to be duds, Rep-
resentative John Conyers, then chairman of the House Committee on Govern-
ment Operations that conducted the Congressional investigation into Patriot’s
performance stated that:

“The duds were often burned and broken from impact, but this was hardly
‘clear physical evidence of Patriot intercept damage,’ although in one case an
Army officer thought a Patriot fragment caused a hole. This opinion was not
supported by any chemical or metallurgic analysis or recovery of a fragment.
Duds not engaged by Patriot showed similar damage.”?’

The questionable validity of claims of Patriot damage to Scud warheads is
well illustrated by a discovery made by the Congressional investigators
reviewing classified data that supposedly supported claims of Patriot success.
They found that “a photograph purportedly depicting a Scud warhead disabled
by Patriot actually pictured a Scud fuel tank.”28

Other claims that there was classified evidence proving Patriot success
have also not held up under closer examination.

In 1992, Robert Stein wrote: “Overall, the success rate of Patriot against
TBMS fired into Saudi Arabia was very high. A group of U.S. ordnance experts
from the Army’s Ballistic Research Laboratory (BRL) performed an indepen-
dent assessment and published their findings in a classified report.” “Given
the circumstances of a wartime environment, the investigation was as thor-
ough as humanly possible.” “The Army’s publicly released figure of greater
than 80 percent TBM warhead kills in Saudi Arabia is based on this investiga-
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tion."29

However, when Congressional investigators looked into these claims, they
found that this report had not been performed by a team, was not indepen-
dent, and certainly was not “as thorough as humanly possible.” In fact the
report was found to be based on one engineer from BRL whose investigation
was limited to interviewing several Army warrant officers and visiting several
Scud impact sites “days or weeks after an impact” when “craters had often
been filled and missile debris removed.”3® Moreover, even though this report
was cited as the basis for assessing all engagements in Saudi Arabia, it only
contained information on one-third of the engagements.3!

In summary, the U.S. Army has claimed that it has clear physical evidence
of Patriot success. However, when challenged by Congressional investigators
to produce this evidence, it was unable to do so. Now we have SKZ claiming
that such classified proof of Patriot success actually applies to two Scuds in
which we have clearly and unambiguously demonstrated that no Patriot could
have in any way damaged either Scud warhead. However, as we have shown
above, even without access to the classified data, the description of the evi-
dence by SKZ makes it clear that it in no way shows that Patriot was success-
ful in either of these engagements. This example simply makes it even clearer
that Army claims of classified physical evidence proving Patriot’s success can-
not be taken seriously.

(3) Identification of the Scud warhead and intercept altitudes

SKZ raise questions regarding the nature of the falling object seen in the vid-
eos and about the calculations performed by the POPA Panel which confirmed
our analysis proving that the falling object must be the warhead. They devote
two full pages plus three figures to this discussion.3? There appear to be two
separate issues mixed together here, which for clarity we will separate out.

(a) First, SKZ appear to be challenging our conclusion, confirmed by the
POPA Panel, that the falling object seen in the videos must be the Scud war-
head. Clearly the identification of the falling object as the warhead is central
to the analysis of the video tapes. Resolving the question of whether or not the
falling object was the warhead was in fact the only reason the POPA Panel
carried out the falling object calculations that SKZ discuss. SKZ carry out
their own calculations on falling objects seen in the videos, and come to the
conclusion that -- “the fall times are consistent with nearly any situation one
might choose to analyze” (italics in original). This ambiguously stated conclu-
sion is clearly meant to imply that our analysis and its confirmation by the
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Panel is flawed. However, we will show that SKZ actually do not raise any
questions that call into question our finding, confirmed by the POPA Panel,
that the falling object seen in the videos must be the warhead. In fact, we will
show that SKZ's calculations simply support part of the POPA's Panel analy-
sis, but over a wider range of initial conditions.

(b) SKZ use their calculations to argue that Scud breakups could have
occurred over a wide range of altitudes and still be consistent with what is
seen on the videos, and thus that intercept attempts could have involved much
lower altitudes and Scud speeds than the typical values cited by us and the
POPA Panel. They then use such a lower intercept altitude and Scud speed in
their incorrect scenario, discussed above in (1a), that attempts to argue that a
clear miss could actually be a miss. However, the fact that some engagements
occurred at lower altitudes and involved lower Scud speeds has never been in
dispute, and raises no problems for our analysis or conclusions. In fact, in our
original Video Evidence paper we analyzed in detail two engagements that
occurrsgd at altitudes lower than the 5 km altitude SKZ consider in their sce-
nario.

(3a) Is the falling object the Scud warhead?

We proved that the falling object seen in the videos must be the Scud warhead
with a simple two part argument:

-First, it can be shown that the Scud warhead could reach the ground in
the times observed in the videos. So the falling object seen in the videos could
be the Scud warhead.

Second, no other part of the Scud other than the warhead could possibly
reach the ground in the times observed. Thus the falling object must be the
Scud warhead.

The first part was demonstrated by our analysis showing that for a rea-
sonable range of altitudes for the intercept attempts (roughly 7 to 12 km), an
object with the characteristics of the Scud warhead can reach the ground in
the times observed (9 to 15 seconds). While this shows that the object could be
the Scud warhead, it does not prove that it must be. For this we need the sec-
ond part of the argument.

The second part of this argument is that it is easily shown that no other
part of the Scud could possibly reach the ground in the times observed. This is
true for a Scud that is intact except for the warhead section as well as for any
other component part of the Scud, such as the fuel tanks, rocket motor, turbo
pumps, etc. All such parts would take roughly one minute to reach ground,
not the ten seconds seen in the videos. Thus we demonstrated that all such
objects take much longer than the observed time to reach the ground.
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Taken together, these two observations demonstrate that the object seen
falling in the videos both can and must be the Scud warhead section. The
POPA Panel independently confirmed our calculations. These are not difficult
calculations to perform or understand — in fact, they have also been used as a
problem set for freshmen engineers at Cornell University.

Our published analysis focused on the times to ground for a detached Scud
warhead, not on a complete Scud, for two reasons. First, as far as is known,
most or all of the Scuds broke up. Second, an intact Scud would reach the
ground from a given altitude somewhat more rapidly than a detached war-
head, so if the warhead could reach the ground in the times observed, so could
the intact Scud. So the possibility that some of the Scuds may not have bro-
ken up in no way affects our argument.

Although SKZ repeatedly raise questions about the identification of the
falling object seen on the videos and although they directly discuss the calcu-
lations the POPA Panel carried out to confirm our proof, they limit their dis-
cussion to only the first part of the argument, which shows that the falling
object could be the warhead.

SKZ carry out calculations which they summarize with an ambiguous
statement, cited above, that is clearly meant to imply that our analysis is
flawed. However, what they actually show is that over a broad range of
assumptions on the altitude of the Scud breakup —varying from 5 to 50 km —
and also including the possibility that the Scud does not break up, the Scud
warhead could reach the ground in the times observed.3* What they are in fact
demonstrating is that our first point — that the Scud warhead could reach the
ground in the times observed -- is correct over a much wider range of assump-
tions on Scud breakup altitude than we used.

Thus SKZ present an argument that supports our first point -- that the
falling object can be the warhead (although through the use of ambiguous
wording, it is portrayed as a criticism of our analysis). However, they do not
even mention the second part of our argument that demonstrates that the fall-
ing object could not be any other part of the Scud and thus must be the Scud
warhead.

SKZ argue that “In its commentary and analysis, the Panel limits its
attention to merely verifying that the P&L analysis and conclusion are consis-
tent with the facts. Once again, however, they do not consider the existence of
other equally consistent scenarios.”® This is obviously incorrect. The calcula-
tions done by the POPA Panel, which were carried out for the sole purpose of
establishing the identity of the falling object seen in the videos, not only estab-
lished that it was the warhead, but also ruled out the possibility that it could
be due to other parts of the Scud.36
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The bottom line is that we presented a proof that the falling object seen in
the videos must be the warhead, and this proof was confirmed by the POPA
Panel. No valid argument challenging this proof has ever been raised, nor do
SKZ even attempt to do so. There can be no doubt that the falling object seen
in the videos is indeed the Scud warhead.

It is also worth noting and expanding on an observation briefly made by
the Panel. There is no dispute that following the breakup of the Scud, the
warhead continued on with a much higher speed than the rest of the Scud, as
has been noted by Stein and others.3” Indeed this was how Patriot operators
determined which part of the Scud to fire at following the breakup of the Scud
— the leading object was the warhead. The Panel noted that if the object seen
in the videos actually was not the warhead but was some other part of the
Scud, then the warhead must be ahead of the observed object. However,
almost all of the Patriot intercepts in the videos were at or behind the object
seen in the videos. Thus if the object seen in the videos is not the warhead,
then it is clear that Patriot's performance is even worse than we would argue —
it would not even be getting close to the actual target. This is only one exam-
ple of the kind of contradictions that arise if one looks more than superficially
at the arguments SKZ make.

(3b) Typical and non-typical intercept altitudes and Scud speeds

SKZ argue that we (and the POPA Panel) only considered “typical” engage-
ments, and that our analysis is not necessarily correct for non-typical engage-
ments. This is simply wrong.

First, SKZ question our and the POPA Panel’s use of a typical Scud veloc-
ity of 2.2 km per second at the intercept attempts and a typical intercept alti-
tude of 10 to 12 km.

In fact, the typical Scud velocity at the intercept has been widely acknowl-
edged to be about 2.2 km per second (or even higher) by many, including the
U.S. Army, Raytheon, and Peter Zimmerman.® These high Scud speeds
clearly indicate that typical intercept attempts took place at about 10 km/or
higher, since otherwise the speeds would be lower. So it is clear that our and
the Panel’s use of these figures as “typical” is fully justified.

However, the primary point of SKZ's argument appears to be that there
could have been intercepts that took place at much lower altitudes and closing
speeds than the typical values. They then argue that we failed to consider the
possibility of low-altitude, slower-Scud speed intercept attempts, stating “Fail-
ure to consider these ‘non-nominal’ situations is one of the many oversimplifi-
cations limiting the applicability of P&L's work.”3? This argument by SKZ is
transparently false. There is no dispute that such lower altitude and closing
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speed intercept attempts took place. (The Israelis apparently deliberately
attempted at least one such intercept in an unsuccessful effort to get around
problems with Patriot's fuze.) In fact, we identify and analyze in considerable
detail two such engagements in our Video Evidence paper, both of which
occurred at lower altitudes than the 5 km altitude SKZ use in their scenario,
and which have much shorter times to ground after the intercept attempt (4.2
and 5.6 seconds) than occur in more typical intercept attempts.40

Such cases of lower intercept altitudes present no problems for our analy-
sis. As we saw in 1(a) above, SKZ's claim that such low intercept altitudes
could be used to construct an example in which a Patriot clear miss could actu-
ally be a hit is simply wrong.

(4) Ground flashes and Scud warhead explosions

Having established both that the falling object is indeed the Scud warhead
and that the misses seen on the videos are indeed misses, we next turn to the
question of the flash seen when the falling warhead reaches the ground. We
have shown that this flash must be exactly what it appears to be -- the explo-
sion of the Scud warhead. The POPA Panel reviewed our analysis and agreed
with our assessment.

SKZ incorrectly argue that the POPA Panel only considers whether the
flashes seen in the videos are consistent with being due to the warhead
exploding, but ignore other possible causes. In fact, the panel did consider a
range of other possibilities, including both those once again raised by SKZ,
and rejected by them. The Panel concludes: “No interpretation of the ground
flashes other than detonations has been put forth that is consistent with all
the data contained in the commercial videos and public record.”*!

There is no doubt about what an exploding Scud warhead looks like on the
videos. In at least five cases in which Scud warheads are known to have
exploded on the ground causing extensive ground damage and/or casualties,
the videos show the Scud falling to the ground followed by the flash from the
warhead explosion. These Scuds include the one that hit the U.S. barracks in
Dhahran killing 28 U.S. soldiers, as well as the only Scud in Saudi Arabia to
cause a civilian death.*?

The videos show 18 Scuds that were engaged (or should have been
engaged) by Patriot falling and impacting the ground. In 17 of these 18 cases,
the flash from the warhead explosion is seen when the Scud reaches ground.*3
In the only case in which a flash is not seen (Tel Aviv, February 19), the Scud is
known to be a dud, which according to Israeli sources had nothing to do with
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Patriot.**

We have already proven that the falling object seen in the videos is the
warhead. When this object reaches the ground, the warhead will explode, and
thus the flash seen when the falling object reaches the ground must be the
warhead exploding. The only possible exception is if the Scud warhead fails to
explode. However, we have shown that the number of Scuds that did not
explode on impact is very small (and some of these are known not to have pro-
duced a flash on the videos), and thus could not be responsible for the flashes
consistently seen on the videos. Moreover, we have shown that all other expla-
nations for the flashes fail. This analysis was confirmed by the POPA Panel.
SKZ make two primary arguments here:

(@) They argue that there may be many more warheads that did not
explode than the POPA Panel acknowledges, because the POPA Panel has an
incorrect understanding of the Army’s definition of a dud. This argument is
clearly wrong.

(b) They once again raise the incorrect argument that the flashes seen in
the videos could be due to something other than a warhead explosion, specifi-
cally kinetic energy impacts or detonation of remaining fuel in the Scud’s
tank, arguments the POPA Panel has already assessed and rejected.

We discuss both of these arguments in more detail below:

(4a) How many duds?

The POPA Panel notes that when the Scud warhead reaches ground it must
either explode or be a dud and notes that the Army states that only three
Scuds engaged by Patriot were duds (and that two others exploded with
reduced yield), and that two of these three duds are already known not to have
produced one of the flashes seen in the videos. Thus the flashes consistently
seen when the warhead reaches ground must be the warhead exploding.

SKZ challenge this assessment, arguing that the POPA Panel’s key error
is that their definition of a dud is different than the Army’s. SKZ states that:
“The central error in all of this is that the word ‘dud,” which is the key to the
Panel's logic, means something different to them than it does as used by the
Army.”*® SKZ also argue that the Panel does not consider the fact that there
were other warheads that did not explode but were not classified as duds by
the Army.

First, the POPA Panel defined a “dud” as a warhead that failed to explode
on impact. SKZ get this much correct, stating “The panel defines a dud as any
Scud that does not explode when it hits the ground.” The official U.S. Army
definition is that a dud warhead is one that is “damaged to the point that no
explosion takes place when the TBM [tactical ballistic missile] impacts the
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ground (called a dudded warhead)."46 Thus, contrary to what SKZ state, a
“dud” means the same thing to both the Army and POPA Panel -- a warhead
that does not explode on impact.

Second, SKZ argue that the Panel failed to take into account the fact that
there were other Scud warheads that did not explode, but were not classified
by the Army as duds. SKZ state that “Indeed other non-exploding warheads
did occur as evidenced by the existence of very small craters at the impact
point — craters not at all consistent in either diameter or depth with those cre-
ated by high-order explosions— and by the lack of other high-order detonation
damage to the surrounding area.”*’ Note that, in fact, SKZ's description of
these warheads as “non-exploding” is somewhat confusing, since these are not
warheads that did not explode at all (which by definition would be classified as
duds). Rather as the second half of their sentence makes clear, these are war-
heads that the Army claims did not produce full yield explosions (high-order
explosions in SKZ'’s terminology).48

The Army does indeed claim that this happened in Scuds engaged by
Patriots, and describes them as “low-yield Kills.”*® However, the Army also
states only two Scud warheads fall into this category.®® This fact was fully
understood and accounted for by the POPA Panel, which states that “A greatly
reduced yield is also a possibility, but the Army reports only two cases of this
during the Gulf War” and that their “low yield is inconsistent with extensive
ground damage or a significant ground flash.” °1

Thus SKZ's argument that the Panel’s analysis is flawed because it does
not understand the Army’s definition of duds is clearly wrong. SKZ attempt to
cast doubt on the Panel's analysis by implying that there were significant
numbers of warheads that did not explode with full yield but that were not
classified by the Army as duds. However, there were only two such Scuds (a
fact noted by the Panel but not by SKZ), and the POPA Panel’'s assessment
was in fact based on a correct understanding of the number of duds and war-
heads that exploded with less than full yield.

So let us summarize the situation with regard to duds and “low-yield”
events. According to the Army’s assessment, only three of the 44 Scud war-
heads engaged by Patriot were duds and another two were scored as “low yield
detonation” successes.>2 Prior to SKZ’s paper, it was already known that two
of the Scuds classified as duds did not produce ground flashes on the videos —
in one case because no ground flash was seen and in the other because the
Scud was not followed all the way to ground by the camera. But now SKZ add
the additional information that “on only one of these three do P&L have videos
all the way to the ground.”53 Since we know that the one that was followed to
ground did not produce a flash (Tel Aviv, February 19), it is now clear that
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none of three duds reported by the Army caused a flash on the videos, since
the other two are not followed to the ground on the videos. Thus dud war-
heads cannot be responsible for any of the flashes seen in the videos.

What about the two “low-yield” warheads classified by the Army as suc-
cessful “mission kills?” It is known that one of these two claimed mission Kills
did not produce a ground flash on the videos.>* This leaves only one possible
non-high-yield exploding warhead left to account for.

Thus it is absolutely clear that at least 16 of the 17 ground flashes must be
due to Scud warhead explosions. As we will see, it is also essentially certain
the other ground flash was as well, since as the POPA Panel noted, all other
alternative explanations for the ground flashes fail.>®

This brings us to a simple and powerful, albeit non-technical, argument
not made by the POPA Panel (or by us previously). SKZ have access to the
classified Army data, and have clearly performed detailed correlations of it
with the video data. They know which Scuds were duds and which two were
assessed by the Army as low yield mission kills. They also know which Scuds
produced the 17 ground flashes we assess as warhead explosions. If any of
these 17 flashes was associated with a dud (or a low yield mission Kill), then
SKZ could make an extremely powerful argument simply by stating that this
was the case. However, even though they make several other assertions about
the videos based on data in the classified record, they do not make this simple,
powerful and obvious argument. It is difficult to draw any conclusion from
this other than that they cannot.

(4b) Alternative causes of ground flashes

SKZ argue that the flash seen when the warhead reaches the ground could be
caused by something other than the warhead exploding, specifically that it
could be due to the fuel in the Scud’s fuel tank or due to the Kinetic energy
involved in a high speed impact. They imply that the panel simply dismisses
these possibilities without considering them.

In fact, the POPA Panel Report devotes a paragraph to the possibility that
the flash is due to the fuel in the Scud’s fuel tank, but rejects this argument,
concluding that “the burning fuel mechanism fails as an alternative explana-
tion.” %8 Quite aside from the conclusion in (4a) above, the Panel rejects this
possibility because a Scud fuel tank cannot reach the ground in the times
observed, except as part of an intact Scud, in which case the warhead would be
expected to explode. SKZ's response to this is to claim that the Panel’'s conclu-
sion is incorrect because the Panel does not understand the Army'’s definition
of a dud, a claim we have already shown to be false.®’
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SKZ state that the POPA Panel, in its discussion of the ground flashes,
“never even mentions” the possibility that the flashes could result from the
kinetic energy of an intact Scud impacting the ground.58 However, the Panel
was clearly aware of this argument, since it mentions it twice in other sections
of its report, and it is clear that its rejection of all explanations for the light
flashes other than a warhead explosion applies to this argument as well.

SKZ argue that an intact Scud (one that did not break up during reentry)
with a non-exploding warhead could impact the ground with enough kinetic
energy to produce a ground flash. We have already shown above in (4a) that
this possibility could account for at most one of the 17 observed ground
flashes. In fact, however, their kinetic energy impact theory fails to explain
even that one possible event.®®

Note that SKZ do not say that there actually were any intact Scuds with
non-exploding warhead that impacted the ground — which would be an unmis-
takable event, and one that they would certainly be aware of.?% In fact, accord-
ing to the manager of the Patriot Project Office during the Gulf War, only one
Scud did not break up — and that Scud’'s warhead is known to have exploded
on impact.!

SKZ then attempt to argue that a non-exploding scud warhead that “broke
off late in flight” could have impacted the ground at high speed, producing the
ground flash. However, Scud breakups are dramatic events that are clearly
visible on the videos, and no such low altitude events are seen anywhere on
the videos, much less for any of the Scuds that are seen falling and exploding
on the ground. Moreover, even if such an event occurred, the energy densities
involved are far too low to produce the ground light flashes seen in the vid-
e0s.52

(5) Criteria for success or failure

SKZ claim that our criteria for success or failure “Virtually Guarantee 100%
‘Failure.”®® This claim relies in large part on their claim that the videos can-
not reveal the difference between a failed intercept and one that detonates the
Scud warhead because in both cases one will see a fireball with objects emerg-
ing from it. Both of these claims are incorrect.

(5a) Do our criteria for assessing Patriot performance “Virtually Guarantee
100% ‘Failure.”?
What are our criteria for assessing a failure? SKZ discuss four factors that

would lead us to assess an engagement as being a failure. They argue that
using these criteria make it virtually impossible for an engagement to be
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scored as anything but a failure. This is plainly absurd, as even a casual look
at these criteria shows:

First, if there is extensive ground damage or casualties due to the Scud,
we classify the engagement as a failure. This criteria is self-evident and SKZ
state that they agree with it.

Second, if all the Patriots that are fired at the Scud clearly miss it, we clas-
sify the engagement as a failure. Again, we believe this is self-evident.

Third (SKZ list this one fourth), if the Scud warhead is seen to explode
when it reaches the ground, we classify the engagement as a failure. This one
is also self-evident.%*

The fourth criterion (third, in SKZ's ordering) is the only one even needing
any explanation -- that in an engagement involving a fireball overlap, if the
Scud emerges from the intercept attempt with no change in either its appear-
ance or trajectory, we assess the intercept attempt as unsuccessful. This case
applies to three Scuds out of the forty-four engaged (the camera did not follow
these three Scuds to the ground so there was no possibility of seeing them
explode on the ground).

We have argued that, following an intercept attempt that results in a fire-
ball overlap, if the Scud warhead is unaffected in either appearance or trajec-
tory, then it is reasonable to conclude that the intercept attempt failed.%®
Certainly it is clear in such cases that the Patriot neither caused the Scud
warhead to detonate nor pushed it significantly off its course (which the Army
claims it accomplished twice). A Patriot detonation that caused the Scud war-
head to burn in flight or caused such serious structural damage to the Scud
warhead that it only exploded with a low yield would also be accompanied by a
change in the appearance or trajectory of the Scud warhead. This leaves only
the possibility that fragments produced by the Patriot warhead detonation
damaged the fuzing mechanism of the Scud warhead, causing it to be a dud,
and did so without changing either its appearance or trajectory.

First we note again that according to the Army, only three Scuds engaged
by Patriots were duds. We do not believe that there is any basis for believing
that Patriot actually caused any of the duds, particularly since, as previously
noted, even though the dud warheads were recovered, the U.S. Army was
unable to produce any physical evidence for Congressional investigators dem-
onstrating that Patriot caused the duds. Moreover, the Congressional investi-
gators also found that duds that were not engaged by Patriot showed damage
similar to that claimed as evidence of Patriot success in duds that were
engaged. In any event, for one of the claimed duds, the videos do not contain a
fireball overlap, in another there was a fireball overlap AND a significant
change in the behavior of the Scud warhead.®® So at most one of these three
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intercept attempts on the videos could possibly have led to a Scud being a dud.

We have also argued that it is very unlikely that a Patriot could have
caused a Scud to become a dud without affecting its appearance or trajectory.
In order for this to happen, a Patriot fragment would have to strike and
destroy a critical fuzing component located adjacent to the Scud warhead
without striking the warhead and detonating it or damaging it enough to
change its appearance. Moreover, none of the other very large number of
Patriot fragments could do so either. While it can not be ruled out with math-
ematical certainty that a “seeing-eye” fragment struck a fuzing component
while neither it nor any of the other thousand or more fragments struck the
much larger warhead, this clearly is an improbable event. Thus we believe, in
the absence of any evidence for Patriot causing a dud, it is entirely justifiable
to count events in which a Patriot detonation in no way affects the appearance
or trajectory as failures.

Thus we would assess an engagement as a failure if it caused extensive
ground damage, if all the Patriots fired clearly missed the Scud, or if the Scud
warhead is actually seen exploding on the ground. These are absolutely clear
and obvious demonstrations of Patriot failure, and as SKZ note, 83% of the
Scuds we assess fall into one of these categories. In fact, a very large majority
of the engagements we assess satisfy more than one of these criteria. In addi-
tion, we assess three engagements in which a Patriot came close enough to a
Scud to produce a fireball overlap as failures based on the intercept having no
effect on either the appearance or trajectory of the Scud. These are straight-
forward and reasonable criteria, and a Patriot intercept attempt that success-
fully destroyed a Scud warhead would not meet any of them.

(5b) Can a successful engagement be distinguished from a failure?

We have demonstrated that there is a great deal of evidence for failed Patriot
engagements on the videos, but no evidence for successful intercepts. This is
not because, as some have argued, there would be no visible evidence of a suc-
cessful Patriot intercept. In fact, a successful intercept that detonated a Scud
warhead would have a clear and unmistakable signature on the videos: there
would be a fireball overlap, and nothing would be seen emerging from the fire-
ball on a high-speed trajectory towards the ground.

SKZ incorrectly argue that this would not be the case. First, they spend
several pages arguing that on the videos the detonation of a Patriot warhead
probably could not be distinguished from detonation of both a Patriot warhead
and a Scud warhead.®” However, this point has never been in dispute — we
stated that this difference might not be observable in our original Video Evi-
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dence paper.58

SKZ then argue that a successful intercept that detonated the Scud war-
head would not be recognized on the videos, because since the Scud would be
“neither annihilated nor vaporized” by the detonation of its warhead, parts of
the Scud such as its fuel tanks or combustion chamber would be seen continu-
ing onward.®9 This is simply incorrect. Neither we nor the POPA Panel have
argued or believe that the detonation of the Scud warhead would “vaporize”
the Scud. Rather what we have shown is that following the breakup of a Scud
(a breakup caused by atmospheric forces, not by Patriot), one and only one
part of the Scud is seen continuing onward, and we have proven that this
object must be the Scud warhead. Other parts of the Scud, such as the fuel
tanks, do continue onward, but they are rapidly slowed by atmospheric drag to
much lower speeds and are not visible on the videos.’? If a Patriot caused a
Scud warhead to detonate, there would also certainly be large parts of the
Scud remaining, but as in the case of a breakup caused by atmospheric forces,
these other parts would slow rapidly and not be visible on the videos.

Thus a Patriot intercept attempt that succeeded in detonating a Scud's
warhead would have a very clear signature. There would be a fireball overlap,
indicating that the Patriot had detonated at least in the general vicinity of the
Scud. Following the intercept attempt, the Scud warhead would not be seen
continuing onward, nor would it be seen exploding on the ground nor would it
cause extensive ground damage. This is never seen to happen.

(6) Ground damage statistics

SKZ state that one of us (Postol) backed away from claims that a comparison
of damage and casualties before and after Patriot was operational in Israel
showed that Patriot was not working as claimed. This is simply false.

SKZ state: “The [POPA Panel] report fails to mention that Postol himself
eventually backed away from his earlier claims...”’* They further approvingly
cite Gregory Jones from the American Institute for Strategic Cooperation who
states: “...in a more recent publication, Postol retreated from his earlier posi-
tion...But rather than acknowledge his retreat, he attempts to mask it by
changing his analysis in a way that lacks a methodological basis.”’?

These “earlier claims” were made at a April 1991 hearing before the House
Armed Services Committee where Postol noted that the casualties and dam-
age per Scud after Patriot became operational were comparable to and in some
categories greater than the damage per Scud before Patriot was operational.’3
This finding was clearly incompatible with the official statements on Patriot
effectiveness at that time, which were that it was 96% effective — or equiva-
lently that only 4% of the Scuds got through. This level of effectiveness meant
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that even if all the Patriot failures occurred in Israel (none in Saudi Arabia),
only two Scuds fell in the areas defended by Patriot after it became opera-
tional. Postol noted that the damage and casualty data was inconsistent with
such a low failure rate, and as more information came out, he was proven to be
correct. After Postol’s testimony, the official claims for the Patriot success rate
in Israel were lowered in a series of steps to where they are today — over 40%.

By the time of his “more recent” publication, his article in the Winter
1991/92 issue of International Security, Postol had indeed changed his assess-
ment of what could be concluded from the damage and casualties in Israel —
but only because it had since been admitted by the U.S. Army that its previous
claims about Patriot’s failure rate were more than a factor of ten too low!”*

For highly inaccurate missiles like the Scuds used in the Gulf War, large
statistical fluctuations in casualties and damage per missile are unavoidable.
This situation is reflected in the fact that 90% of the deaths directly caused by
the Scuds were caused by one Scud — the one that struck the U.S. barracks in
Dhahran.”® If the impact point of this Scud had been moved a few tens of
meters, the fatalities produced by the missile attacks would been vastly differ-
ent. Conversely, moving some impact points in Israel a similar distance might
have resulted in much higher fatalities there.

Given these large statistical uncertainties, while one could clearly show
that the casualty and damage data was clearly inconsistent with a 4% failure
rate (if for no other reason than there were known to be considerably more
than two Scuds causing serious ground damage), they could be consistent with
a 50-60% failure rate. However, they could also be consistent with a very wide
range of possible failure rates, including a 100% failure rate. Thus after the
U.S. Army lowered their claims of Patriot effectiveness, Postol correctly con-
cluded that, from the casualty and damage statistics alone, one could not
determine what Patriot's effectiveness was, nor whether the then current
claims for Patriot success were valid or not. This finding was subsequently
confirmed by Fetter, et. al.”® SKZ do not seem to be claiming anything differ-
ent.”’ They say their own figures “are not inconsistent with the Army’s score
in Israel of achieving a success rate of ‘over 40%'.” 8

Thus, contrary to what SKZ state, Postol never backed away from his “ear-
lier claims” that the casualty and damage statistics were incompatible with
the then claimed 96% success rate, and he was subsequently proven to be cor-
rect. Rather, as the official claims for Patriot success in Patriot were lowered,
he correctly revised his analysis to reflect these greatly reduced claims of
Patriot effectiveness.
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(7) How the U.S. Army Assessed Patriot's Gulf War Performance
We have presented a clear and unambiguous case that Patriot's success rate in
destroying Scud warheads was very low, and most likely was zero. Our data
and evidence are public and have been subject to intense examination. Yet, as
the flawed arguments raised by SKZ once again make clear, no valid criticisms
that would affect our conclusions have ever been raised.

Nevertheless, one might wonder how this could be the case, given that the
U.S. Army says that it has carried out a detailed study of Patriot performance
that reaches a very different conclusion — that Patriot had an overall (combin-
ing both Israel and Saudi Arabia) 61% success rate, a conclusion that Ray-
theon endorses. However, this Army assessment is based on a flawed
methodology that produces a greatly inflated success rate, and in fact which
could produce the Army’'s claimed results even if Patriot did not actually
destroy a single Scud warhead. This conclusion is entirely independentof our
own assessment of Patriot's performance based on the videos.

The Army classified an engagement as a success if it could satisfy three
criteria.”® (1) An engageable Scud must be present, (2) The “PATRIOT must
intercept the Scud (i.e., detect, launch, and guide to intercept),” and (3) “There
must be no significant ground damage.”

The first criterion -- requiring that an engageable Scud be present --
clearly is trivial.

Criterion 2 -- that Patriot must “intercept” the Scud — might sound like a
more demanding requirement. However, the term “intercept” does not imply
that the Scud was hit or in any way damaged, it only means that at least one
Patriot flew out to the general vicinity of the Scud. As then U.S. Army Pro-
gram Executive Officer for Air Defense General Robert Drolet defined it in the
April 7, 1992 House Government Operations Committee Hearing, intercept
means “that a Patriot and Scud crossed paths, their paths in the sky.”® The
data that can be used to satisfy criterion 2 are extremely weak indeed; exam-
ples include statements by Patriot operators after the event (with no actual
system data), “descriptions of events in general terms” by civilian eyewit-
nesses, and even news media videos, which by simply showing that an inter-
cept attempt occurred would allow criterion 2 to be satisfied.81 While there
was at least one notable exception, it appears that the Army was able to sat-
isfy criterion 2 for the large majority of the engagements.82 However, this cri-
terion provides absolutely no information about whether or not Patriot
actually destroyed the Scud's warhead.

By satisfying criteria 1 and 2, the Army is in effect establishing that a
Scud was present and that at least one Patriot fired against it did not grossly
malfunction. All that is then needed in the Army's assessment methodology to
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declare such an engagement to be a success is that it be able to satisfy crite-
rion 3-- that no significant ground damage occurred. In actual practice, this
means that there was no significant reported damage — as discussed in (2b)
above, the ground damage assessment in Saudi Arabia was far from adequate.

The Army defines “significant damage” to mean a “high yield detonation
which results in personnel casualties or significant ground damage to major
structures (e.g., structural damage, walls caved in, etc.)."83 In order to cause
damage of this type, the Scud warhead must detonate within at least a few
tens of meters of such a “major structure.”

Even in cases where Patriot radar tracking data indicates that the Scud
would have impacted in a completely uninhabited area (such as the sea or
desert), the resulting lack of damage is still taken as positive evidence that
allows Criterion 3 to be satisfied.84 Moreover, even if there is unambiguous
evidence that a Scud warhead hit the ground and exploded, the Army’s meth-
odology would still allow the engagement to be classified as a success. Con-
sider a case in which criteria 1 and 2 were satisfied, but a large crater and
Scud warhead fragments were found at the impact site, providing clear proof
that a high-yield warhead explosion took place and that Patriot failed. How-
ever, unless this impact point was quite close to a “major structure” so that it
could produce “significant ground damage to major structures (e.g., structural
damage, walls caved in, etc.),” according to the U.S. Army assessment method-
ology, this engagement would be scored as a success.

The crucial question here is what fraction of the Scuds would have been
expected to cause significant damage in the absence of Patriot. The Army's
methodology simply assumes that this figure is 100%. This is a clearly incor-
rect assumption, and one that completely invalidates its methodology.

The targets of the Scud attacks were either on a coast (Tel Aviv, Haifa,
Dhahran port) or in the desert (Riyadh, King Khalid Military City, Dhahran
airfield). These targets were protected by multiple Patriot batteries, and in
every case, the coverage of Patriot extended well beyond densely populated
areas into uninhabited areas. Assuming that a Patriot battery defended an
area with a radius of roughly 10 km, maps of the Dhahran and Haifa areas
indicate that much less than half the defended area is built up. For Tel Aviv,
this figure appears to be closer to, but still less than 50%. For Riyadh, it is not
possible to estimate this figure without more data on the number and location
of the Patriot batteries; however, the figure is certainly nowhere near 100%.
Moreover, even within the populated areas, there are many places where war-
heads could fall and still be nowhere near a major structure. Thus, it is clear
that the fundamental assumption on which the Army's assessment is based --
that every Scud would cause significant damage if not successfully intercepted
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by Patriot -- cannot be correct. About the best defensible statement that can
be made is that something like 50% + 25% of the missiles falling within
Patriot defended areas would be expected to cause significant damage. This
indicates that even if the Patriot failed completely, the U.S. Army’s methodol-
ogy could be expected to produce a claimed success rate of roughly 50% + 25%.

This conclusion is strongly supported by two examples from the Gulf War.
First, at least ten Patriots dove into the ground and exploded during the war.
These were potentially very highly destructive events, involving very high
speed impacts by missiles with high-explosive warheads and, in most or all
cases, containing hundreds of pounds of unburned solid rocket fuel (as illus-
trated by video showing burning solid rocket fuel hurtling through the streets
of Tel Aviv following a Patriot ground impact). Yet according to Raytheon, two
thirds of these Patriot impacts caused no damage or only superficial damage.
This gives a “significant damage” rate per missile of about 33%.

Second, there were about 12 Scuds reaching Israel before Patriot was
operational. The number of these that would have been engaged by Patriot
had it been operational cannot be known for certain, but is between 7 and
11.85 Of these, it appears that at most four caused “significant damage,” that
would have led them to be assessed as failed engagements.86 This indicates
that the percentage of engageable Scuds causing significant damage is some-
where between 36% and 57%.

The above discussion makes it clear that it is not valid to simply assume
that every Scud impacting in areas defended by Patriot will produce signifi-
cant damage to major structures. In fact, it is not valid to assume that even
the majority of them will. Even if Patriot had a zero success rate, the method-
ology established by the Army guarantees that a significant fraction of all the
engagements will be assessed as successes. Using the Army’s methodology, a
success rate of 61% (the currently claimed figure) can be produced even if
Patriot did not destroy a single Scud warhead.

(8) Significance of the debate
SKZ argue that the debate over Patriot performance no longer has any signifi-
cance:

“All of the above aside, we believe there is virtually no significance to
either the Patriot system or to theater missile defense as a whole left in this
protracted debate. Both the Patriot system today (which has undergone two
major upgrades since the war) and the evolution of other theater missile
defenses are not directly related to any of P&L’'s analyses or issues, even
according to the Panel.”8”
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But this argument entirely misses the point. Clearly Patriot is different
today, in part due to some of the shortcomings the war revealed. And the new
Patriot PAC-3 interceptor, soon to be deployed, will significantly improve
Patriot’s anti-missile capabilities. We have never argued that Patriot’s failure
in the Gulf War demonstrates that improved versions of Patriot or other the-
ater missile defenses would not work.88

Rather the significance of the Patriot debate today centers around ques-
tions of accountability and credibility.

It is simply unacceptable that the U.S. Army, supported by a major defense
contractor, should be able to present the U.S. Congress and the American peo-
ple with a completely invalid assessment of the performance of a major weap-
ons system, and subsequently obtain a multi-billion dollar upgrade of that
system. Yet our analysis clearly indicates that this is what happened, and is
continuing today.

It is important to consider what can be done to prevent future misrepre-
sentations of the performance of defense systems. Clearly, allowing the owner
and operator of a weapons system, supported by its manufacturer, to be solely
responsible for assessing its performance is not the way to get an unbiased
assessment of performance. The Patriot case vividly illustrates the need for a
mechanism for independent review of the performance of defense systems.

A related issue is the way classification has been used both to shield
Patriot’'s Gulf War performance from scrutiny and, as SKZ's article illustrates,
to argue for Patriot’'s success. Despite SKZ's argument that the Gulf War
experience has virtually no significance for the current Patriot system, virtu-
ally all of the data collected by the Army remains classified. There is no valid
reason for much of this information to remain classified. For example, even
the assessed outcomes of individual engagements, which the Army freely dis-
cussed during the War, are now classified.

The United States will be facing many crucial decisions about ballistic
missile defenses over the next few years. The experience with Patriot in the
Gulf War, the United States’ only actual experience with using ballistic missile
defenses, will inevitably color perceptions about the feasibility and effective-
ness of these future defenses.

In particular, this year the United States is scheduled to make a decision
on whether or not to begin deployment of a national missile defense (NMD)
system. Perhaps not surprisingly, both the U.S. Army and the Raytheon Com-
pany are playing central roles in the system: The Army is the lead service for
the NMD system and Raytheon is the contractor for several of the NMD sys-
tem’s key components including the Exo-atmospheric Kill Vehicle (EKV)
intended to actually destroy the target and the radar that must track and dis-
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criminate the target.8°

The central factor that will determine the effectiveness of the NMD sys-
tem is its ability to defeat steps an attacker might take to defeat it -- counter-
measures. Patriot failed in the Gulf primarily because of an apparently
inadvertent countermeasure introduced by the lIraqgis — the lraqi-modified
Scuds broke apart and maneuvered vigorously on reentry into the atmo-
sphere. Countermeasures have always been the fundamental problem facing
ballistic missile defenses, and they remain so today.

Critics of the NMD system have pointed out that states capable of build-
ing the intercontinental-range missiles the NMD system is intended to
counter will also be capable of building countermeasures capable of defeating
the system.®° Supporters of NMD system claim that they know how to solve
the countermeasure problem, but that they can’'t say how because of classifica-
tion.®! In fact, even though there has not yet been a single intercept test
involving a credible decoy or other countermeasure, it is claimed that the
problem of countermeasures has in effect already been solved.%?

The experience with Patriot in the Gulf War highlights not only the need
for missile defenses to be able to deal effectively with countermeasures, but
perhaps most importantly demonstrates that the assessment of the ability of
the planned NMD system (and other missile defense systems) to defeat such
countermeasures cannot be left in the hands of those with a vested interest in
the deployment of the system.
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manufacturing carefully controls the mixing of oxidizer and propellant components to
assure that the explosive will deliver its maximum chemical yield.) There are other
possible causes as well of ground explosions that are or appear to be less than a full
yield explosion. A warhead that detonates even one or two feet off the ground will
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ments occurred in Saudi Arabia, where many of the damage sites were not even sur-
veyed until weeks or months after the event, by which time the craters had already
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yield, and the shock can be substantially modified by the “sweepup” of dust, refraction
effects, and the nonuniform shape of the ground-surface. The poor quality of the
Army’s ground damage data has been well documented. It would therefore be reason-
able to question, or at least to want to confirm, the validity of the claim that even two
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ments discussed by SKZ as containing only clear misses but without extensive ground
damage. None of these four engagements (A2, A10, A12, and Al3 in the POPA Panel
classification) have a ground flash associated with them.

55. Sullivan, “Technical Debate,” p. 36-37.
56. Sulllivan, “Technical Debate,” p. 36.
57. Stein, “Response to,” note 13.

58. Stein, “Response to,” p. 223.

59. SKZ cite as evidence a video they showed at the POPA Panel meeting which
showed the impact of an Army Line of Sight Anti-Tank (LOSAT) missile on an armored
vehicle. While this metal-to metal impact (unlike the Scud impacting the ground) did
produce some light, it was not even bright enough to light up the ground directly
beneath the tank. Moreover, SKZ do not inform the reader that, as was noted by a
member of the POPA Panel at the May 1993 meeting, the core of the LOSAT impactor
is depleted uranium, a pyrophoric material. SKZ also argue that impacts of 2 km/sec-
ond tungsten cubes “with Kinetic energy five orders of magnitude less than non-explod-
ing 600 km Scuds,” produce light flashes. However, it is obvious that what matters in
such impacts is not total energy, but energy density, that is, the energy per unit mass,
because this determines the temperature increase. In fact the energy density of these
titanium cubes is greater than that of an intact Scud, not “five orders of magnitude
less.” SKZ similarly argue that the total energy released in the impact of an intact
Scud is considerably greater than that released by the explosion of the Scud warhead,
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when in fact the energy density of the explosive material in the warhead is signifi-
cantly greater.

60. Moreover, SKZ's intact Scud argument also requires that a Patriot causes the Scud
warhead to fail to explode while leaving the Scud missile intact. SKZ argue that it is
possible for a Patriot fragment to strike part of the Scud’s fuzing mechanism without
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1991, p. 20.
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their detonation gases typically initially expand at speeds of 6 to 8 kilometers per sec-
ond. These expanding detonation gases then rapidly suddenly compress the surround-
ing air into a luminous high temperature (up to 10,000 K) compressed shell of gas.
These high temperatures are the source of the very bright flash of light produced when
the warhead explodes. Objects (blackbodies) at 5000 K radiate almost 3000 times more
0.55 micron light (the visible light spectrum extends from 0.4 to 0.7 microns) than
those at 3000 K, and 150,000 times more light than those at 1,500 K. Consider a war-
head that breaks off from the Scud at a low altitude of 5 km, as illustrated in SKZ'’s fig-
ure 5. Such a warhead would indeed be moving rapidly at the moment of breakup,
roughly 1.85 km/second, but it would slow up rapidly. Using the Scud warhead ballis-
tic coefficient shown in SKZ's figure 3, one finds that the Scud warhead would impact
the ground in about 5.7 seconds (as SKZ's figure 5 also shows) and with a speed of
about 670 meters/second. This impact speed corresponds to Kinetic energy of about
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supporting a dudding claim (despite recovering the warhead) and the lack of any plau-
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