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Abstract

In this article several time series of terrorist activity, namely of air-
craft hijackings and political assassinations, are analyzed with emphasis on
their stochastic behavior. It has been found that, based on the hijacking
records of the U.S. as well as the whole world, from 1968 through 1972, the
Occurrences of hijackings follow a Poisson process with an interesting time
pattern in its intensity parameter. Social and political interpretations
are offered for the changes of the intensity. The second set of events
analyzed is politicul assassinations in the U.S. from 1930 through 1968.
Results of analysis indicate that occurrences of assassinations in the U.S.

also follow a nonhomogeneous Poisson process.



STATISTICAL ANALYSES OF AIRCRAFT HIJACKINGS AND POLITICAL ASSASSINATIONS

1. Ihtroduction

Numerous statiStical models have been applied‘in recent years to better
understand various social; ecchomic and‘political phenomena and to erplain
apparent anomalies. For example distritutioh modeis have been emplc&ed tov
describe the consequences of football games [1k]; a probablllstlc study has led'
researchers to develop a better strategy for pole vaultlng [10] as well as
weight llftlng [5]3 a stochastlc model has been constructed to better 1nterpret
many features observed in recent U.S. electlons [15]; a neW1Y developed
stetistical detection technique has helped demonstrate the fact that the
Watergate scandals and the related publicity in the news media are assoc1ated
with a sizeable shift in the variance of stock—market prlces over the period
of 1973-Th 17]1. In this artlcle we study (1) aireraft hlgacklngs in the perlod
of 1968~1972 and (2) the polltlcal ass a551natlons in the U S. over a perlod
of forty years with & view towards providing a better understandlng of the
underlying stochastlc processes, | |

Although aircraft hijackingsvhave eSSentially disapﬁeared siﬁce early
1973, it:is‘not only academic interest thatvprompts us to attempt to better
understand the sequence of realizations observed from 1958 to 1972. A better
understanding of the prccess.may have significant ﬁolicy implications, siace
the characteristics of the process may have implications for prevention and
since the techniques applied here may well be relevant for analyzing other
types of terrorism as well. We need only point out that the cost of pre-
boarding checks in the U.S. per year is of the order of hundreds of millions

of dollars; more than the total ransom money ever demanded by skyjacking -
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extortionists in any single yesar. Technlques de51gned to detect changes in
the parameters of the underlylng process mlght well be applled profltably
to the series of bomblngs occurrlng 1n London between August and December
1975 and allegedly carrled out for polltlcal reasons by members of the I.R. A
In Sectlon 2 we present a statlstlcal review of these hljacklng incidents and
suggest the p0551ble factors whlch contrlbuted to the formatlon and transformatlon
of thls unlque series of events. We note that the occurrences of hlgacklngs
in the U s. and the whole world durlng the period of 1968-72 follow a
Poisson process w1tn a detlnlte t1me pattern in its 1nten31ty parameter

Another area of at least equal interest, one that 1ncludes several traglc
events Whlch have con51derably changed the modern polltlcal hlstory of the
U.S., is that of the polltlcal assa551nat10ns and 1nclude those of Pre51dent ‘
" John F Kennedy, Senator Robert . Kennedy and Dr Martln Luther Klng, Jdr.;
and also 1ncludes two recept assa551natlon attempts on Pre51dent Gerald Ford
(September and October 1975) In Section 3 we 1nvest1gate ohe probablllstlc
behavior of polltlcal assa551natlons 1n the U.s. from 1930 through 1968 We find
that the occurrences of assassinations can be descrlbed by a P01sson process
with step chanoes 1n the parameter | b. |

A brlef dlscu851on on the 1mpllcatlons of the emplrlcal flndlngs concludes

this paper.

2. ©Statistical: Analyses of Aireraft Hijackings -
Aircraft hijacking is one of the modern phenomena that has been of much
concern in the U.S. in the last fifteen years. On May 1, 1961, the seizure

of a twin-engined CV-L40 aircraft-of National Airlines by a psychopath and its
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diversion to Havana, Cuba, marked. the start of the era of U.S. skyjacking.
Between thig‘date and the end of December 1972, a total of 159 U.S..registered
aircrafp.wepe involved in skyjack incidents. Of these, 148 occurred in the
period from 1968 through 1972. During the five peak years, skyjackings brought
death and injury to many and fear and inconvenience to willions. The economic
cost of skyjackings due to loss of life, property and time, must be valued in
many millions of dollars.

Roughly up to the end of 1969., the desire to reach Cuba was. the almost
exclusive factor which caused skyjackings of U.S. aircraft. During the years
of 1970 and 1971 this factor declined to account for. roughly one half of all
incidgnts. Finally in 1972,. a new breed of skyjacking extortionists (called
‘parajackers’ in the Jargon of hijacking analysts), who. demanded parachutes for .
escaping from the seized alrplane with the ransom money, has become the single
most important group of air plrates in the U S. Ba51cally,rthere were three
types of air pirates: +the Cuban refugees and political dissidents, the mentally -
disturbed and the common eriminals., A more detailed dicusssion of switching
among the various types of air pirates will be presented after the results of
a more formal analysis.. In the next subsection we ~provide & detailed analysis
of U.S. hijacking records; we test the hypothesis that it is a Poisson process
and examine fhe stationarity of the intensity parameter. A brief analysis of
the worldwide skyjacking data is reported in the following subsection.

The Hijacking of U.E. Pegistered Aircraft. The data used in our .analysis,

covering the years of 1968-1972, are taken from Chronology of Hijacking of

U.s. Reﬂlstered Alrcraft prepared by the Offlce of A1r Transportatlon

Security, Federal AV1at10n Admlnlstratlon. ‘The data'provide, ambng chers} the
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dste of the incident, the type of flight’(scheduled, chartéred, private), the
hijacker's boarding point and Kis or Eéfidégfinatioﬁ. An attempt to separate
the incidents into four partially o#erlapping cﬁﬁegofiéé‘adcording to the.tjpe
of flight, was reported in a paper by Quandt [16]. However, from the results
provided there, we felt that the series of overalllhijackings is an‘adeqﬁate
and convenient one for statistical analysis. |

From the raw data we obtained, the interoccurrence times, dénoted by
ti, i=1,2,..., in units of daysl with the first interoccurrence time counted
from January 1, 1968,

The Poisson model is the obvious first choice to it the hijacking data.
If a point process is Poisson, the distribution of the number of évehts’occurring
in a unit of time, vhatever its length, is given by

i

Prob (number of events =1i) = = i?

where' A. is the so-called intensity parameter, representing the expected
number of ‘occurrences in a time unit. Furthermore, the following are two
relevant: and well-known theorems:

Theorem 1. The'interoccurrehce times, ‘tig of & Poisson process are

independently distributed according to the exponential distribution f(ti) =
-At,

Ae *

s, i=l,2,....
Theorem 2. Given the total number of events in an observation period of

length T, elapsing from time 0 to T, the locations of the occurrences on the

time axis are independently and uniformly distributed over the interval (0,T),

lWhenever two skyjacking incidents took place on the same day,‘we assumed
that they occurred half a day apart, since the reported data do not provide the.
hour of the occurrence.
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i? the generating process is Poisson. In other words, the quantities T, =
‘i tj/T are distributed as a uniform random variable over the iniervalw(Ogl),
i;iditional on the number of occurrences, n, being known. See Parszen {12],
pp. 135-1h1,

The second theorem allows us to test the hypothesis that hijackings are
generated by a Poisson Process, by testing whether the - Tl are uniformly
distributed over the (0,1)‘intérvél. Two standard tests with reasonably good
power and computational»simplicity are the Kblmogorov—Smi;pov test and the
Cramér-von Mises test. Further, the first theorem suggests a test of the
hypothesis that the interoccurrence times ti are expoﬁentially diéfribﬁtéd.
The Moran test is adequate for this purpose. | |

The Kolmogorov-Smirnov statistic is D = sup’ [F(X)—S(xj]‘ where F(x)

o
is the hypothesized ang S(x) the sample cumula:f;: dlstrlbutlon function.
Exact significance levels have been tabulated by Birnbaum [2]'whd observed
that the asymptotic distribution is quite accurate for a sample siie n=280.

The Cramér-von Mises statistic is W = j [S(X)-F(X) dF(X) . For computational

burposes we use the equlvalent express1on

2 i-0.5.2 . 1
We = lzl(F(x ) - = )v>+,12ﬂ

where X; @are the ith order statistics in the sample of size n. Signficance
points have been tabulated by Anderson and Darling [1]. The third test
derived by Moran [11] is asymptotically most powerful for the hypbthesized '

exponential variables against the Gamma alternatives. The test statistiec is:

1

n+l
L =2n [log T - = 2 lopt 1711 + e

i=1
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vhere t. are the observed interpccurrence times and t -is the mean of

2i - _
ti . ‘The.statistig th is approximately.distributed.as; Xhln-l)v-v

Results of the tests performed on the entire records of 148 hijackings

are displayed in Table 1.

" rable 1
Kolmogorov-Smirhov, Cramér-von Mises and
Moran Statisties for u.s. Hijackings

D o e 5 .
Statistic 0.0726 0.1196 164 ,0k

&)

None of the s@atistics is signifigapt at the 0.2 level. On the basis of these:
observations, we tentatively conclude fhatfthe_overall behavior of the hijackings
is consistent with a Poisson model, However, more detailed investigation .of
specific typesxof potentia;_depaffu#es”fromAthe”hypothesis are required. :The .
two types of éarticular.interest.arga first, the possible serial dependency .
between_qonsecutive inte;qccurrgnce times, and, second, the suspected bunching
of incidents due fo a bﬁfs%.of imitaxivgibghavior.

An adequate tesﬁ fof thé iﬁdependénée_of consecutive interoccurrence times -
is to exemine the significance of the first lag sample product-moment statistic,

using the so-called exponential ordered SCdres'[lTJQJ The statistic is defined as

Ilil )
RovE )y ixl o ox,
oo e

_1. .1 . 1 . o u
where x, = E-+_£:i-+ .?.‘+ FWEFOL and. j is the rank, in ascendant order,

of the ith inter0ccurren¢ertime,:3It1has;heen proved [3;:p.167] that approxi-

mations to the first two moments of Rl can be expressed as:




logn* 0.5772 , 1 o(1/n?) -
- n : 2 S 2

E(R,) =n-2+
o . 21’17

—6n +2h

3
Va,r(R ) = m"‘—‘y 2103 n + O(log n)

The proportionate error 1n ‘the expresulon for Var(R ) w1ll be small for n>100 .
Rl is asymptotlcally normal , and the normallzed statistic can be tested as

a standard normal variable for large samples. For our series of hijackings,

R = {Rl-E(Rl)}/{var(Rl)}o'5 = ~0.6722 which falls well short of the critical
value of the 0.05 level.

Another test developed by Hsu [8] examining the significance of the parameter
in a first order autoregressive model which is fitted to the interoccurrence
times through a transformation technique has furnished & conclusion consistent
with that based on’ Rl - A statistic comparable to a standard normal variable
yields a value of -0.7852, which is well within acceptance region on the
assumption of independence.

A test useful for examining the bunching of incidents is the Durbin-Knott
decomposition [4] of the Cramér-von Mises statiétic. For a series of length
n, denote the components by z, (j=l,2,...) + Durbin and Knott show that the

follow1ng decompos1t10n holds

2 _ ‘nj
Ly
J=1 §m

where the ‘znj can be computed frpm

z_, = V2/n z cos(Jwy ), 3=1,2,
nJj =
Since the Z,j can also be represented as Zyy = V2n  gm j [S(x)~ylsin(jny)dy ,

vhere y = F(x) , they turn out . to be the Fourier sine coefficients in the
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expansion of S(x)-F(x) = S(x)-y and thus represent the correct frequency
domain decomposition of a random'fﬁnctidn which vaﬁishes st the ends of the

range. The first 20 components fqr‘tpe sky,jack series are displayed in T‘able 2.

Pable 2

" Components of the Cramér-von Mises Statistics for U.S. Hijackings

Component J = 1 2 3 o 5 R ‘7 8 9 10
Value Co = 323 . 187 w1787 -2.llh+ -1.395 -1.752% 1.549 -.hobk 1.253 -.456
Component j 11 12 13 1k 15 16 17 18 19 20
Value 1.911% -.013 -.837 -1.390% -.232 -.67h 1.309 1.972" 1.310 .8k0

* Significant at the 0.10 level
t Significant at the .05 level

It may be verified that the number of significant components is significantly.
greater than would be expected under the null hypothesis. Under the null

hypothesis and for large n, it seems reasonable.to regard 2z as approxis=

nj

mately normal with méan zero and unit variance. Then defining

v = [ (2)0-5,~u"/2,,
nj 0 - ™. SRR

the quantities an

are uﬁiformiy disﬁribﬁted'én%(o,l) under the nﬁll hypothesis.
Employing the one-sided Kolmogorov-Smirnov test, the null hypbthesié is |
rejected at the 0.0l level. Although the s'tande;rd -Kolmogorov-Smirnov and
Cramér-von Mises tests fail to reject the nﬁil hypothesis, the finer Durbin-

Knott procedure does detect a departure from it."In ﬁhe ligﬁt of %his findiﬁg,

a visual inspection of the conventional cumulative plot of the number of events
against time, useful for locating potential bunchiﬁg of inecidents, is desirable.

In Figure 1, the~cumulative dccuffenéesLof hijackings against time; in

units of days, is displayed. The plot, which should be roughly a straight
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line when the process is truly a homogeneoﬁs ?oissdn, cénfainS'a portion,
corresponding to approximately the first fouf hundred days, with a significant
departure from a straight-line configuration. In particular, between the
300th and the L400th days of the series, there is an unusual density of
Occurrences as indicated by the slope of the détted curve.

The Durbin-Knott test and visual inspection of the cumulative plot both
suggest a departure from a homogeneous Poisson’probess;‘ To obtain further
confirmation we performed tests by separating the observations into three non-
overlapping and exhaustive groups, assuming each to represent a homogeneous

Poisson process. The details of the groups of observations are as follows:

. Table 3

Three Groups of Observations and
their Estimates of Intensity

Intensity ,
Length of the ~ Average
Group Period Covered - Period in Number of Hi- - Occurrences
i . {M/D/Y) days(Ti) Jackings (ni) per day
1 1/1/68-10/26/68 300 1y ' 0.0467
2 10/27/68-2/3/69 100 19 0.1900
3 2/h/69-11/14/72 1380  q15 ' 0.0833"

It is well known that, if two processes are both thoggnequs Pqisson processes

J

with intensity Parameters, Ai and A respectively, the statistic

_

&

Ai - Aj =

'}fﬂpp

is an unbiased estimate of Aiaxj, where"nk and ‘Tk (k=1,3) are, respeCfiVely,

the number of occurrences and the length of the ' observation time of the kth

process. 'An unbiased estimate of the variance of this statistic is
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Var(i.-A,) = <t 5
| S G
i J

Therefore,

by Y ivet Sy 1/2
AiJ = {(Ai—kj) —‘(li—Aj)} /{Var(xi Aj)}

can, even when n., and .n

i N J
normal distribution [3, p.228]ﬂ Results of tests on the three periods under

are .small, be treated as having a standard -

the assumption Ay = Aj are listed in Table 4. All of the ‘Aij are significant

at the 0.05 level and one pair of them (period 1 vs. 2) are even significant .

Table 4
The Testing Statistics Aij of
The Three Periods

1 0.0  -3.1551  -2.4970

3.1551 0.0 . .. 2.3986
o2.h9707 7 -2.3986° - 0.0

at the 0.0027 1eve1. These results 1nd1cate that the skyjack series 1s s
nonhomogeneous Poisson process w1th & burst of occurrences falling in the
three month period between the end of October 1968 and early February 1969.
However, the separatlon of the ‘series 1nto three segments is somewhat
intuitive and arbltrary ' A detection scheme de51gned to search for the
potential locations at which the intensity parameter may have shifted is
described below. A moving block scheme has been suggested by Hsu [6], in which
a pair qfehlocks c0nsisting.gf.conSeeqtive but nonoverlapping observations. are
tested for the equality of their parameters,rand the location of the blocks.

is systematically moved throughout the entire series (e.g. from left to right
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with each :shift equal to a given distance). Since there are two different
ways of characterizing the series of hijackings, one by the number of occurrences
in a time period of glven length, the other by the time elapsed before the
ith occurrence, the moving block scheme was applied to two. differently sorted
records. . The first series is the number of occurrences in a hundred-day
period, the starting date of the period shifting 20 days at each move from left
to right throughout the 1780 days in ‘the data. The second series consists of -
the time intervals elapsed before the fifteenth occurrence, with the starting
times of the intervals being at the occurrence times of the Oth, 5th, 10th, ...
hijacking, where the Oth occurred at January 1, 1968. A sequence of systematic
tests examining the equality of two Poisson processes corresponding to two

blocks of consecutive but nonoverlapping observations, of which the essential

statistics have been described above, were then performed. - Results are
displayed in Figures 2 and 3. For Figure 3 we note that the statistic used '
for the comparison of two nonoverlapping time intervals in both of whiéh 15
events occurred, can be expressed as below:

15T A

R:ﬁ-‘l{i~F(30,30)
e L AR

vhere i and J identifi‘the blocks of observations from‘which'fhé‘ T's were
computed and "~" mpeans "is distributed as."” When ”Ai Héna“ Aj are assumed‘eqﬁaL
the R statistic is the ratio Tﬁ/Tij;' For convenience, the smaller value |
of T was always plééed in the denominator and thus only the upper tail was |
examined. From the results prsented in Figures 2 and 3 we see that potential

shifts of the Poisson parameter 1ocaxe at the early part of the data, roughly

before the L00th day in the record and p0551bly at the very end of the series
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as indicated in Figure 2. This latter phenomenon probably indicates the:fact:
that-during late 1972 some preventive measures were brought into effect and
significantly cut-back on hijacking. Although the detection power of this
scheme -against somelvaguéialternatives is:mostly unknown,. it provides valuable
information concerning the overall significance level and -.the rough locations -
at which the intensity parameter has possibly shifted.
| Based on the preceding analysis, we now postulate a model for the intensity
parameter which allows it to assume different values for each occurrence. Let.
Ak indicate the value of the Poisson intensity parameter with which the kth
interoccurrence time has been generated. It is reasonable to assume that the
value of .Ak shifts either gradually or suddenly depending .on the nature
of the source which influences the intensity. Both types of movement can be
described by a portion, either the increasing half or the decreasing half, of
a cosine curve. A small anguler shift in the cosine curve at each increment
of k indicates a gradual change of the intensity, while a large angular
shift does the opposite. Moreover, the cosine curve also indicates the starting
and the end points of k between which the transition takes place. In the
case of aircraft hijacking, the occu¥réﬁée raﬁe a@pears to increase gradually
starting Wiﬁh the:300th day in the_daxafandAto ﬁggline_rapidly at around the
hOOth_day. Therefore, it is desirable to use two pieces of half cosine curves,
one to describe thg‘c;imb, thétoﬁher_the deecline, fpr the expresgion:of these

transitions. In mathematical form, these can be written as follows:

L
i

=g +‘[(l¥cosgl(k))/23 (b-a) for 0<k<K,

&b‘+.f(l—cdsg2(£)372j-kc;b) for Ki+%¥?ksp
, - - P 1. -

where, for i=1,2,
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gi(k) 2‘6i(k-Ki) Cif Qﬁﬁi(k-Ki)iﬁ
=0 if ei(k—Ki)<0
=7 if w<o, (k-K.)
. : ) 1 1

il
+ —
and K1 6 < .
In the above expression Kl and Kg‘ are the indices at which a cosine curve

starts to climb or decline from a and b, resPectively; while 61 and 62

indicate the speed of change with respect to k . Incidentally, when

- S
Kl + o= K2 the expression forms a complete cosine curve. Given the 148
1 ) .

observed intercccurrence times of hijacking of U.S. registered aircraft,
denoted by tys ko= 1,2},,,;1h8, maximum likelihood estimates of a, b, c,
Kl, K2, el and 82 can be obtained by nuﬁerically maximizing the following
logarithmic likelihood function: |

148 148

17Kp>0750,) = kzllogxk - kzllktk

L(a,b,c,K

Solutions based on the sample are listed as follows:

-~ ~ ~ ~

a = 0.049, b =0.300, c=0.082, Kl = 11.24

6, = 0.1396, 'K2 = 33.75 and 62 = 3.8&;0

A schematic disgram of thev Ak4 fugctiOn is given in Figure 4.. These results
indicate that the intensity of hijacking kept climbing from the eleventh
incident (August h 1968) through the 33rd (February 3, 1969) with the peak -
intensity equal to 0.30 whlch means that, on average, there was & hijacklng
every three days. Interestlngly, right after the occurrence of the 33rd’

hijacking, since 'rrle2 = 0.82, a rapid decline was observed and the transition
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to a new lower level, equal to ; = 0.082, took only a single occurrence. In
addition, the analysis indicates that the hijacking intensity remained at a
level close to 0.082 from February 25, 1969 through late 1972.

In order to see whether this modélling of Ak provides significant
improvement over a homogeneous Poisson process, the conventional loglikelihood
ratio staxistic was computed. This is distributed as half of a x2 variable
with the degrees of freedom equal to the number of parameters estimated minus
one, in our case here equal to.6. The computed value of 8.427 is significant
at the 0.01 level. This indicates that our specificgtion of -Ak offers a
better representation for the hijacking‘series than a simple Poisson model.
Moreover, we re-examine the later_partrof thé.data, from the 34th through the
148th observations, by recomputing the spatistics, YD,_WQ;’Ln; Rl and an
previously defined. None of the results is significant at the 0.05 level.
This finding suggests that, although the hijacking process is globally non-
stationary, when adequately broken into soﬁe'subperiods, it can be locally
homogeneous Poisson.

The statistical evidence is considérably illuminated by social, political
and psychological interpretation of the events under consideration. During
early 1968, the hijacking of U.S. aircraft was almost exclusively underteken
by Cuban refugees who escaped from Cuba during the years of 1961~1963 and
wished to return. In thevébsence of ordinéry’ﬁgthods of transportation between
the U.S. and Cuba, hijacking waé indeed s con&eﬁient way to "gharter" a plane
to Cuba. However, the illusion thét Cﬁba waé‘a haven where pirates were

treated royelly as a reward for escaping from the "imperialist-capitalist”

United States also induced a large number of non-Cubahs, including the common




15.
delinquents, mentally deranged and political dissidents, to divert U.S.
planes to Havana during late 1968 and early 1969. This "epidemic" motive
explains the increase in the hijacking intensity in that period. Then, in
February 1969, various facts were released to the public at hearings before
a Congressional committee, such as the facts that most of the hijackers were
detained by Cuban government for various lengths of time for interrogation and,
when released, were given “ordinary work, mostly at hard labor in agriculture"
(see Phillips [13], p. T4-77 for more details). The apparent mistreatment of
hijackers in Cube presumebly disillusioned many potential hijackers which
explains the rapid decline in the hijacking density at that time. From then .
on the hijackers' purposes and destinations started to diverge. At the end
of 1969, two incidents marked this divergence. One was an American Italian's
hijacking of a TWA jet from the U.S. to Rome and the other was the blowing up
of another TWA jet at Damascus. by Arab guerrillas. While the hijacking of
U.S. planes by Cubans continued in the years 1970 and 1971, other motivations
explained to half of the incidents. On November 2k, 1971 a hijacking extortionist
seized s Northwest B-T27 jet, demanded $200,000 ransom and parachutes, jumped
from the flying aircraft with the ransom and successfully disappeared. - This
inventive criminal was followed by dozens of imitators and made 1972 the year
of hijacking extortionists. (As a digression, the extortionists appeared
to have a preference on Friday. One may speculate that since Friday is a-
payday they counted on more cash being available in banks and useable for paying
ransom. A binomial test confirms this hypothe31s, for lO out of 31 hijackings
in 1972 were on Flrdays. Thls indicsates that the P01sson model needs a sllght
modification in this resPect) By the end of 1972 many preventlve measures i

were 1mplemented both on ground and on board by the government and the airlines.
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Passenger screening stations were established in most airports and skymarshals
were travelling on numerous flights. These measures effectively reduced the
number of hijacking attempts in late 1972. Eventually, the federal government's
full enforcement of Pbre~boarding checks of passengers had completely ended the
U.S. hijacking era st the start of 1973. Since then no successful hijacking
ocecurred in the U.S

Worldwide Hijacking. In the seme period of 1968-72, there were 335 hijacking

incidents in the world, of which 44 percent were associated with U.S. registered
aircraft. Through an enalysis similar to the one presented above, we found

that the stochastic behavior of worldwide hijackings, as one can expect, is
remarkably similar to that of the U.S. A fairly smooth teke-off and a sudden .
decline in the intensity parasmeter were identified in late 1968 and the start

Of 1969. Also, the intensity is reasonably stable over the ramaining period.

A Poisson model with the occurrence rate equal to 0.2024 (per day) can
satisfactorily represent the hijacking series in this period.

Since there is a variety of types of hijackers, countries of origin, and
Personal or political motivations,. s thorough understanding of the worldwide
hijacking series requires detailed investigation of many individual cases,
in particular of the Arab hijacking war in which Arsd guerrillas used air
piracy for the purpose of political blackmail as well as a tactic of terrorism.
Interested readers are referred to Phillips' book [13, Chapters 6 and 7] for

a penetrating exposition.

3. Political Assassinations in the U.8.
Politicel assassination is a similsar subject of considerable concern to

all. lee alrcraft hljacking, assa551natzons have been occurrlng in an
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unpredictable manner and a statistical wodel .which reasonably represents their
stochastic behavior may be useful for many purposes.
The U.S. assassination datae studied in this section were .extracted from an

appendix in Assassination and Political Violence (edited by J.F. Kirkham), a

staff report to the National Commission on the Causes and Prevention of Vio~
lence, 1969. The records were collected, on‘a worldwide basis, by the so-
called Leiden group for the Period from 1919 to October 1968, listing each
incident of attemptedAassassination5 both successful and unsuccessful, arranged
chronologically. Although there are many interesting aspects of assassinations
in other countries that can Dbe analyzed statistically, because of the U.S.'s
high rank in assassination raté2 and the Special emphasis of this paper, we
use here only the U.S. data to illustrate the analysis. Similar analysis
can possibly be applied to the data of other nations. Moreover, for practical
interest and for avoidance of unnecessary technical complication, we further
confine ourselves to the anaiyéis of the data in the period of 1930-1968;
iﬁclusion of tﬁe eérlier yéaﬁs, dué to the clusteredvoccurrenceswof assasSinatidns
in 1926 and 1929 may considerably complicatelour discussion‘here with no particular
benefit for illuminating the general stochastic behavior.

Political assassination in the U.S. from 1930 to 1968 include fifty-seven

L. 3 S .
incidents. From the raw data” we constructed the sequence of interoccurrence

2We found that the total number of target persons, including office holders
of all ranks, involved in the assassination attempts in the U.S., as shown by the
Leiden data, is the third highest among 117 nations and areas, ranking just
below those of Mexico and France, over the fifty-year period. For statistical
tables otherwise compiled, see Chapter 3 of Kirkham (ed.) [9].

3The reported dates of three incidents are incomplete, two with the day
missing, the other with both.the month and the day missing. For the former case
we assume the day to be the fifteenth of the month, and for the latter we assume
it to be the thirtieth of June. These fillings of the missing dats have only
negligible effect on the results of analysis. g
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times in units of dayshQ To test whether the occurrences of assassinations

. , . 2 :
again follow a Poisson model we computed the stetisties: D, W, Ln, R{ and
the first 20 mejor components in the Cramér-von Mises statistic:. The results

are displeyed in Tables 5 and 6. None of the statistics indicates a significant

Table 5
Test Statisties of U.S. Assassinations
D W Ln Rl

‘Statistic © 0.1349 0.1412 7_1.18 - =0.5686-

"Table 6

Components of the Cramér-von Mises Statistic
for U.S. Assassinations

Component j 1 3 3 N 5 6 T 8
Value - - =0.3641 1.7293% -1.558h 1.2427 ~0.3199 -0.6194 -0.8852 0.34kk
Component J 9 10 S 11 12 13 15 16
Value - 0.4h03 -0.k990 . 1.2096 0.9907 0.959%  0.80TT -0.0151 . 2.0939+
Component j 17 18 . 19, 20 '

Value -1.5282 0.7578  0.5161 -0.0301

® Significant at the 0.10 ievel;
t Significant at the 0.05 level.
departureAfrom the Poisson ﬁodel at the 0.10 level.

From the evidence presented, we are confident ﬁhat the probabilistie
structure of the cccurﬁences of'aeéassinations in the U.S. is approximatexy
Polsson. However, to answer the questlon whether the 1nten51ty parameter
is truly statlonary 1n time requlres further tests. The cumulatlve plot of

counts against time and the-mbying block SCheme~descy1bed before‘are again

hOur time orlgln is November 25, 1929, since the last 1nc1dent in the
previous period occurred at this date.
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employed for this_purpqse.{ Figures 5, € and T present the computed results.
As one can easily recognize from Figure 5 that the plot of cumulative counts
against time forms a kinky curve with two turning points located at roughly the
T,800th and the 12,000th days in the data, corresponding to the end of 1950
and the end of 1961 respectively. To investigate further, using the moving
block procedure, we set the block size equal to 1,000 days and each stride
equal to 200 days &nd compared the number of couﬁts therein contained with
that in the neighboring block. In Figure 6, where thexcomputed results
presented, two points significant at the 0.05 level, the 35th and the 56th
tests, correspond precisely to the 7,800th and the 12,000th days in.the data.
Another set of moving block tests using the time intervals elgpsed before
the tenth occurrence, each stride equal to two occufrences, was perfofmed
and results shown in Figure 7. Again, the significant points correspond to
the 32nd and the 42nd occurrences thét locate at roughiy the two'fime points
found in Figure 6.

The model for Xk- expressed in Section 2 was then app}ied to fit the

assassination data. The maximum likelihood estimates of the parameters are

s

. a = 0.004316 b = 0.002058 ¢ =.0.007310
3B <K <34, 0 > w/(3h-K)), b2<K, <U3, and 8, > m/(43-K,)

The reason for having multiple values on the last four estimates is that the
likelihood function is flat in the ranges specified. This implies that both of
the two transitions in assassination intensity are of discrete type; tﬁej do
not even take a single observation to finish the shifts. This appears- to be
consistent with our visual inspection on Figure 5 which indicates tio sudden

turns in the slope of the plot.
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To provide a final check on the adequacy of this nonhomogeneous Poisson
model for the assassinations,‘we separate theLBT interoccurrence times into
three groups based on the estimates}of‘the paraﬁeters K, and K2 . Using the

1

notations previously defined, we have

n, =33 n, =9 ny = 15

Ty =764 (days) T, = 437h T, = 2052

Results of F tests on the three groﬁps are displayed below:

T2' Ti

-52— /-5— = 2.0976 > F0505(18,66) = 1.79
1

r oz | .

= /—n~~ = 1.6937 = FO_05(66,30) =1.73

1 3

T2 T3 | |

5; /}?; = 3.5526 > F0'005(18,30) A= 2.90

"~ The results suggest that the first transition in assassination intensity ié
significant at the 0.05 level while the second one at the 0,005 level.

The three subperiods cover, roughly speaking, the years of 1930-1950,
1951-1961, and 1962—1968 and the average number of occurrences per year for
these periods are i.57; 0.75 and 2.67, reSpectively. The assassination attempts
against Presidents F.D. Roosevelt and H.S. Truman occurred in the first sub-
period, while those of President J;F. Kennedy, Dr. Martin Luther King, Jr.,
and Senator R.F. Kennedy occurred in the third sﬁbperiod. The first period
covers the great Depression and Wbrldlwar IT and the last the Vietnam War and
both are periods of politiéal turmoil and/or severe social-economic change.

One middle period, by contrast, is often thought to be a politically and socially
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quiescent period. It is reassuring that the statistical tests confirm broad
standard historical 1nterpretatlono of the characters of the perlpdé in questlon.
For studles concernlng the probability of belng assa551nated by type of

office holders in the u. S and" cross-nat:onal comparamlve studles of political :

assassination, the interested reader is again referred to Klrkham (3d.) [9].

’h. Concluding Remarks
In this péper we have presented'detﬁiled models of the U.S. aifcraft
hijacking and politicalvassassination. The results suggest that when approach
in a systematic way, data which at first ma& appear 1o be laéking structure can
be organized, mbdelled and interpreted through the use of statistical techniques.
For policy purposes we find it.particularly pro@ising‘that one can identify changes

in the parameters of the underlying stochastic process,
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