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1/29/2007 Eilat Attack
(Source: Jerusalem Post)

 Al-Arabiya television reported on Monday that the bomber 
was Muhammad Faisal al-Saksak, a 21-year-old Gaza 
resident and member of Al Aksa Martyrs Brigades. 
According to reports by security sources, at least two local 
residents had spotted al-Saksak, whose heavy coat and 
large bag aroused their suspicions, and called the police.

 When al-Saksak - who, according to security forces, 
appeared to have stopped for coffee on his way to execute 
the bombing in a more crowded area - saw police cars 
approaching the bakery, he blew himself up. 



 Editorial, May 9, 2003:
– “...despite nearly a decade of suicide bombing 

attacks on Israel's citizens, its weapons 
manufacturing industry, led by Rafael, the 
Armaments Development Authority, has not come 
forth with a technological reply to that weapon. 
This failure to invent an early detection device ... is 
even more mind-boggling if reports that such an 
effort has not even been ordered are true.”





Modeling Suicide 
Bombing Casualties

Focus on the expected number of 
individuals in a target area struck by 
effective fragments from the bomb



Shrapnel Injury From Suicide Bomb



Distribution of Deaths per Suicide 
Bomb in Israel (2001-2003)

mean=5.5



Modeling Suicide Bombing 
Casualties: Assumptions

 SB at center of circular target of radius 
 Individuals distributed over target via spatial 

Poisson process with density 
 Bomb releases n expected harmful fragments
 Fragments are dispersed in beam spray at angle /2 

from the horizontal at height h0 as spatial Poisson
 Individuals are modeled as cylinders with base 

width b and height h = 2h0
 Also assume complete blocking



Modeling Suicide 
Bombing Casualties

Let c(x) dx = expected casualties between 
distances x and x+dx from bomber

Total expected casualties then equal

c(x) dx = expected # persons in (x, x+dx)
x probability of exposure to fragments
x conditional probability of being hit




0

)( dxxc



Modeling Suicide 
Bombing Casualties

 Expected # persons in (x, x+dx) = 2x dx
(from the spatial Poisson assumption)

 Probability of exposure = exp(bx)               
(probability that nobody is in corridor of length x 
and width b; spatial Poisson)

 Hit probability = 1  exp((x)bh(x))             
where h(x) is the exposed height at distance x and 
(x) is the density of bomb fragments in the beam 
spray at distance x from the explosion (so bh(x) is 
the area exposed to fragments at distance x, and 
(x)bh(x) is the expected number of fragments 
that strike an exposed individual at distance x)



Modeling h(x) and (x)

h(x) = min [h, 2x tan(/2)]

(x) = E[bomb fragments] / [dispersion area (x)]
= n / [4x2 sin(/2)]

xh



Summary: Modeling 
Suicide Bombing Casualties

Base Case Parameter Values



Numerical Example
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Rough Calibration
 Base case: 28.5 individuals struck by bomb 

fragments
 In Israel: average of 5.5 deaths and 40 injuries per 

bomb
 Our base case is equivalent to deaths plus 60% of 

injuries in average Israeli attack
– reasonable as injuries also result from broken glass or 

other debris not included in the beam spray



Interventions Given 
Timely Detection

 Three plausible interventions are:
– neutralize the bomber (success with prob )
– run away (can be thought of as lowering )
– hit the deck! (can be thought of as lowering h)

 Lowering  could make things worse due to loss 
of crowd blocking

 Lowering h could make things worse as well due 
to loss of crowd blocking (those falling under the 
beam spray no longer protect those further out in 
the target area), though number of harmful 
fragments becomes more crucial



Implications
Even if a suicide bomber is detected in time 

to intervene, the intervention might not 
succeed, and in some circumstances could 
make matters worse
– e.g. lowering  would make things better in our 

base case ( ), but worse if  
 If “hit-the-deck” is followed, people really 

need to “get down!” (to about 0.2 meters) to 
minimize casualties



A Different Approach
 Instead of focus on last-minute detection, think 

about investing in intelligence to prevent attacks 
in the first place??



 

2
1 1

2 2 2 2 2
1

2
1

6
5

13

7 5

1 1 2
1

4

2

4
3

4 4
3

2
3

6

3

8

17

5

7

5

2 2 2

4 4

2 1
2

3

5

2 1

3
2

11

22

17

14

17

14

19

19

15

9
10

12
10

7

4

8

3

2

4

2

5

3

2
2

17

15

16 19

16
15

13

22

10

6

10

5
5

10

15

20

25

30

O
ct

-0
0

N
o

v
-0

0

D
ec

-0
0

J
a

n
-0

1

F
eb

-0
1

M
a

r-
01

A
p

r-
01

M
a

y
-0

1
J

u
n

-0
1

J
u

l-
01

A
u

g
-0

1

S
ep

-0
1

O
ct

-0
1

N
o

v
-0

1
D

ec
-0

1

J
a

n
-0

2

F
eb

-0
2

M
a

r-
02

A
p

r-
02

M
a

y
-0

2
J

u
n

-0
2

J
u

l-
02

A
u

g
-0

2

S
ep

-0
2

O
ct

-0
2

N
o

v
-0

2

D
ec

-0
2

J
a

n
-0

3

F
eb

-0
3

M
a

r-
03

A
p

r-
03

M
a

y
-0

3

J
u

n
-0

3

J
u

l-
03

A
u

g
-0

3

S
ep

-0
3

O
ct

-0
3

N
o

v
-0

3
D

ec
-0

3

J
a

n
-0

4

F
eb

-0
4

M
a

r-
04

A
p

r-
04

M
a

y
-0

4

J
u

n
-0

4

J
u

l-
04

A
u

g
-0

4

S
ep

-0
4

O
ct

-0
4

N
o

v
-0

4

Successful attacks Unsuccessful attacks

Unsuccessful attacks: IDF and ISA thwarting operations , "work accidents", etc

Successful vs. Unsuccessful (thwarted) Terrorist Attacks

Total successful attacks:  135

Total unsuccessful attacks: 431



Changing Modes of Terror Attacks



Changing Modes of Terror Attacks



Qassam Rocket Attacks: 2001-10



Qassam Features





Qassam Rockets



Qassam Damage



Qassam Attacks

Southern Israel has been bombarded with 
Qassam rockets fired from the Gaza Strip

5,000 rockets hit town of Sderot between 
2001-2010; 90% of residents experienced 
rocket landing on their street or adjacent

Yet only 10 deaths and <500 injuries
Many observers thus conclude that 

Qassams are only “symbolic threat”



Qassam Attacks
While Qassams cause “psychological 

trauma...the rockets are essentially very 
ineffective and rarely do damage” (MSNBC)

BBC News: since 2,000 rockets did not cause 
even a single death, the Israeli government 
must be inflating the dangers the rockets pose

Qassams, “...with such a low fatality rate and 
with the characteristic imprecision of the 
weapons...cannot be expected to inflict a 
fatality most of the time.” (Mondoweiss)



Why So Few Qassam Casualties?

 In Southern Israel:
– Most homes and public facilities have rocket 

proof fortified rooms and/or access to nearby 
bomb shelter

– Alarm system since 2004, gives 10-45 seconds 
to seek cover

– Iron Dome antimissile defense system since, 
2011, credited with intercepting Qassams
though efficacy questioned



Mass Casualty Potential

September 11, 2007 Qassam strike on the 
Zikim training base
– 1:18 AM, single Qassam rocket exploded next 

to tents containing sleeping Israeli soldiers
– No deaths; 70+ injured, including 11 urgent 

casualties of whom “...at least five needed 
immediate life-saving procedures” (Emergency 
Medicine Journal 26 (2009): pp. 293-298)



What If No Civil Defense???

Observed casualties in Southern Israel poor 
guide for what to expect if Qassam-like rockets 
used in Afghanistan, Iraq, Pakistan, other places 
with poor civil defense infrastructure

Build counterfactual model of casualties per 
rocket in undefended location using Sderot as 
case study



Model

Majority of Qassam damage from lethal 
shrapnel (not enough explosives for shock 
wave casualties)

Same idea as suicide bombing model



Qassam Guidance Systems

There aren’t any; rockets land spatially at 
random

Let ai (pi ) denote areal fraction occupied by 
land use i (population found in land use i)

Population density i = pi / (1.9 ai) x 10-6

persons/square meter





Land Use Category Map  
Color/Symbol

Area 
(km2) 

% of 
Total 
Land 
Area

Residential Yellow 0.4185 21.9%

Factories in Industrial 
Zone

Dark purple 0.1069 5.6%

Park Dark green 0.1069 5.6%
Public Facilities Blue 0.0698 3.6%

Schools Blue, book 
symbol

0.0383 2.0%

Commercial Centers Red 0.0248 1.3%
Streets / Sidewalk Gray 0.7268 38.0%

Empty Land Light green 0.4212 22.0%
TOTAL 1.913 100%



Where Is Everybody?

Hard to know where everybody is
 Idea: find worst (best) case bounds by 

allocating population to maximize 
(minimize) number of casualties

subject to



Results
Worst case: 0.83 casualties per rocket
Best case: 0.24 casualties per rocket
Data from Sderot: 0.09 casualties/rocket
 Implication: Absent civil defence, 

casualties would be three to nine times 
higher than observed

E.g. given 10 observed deaths, absent civil 
defense would have expected 27 to 92 
fatalities in Sderot



Caveats

Analysis likely underestimates number of 
casualties per rocket for any scenario:
– injuries from blast effects completely ignored
– injuries from falling debris within a structure 

due to explosion also ignored
– complete crowd blocking assumed (even 

partially obscured line-of-sight to explosion 
leaves person unharmed)

– rockets fall spatially at random
– shrapnel injury radius of 5 meters



Conclusion
That so few casualties have resulted from 

so much Qassam rocket fire has led to 
public discussion that downplays Qassams
as relatively harmless

Qassams are not harmless; rather, analysis 
implies that layered civil defense measures 
have prevented injuries and saved lives

Analysis highlights risks faced by 
unprotected populations from terrorist 
attacks with Qassam or equivalent rockets


