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Why were Scud casualties so low?

Steve Fetter, George N. Lewis and Lisbeth Gronlund

Patriot missiles were returned to the Gulf last week. But they were not the reason for the unexpectedly low
casualty rate when Saddam attacked Israel with Scud missiles in 1991.

IRAQ fired more than 80 modified Scud
missiles at Israel and Saudi Arabia dur-
ing the Persian Gulf War in 1991. These
attacks caused 31 deaths, numerous in-
juries and substantial property damage.
With the exception of the Scud that hit a
barracks in Dhahran, Saudi Arabia, and
killed 28 US soldiers, however, the num-
ber of deaths and serious injuries caused
by each missile appear to be much lower
than one would have expected based on
the results of previous ballistic missile
attacks. The relatively low casualty rate
has been cited by several analysts as
evidence of the success of the Patriot
missile defence system'™. Others have
argued that the same casualty data sug-
gest that the Patriot may not have been
very successful.

What effect did Patriot have on
casualties during the Gulf War? Here we
show that the publicly available data do
not support claims that Patriot played a
significant role in preventing casualties
or damage to buildings in Israel. (We
focus on Israel because relatively little
data are available from Saudi Arabia.)
Why, then, were casualties so low in
Israel? To answer this question, we re-
view the effects of previous ballistic
missile attacks on cities and discuss
various factors that may account for the
lower casualty rate in Israel.

Role of Patriot

The Scud attacks on Israel began on the
morning of 18 January 1991, but the first
Patriot battery did not become oper-
ational until after 11 Scuds had fallen.
Of the 38 Scuds that reached Israel, 27
were fired after Patriot was operational;
of these, 17 were engaged by Patriot
missiles”. Most or all of the other ten
Iraqi missiles fell in areas not covered by
the Patriot batteries deployed near Tel
Aviv and Haifa.

According to the US Army’s most
recently revised estimates of Patriot
effectiveness, of the 17 engagements in
Israel, only 40% were successful, and
the Army had “high confidence” in only
40% of its claimed successful engage-
ments in Israel and Saudi Arabia®. Thus,
of the seventeen Scuds engaged, at most
seven were intercepted, and in only
three of these cases does the Army claim
high confidence (assuming equal confi-
dence levels in Israel and Saudi Arabia).

The Army claims have been chal-
lenged by independent analysts®'°. But
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even if we accept the Army’s data,
Patriot would have reduced the expected
casualty rate by no more than 16 to
40%. Moreover, any damage prevented
by successful intercepts must be weighed
against the damage caused by the four
Patriot missiles that struck the ground
and exploded in Israel*'', as well as by
the debris from intercepted Scuds and
from Patriots that detonated above
cities. Because of the lack of accurate
track data on the Scud and Patriot mis-
siles, the effect of Patriot in preventing
casualties and damage in Israel will nev-
er be known with any certainty. Given
that large statistical fluctuations would
be expected in the damage from small
numbers of inaccurate ballistic missiles
armed with conventional warheads, any
effect that Patriot may have had on
casualties or damage is lost in the noise.

Casualty and damage statistics before
and after Patriot deployment support
this conclusion. The 38 modified Scud
missiles fired at Israel directly killed two
people and injured about 230 more.
Almost all the injuries were light, with
only ten classified as moderate and one
as severe'>'3. Of the direct casualties, 52

occurred before Patriot was operational
(4.7 per missile) and 179 after (6.6 per
missile)!?. All but two of the 179 casual-
ties after Patriot was operational were
caused by Scuds that fell in defended
areas. Both deaths and most or all of the
serious injuries occurred during the
period of Patriot defence.

The situation with respect to property
damage is more complicated. Theodore
Postol has published a translation of a
compilation of damage to buildings that
appeared in the Tel Aviv newspaper
Ma’ariv®. According to Ma’ariv, 2,797
apartments suffered damage before Pat-
riot (254 per missile) and 9,029 after
Patriot was operational (334 per missile).
Much of the damage to apartments was
very light (such as broken windows). If
only apartments that were seriously
damaged or destroyed are counted, the
figures are 40 per missile before Patriot
and 34 after Patriot.

Thus, although serious damage to
apartments appears to have decreased
slightly after Patriot became operational,
light damage, injuries and deaths all
increased. Given the small number of
Scud impacts in inhabited ardas, how-

Map of the regions discussed here. Two of the Patriot emplacements defending Israell
targets are shown.
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Bomb damage by V-2 rocket to brick-row houses in Tottenham, north London, 1944,

ever, these differences are not statistical-
ly significant. We can conclude only that
the available data do not support the
hypothesis that Patriot had a significant
effect on casualties or damage.

Previous ballistic attacks

A review of the effects of previous
ballistic missile attacks helps to put the
Israeli casualty rate in perspective. Be-
fore the 1991 Gulf War, ballistic missiles
had been used extensively in war only
three times: the Germans launched more
than 3,000 V-2 missiles against urban
British and European targets during
World War II; Iraq and Iran together
launched nearly 1,000 missiles against
each other’s cities during the 1980-88
Persian Gulf War; and the Kabul gov-
ernment fired more than 2,000 Soviet-
made Scud missiles against Mujahideen
guerrillas in the Afghanistan civil war. In
all cases the missiles were armed with
conventional high-explosive warheads.
Detailed information on casualties and
physical damage is available only for the
V-2 attacks on London.

V-2 attacks on London. From September
1944 until March 1945, Germany laun-
ched about 3,000 V-2 ballistic missiles
at targets in Britain and continental
Europe. Of the approximately 1,400
V-2s fired against Britain, 518 fell in
the London civil defence district. In
addition, nearly 10,000 V-1 cruise mis-
siles were fired against L.ondon. Even
though most of the V-1s malfunctioned
or were destroyed by British defences,
about 2,420 fell on London.

Although the V-2 and the V-1 war-
heads had nearly equal explosive yields
and created roughly equal amounts of
property damage per missile'*, each V-2
impact in London resulted in an average
of 4.8 deaths and 11.7 serious injuries,
compared to 2.2 deaths and 6.3 serious
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injuries per V-1 impact'”. The lower
casualty rate for the V-1 was due pri-
marily to the fact that people in the
target area could hear the V-1 approach
and could take cover before its warhead
exploded, while the V-2 gave no warning
of its approach'®.

Scud attacks on Teheran. Only limited
information is available on casualties and
damage from the Iraqi Scud attacks on
Teheran during the so-called “War of
the Cities”. A total of 189 modified Scud
missiles fell on six different Iranian cities
from 29 February to 20 April 1988;
135 of these landed in Teheran'’. On
4 April, after about 125 missiles had
fallen, it was reported in Iran that 1,150
people had died and 4,000 had been
injured from the missile attacks. Some
foreign analysts believe that Iran under-
reported casualties to minimize civilian
penic, and estimate that 2,000 people
died'®. Thus, about 10 to 15 people were
killed and at least 30 injured per missile
impact.

If we assume that the circumstances of
the Scud attacks on Teheran were simi-
lar to those of the V-2 attacks on Lon-
don, we need only modify the London
casualty estimates to account for differ-
ences in population density and warhead
yield to estimate the expected casualty
rate in Teheran. The population densi-
ties of Teheran and London before the
Scud and V-2 attacks were about 300
and 43 per hectare, respectively; the
available information suggests that
roughly 20 per cent of the population
was evacuated during the attacks in both
cases'*. All else being equal, a given
warhead would on average kill and in-
jure about seven times as many people if
targeted against Teheran rather than
London under the circumstances des-
cribed here.

The modified Scud reportedly carried
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a warhead with 160 to 190 kg high
explosive'’, including the kinetic energy
of the missile, which was reduced by its
tendency to break up during re-entry,
the total energy released on impact
would have been equivalent to no more
than 250 kg TNT, compared to 900 kg
TNT for the V-2 (ref. 14). Because the
area subjected to blast damage scales
as the yield to the two-thirds power,
the lethal area created by the impact of
the modified Scud was 0.43 times that of
the V-2.

Thus, scaling for differences in
population density and warhead yield,
the expected casualty rate in Teheran
was three times greater than that in
London during the Second World War,
which can be estimated as 14 deaths and
35 serious injuries per Scud impact. This
estimate is in good agreement with the
available (albeit sparse and unreliable)
information about casualties in Iran cited
above. We stress, however, that a de-
tailed comparison with the London ex-
perience has not been done because we
lack information about many important
aspects of the attacks on Teheran (civil
defence, construction practices, and so
on). As we shall see in the case of the
attacks on Israel, such factors can have a
significant effect on casualties.

Scud attacks on Israel

As noted above, the 38 modified Scud
missiles fired at Israel resulted in 2 direct
deaths, 11 serious injuries, and about
220 minor injuries. The number of
Israeli casualties produced by the mod-
ified Scud missiles seems remarkably low
compared with previous ballistic missile
attacks. In fact, the total number of
deaths and serious injuries in Israel was
less than that caused by just one average
missile impact in London or Teheran.

As discussed above, it is necessary to
account for differences in population
density and warhead yield when estimat-
ing casualties. Most of the casualties in
the Gulf War occurred in the Tel Aviv
metropolitan area, which had a popula-
tion density of about 70 per hectare in
1991 (ref. 14). As was the case in Lon-
don and Teheran, many people left Tel
Aviv  during the missile attacks.
Although this evacuation was widely re-
ported in the press, its extent is difficult
to estimate, especially as many of the
evacuees left only at night, returning to
their jobs in the morning. In the absence
of better information, we assume the
same fraction of evacuees as in London,
which gives a night-time population
density about 1.6 times that of London
during the missile attacks.

The modified Scud missile used
against Israel was apparently the same as
that used against Iran, and it appears
that essentially all the missiles launched
by Iraq during the Gulf War also broke
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up on re-entry. After applying the
appropriate scaling factors for popula-
tion density and warhead yield to the
casualty rates from V-2 attacks on Lon-
don, one would expect about 3.3 deaths
and 8.1 serious injuries per Scud impact
in Tel Aviv. Thus, the actual number of
deaths that resulted from the 38 missiles
launched against Israel was more than 60
times less than what might have been
expected based on this straightforward
extrapolation from the experience in
London. This simple analysis, however,
omits several important factors.
Warning time. A major difference be-
tween the missile attacks on London and
Teheran and those on Tel Aviv was that
(except in the first two attacks) the
Israeli population generally had a few
minutes warning time in which to take
cover. This was because the United
States shared satellite information on
Scud launches with Israel. We can
account for this very roughly by compar-
ing the casualty rate for the V-1 attacks,
for which there was some warning, with
that for the V-2 attacks, for which there
was no warning. After correcting for its
slightly smaller yield, the death rate
from V-1 attacks was 0.5 times that from
the V-2 attacks (0.58 for serious in-
juries). Thus, taking into account warn-
ing time in addition to population densi-
ty and warhead yield, the expected rates
are reduced to 1.6 deaths and 4.7 serious
injuries per missile impact in Tel Aviv.

Another factor that may have reduced

casualties is that virtually all the missile
attacks on Tel Aviv occurred at night,
whereas the attacks on London occurred
throughout the day. Thus, most Israelis
were at home during the attacks, and on
hearing the warnings simply had to go
into interior rooms to obtain a degree of
shelter.
Inaccuracy of the modified Scud. A key
factor in limiting the damage to Israel
was that most of the modified Scud
missiles did not strike populated areas.
According to a study of Israeli casual-
ties, only six warhead explosions caused
direct casualties’®.

The basic Scud-B is so inaccurate that,
at its maximum range of 300 km, at least
half the impacts would fall more than
1 km from the target'®. Moreover, the
pressure the Iragis were under to launch
the missiles quickly, combined with the
modifications made to the missile by
Irag to more than double its range,
undoubtedly led to a substantial de-
crease in the accuracy of the missile.

1t is difficult to determine the number
of Scud impacts in Israeli cities because
Isracli censorship regulations did not
allow the release of the precise locations
of Scud impacts. In the 15 attacks involv-
ing a single Scud missile, however, there
is little difficulty in identifying the
cases in which a warhead detonated in a
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populated area: three such warheads
exploded in populated areas in or near
Tel Aviv; the other 12 warheads presum-
ably fell in uninhabited areas, were duds
or were destroyed by Patriot missiles.
It is more difficult to sort out what
occurred in the four multiple Scud
attacks in which a total of 23 missiles
were launched at Tel Aviv and Haifa.
The first two attacks occurred before
Patriot was operational. Seven missiles
were fired at Tel Aviv and Haifa at
about 2 a.m. on 18 January 1991, and
four missiles were fired at Tel Aviv at
about 7 a.m. on the following day.
Robert Stein, manager of Advanced Air
Defense Programs for Raytheon (Pat-
riot’s manufacturer), states’ that most of
these missiles “were not on target, and
only very few fell on Tel Aviv”. Taken
literally, this means that no more than

destroyed by Patriots and, as noted be-
low, at least one of the warheads that
landed in Tel Aviv was a dud.
Blast-resistant dwellings. One Israeli
study of the Scud casualties concluded
that the most important factor in reduc-
ing casualties was the construction prac-
tices used in modern Israeli apartment
buildings'®. The multi-storey apartment
buildings erected in Tel Aviv over the
past 30 years are constructed with rein-
forced concrete columns, beams and
floors'>?, The reinforced concrete ele-
ments prevented buildings close to Scud
detonations from collapsing and burying
their inhabitants. On the other hand,
when missiles struck near older, unrein-
forced masonry buildings, these were
often completely demolished, with the
roof and walls collapsing.

By contrast, the typical London dwell-
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Patrlot missile keeping watch over Tel Aviv in January 1991.

five Scuds were on target; as discussed
below, at least one of these did not
explode. A Pentagon briefing on 25
January 1991 also implied that no more
than five of these missiles landed in
populated areas and caused damage'?.

The other two multi-Scud attacks
occurred during the period of Patriot
defence: seven missiles were launched
on 25 January and five the next day. In
the first attack, only two clearly identifi-
able explosion sites in populated areas
were reported: one in a residential
neighbourhood and one at a school. The
only impact reported in a populated area
in the second attack occurred on a
deserted beach in Tel Aviv.

Thus, it appears that only about 10
Scud warheads exploded in populated
areas in Israel. What happened to the
other 28? Some landed well short of Tel
Aviv or in the Mediterranean Sea. It is
possible that others landed in unpopu-
lated areas in or near Tel Aviv and Haifa
but went unreported by the news media.
An aponymous Pentagon scientist was
reported’ as saying that Scuds not en-
gaged by Patriot “either fell in the sea or
out of range of the Patriot batteries,
near towns in the West Bank or in the
Negev desert”. One study noted'® that of
the missiles launched against Israel, “a
number fell in the sea or exploded in the
air”. Finally, some Scuds may have been
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ing was the brick-row house, which often
collapsed from the blast of nearby V-2
explosions. The limited data available on
the effects of V-2 missiles on reinforced
concrete buildings in London indicate
that the area of structural damage is
roughly eight times smaller than for
brick-row houses'®. Because deaths and
serious injuries are due primarily to the
structural collapse of buildings, Israeli
construction practices were probably a
significant factor in reducing the casualty
rate relative to that in London.

Dud warheads. Some Scud warheads
simply failed to detonate. In the second
attack on Israel, a warhead penetrated
several floors of a building before com-
ing to rest in a ground-floor jewellery
shop, where it was recovered intact®’.
There were also reports that one or
more of the missiles fired at Israel did
not carry explosive warheads”. Given
the ample evidence that many of the
warheads that landed in populated areas
did explode, however, the fraction of
duds was probably small.

Civil defence. Most of the beneficial
effect of civil defences has already been
accounted for in the discussion of warn-
ing time and construction techniques.
Israel devoted substantial resources to
rapid rescue efforts, and several people
were reportedly rescued from collapsed
buildings. But it is unlikely that Israeli
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Scud launched from Iraq hits Tel Aviv at night In January 1991.

efforts were much better than those of
the British rescue services, which had
experienced several years of German air
attacks by the time of the V-1 and V-2
launches. Thus, civil defence probably
played a minor role in reducing the
casualty rate relative to that in London.
Coincidence. Substantial statistical fluc-
tuations are expected in attacks involv-
ing only a small number of inaccurate
ballistic missiles with small damage radii.
Because only about ten warheads deton-
ated in Israeli cities, luck must have
played a crucial role in determining the
overall casualty rate. Indeed, there is
considerable anecdotal evidence that
good fortune was important in reducing
casualties in Israel. Of the warheads that
detonated in Israeli cities, one hit the
only empty lot in a densely populated
neighbourhood®, three others hit a
park, a factory and an unfinished shop-
ping mall during the night. Two Scuds
landed near unoccupied buildings: an
underground bomb shelter at a municip-
al centre and a school. Even when Scuds
severely damaged occupied buildings,
casualties were remarkably low: a missile
that landed in an alleyway between
several apartment buildings and caused
one building to collapse killed only one
person, and an attack that destroyed a
two-storey house and severely damaged

several others also killed only one per-
son; two people reportedly survived only
because they disobeyed government in-
structions and went to their basement
bomb shelter.

Conclusions

Given the number of missiles fired,
casualties in Israel at first appear to be
very low compared with what could have
been expected on the basis of previous
ballistic missile attacks. But several char-
acteristics of the modified Scud helped
to limit casualties, most notably the
inaccuracy of the missile (only about
one-quarter of the missiles detonated in
populated areas in Israel}, together with
its small warhead, its break-up on re-
entry and an unknown but probably
small number of dud warheads.

Several other factors seem to have
been important in reducing casualties.
The difference in the V-1 and V-2
casualty rates suggests that the warning
time provided by US launch-detection
satellites reduced casualties by a factor
of two. In addition, coalition air attacks
forced Iraq to launch missiles after dark,
when most Israelis were at home.

Taken together, these factors allow us
to estimate, based on the London V-2
experience, that 16 deaths and 47 serious
injuries would have been expected from
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%'the roughly 10 Scud detonations in

Israeli cities, excluding casualties that
may have been caused by the 4 Patriot
impacts. Two deaths and eleven serious
injuries actually occurred. Much of this
apparent discrepancy may be due to
Israeli construction practices, which pre-
vented the collapse of heavily damaged
buildings. As noted above, the limited
data from London indicate that the area
of destruction for reinforced concrete
buildings was about eight times smaller
than that for brick-row houses.

Given the significant statistical fluctua-
tions that would be expected in a cas-
ualty rate based on such a small number
of explosions, these factors could
account for the observed casualty rate in
Israel. However, anecdotal evidence also
suggests that luck helped to reduce
casualties. As illustrated by the Scud
that hit the barracks in Dhahran and
killed 28 soldiers, shifting the impact
point of a single missile by tens of metres
could have changed the casualty statistics
dramatically, given the small number of
warheads that detonated in Israeli cities.

The available evidence does not sup-
port claims that the Patriot missile de-
fence system significantly reduced
casualties in Israel. While Patriot might
have destroyed some warheads that
would otherwise have caused casualties,
the available data contain no evidence
for a net reduction in casualties or dam-
age due to Patriot.

Several important lessons can be
drawn from the experience of the Gulf
War. The widely held belief that ballistic
missiles are themselves weapons of mass
destruction is simply incorrect, as dem-
onstrated by this as well as by past
episodes. It is the nature of the warhead,
not the mode of delivery, that counts.
Even attacks with conventional war-
heads could be far more lethal. If a few
missiles had struck crowded buildings, or
if the missiles had been more accurate or
had carried larger warheads, or if the
attacks had taken place during the day
rather than during the night, the number
of deaths could have been many times
greater. Finally, advance warning of mis-
sile attack, which in this case was made
possible by satellites, can save lives by
allowing people to shelter or to take
other evasive action. |
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