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SUMMARY

As the title implies, the aims of this study are two-fold: The first is
to develop a statistical formula, called a discriminant function, to predict
structures that are likely to have arsons in the future, and the second is to
determine if any {attern exists in the commission of structural arsons. Both
these objectives have the same final goal, viz., to reduce or prevent struc-
tural arsons in Newark. The first of these objectives is designed to prevent
arson of a specific structure while the latter is more general in nature.

A population of 897 structures in Newark was developed to study the above
objectives. The population consisted of all structures in Newark that had
arson for the first time during the study period January 1, 1980 to April 30,
1981. Each structure in the population may have had a subsequent arson during
the study period. However, no structure had any arson, according to records,
prior to its first arson during the study period. A simple random sample of
150 structures, called the arson sample, was drawn from the population. It has
been established that this is a representative sample of the population with
respect to the distribution of arson incidences by month of the year, by day
of the week, by ‘hour of the day, by fire districts, and the frequency of arson
incidences.

A match for each structure in the arson sample was obtained, taking inte
account the shape and size of the structure in the arson sample, its dssessed
value, material used to build the structure, location (corner or non-corner)
and neighborhood of the structure. In this way, 127 structures were selected
that matched 127 structures of the arson sample. The remaining 23 structures,
for each of which a suitable match could not be obtained, were deleted.

Data from various Newark city departments were collected for 127 cases
(i.e.,.struetures) in the arson and the match samples. On the basis of these
data, an additional 25 cases were dropped from each of these samples because
most of them were extreme cases ( See Table 3.1).

A procedure has been suggested in Ch. II of this report to identify
serious violations from non-serious violations of variocus types, viz., building
code violations, health code violations, electrical code violations and fire
code violations. Similarly, an insurance score for a structure has been
developed, using information about the changes in the amount of insurance, the
number of owners, and the amount of insurance loss claimed. A procedure to
compute such an insurance score is given in Ch. III of this report. For
developing a discriminant function, it has been observed that the
insurance score is preferable to several other variables considered

in this study.

(1)
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Statistical analysis of the data for the arson and the match samples ;,
suggests that: \ ’ | ;
. 0 ) . -~ 1t . . due " i
a) The distribution of "the total amount of all taxes
) differs significantly for the arson sample from that for
the match sample. Moreover, the mean amount -of all taxes
due is significantly higher for the arson, sample than
the match sample. For the arson sample the mean amount 1is
$992 and that for the match sample it 1s $371.

b) The ratio of the total number of non-serious yio]ations in
the arson sample to that in the match samp]e is 3.7 to 1

i -seri i tions to -
c The ratio of the total number.of non serious V1o}a
) the similar statistic for serious violations for the arson
sample is 2.1 to 1

The ratio of the total number of Part I crimes in a struc-
a ture in the arson sample to a structurew1n=the“match sample

-is about 1.8 to 1

i < IL cri i truc-

e The ratio of the total number of Part II.cr1mes inas :

) ture in the arson sample to a structure 1n the match sampTe
is about 1.4 to 1

f The ratio of the total number of Part § crimes in a struc-
) ture to the total number of Part II crimes for that struc-
ture in the arson sample is about 2.2 to 1

‘The hean insurance score is significantly lower for the
8) arson sample than for the match samp]e. (Ngteﬁthat the
Tower the insurance score, the-more 1ikely it is that the
structure will have an arson.)

ove findings, it seems that the variables fthe toFa] amount
of a]ﬁrigngediz," "the tgtal number of non-serious vio1at1ons,""'the total
number of Part I crimes in a structure," and "the insurance score" are ggre
useful in discriminating an arson structure from a non-arson structuref t;n
many other variables. The dﬂscfﬁmipant fuqct1on recommended for uie g ne
Fire Department involves the f0110w1ng.Var1ab]es§ The tote] amoun otha total
taxes due, the total number of non-serious building code violations, t e Lot
number of non-serious fire code violations, the total number of PartTh_crlre —
committed in a structure, and the insurance score for a stfucﬁuneﬂfh:y§0n1sc _
nant function is recommended after comparing }he mj nimu misc e§s1 1a£'v
probabilities or estimated values of these probabilities, and its relative
cost efficience (RCE) with other possible discriminant functions.

‘ ‘ i jolati v frequently
We have seen above that the non-serious violations occur more T¥
than the serious violations for the arson sample. Moreover, noqase;1oust .
violations also occur more frequently n the arson sample than in the matc
sample. Because of these characteristics of. the samples, the

(ii1)
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non-serious violations have appeared in the formula for the discriminant
function. In practice, however, it may happen that a structure has a serious
building code or fire code violation prior to any non-serious violations. The
proper use of the discriminant function in such a situation will be to use
these serious violations in the formula. Since the non-serious violations
occur more frequently than the serious violations the formula, in general,
will alert the authorities to possible arson for a structure much in advance
by considering the nonserious violations rather than the serious violations.

Using the RCE formula given in this report, comparison has been made of
the recomnended discrimipant function to those reported for Boston and New
York City. It has been shown that the Newark discriminant function, and the
associated rules (DFAR), is at least 34% more cost efficient than either
Boston or New York City DFAR when the ratio of the cost of arson damage to a
structure to the cost of preventing it is 2. This means that for every $100
cost (due to wrong decisions) incurred by Newark, Boston will spend $137.80
and New York City will spend $134.40 for the similar decisions, assuming that
the structures and all other conditions are identical for all these cities.

The patterns of arson have been studied using the available data for the
entire population of 897 structures (which experienced 1123 arson incidences
during the study period). Since 87% of the structures had only one arson
during the study period, arson appears to be widespread in Newark. Moreover,
13% of the structures experienced 30% of the arsons during the same period

which suggests that there are large proportions of arson incidences that are
repeated arsons of the same.structure. j

There were 690 structures that experienced arson during 1980 or on an
average about 58 new structures were torched every month of 1980. However, a
slightly lower number of structures, viz., 50, were ignited each month of 1981
up to the end of April 1981. These 690 structures had 834 arson incidences
during 1980 out of the total of 1123 arson incidences during the entire study
period. This works out to about 70 arson incidences per month during 1980 and
72 arson incidences per month during the first four months of 1981. Thus, it

appears that the number of arson incidences was not reduced during the year
1981. )

The Prequency of occurrence of the arson incidences is about the same for
each month of the year and also for each day of the week. Similar patterns
are also observed for repeated arsons of the same structures. However, when we
group the number of arson incidences by hours, viz., 3-hour, 6-hour, 9-hour,

~or 12-hour periods, the difference between. the number of arsons committed

during-the morning hours and the afternoon-evening hours is significant. In:
fact, there are more than twice the number of arsons committed during afternoon-
evening hours than during thé morning hours. This is also true when we consider
these distributions either by month of the year or by days of the week.

Similar patterns were also noted for repeated arsons of the same structures.

During 1980 one-third of all census tracts experienced 11 or more arsons.
Furthermore, one out of every eight census tracts had more than twenty arsons

each. These statistics also reflect the magnitude of structural arsons in
Newark. ' - ‘

(i)
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The five fire districts (FDs), each of which is composed of several
census tracts, differ significantly in the occurrence of arson incidences. It
may be remarked here that the arson incidences within each f1re_djsty1ct are
a function of the number of existing structures and the population size. The
FD V has the least mean number of arson incidences per month (3.25) and FD IV
has the highest number of these incidences (25.25). The mean number of arson
incidences for FD V differs significantly from those fgr ?he remaining four
fire districts. Similarly, the mean number of arsons incidences (23.25) for
FD 1V also differs significantly from those for FD I, FD II, and FD III.
However, there is no significant difference between the mean number of arsons
occurring per month in FD I and FD III.

rocedure for utilizing the available resources to combat arson has )
been gieen in the report using information about the number of arsons occurring
within each fire district during each month of 1980. Moreover, analysis of.
the arson incidences by month for census tracts that had 20 or more arsons is
presented, indicating how such information can be used to combat arsons.

Statistical analysis of arson incidences for lunar trends shows that 60%
of the arsons take plgce during the Tunar phases for the year 1980. However,
there is practically no difference in the occurrence of arsons per day for the
period of lunar phases and for ‘che period of non-lunar phases. Thus, the data
for Newark does not support fhe generally held view that more arsons take
place during the lunar period than duripg the nog-]unar pey1oq Moreover,
although there are more tull-moon days in 1980 with arson 1nc3deqces thag the
new-moon days with such incidences, the mean number of arson incidences for
these two days do not differ significantly for the year 1980.

We have noted above that the patterns for repeated arsons of the same
structures are more or less similar to those for all arﬁons (1685’ one;t1me
and repeated arsons combined) for the variables "month," "day," "hour," and
"census tracts." We have also analyzed the data for_repeated arsons by )
considering subsequent arsons. Analysis of subsequent arsons is done in this
study in order to determine the probabilities of the occurrence of future
arsons. =For this purpose a table has been developed emp1r1ca1]y, to compute
the probability of a structure experient1ng an_arson for certain selected time
periods of a year. Similarly, the Timiting (ultimate) probability for the
occurrence of an arson on any day of the week has been obtained empirically.
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RECOMMENDAT IONS

This report presents a study of structural arsons with respect to their
predictability and also their patterns of occurrence. It has been shown that

using the. information for a s

tructure abo

ut the amount of all taxes due, the

number of non-serious building code violations, the number of non-serious

fire code violations, the number of Part I (Index) crimes committed in the
structure, and the insurance information, one can predict with 70% probability
of correct classification, whether or not that structure will have an arson.
For this purpose we use the discriminant function and the associated rules
given in this report. Although this discriminant function has a slightly
lower probability of predicting arson for a structure than those developed by
New York City and Boston, its use is strongly recommended since the cost
incurred due to wrong classification, usi

function and the asoociated rules, i

discriminant function and the

at least once a year to ascertain th
for the then existing conditions and

accordingly.

ng the recommeded discriminant

s at least one-third less than the

associated rules given by either city. The
recommended discriminant function and the

associated rules should be reviewed

at the discriminant function is appropriate
» 1 necessary, should be modified

It is possible to predict more accurately an arson for a*structure by:

1y
4,

(1) Considering, in developing a new discriminant function; variables
not included in the above recemmended discriminant fun¢tion, such as

percent of arsoned structures
structure in question;

(2) Developing separate

belonging to the owner gf a

discriminant functions for residential and
non-residential structures;

(3) Developing a separate discriminant function for structures that
are burnt for monetary profits only.

The methodology to bebused for such improvements is similar to that

described in this report.

Predictions of structural arson

Keithl need to be undertaken.

~combating arson systematically.
packages for statistical analysis
time available for this project, t

s on the lines suggested by Icove and
These prediction models should prove useful in
Due to non-availability of computer software
of this type and also because of the Timited
hese models could not be developed. :

The use of the discriminant.function requires up-to-date information

regarding the variables in the formula.

We, therefore, recommend developing a

manual information system, as was done by the MNew Haven (Conn.) Fire Department, or

7

1. Icove, D.J., and Keith, P.
The arson pattern reco
information management

E. (1981):

Principles of Incendiary Ana]ysis:

gnition syst

(vi)
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a limited computerized information system, as was done by the Knoxville
(Tenn.) Fire Department. After establishing the usefulness of such a
system for Newark, it should be expanded to include all relevant in-
formation for arson as was done by the New Haven Fire Department, which
has found this system very helpful in preventing arson and in booking

the arsonists.

Although there is a need to coordinate the data collection process and
to develop a mechanism to collect such data on a regular basis for the
above information system, there seems to be no difficulty in collecting
data from all concerned agencies, except the insurance companies. Since
insurance information is vital for developing an early warning system to
prevent arson, it is strongly recommended that legislative measures be
undertaken to collect such information from all “insurance companies that
are not required by the existing laws to provide the requisite informa-

tion.

Since more arsons occur during the afternoon-evening hours of the day
than during the morning hours, we recommend that the resources for
preventing structural arsons be distributed proportionately for these
hours of the day. Similarly, those census tracts ‘with 20 or more arsons,
that have different patterns of arson incidences by month than their

respective fire districts, should be given due consideration in allocating
For this purpose it is recommended

resources to combat structural arsons.
that the objective procedure suggested in this report to identify census
tracts that have patterns of arsons different from their respective

districts,should be used.

In this report arsons have been studied in relation to structures only.
However, the arsonist is an important actor in torching a structure.
Hence it is vital to know his background and be able to predict whether
he is going to set fire to some other structures. It is recormmended
that such a prediction instrument be developed.

Statistics for the year 1980 suggest that the number of motor vehicle
fires was about one-half of the structural fires. Since some of these
motor vehicle fires can be for monetary profits, a study of these fire

is also recommended. '

(vii)
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" CHAPTER 1
POPULATION AND THE SAMPLES

INTRODUCTION

&

- One of the costliest acts of violence except war is
arson and it is a major and rapidly growing problem through-
out the country. For example, in 1974 there were an -estimated
$1.3 billion in property losses, 1,000 deaths (including 45
firefighters), and 10,000 injuries from arson. This repre-
sented an increase of about.27% over the preceding decade
1964-74. The estimated property loss and the increase in

number over the $receding decad? exceeds those of all seven

serious offenses called Index Crimes. In Newark, this national
trend is somewhat replicated. In 1975 therec«were 6,232 fires
and in 1979 this figure rose to 6,603, an increase of about
6%.2. 0f these fires, about one-fifth were arsons. The acute
problem -of arson in Newark becomes evident from the fact that
while 41% of Essex County's population is in Newark but 95%

~0f all the arsons in the county occur in Newark. Similarly,

5% of New Jersey State's population lives in Newark but 45%
of all arsons in tne state occur in Newark.

To combat arson in Newark, the Law Enforcement Assistance
Administration (LEAA) provided a grant in 1979 of $200,000 to
Newark Fire Department. These funds were utilized in order to
increase the investigative capabilities of the Newark Arson
Squad, to train investigators in detecting arsons, to improve
information system capabilities So as to prevent future arsons
and to increase capabilities of arson investigators in arres-

ting and convicting arsonists.

THE STUDY

The chief aim of the present study is to develop an instru-
ment to predict structures that are arson-prone. The definition
of arson used here is a widely accepted definition viz, arson .
is the willful and malicious burning of another's property or
the burning of one's own property for some improper purpose: - - .
such as defrauding an insurer. : ‘

The study period is from January 1, 1580 to"April 30,:1981; - --
This -time period was selected after considering the availability
of as much récent data as possible from all concerned Newark
departments. :

-

J.F. Boudreau,‘Q.Y. Kwaﬁ; W.F. Faragher, and G.C. Dénau1t~(1977);
Arson and Arson Investigation - Survey and Assessment, NILECJ,.

Law,Enforcemei-Assistance,-U.S. Department of Justice.
Alan Zalkind (1980): The Afson problem. in Newark. e
S ' Newark Arson Squad Newsletter. ... .. ....

; . . ) o .
) & v L 'l
. s % A



e S

1

.3.

1.

pe

THE POPULATION

~January 1,

The study population included only structures and
not motor vehicles, or arsons outside any structure.

- These structures may be used for dwelling,commercial, or

industrial purposes. N +Although a garage may not be
physically attached to a house, it is considered a part
of the house for the @tudy Similarly, a duplex or a
structure with mu1t1p1e dwelling units divided by a wall
from the basement to /the roof of the building, is con-
sidered to be composed.of two or more separete buildings,
depending upon the number of walls separating them. As
with biological twins such buildings are most ideal as

a sample match for the present study.

Newark Fire Department‘s "Summary of Daily Fires"
(SDF) files were used to generate the population of
arsoned structures. As a first step, structures ex-
periencing arson for the first time during the study
period January 1,
Such structures were identified through the B.I. Signal
Codes given for each incidence of fires}in SDF files.
(For arson incidence the B.I. ?f
102, or '200).
buildings, some of which had arson for the first time
during the study period with no arson before this period,
and the rest that had arsons both before and during the
study period. The next step in the procedure, therefore.
involved identifying structures that had arsons before
the study period and deleting those structures from our
study. This then generated the population of 897 struc-
tures that experienced arsons for the first time dur1ng
the study period and none Qefore that period.

N

Signal Co¥es used are 10&,

A
THE _POPULATION : S
. i
Within the population of 897 structures which exper-
ienced arson for the first time during the priod of
1980 to April 30, 1981, 141 or 15.7% of the
structures experienced two or more arsons dur1ng the
study period. The distribution of 897 structures by’
the number of arsons -for these structures, during the

study period, is given in the following table.

CHARACTERISTICS OF

N
i
i

1980 to April 30, 1981, were identified.

This procedure generated’ a population of“E‘

P

T e

TABLE 1.0: Distribution of the population of structures by number of
arsons experienced during the study period.
Number Structures ' Arson_Incidences
of Cumutative | Total Cumulative
Arsons | Number | Percent Percent Number | Percent Percent
1 756 84.3 84.3 756 67.3 67.3
2 102 11.4 95.7 - 204 18.2 85.5
3 19 2.1 97.8 57 5.1 90.6
4 11 1.2 99.0 44 3.9 94.5
5 4 0.5 99.5 20 1.8 96.3
6 2 0.2 99.7 12 1.1 97.4
7 1 0.1 99.8 7 0.6 98.0
10 1 0.1 99.9 10 0.8 98.8 | .-
13 BE 0.1 100.0 13 1.2 100.0 3§
Total 897 100.0 - 1,123 1C0.0 -

We notice from the above table that four out of five structures
experienced only one arson during the sixteen month study period and one
out of nine had two arsons during the same period. If we look at the
distribution of 1,123 -arsons, we find that two-thirds of the arsons are
accounted for by 756 structures that experienced only one arson each.
remaining 33% of the arsons are shared by 16% of the structures in the
population that had two or more arsons €ach during thé study period.

The

The population of 897 structures is distributed 'among 85 of the Newark

City's 98.census tracts. Thus, none of the structures in about 13% of

the census tracks experienced any arson during.the study period.

An additional 48% of the census tracts had occurrence of 1 to-9 arsons
and 10 or more arsons occurred in each of the remaining 39% of the cen-

sus tracts.. The highest number of arsons, viz, 38, occurred in census
tract #92- The following table shows the distribution of the number

of census tracts by the number of arsons which occurred during the study
period.

3



TABLE 1.1: Distribution of the number of census. tracts by
number. of arson incidences which oecurred during
the period January 1, 1980 to April 30, 1981.

1Number Census Tracts Number Census Tracts .
of of _ ]
Arsons | Number | Cumulative | Arsons | Number | Cumulative|
0 13 13 13 | 5 73
1 4 17 ) 14 3 76
2 2 19 15 1 77
3 8 27 16 2 79
4 5 32 17 5 84
5 8 40 18 1 85
6 5 45 19 2 87
7 7 52 21 2 89
8 4 56 22 1 b
9 5 61 24 1 91
10 1 62 25 4 95
1 3 65 29 1 9%
12 3 68 33 1 97
, 38 98
TABLE 1.2: Distribution of census tracts, grouped by number of arson
fncidences. g
o
; &
Number Census Tract Percent ;% i
of , to the Cumulative BRI A
Arsons_| Number | Cumulative Total Percent ;] - L
0o | 13 13 13.3 13.3
11-5 27 40 27.6 40.9
6-10 22 - 62 . |- 22.4.” |, 63.3
11-15 15 77 - 15.3 78.6
16-20 11 88 11.2 89.8
= 121-34 10 - | 98 10.2 ~ |. 100.0 |
-- 98 - 100.0 ] - N

Table 1.2 is derived from Table 1.1 and aroups the number of census
tracts by intervals of five for number of -arson incidences. We notice that in
more than one-fifth of the census tracts the number of arson ingidences

“was more than 15 with almost 10% of the census tracts exper1enc1ng more '
“than 20 arsons each during the study per1od E '

#

()

@

Besides ana1y21ng the information by census tracts it is useful to
do such analysis by fire districts for Newark. The following table shows
the composition of each of the five districts by census tracts. (It
may be noted that census tract nos. 48 and 75 are further subdivided into
48.01, 48.02 and 75.01 and 75.02, resulting in the total of 100 census
tracts ) ,

TABLE 1.3: Composition of fire districts by census tracts.

Fire ‘.‘ _ i Total Number
District : ' of
Number Census Tract Number Census Tracts
I .9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 21, 22, 23, 24, 25, 26, 29, 64, 82, 83,
and 84 23
II 48.02, 57, 59, 67, 80, 81, and 85 7
III l3 2: 39 49 53 63 7, 8, 86, 87, 88, 89, 90
91, 92, 93, 94, 95, 96, -and 97 , o 20
iV 27, 28, 30, 31, 32, 33, 34, 35, 36, 37, 38,
39, 40, 41, 42, 43, 44, 45, 46, 47, 48.01,
49, 50, 51, 52, 53, 54, 55, 56, 58, 60, 61,
62, 63, 65, -and 66 , 36
) 68, 69, 70, 71, 72, 73, 74, 75.01, 75.02,
: 76, 77, 78, 79, and 98 ; 14

We notice that census tracts are unevenly distributed to the fire
districts. This is due to the fact that the census tracts themselves
are of uneven size. Thnrareq\govered by each fire district, however,
is not markedly dissimilar as thiesabove distribution suggests.

- The frequency distribution of the arsoned structures in the popula-
tion by fire districts is given in Table 1.4. We notice that there are
significant differences in the number of arsoned structures in these
districts. It should be recogn1zed however, ‘that the number of-
structures arsoned in a district is a function of the number of ex1st1ng
structures. - Thus, District IV which is more crowded with structures , s
Tikely to have more arsons. than District V which has relatively

fewer structures.

”
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The lowest number of arson incidences occurred during the
6 month of January, 1980. However, the month of January did not
have this distinction for 1981. Of the 834 arson incidences
during 1980, about 56.5% took place during the months of February,
' ( ) March, May, June, November and December. Assuming that this is a
sample from a super-population (see the discussion in the next
( . ~ )) . in the population by | paragraph) we find tl]at there are significant differ‘ences.ir) the
TABLE 1.4: Distribution of arsoned structures - number of arsons gumng these months of 1980 and the remaining -
fire districts. : ‘ \ months of 1980 (K¢=13.986; 1 d.f.)]
, i - For the present study, we will assume that the popuiation of
AFire . Cumulative . /7 structures de'finc'ed here, is itself a sample from a super-population.
District | Frequency | Percent Percent ’ // This assumption is necessary to apply any statistical test to the
/ ~data. The purpose of applying a statistical test is to derive in-
1 190 21.2 21.2 ¢~ formation and conclusions from the data which otherwise may not
II 71 7.9 29.1 . be apparent. Since it is costly to collect data, it is evident
T III 210 23.4 52.5 that the mest economical use calls for extracting as much informa-
v 36% 428 138(1) tion as possible from the data. One of the ways to do this is to
62 . :
To\t’:a1 897 100.0 =

make the above type of assumption for the population whenever a
super-population comprising the population under study exists.

The super-population in this case is the accumulation of all struc-
‘ ' - - 3 t f
We now consider the distribution of arson incidences by month o

. tures that experienced arson for the first time till the end of
; i 1, 1980 : April 30, 1981. Note that this.suﬁer—popuhtion includes the
the year. Since the ;tucé)( E:eqaz?:i:)?\ ggot%e‘]:rns%?\r%fnciaences is presented . ;gllgg;ngtzg;ug;ﬂ%‘gz Zgzt experienced arson for the first time be-
arat he years 1980 and 1981 1n Ta . . ‘
separately for the y %I)) did not experience any fire or arson at all;
o . . th ~ I1 did experience fire but no arson;
TABLE 1.5: 'Distribution of arson incidences in the population by mon . (111) did experience an arson after the study period; or
" for the study-period. ¢ ' L (Iv) were demolished after the first arson.
(" e 3 In addition, the super-population includes the population of 897
- : CumU'at“{f % . structures defined above. Thus, in our case, we see that a super-
Month © |Frequency | Percent Percen : " population does exist.
Year 1980 6 ‘ r ) We now consider the distribution of arson incidences by month
January 40 3.6 3‘0 P . : and by hour of the day which is given in the following table,
February 12 6.4 10'3 R : . Table 1.6. At a first glance, it becomes evident that the arson
March 82 7.3 17-4 incidences are almost evenly distributed by hour. There is almost
April sl 69 6.1 2?°2 no correlation between the month and the hour of incidencé,
May 88 7.8 38.0 ‘ (r=0.001). We, therefore, group the data by three-hour periods
June 77 G.8 200 as shown in Table 1.7. .
Jul 67 S .
hugust 62 5.8 | 40 |
September 66 . £0.6 ] - —
October - | 5% - gg .’ 67'4 { 1 "d.f." means degrees of’freedom.
November 76 - . i '
December 76 6.8 742 |
ear 1081 | | -
Tlgnuary 64 5.7 ggg A .
; February .60 5.4 92'5 : - % ‘
u March 81 7.2 100.0 , ‘
‘ ppril - | 84 7.5 0. | 1o
: C [ Total 1,123 100.0 : | ' , | .
i l\\y
T
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TABLE 1.6: Distribution of arson incidences in the popu1df10p by
hour of the day and by month for the study period.
Month and Year ’

Hour , Year 1980 ‘ Year 1981 Total
Jan_Feb Mar Apr May June July Aug Sept Oct Nov Dec| Jan Feb Mar Apr]| -
o-i1l2 3 0 3 3 3 2 5 2 3 3 5{ 5 5 7 5 56
1-2}11 3 1 3 5§ 3 3 4 0 2 4 3 1T 3 4 2 424
2-311 6 7 6 1 1 3 3 2 1 1 2 6 2 1 2 45
3-4370 2.5 1 2 7 2 1 2 3 2 5 2 3 0 5 42

| - 32

4&-510 3 1 1 2 2 4 2 1T 2 2 3 2 2 2 3
5-6 12 0 3 1 2 1 -1 .0 1T 2 1 2 2 2 2 1 23
6-7 10 1T 0 1 1 1, . 3 2 0o 0 1 O 21 1 3 17
7-811 1 0 0 1 -0~ 1 0O 0 1 2 1 T 1 1 2 13
8-9 |0 1 2 1 1 0 1 1 1 2 0 3 1T 1 1 3 1
9-10 {1 0 4 0 3 4 1 2 3 3 2 4 4 2 2 0 35
10-11 {4 3 1 1 0 1 0 0 3 4 3 1 0 0 4 3 28
1Mm-12 12 1 1 2 4 1 5 1 0 2 2 3 2 2 1 2 ‘31
121312 1 2 3 2 3 T 1 3 4 4 1 2 3 2 2
13-14 |4 3 .7 5 & 0 3 2 0 4 6 7 3 5 2 1 52
14-15 |1 4 6 1 7 3 3 1 3 2 6 3 3 1 5 4 5
15-16 |1 2 .6 1 5 10 5 4 7 1 3 3 4 2 6 4 | 64
16-17 |1 6 3 8 8 0 4 2 3 3 3 7 2 2 6 3,}
17-38¢ {3 1V 7 7 7 5 1 1 4" 2 4 3 1 4 3 0 153|
18-19 |1 &5 5§ 3 7 4 6 7 5 3 6 4 2 5 8 6; ,,7;
19-2012 4 5 §5 3 4 5 3 6 4 3 3 3 2 4 §. 6

: | 6| 65
20-21 {0 5 2 2 5 8 3 8 1 3 4 & 5 4 5
21-22 45 5 &5 7 5 6 3 7 4 3 4 4 4 4 ‘7 8 g;
22-23 {5 9 4 5 4 4 4 4 8 3 7 3 5 3 5 10 a3
23-24 |1 3 5 2 6 6 3 1 7 2 3 2 2 1 2 3
Total 40 72 82 69 8 77 67 62 66 59 76 76 | 64. 69 81 84 1:1%3

<D

B A3 RSB

55

)

TABLE 1.7: Distribution of arson incidénces in the popu]ation‘by
three-hour periods and by month for the study period.
Month . Hours of the Day ' Total
0-3 3-6 6-9 9-12 12-15 15-18 18-21 21-74

Year 1980 ~ ” ‘
January 4 2 1 7 7 5 3 11 40
February 12 5 3 4 .8 9 14 17 72
March 8 ¢ 2 6 15 16 12 14 82
April 12 3 2 3 9 16 10 14 69
May 9 6 3 7 13 20 15 15 88
June 7 10 1 6 6 15 16 16 77
July 8 7 5 6 7 10 14 10 - 67
August ' 12 3 3 3 4 7 18 12 62
September 4 4 6 6 14 12 19 66
October 6 7 3 9 10 6 10 8 59
November 8 5 3 7 16 10 13 14 76
December 10 10 4 8 11 13 m 9 76
\Year 1981
January 12 6 4 6 8 7 10 - 1N 64
February" 10 -7 3 4 9 8 11 8 60
March 12, 4 3 7 9 15 17 14 81
April 9 9 8 5 7 7 18 21 84
Total 143 97 49 94 145 178 204 213 1,123

We notice from the above
‘during the nine hour period +3-12 consistent

Moreover, throughout the year much higher number of arsons take .place
during the hours 12-24 than during the time period 0-12 hours. The

following table shows that for most of
ceeds 50%.

the trend

the months this increase far ex-

It is also evident that for the first four months of 1981,

somewhat changed with more arsons occurring during the

hours 0-12 than the corresponding period for 198C. We will analyze
this data further in Chapter IV.

)

tabhle that arson 'dctivity is low
1y throughout the year.



TABLE 1.8: Monthly distribution of arson incidences for
the 12-hour time periods 0-12 and 12-24.

10

Number of Arson Incidences Percent
Month Hours Hours Total of Col. (3)
0-12 12-24 to Col. (2)
1 2 3 4 5
Year 1980
January 14 26 40 185.7
February 24 48 72 200.0
March . 25 57 82 228.0
April 20 49 69 245.0
May 25 63 88 252.0
June 24 53 77 220.8
July 26 41 6/ 157.7
August 21 41 62 195.2
September 15 51 66 340.0
October 25 34 59 136.0
November 23 53 76 230.4
December 32 44 76 137.5
Year 1981
WJanuary 28 36 64 128.6 «
February 24 36 60 1500 .
March 26 55 81 2175
April 31 53 84 171.0 .
Total 383 740 1,123 -

Consider now the distribution of arson incidences by

day of the week for the sixteen month study period as shown
-in the following table.

()

()

by day of the week.

R

~ TABLE 1.9: Distribution of arson incidences in the population

_ Cumu]atf&E—

Day Frequency * Percent Percent
Sunday 158 14.1 14.1
Monday 182 16.2 30.3
Tuesday 155 13.8 44 .1
Wednesday 141 12.6 56.7
Thursday 170 15.1 . 71.8
Friday 163 14.5 86.3
Saturday v 154 13.7 160.0

Total 1,123 100.0 --

e e e —— = T ————

11

It is clear from the above table that the arson incidences are dis-
tributed more or Tess evenly throughout the week with a maximum of
The Chi-Square test also confirms this

16% taking place on Mondays.
observation (X*= 6.302 on 6 d.f.).

Also, we note from this table that

on an average 16% of the-arsons occurred on Mondays and about 13% on Wed-

nesdays.

in the range of 13-16%.

For other days of the week the percent of arson incidences were
In the sample population, more arsons occurred

on Mondays, Thursdays and Fridays in that order than on any other day of

the -week.

Furthermore, there is only a marginal difference in the occur-

rence of arsoil ‘incidences between Thursdays and Fridays on the one hand,

and Saturdays and Sundays on the other.

We observe somewhat the same

pattern when we compare the number of arson incidences occurring on Fondays
and Thursdays on the one hand and on Saturdays and Sundays on the other.

Thus the data do not suggest that more arsons
on any other day of the week.

o

occur on weekends than

2 /'// . . .
The 1,123 incidences in the sample population are, however, not

distributed evenly for the 24 hours of the day.

As can be seen_from

Table 1.10 below, more incidences take place during the hours 15-23
about 48.6%) than during any other”/time period.

A\
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A ook at Table 1.11 . shows that the number of arson incidences
taking place decreases from midnighttill 9 AM and goes on increasing from
] N , 9..AM ti11 the midnight of the next day. [ljoreove . :
( o . ( } a;ha]f times arsonsgtakg lace in~they9 hJu; ger¥6da?g9§£ ﬁgsrgnd
TABLE 1.10: Distribution of arson incidences in the population by hour | . than during the period 3-12 hours. ;
of the day. ; : ) :
. TABLE 1.12: Distribution of arson incidences in the population by hour
- Cumulative . ~ [Cumulative : of the day and by day of the week for the study period , .
Hour |Frequency | Percent Percent | Haur | Frequency |Percent Percent. R ;
L 0- 1 56 5.0 5.0 12-13 36 3.2 37.3 h ‘ . v Day of the Week i
1- 2 42 3.7 8.7 13-14 56 5.0 42.3 “ 1 Hour Sunday | Monday | Tuesday | Wednesday | Thursday ] Friday | Saturday| Total
2- 3 45 4.0 12.7 14-15 53 4,7 47.0 . ‘ N B - ;
3- 4 42 3.7 16.4 15-16 64 5.7 52.7 0- 1 10 -9 8 8 7 5. 9 56
' 1- 2 3 8 5 3 5 7 1 42
4- 5 32 2.9 19.2 16-17 61 5.4 58.1 : | 2- 3 2 6 1N 5 3 9 9 45
5- 6 23 2.0 21.3 17-18 53 4,7 62.8 H 3- 4 7 4 6 8 3 8 6 42
6- 7 17 1.5 22.8 18-19 77 6.9 69.7 . | @
7- 8 <13 1.2 24.0 19-20 | 62 5.5 75.2 ’ - 4- 5 6 3 4 3 7 6 3 32
] . ) ‘ 5- 6 6 1" 5 1 3 1. 6 23
8- 9 19 1.7 25.7 20-21 65 5,8 81.0 ' 6- 7 3 2 4 1 2 2 3 17
9-10 35 3.1 28.8 21-22 .81 7.2 88.2 . ‘ ‘ 7- 8 1 2 0 y 5 2 1 13
10-11 28 2.5 31.3 22-23 - 83 - 7.4 95.6 : : ) 7 , ,
1112 31 2.8 3.1 [ 23-24 49 4.4 100.0 1 j 8- 9 6 2 2 2 5 2 0 19
# ) ’ ‘ : 9-10 3 5 6 5 6 7 3 35
Total - - - - 1,123 100.0 - 1 10-11 5 4 2 3 6 - 6 2 28
Q . - . ’ ( ) 11-12 4 6 7 4 7 0 3 31
5, TABLE 1.11: Distribution of arson incidences in the population by . 12-13 . 2 10 2 7 8 3 .4 36
LT three-hour time periods of the day. _ ‘ 13-14 6 12 - 8 5 7 10 8 56
LR ' : e _ 14-15 9 10 6 6 6 13 3 53
2 % : . ' . . 15-16 8 8 3 12 11 15 7 64
21 ‘ Time c : (| Cumulative £ ) ‘ : . 4
% o Interval | Frequency | Percent Percent s , . 16-17 7 -8 7 5 12 9 |/ 13 61
* ~ . I - : : ‘ ' 17-18 9 . 8 10 8 4 B s N 7 53
0- 3 = 143 12.7 12.7 | . v . 18-19 1 14 10 12 14 6 10 77
3- 6 97 8.6 21.3 ; \ ; ; 19-20 - 14 - 6 10 7 10 8 7 62
6- 9 49 4.4 25.7 o . S i : - :
9-12 94 8.4 34,1 . 20-21 | 4 13 § - 1 210 12 8 7 65
e ' . ; 21-22 14 13 .10 1% 12 12 9 81
12-15 145 12.9 - 47.0 : . - - 22-23 10 18 ¢} 12 - . 7 .8 11 17 83
| 15-18 178 15.8 ¢ ' 62.8 = v . 2 . 123=24 .8 10 1 .- 6 6 7 6 6 .49
118-21 _ 204 18.2. "81.0 B : 1 , A T 1 " | .
21-24 213 - 19.0 100.0 | c : R ; . |Total | 158 182 155. 141 170 163 . 154 | 1,123
Total 1,123 100.0 - ‘ ‘ ‘ ’ . ‘ o R
— g : : ; From the above table, Table 1.12, we notice the afternoon and
' “ ‘ . ‘ _ evening hours of Mondays, Tuesdays, Thursdays and Fridays experience
, , , ; : o more arsons generally than the remaining three days of the week. Also,
| ‘ o , e : o . : v Mondays experience’almost three-times arson during the hours»12-24 than
% S . R SR o o ‘ ~ during the hours 0-12. i e C
x
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TABLE 1.13: Distribution;éf arson incidences in the population by
three-hour time period of the day and by day of the week.

14

Time Day of the Week t

Period | Sunday | Monday | Tuesday { Wednesday | Thursday | Friday | Saturday Total

0- 3 15 23 24 . 16 15 21 29

3-6 19 8 15 12 13 15 15 ]g;

6-.9 10 6 6 5 12 6 4 . 49

9-12 - 12 15 15 12 19 13 8 94
" 12-15 | 17 32 16 18 21 . 26 15

15-18 24 24 20 | ~ 25 27 31 27 }gg

18-21 29 33 31 29 36 22 34 204

21-24 32 41 28 24 27 29 32 213
Total 158 182 155 141 170 163 154 1,123

the occurrence of arson incidences is also true for days of the week.

What we have observed in Table 1.11 for the three-hour period‘about

(See

Tab]e.l.ls.) That is, except for Sunday, the number of arsons, de

from midnight ti11 9 AM and then increase from 9 AM till midnight g;eiig
next day. Furthermore, there are almost three times more arsons during
the 6-hour period 6 PM - 12 Midnight than the 6-hour period 6 AM - 12 Noon
as shown in the following table, Table 1.14. -t ’

TABLE 1.74: Distribution of arson incidences during the 6-hour time
. periods 6-12 and 18-24 and by day of the week.
Time; Day of the Week
Per10d~$unday Monday | Tuesday | Wednesday |Thursday | Friday | Saturday Tota]
6-12 | 22 21 | 2 17 3 19 | 12
18-24 | 6] 78 | 59 53 63 51 | 56 -‘1?3
Percent* 272.3| 352.41 281.0 | 311.8 - 203.2 |7268.4 466.7 1991 6

*Percenp:of arson incidences during 18-24 hours as compafed‘to 6-12 hours.

Although the arson ‘incidences increase sharply each day during ‘

the period 6 PM - 12 Midnight over the 6 AM - 12 Noon i i s
the per period such increases .
_are still more sharp on Saturdays,.Mondays and Wednesdays, in that order.

Consider now the 9-hour periods 3-12 and 15-24 hours: <t}
distribution looks as fo]]ows? , . ’ K ggrs. Then the

o s

&

()

TABLE 1.15:

i

Distribution of arson incidences for the S-hour periods
and by day of the week.

Day of the Week

Time

Period [Sunday | Monday [ Tuesday | Wednesday Thursday | Friday | Saturday] Total
3-12 | 41 29 36 29 44 34 27 240
15-24 | 85 98 79 78 90 82 83 595

Percentj20/.3 {337.9 219.4 269.0 204.5 241.2 307.4 247.9

1.4.

1.4.1.

»b]yde the month, the day, and the hour

*Percent of arson incidences during 15-24 hours as compared to 3-12 hours

We find that the sharpest increase still occurs on Mondays, Satur-
days, and Wednesdays, in that order. Thus, we conclude that during the
6-hour or the 9-hour periods considered above, at least twice the nuroer
of arsons occur during the late hour periods than during the earlier time
periods of the day. Moreover, such increases range from two and a-half
to three and a-half times as great fpr Mondays, Wednesdays, and Saturdays.

SAMPLE

s

From the population of 897 structures, a sample of 150 structures
(16.7%) was -selected using a simple random sampling without replace- .
ment scheme. If any of the 150 addresses initially selected in the
sample represented vacant lands, as per information collected from the
Newark City Department of Tax Collection and Assessment, these were
veplaced by the next unsampled member of the population. We will study
below characteristics of this sample to establish its representativeness
of the population. As will be discussed later, a sample of slightly
reduced size is used to develop an instrument (i.e.»an indes to predict
future arson. : .

CHARACTERISTICS OF THE SAMPLE

that will be examined herezin-
of each arson incident and the fire
districts in which- the selected structures are located. ‘ ‘

- The characteristics of the sample

' As we have seen earlier, there are 1,723 arson incidences during

“the study, period for 897 structures in the population or about. 1.25

arson incidences per structure in the population. In the sample, a

s1ightly higher number of arson incidences, 1.36, took place than in
the population, the total number of arson incidences for the sample

being 204. :
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The distribution of 150 structures in the s

arsons is given in Table 1.16. Also, shown in the table is the distri-
bution O0f 204 arson incidences for these 150 saimpled structures., |

TABLE 1.16: Distribution of the sampled structures by the number
of arsons experienced during the study period.

LA

amples by the number of

Number Arsoned Structures Arson Incidences‘
1 of Total Cumulative Total Cumulative
Arsons  |Number |Percent Percent Number | Percent | Percent

1 120 80.0 80.3 120 - 58.8 58.8

2 17 11.3 91.3 "34 16.7 . 715.5

3 6 4.0 95.3 18 8.8&—""84.3

4 4 2.7 98.0 16 7.8 92.1

5 2 1.3 99.3 10 4,9 97.0

6 1 0.7 100.0 6 3.0 100.0
Total 150 {1000 | - - | 208 1000 | -

s

-From Tables 1.0 and 1.16 we find, using the Kolmogrov-Smirnoy test,
that there is no significant difference between the percent of irsored
structures in the sample and the population. However, the sample and
the population distribution differ significantly, at the 5% Tevel of
significance, for the number of arson incidences. Thus, althou thi
sample is reoresentative of the population for the distribution/of |
arsoned structures, as'above,” it is not so for the arson incid K

Mg Dove, 1 : ences..
This is to‘bg.expected since the variable "number of arson incidencé;"
was not used ‘to select the sample. 1In fact, neither of those variables

In-what follows, we compare the sample distributions with the

_ corresponding Population distributions for the variables month,day, -
hour, and the five districts of arson incidence. '

[
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Distribution of arson incidences in the sample, by month
for the period.

Cumulative
Month Frequency | Percent Percent |

Year 1980

January 6 "2.94 2.94
February 12 5.88 8.82
March. 20 9.80 18.62
April 14 6.87 . 25.49
May 23 .27 36.76
June 13 6.37 43.13
July 14 6.87 50.00
August 11 5.39 55.39
September 11 5.39 60.78
October 16 7.85 68.63
November 10 4.90 73.53
December 13 6.37 79.90
Year 1981

January 12 5.88 85.78
Februray 3 1.48 87.26
March 13 6.37 93.62
April > 13 6.38 100.00
Total | 204 100.00 .

k \/

These 204 arson incidences are distributed by month as shown in -
the above table. As in the case of the populationz we have chosen
to present for all the sixteen months of the study period ra?her_thaq a
twelve month period, to test the hypothesis that the above distribution

for the arson incidences in the sample is.not different from the corre-
Using the- Kolmogrov-Smirnov test,we .

sponding distribution for the population. : ~Smirnoy
find that the observed value of D, the Kolmogrov-Smirnov statistic. is

D = 0.0803 and the table (theoretical) value is D = 0.0952 at the 5% level

of significance. Thus, we conclude that there is no signific?nt differ-

ence between the two distributions, ~

We now consider the distribution of drson incidences in the sample
by day of the week, and it is as shown in the following table. ﬁ

-
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TABLE 1.18: Distribution of arson incidences in the sample . by day
of the week.

‘ . Cumd]ative
Day Frequency | Percent Percent
Sunday 24 11.76 11.76 “
.|Monday 29 14.22 25.98
Tuesday 30 - 14.71 40.69
Wednesday 29 14.22 54.90
Thursday 26 12.75 67.65
Friday 34 16.67 84,31
Saturday 32 15.69 100.00
Total 204 100.00 - .

Using the Kolmogrov-Smirnov test, we find that the observed value
of the test statistics D = 0.0432 is much less than the table value of
Dtable = 0.0952. Thus, we conclude that there is no significant differ-
ence between the population and the sample so far as the distribution of

arson incidences by day is concerned. »

Comparing the hourly distribution of arson incidences in the sample ", . %
{shown in the following table) with the corresponding distribution for =
the population, we find once again that there is no significant dijference
between the population and the sample distributions for these charvcteﬁistjcs.§

(Here - D = 0.0603.) ‘ .
C . SRR RN AR
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TABLE 1.19: Distribution of arson incidences in the sample by

hour of the day.

Hour . |Frequency | Percent Curnwuiative | Hour Frequency | Percent Cumulati;;-w
: Percent : Percent
0-1 9 4.41 4.41 12-13 7 3 3
> . . - / © 3.43 33.33
1 1Z g.gg 7.84 13-14]. 6 2.94 36.27
2-3 . 2.45 13.24 14-15) 13 6.37 42.65
>t ; 1.96 - 15.67 15-16{ 14 6.86 49,51
- : 0a98 17.65 16-17 10 4.90 54.41
- 2 1.47 18.63 17-18 10 4.90 59.31
&7 o2 , 2.45 20.10 18-19] 16 7.84 67.16
8 > 0‘0 22.?5 }9—20 13 6.37 73.53
oo 0 | 3.43 22.55 20-21{. 10 4.90 78.43
ok I 1.96 25.98 21-22f 13 6.37 84.80
o p .96 | 27.94 22-23| 16 7.84 92.65
j 1.96 29.90 23-24] 15 7.35 100.00
1on oot !
rotal - - - | 204 100.00 -

Finally,we consider the distriBUtion of inci
] 1 y,we. dist arson incidences. b
f1v¢ fire d1str1cﬁs (FD) and it is as shown in Table 1.20.. In g%ngZmp1e

TABLE 1.20: Distribution of arson iAcide i
; ' nces mole
fire districts. : ces in the sample by

Fire “ Number ‘ s :
Districts | of Arsons | Percent ‘C“%%l$§§§5

o I .43 21.08 21.08

‘ Il - 30 14,70 35.78

II] ‘ 42 20.59 56.37

IV »- 78 ¢ 38.24 94.61

’V 11 ) ©5.39 100.00

Total ]l 208 100.00 -
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“the' number of arson incidences by fire districts®
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"the, largest number ot arson incidences are for FD 1V and the least

number of these incidences tor rD V. Visual comparison ot the dis-
tribution ot arson incidences in the sample and the population (see"
Table 1.4), shows that these distribution are quite similar. Ihe
Kilomgrove-Smirnov test also confirms this.

thus, we have shown that the distribution ot the sample does
not differ significantly, in the statistical sense, for the variables,
~number of arsons , "number of arson incidences by month®, "number of
arson incidences by day", “number of.arson 1nc1dences by hour , and
Hence the
selected sample is representative of the popu]at1on for these variables.

MAICH SAMPLE

In many sociological studies such as the present one, 1t is
ditficult to generate a control group in the strict sense. What
a researcher usually accompiishes is to identify a group of subjects
(in our case structures) with characteristics that resemble, indi-
vidually or collectively, some known characteristics of those in the
experimental group and presumable differ with the experimental group
on variables under study. Since these units are purposely selected
to match the units in the experimental group, we prefer here to
label this group as a matched sample rather than a control group to
-emphasize that the matched group does not meet the strict conditions
required for a control group in a laboratory condition.

For each arsoned structure in the sample a possible match was
developed using the following building characteristics: its assessed
value, bu1]d1ng use, vicinity of the structure to be matched to the
one that is in the arson sample, and corner location or not. This
information is available from the Essex County Real Estate Directory
for 1980-81. Each possible match obtained from the directory was '
later verified through .site visits. Such visits helped to deterrine
more accurately, both for arson and match structures, location o% \
the structure, purpose for which the structure was actually used,
building: material used, and structure's size and shape. With this
additional and accurate information, a match for an arson sample
structure was accepted, provided it had no previous arson history.
The “previous period- for a match is the same as that for the corres-
ponding arsoned structure and includes all the period before the
occurrence of the first arson. ° .

~ In a few cases the assessed value was ignored for matching pur-
poses because these values, as given in the Essex County Real Estate
Directory differed signiticantly for both the structures even though
they were similar in all other respects. Besides this, ‘the structure
use mentioned in the Essex County Real Estate Directory for 1980-81
also differed considerably from the actual use of the structure.
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Information for 150 arson cases shows that in 69 cases (about 46%),
the information given in the directory did not reflect the reality.
The following table gives a breakdown of 150 arson sample buildings
by their actual use and as given in the directory.
TABLE 1.21t  Actual building use and the use as given in
* Essex County Real Estate Directory for 1980-81
for sampled arson structures.
Actual Building use as In Real Estate Directory 1980-81 iTﬁfal
Building , =
Use General*| Family| Apt. < Commercial | Industrial| Blank| Vacant
Res.@ | Res.@
General> - .- - - - - - - 3
Family Res.@® - 20 2 6 ~ 3 - 41
Apt. Res.@ - - 35 25 ) - 15 - 81
commercial - 1 - 9 - i - 14
Industrial - 1 - 1 4 3 1 10
Blank - - - - - - 1 1
Total - 63 27 22 4 32 2 150

* General use is educational, or public assembly building
@ Res. means residential.

~ In one-fifth of the cases there was no information about the

« building use in the Real Estate Directory. This is largely because
these represented properties that are tax exempt. Of the remaining
118 buildings, information for only 64 cases 1s accurate. Thus ig-
noring the blanks, building use information for about-46% of the
cases is inaccurate. We must be careful, therefore 1n accepting the
information about the .building use from the directory. because of

- this, a match was obtained for each arson buiiding through site

%i$its. The procedure ot matching described earlier resulted in the
-deletion of 23 arson structures for want of a suitable match for
them. A proper match could not be found tor these buildings either
because of the peculiar shape and/cr use of the bu11d1ng, or no

othﬁr non-arsoned bu11d1ng was available tor a match 1n its neighbor-
hoo
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» City departments.
-Enforcement Department, the Electrical Department, the Water Department,

CHAPTER 11
DATA COLLECTION

INTRODUCTION

The data for the study have been collected from some of the Newark
These departments are: the Fire Department, the Code

Department of Tax Collection and Assessment and the Police Department.
Also data have been collected from .the New Jersey Insurance Underwriters'
Association (NJIUA). 1In what follows we discuss the procedures used to
collect information from each one of these agencies except the Electrical

Department, which is part of the Code Enforcement Department.

To collect data from these sources it was necessary to determine the time
period, called previous time period, for which data should be collected.
The previous time period is defined here as the length of time which has
as its most recent point in time the date of first arson (for an arson
case and its match) and which has as its earliest point in time a date
prior to the date of first arson. In order to develop @ discriminant
function, information just sufficient to develop the function was collected
from each department. This required defining different previous time
periods for collecting information from various departments.

FIRE DEPARTMENT

Information about the total number of fires before the date of first
arson (and the same date for respective matched case), and the tptal
number of fire code violations was collected from the Fire Department.

The period since the beginning of 1978 till the date of first arson was
defined as the previous time period for collecting 1nf0rmat1on about the
number of previous fires. ..

For each structure experiencing a fire, date and time of each fire
incidence, B.I. Signal, name of the inspector, and structure use and size
is given on a card, called a "White Card". This information is avaijlable

~n white card for each structure since November 1977. However, since

information about fires due to unattended cooking incinerators, compactors
and short-circuits is not available on white cards, it was collected from
the Daily Summary of Fire for previous time periods between January S
1978 and April 30, 1981.

‘The information regarding fire code violations was obtained from
registers maintained separate]y by the Fire Department for this purpose.

One of these registers is only for smoke detectors while the other 1nc1udes

all types of fire code violations. Information regarding fire code
violations has been collected for the previous time period between January
1, 1979 and April 30, 1981. Along with the information for fire code
vio]ations, information about building code, health code and electrical
code violations, if any, was also collected. To avoid counting

22
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- by the Code Enforcement Department in this regard.
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the same violation more than once, the procedure adopted was as follows :
When notices of such violations from the Fire Department appeared in the
files of other departments, then these violations were excluded from
considerations. This procedure of counting each violation once and only
once was adopted uniformly for all departments. ~

The information from the Daily Summary of Fires is transcribed on
“White Cards" each day, so that information about the number of
previous fires appears to be complete. However, no check has been
made of this since it involves going through the Daily Summary of
Fires for the previous time per1od between January 1, 1978 - April 30,
a task which is both time consuming and costly. Furthermore, an index
of predictions developed with the available data will be more conserv-

1981,

‘ative than one obtained using the most accurate information about the

tetal number of fires,because this number will invariably be greater
than the one actually used.

The information about fire code violations is maintained by the
Fire Department in a register that is in alphabetical order by street
addresses. A similar reg1ster is also maintained by the Fire Department
for smoke detector violations.” Both these registers appear to be com-

plete and accurate since these violations are registered only after the
inspection of a structure is made.

. CODE_ENFURCEMINT DEPARTMENT

This department maintains information about building code violations,
health code violations,and electrical code violations, through notices
issued to the owners of the structures. While all bu11d1ng ‘code and
health code violations are registered by this department, most electrical
code violations and fire code violations observed during inspection
are also recorded. For some of the properties included in the study

. electrical code violations have been notified to the Electrical

Department. However, there appears to be no consistent procedure used

Similar observations
were made about notifying fire code violations to the Fire Department.

- Since only few cases have been observed where electrical or fire code
~Mwialations were reported to the respective department, multiple counting

of these violations posed no serious problems. Thus, from the Code
Enforcement Department information about building code violations,

health code violations, electrical code violations, and fire code violations
was collected. Since information from the Fire Department was collected
before collecting information from the Code Enforcement Department,

those violations for which notices were issued to the Fire Department

by the Code Enforcement Department were excluded from consideration.

This information pertained to both abated and unabated violations.

In the Code Enforcement Department files are kept in alphabetical
order by address of each structure that has any of the above type of
violations. In many cases the history of violations goes back to 1974 ,
and all these violations were considered because the information could be
collected without much additional cost. Roughly about half of the structures
studied (both arsoned and matched) had no record of any kind of violations.
A careful search of the files showed that this was 1ndeed the case. The
files appear to be remarkably well kept and up-to-date.
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As stated above, information for both abated and unabated violations . , : ,
, was collected. A more detailed information about these violations was . ,
( ’ obtained by considering separately serious and non-serious violations. : () : : -
* In collecting information separately for serious and non-serious viola- : THBLE 2.1: I .
tions, it is assumed that structures experiencing arson are likely to | Eéimggiﬁ 2T V'OlaETOPS treated as serious or non-serious
have, statistically speaking, a significantly large number of serious ! ype of -cods ”“"at‘°"5'
vio]atigns than those structures that did not experience arson. We will i e Type of code violations
test this assumption Tater in Chapter III. | Building Code | Health Code Fire Code [Electrical Code
. . . N . . . . Non- 7 Non - Non- -
Since a miltitude and varied types of serious and non-serious viola- Description of Violation Seri i i ; : ; : Nor
tions can occur in practice, it is impossible to prepare a 1ist of such ‘ eriousiSerious {Serious {Serious jSerious [Serious{Serious! Serious
violations. In what follows, we discuss in some detail a procedure used . Reinforce all windows 1in X X
to determine a serious violation. To describe the procedure, we have the apartment to prevent
selected » few violations reported in Code Enforcement files , whitch are - air from coming in.
given in Table 2.1 below. 4
. o o . ‘ . Scrape and paint entire X X
In example (1), the violation of a broken window is coded serious apartment sidewails and
as a building code violation and also as a health code violation. This ceilings.
is because the violation took place in the winter season. On the other hand, =
when the violation occurs in summer, as in example (23), the building code . Repair defective light X X i
violation is treated as non-serious. in front bedroom. : X
Although providing a painted apartment is essential, it cannot be . Cover exposed wires on X X
treated by itself as a serious violation. However, since old paint on sidewalls in rear bed- X
the walls is often a hazard to the health, especially to small children, room.
it has been treated as a serious health code violation in example (2). ,
. , . . Remove all trash, X X X
In example (3), since the lights have been provided for the apart- ‘ rubbish, and refuse in
ment, and since the nature of the defect is not stated as in example (8), v rear of the dwelling.
it is treated as a non-serious building code violation. A similar )
justification can be made about treating the violation in example (9) § % . Gutters: repair on X X
as non-serious.: LA right and rear side of
. ) . ) K . the dwelling.
Thus, to treat a violation as serious or non-serious, we examine:{the . :
nature of the violation. Moreover, where violation of a health code : ’ . Repair or replace defec- X X
is involved, the season of the year should also be taken into account tive sidewalls and ceil-
to classify the violation in question as serjous or non-serious. Once ing back-parch 1st
all such violations are properly classified for a structure then we add throughout 3rd floors,
them to arrive at the total number of serious and non-cerious violations also scrape and paint.
for the structure. It is possible to classify, with the help of the Code S ;
Enforcement Department, some of the commonly occurring violations as ” - Provide proper covering X X X
serious violations or non-serious violations so ds to increase uniform for lights in ceiling
classification of these violations. : to protect electrical
N : : fixtures.
) N . First bedroom: repair X X X
. defective switch for the
ceiling Tight.
()
5 :
” 5 & (continued)
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TABLE 2.1 (cont d): Examples of v1o]ax1ons treated as serious or non- ser1ous
for each type of code violation. ’

Type of code v1o1at1on

Building Code

Health Code

F1re Code

Electrical Code

Serious

Non-

Seriqus

Serious

Non-
Serious

Serious

Non-
Serious

Serious

Non- |
Serious

10.

Description of Violation

Bathroom: repair de-
fective ceiling, scrape
and paint.

X

X

A4

11.

Repair defective door -
knobs to front entrance
door.

12.

Repair defective frame
to secure door for side
entrance.

13.

Repair or replace defec-
tive heater.

Repair defective toilet
flush box to prevent
water from leaking.

15.

Exterminate entire
building to prevent
infestation.

16.

Remove all trash,
rubbish and refuse
from basement.

7.

Repair defective stair-

case leading to basement.

18.

Provide a proper light ‘
in ceiling for 111um1na-

- tion.

19.

Paint exterior wood and
wood trim of building.

- bo.

Remové,automobi]es from
rear yard.

=,

(continued)

I
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TABLE 2.1 (cont'd.):

Examples of violations treated as ser1ous or non-serious
for each type of code violation.

Type<nf code violation

Building Code Health Code Fire Code Electrical Code
S v L . Non- - Non- - Non- Non-
Description of V101at1on Serious|Serious |Serious|{Serious Serious; Serious|Serious|Serious
21. Provide cover for garbage X X
“ ‘containers.
22. Remove obstructlon from X X
bathtub drain and ‘stagnant
water from it. ‘
23. Replacg glass of broken X X
w1ndow%
24: Prov1de water to wash X X
‘basin .
25. Provide clean and sani- X X
: tary mattress for rented .
i \apartment
26. Prov1de fire extiriguishers X X
for a11 floors.
|27. Provide illuminated exit X X
signs for all floors.
28. Post rooming house X
license.
29. Supply windbw screens for X X
entire apartment. = 1
130. Relocate e1ectr1ca1 wall X X
SW1tch ; '
31. Repa1r or rep1ace&door X .
. bells for each apartment. )
32. Repa1r or rep1ace mailboxes| | X
for each tenant
’ (continued)
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! (‘ : ; , ‘ SR : : (- 2.5. DEPARTMENT OF TAX COLLECTION.AND ASSESSMENT
; TABLE 2.1 (cont'd): Examples of violations treated as serious or non-serious S ) o , ‘ o ,
- for each type of code violation. ‘ " , ' t
: : ; ‘ Information about the amount of taxes due has been collected from
— Type of code violation B - .. ‘the Department of Tax Collection and Assessment. - This information is
: Building Code Health Code Fire Code Electrical Code = readily available on microfiche and can be retrieved for any structure
. | — “Non- Non- [ Non- Non- in" Newark with correct information about its block and lot numbers. The
: Description of Violation Serious| Serious |Serious| Serious|Serious|Serious|Serious|Serious property tax for a structure becomes due on January 1 of each year and a
o ' B ‘ taxpayer is expected to make payment every quarter. Tax bills are sent
. |33. Repair or replace ceil- . X ' X twice a year, once in January and the next one in July. If the taxes are
$ ing of apartment with ) not paid within the ten days after the dispatch of the tax bills, the
one hour fire retarding : ‘ - taxes become legally due. So, if the taxes are not paid within this ten
material. A i o o , | _ day period, they are shown as balances due. Thus, to determine the
— by | ~ o T - current amount of tax due for a structure we add the tax amounts due for
34. Repair defective sink X X . ‘ ! all the previous years and the current year. This procedure, however,
in the bathroom and ; o ; , : . is not complicated as in the Water Department. |
ide running hot ” | i : ' L I
3;2;;?? Bt . | ‘ It should be remembered that certain individuals land businesses
, — i : « pay their water as well as tax bills regularly.. However, they may be
/ " |35. Repair window sashes X ) » , BT | somewhat late in their payments every time. For‘suchﬁcasgs, the balance
i T for free movement of » ¢ , \ L ; ) due, if any, is the amount due after the payment of such bills.
ﬂ . * window. : : ) ' . ‘ « ﬁ
/Y 136 Add an additional " X : . ‘ : _, 2.6. POLICE DEPARTMENT f |
ok ( electrical outlet in , S , : » () e ] ; _ R
h kitchen. : ; AR _ From tiie Newark Police Department, information regarding criminal
;@ . T B : : <. activities taking place at the selected structures has been collected.
;\f 37. Provide window cords I B w » ; . This information was collected from the beginning of 1977 til1l the time
Al to kitchen window. ' ? T oL b - of first arson for each structure. In the Police Department, the
i - ho . ) | . information is kept on cards and filed by addresses of the location for
F Y

A ' i each year. When a criminal activity takes place at a location, and if
; e ‘ - - ' : i ) “the police are called, then a report is filed for that. incident. Inform- -
2.4, WATER DEPARTMENT ' S ‘ ‘ ! ; . ation regarding address, date and time of incident and each offense

) e i classificat&gh is then transposed from this report to'a card which, as

. P o ) e . ! stated before,is .filed 'by location for each year.For the present study,
The data collection procedure at the Water Department is not . so , 1 . data regarding total number of index (Part I{ offenses' and non-index

straight forward as in the above named departments. Here the street ‘ (Part II) offenses is collected for each location. (However, information
addresses are used to get the account numbers and the book numbers N -~ regarding police services for elderily, sick persons and similar community
which contains information. for that account. There are in all 13 such : services, which is .collected by the Newark Police Department, is ignored

A g e o ot Y ST BT - A g rren e s

books. called, Trial Balance Books for each year. Once the desired account o e

numbe;*\and the book in which this account number appears is known,. then

in the hext step we look for that account 1in the Trial Balance Book

‘bearing that number. Often we need the Trial Balance Book for the vear |

in question as well as a:§imilar book for the preceding year to determine the
amount of tax due. Subtracting the amount of the bills paid during the
period in question from the total amount due for that period, we can

. easily determine the amount of tax due. .Jf the tax information is needed
for any intermediate period other than that _given in the books. one can
estimate the amount of tax due for that pgypiod on the prorrated basis.
It has been observed that the billing daf#s for all accounts are not the same,
nor is the periodicity of such dates  ‘ufiiform even for the same account.
This, therefore, requires studying each agtount separately to compute the
desired tax amount. AR SRR i S,

S
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for the present study since it does not seem to have.any direct bearing
on activities leading to arson for that structure). The information is

.up-to-date and very well kept: Hence the desired information could be

easily collected.

soll
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NEW JERSEY INSURANCE UNDERWRITERS' ASSOCIATION

Information regarding insurancz for a structure was collected from

the New Jersey Insurance Underwriters' Association (NJIUA). The Associa-
tion, through its application form for insurance, collects considerable
information from the applicants. This information is available by location.
However, since NJIUA provides insurance for ‘only those structures that are
ysually denied insurance in the open market, the information is not avail-
able for all arson and match samples. Because of the confidentiality of
the information, no information was collected for those addresses for which
information was not available from NJIUA. : »

For those structures for which information was available, information
regarding the amount of insurance for each year since 1976 till the date
of first arson for an arsoned structure, and the corresponding date for the
matched structure, was collected. Also, information about the names and
addresses of all (past and present) owners, and the amount of loss was
collected. The records are well kept and there is no difficulty in collect-

ing such information.

v,

CHAPTER III

ARSON AND MATCH SAMPLES

3.1 INTROBUCTION

=

In Chapter I, we have shown how the.arson sample of 150 structures

"was selected from the population and we also established that the arson

sample is representative of the population under study for the five
variables stated earlier. Of these 150 sampled structures. a corres-
ponding match could be developed for-~only 127 cases due to the peculiarity
of the sampled structure, such as size and shape, or due to the non-
availability of similar structures in its neighborhood. Out of these

127 cases, 25 cases had to be deleted for discriminant analysis for the
reasons indicated below in Table 3.1.

TABLE 3.1 Reasons for deleting 25 cases from arson sample.
Number
. of Cases
» Reasons for Deleting Deleted
1. Too much taxes due for arson cases. 1
2. No fires, no violations, and no taxes
for arson and/or match cases. 12
3. Too many violations for match sample. K
4. ° Too many fires for arson sample. 2
{5. No violations and no taxes. ; 2
Total | \ 2b

. The reasons mentioned in the above table, except the last one,

_ represent the extreme cases which often distort the true picture

of the population. - It 1§, therefore, advisable to eliminate such

- cases from statistical analysis to avoid wrong conclusions about the

population or to.avoid developing an erroneous prediction model. The .
two cases that had no violations and no taxes (reason No. 5 in the )
above table) .were deleted on the basis of the pattern for other =

cases in the ggﬁb]e. This judgement was partly subjective. However,

as it turned jUt’ the best prediction formula developed later in

this chapter d

id not include the variable "number of pervious fires"
so that the deletion seems to be justified.

- 31
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ANALYSES OF DATA FOR ARSON AND MATCH SAMPLES

In this section we will analyze data collected from various depart-

- ments for arson and match samples. The chief aim of this analysis is to

determine if there exist any disparities between the arson and match,
samples in their characteristics considered here and, if so, for which
characteristics. Such analysis will help us to gauge the accuracy of
the discriminant function to be developed later in this chapter.

For the most part, the analyses employs simple statistical test such as the

Kolmogrov-Smirnov test and X2 test (Chi-Square test). In many instances
the former test is preferred to the Tlatter test because it is more powerful.

ANALYSES OF FIRE AND TAX DATA

_ If we Took at the frequency distributions of the "total number of pre-
vious fires" for the arson and match samples, given in the table below, we
find that these distributions appear to be significantly different. However,
when we apply the Kolomogrov-Smirnov test (two-tailed)’to these frequencRes

we find that there is no significant difference between these frequencies.

TABLE 3.2: Frequency distribution for the total number of previous
fires for arson and match samples.

Number of L
Previous Arson Sample Match Sample SRR N
Fires Number | Percent | Number | Percent . i
0 83 81.4 98 96.1 .
-1 13 12.8 3 2.9 St
2 4 3.9 1 1.0
3 2 1.9 0 0
Total | 102 | 100.0. [ 102 | 100.0 ¥

The frequency distribution of all taxes due, for arson and match
samples , is as follows. Here ~all taxes~ means water and property taxes
combined together.

1 See S. Siegel (1956):‘ Non-parametric statistics for the Behavioral
Sciences, McGraw-Hil1l Book Co.; Inc., New York pp. 51 and 136

()
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TABLE 3.3: Frequency distribution of alil taxes due for arson and |
© °  match samples. -
A1l | Arson Sample - B Match Sample
Taxes Due 71 Cumulative Cumulative
(in $) Frequency i Percent Percent ‘| frequency| Percent Percent
0-1000| 68 66.67 66.67 91 89.22 89.22
10071-2000 24 23.53 90.20 9 8.82 93.04
2001-3000 3 2.94 93.14 1 0.98 99.02
3001-4000 2 1.96 95.10 1 0.98 100.00
4001-5000 2 1.96 97.06 0 0.00 100.00
5001-6000 1 0.98 98.04 0 0.00 100.00
-16001-7000 2 1.96 100.00 0 0.00 100.00
Total 102 100.00 - 102 100.00 -

When we test the hypothesis of no significant difference in the
above distributions using the Kolmogrov-Smirnoy test, we do not accept this
hypothesis for the above data, at ithe 5% level of confidence. Thus, the
distribution of all taxes for the arson sample differs significantly
from that for the match sample. The mean amount of taxes:due (which is
$992.18)for arson cases is about three times the amount due ‘(which is
$371.18) for match cases. Using the t-test for these samplesl we find

t = 4.319 (101 d:f), which is highly significant even at

1% level of confidence.

3.2.2. ANALYSES OF DATA FOR CODE_VIOLATICNS

As stated in the previous chapter, information regarding code viola-
tions is collected separately for serious and non-serious violations for
each type of code violation viz, building code, health code, electrical
code, and- fire code violations. We will examine the disparities, if any,
between arson and match samples for each code violation, However, to
facilitate quick visual inspection of the data, details about the sample
distributions. viz; percentages and cumulative percentages for each distri-
butions are not given. Since there are only 102 cases (N = 102), it may
be noted that the percentages are very close to the figures given in the
body of the tables. '

S

I snedecor G. W., and Cochman ﬁ. G., .Statistical Methods_ , 1967, 6th edition.
The Iowa State University Press, pmes,  Iowa; pps. 92 - 94, A
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A glance at Table 3.4 shows that there are almost three times more
: violations of each type for arson sample than for the match sample. The
; . ) : : SR g»} actual ratios are as shown in Table 3.5 given below: .
. : . el E L . o . . ]
( : Distribution of each type of non-serious violation for ‘ v H o ‘ TABLE 3.5: Ratio of each type of non-serious violations in the arson
TABLE 3.4 g;:ggjgzg1ggtch gamp]e¥p : . ‘ é C sample to the match sample.
Type of Violation - : o D s : ‘ . ,
Number of | Building Code réﬁ]th Code | Electrical Code | _Fire Code ) ] | Type of 1Building | Health | Electrical| Fire A1l
Violations | Arson |[Match | Arson |[Match | Arson| Match _ | Arson| Match|. i Violation | Code Code Code Code
. 52 | 77 | 591 79 | &7 | o8 85 | 95 o o Ratio | 3.41 4.30 3.60 | 2.90] 3.69
1 11 5 8 6 |5 6| 4 10 4 | t
2 4 | 3 -2 5 4 | 3 3 3 T ,
3 4 1 4 3 2 3 S i o L
. ~ ; * - The individual ratios are consistently higher for the -
4 0 o 2 1 1 1 , i arson sample than for the match, but sirnce they are ot too large,
£ 1 2 2 2 1 . - the total number of_violations of each type shows no.significant
6 0 2 3 1 0 i difference. HereX~ = 3.628 on 3 d.f (deGiees of freedom) which is
7 2 1 o1 1 1 X 1gss.than the tabTef(theoretica]) value of 2 2 = 7.82 at the 5% level] of
f ; significance. Applying the Mann-Whitney U-test to the data in Table 3.4
8 2 0 2 0 for totals of each type of violation, we find that U-= 4 and the associated
9 1 2 0 1 Pprobability is 0.171 which is far greater than the 5% level of
10 0 0 1 0 significance. This confirms the conclusion reached using the t - test
1 0 1 2 0 viz, that there is no significant difference between the arson and match
. ’ - ; samples in the total number of violations of each type.
3 0 0 1 TN . e . . :
}g 0 0 1 0 ¢ ﬁ» { 3 The~test of the hypothesis regarding the distributions.of various types
( 14 0 1 2 0 ol o S of violations for the arson and match samples indicate that these distri=
15 9 0 3 0 ¥ p £ butions ane significantly different, statistically speaking, only for
- ‘ ' ; ‘the building code and health code violations. To some extent this is
16 1 1 1 1 ;ﬁh.fs}' f apparent from the fact that there are a larger number of cases in
17 1 0 0 0 , D A . the match;%amp]e with no building code and health code violatinns than
18 0 0 0 0 A P . . the arson sample. The Mann-Whitney U-test 1} i '
19 3 0 1 0 AN A EER IR : a test more powerful than the Kolmogrov-Smirnov test, also confirmed
: 'Ql\‘ . that there are no significant differences in the distribution for arson
20 1 1 0. 0 . and match samples for electrical code violations and fire code violations.
2 0 : . ;
g; 8 g 0 0 S We now consider the distributions for serious violations given in
23 1 1 0 - 0 B ‘ Table 3.6 below. '
24 1 0. 0 1
; 25 11 0 1 8 : i
| |26 or riore 1 2 5 : I I
N*' T0Z_| 102 T0Z | 107 T07_| 107 10Z | 102 )
Total 758 | 222 | 486 | 113 36 | 10 20 |10
. *N=Total number of casesfc ) ;
,_/,r')")
- ‘L'see 5. Siegel (1956) op, cit., pps 120 - 125
g
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TABLE 3.6: Distribution of each type of serious v1o1at1ons for the
arson and match samples.
) Type of Vialation o
Number of |[Building Code | Health Code Electrical Code Fire Code .
Violations | Arson | Match | Arson | Match | Arson| Match Arson| Match
0 57 61 57 67 79 86 63 66
1 1B 11 11 10 1 8 - 13 15
2 10 8 7 10 3 2 8 5
3 7 6 5 3 3 3 4 9
4 0 4 4 3 4 2 6 3
5 4 2 4 2 0 1 1 2
6 . 0 1 3 1 2 3 1
7 2 1 1 0 0 0 0
8 2 2 1 1 0 0 0
9 1 1 3 0 0 1| 0
10 1 ] o| 2 7 1 1
11 2 0 0 -0 0
12 1 2 1 1 1
13 0 0 0 1 0
14 0. 0 0 0 1
15 3 0 1 0 “
16 0 1 2 0
17 0 0 1 0,
18 0 0 0 0
19 0 0 0 0 A
20 0 0- ] 1
21 .0 0 0
22 1 1 1 1
N* 102 102 102 | 102 102 102 102 -162]
Total 222 | 182 | 234 | 140 58 | 30 - [ 133] - 9g
; o
*N=Total number of cases.

O

)
~I

The 1nspect1on of the distribution as well as the application of the
Kolmegrov-Smirnov test show that there is no significant difference

between the arson and the match samp]e for each type of serious violations.

In this study we have considered separately serious and non-serious
violations of each type because they are qualitatively different. We
have seen above that thare are almost three times more noniserious violations
in the arscn sample than in the match seample and less than twice the
serious violations in the arson sample than in the match sample. How-
ever, we only looked at the inter-sample differences. We will now
examine” the intrasamplie differences between serious and non-serious
violations.

From Tables 3.4 and 3.6, it is evident that the distributions of
non-serious and serious violations, for each type of code violation do
not differ significantly for the arson sampTe and also for the match sample.
Consider now the total number of serious and non-serious violations ‘of each
type for the arson sample which-are given in Table 3.7 below.

“TABLE 3.7: Distribution of serious and non-serious violations by
‘type of violations for arson sample.
Type of Type of Code
Violation | Building | Health E!e;trica] Fire| Total
Serious 222 234 58 133 647
Non-serious| -758- 486 36 29 1,309
Total ‘980 720 94 . 1621 1,956}

The observed va]ue of)" = 298.891 on 3 d.f. is highly signifi- .
cant even at at the 1% level of significance so we conciude that there are
s1gn1f1cant differences between the totail number of serious and non-’
serious violations for the arson sample. Further comparison of the
total number of serious and non-serious violations, considering these
values for each structure separately for the sample, by t - test
(observed t = 3.828 on 101 d.f. ) reveals that there is indeed signifi-
cant difference between the serious and non-serious violations for the
arson sample. Thus, we conclude that for the present data not only: .
qualitative d1fferences exist between serious and non-serious v101at1ons
but also that the differences in the occurrence of these violations
for each structure are stat1st1ca11y significant.’ Moreover, the total
of all types of non-serious violations occur more frequent]y than the
corresponding figure for ser1ous violations.

o - ae
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We now consider the distribution of serious and non-serious
violations for the match sample. :

TABLE 3.8: Distributién of serious and non-serious violations
by type of violations for match samp]e.

T e’of Type of Code i ]
;Viggation Building [ Health [ Electrical] Fire Tota1
Serious 181 140 30 90 {. 441
Mon-serious 222 113 10 10 3565
Total 403 253 40 100 7906

From the above table we find that X2 = 72.615 on 3 d.f. is .
highly significant at the 5% level of confidence. As before,.when we con-
sider structure-wise difference between serious and non-serious - _
violations,we find that t = 1.3936, on 191 d.f. which 1s~n0;-slgn}f1§ant
at the 5% level of significance. Hence we concluce that when structures are
considered individually there is no significant difference between the
serjous and the non-serious violations for the match sample.

We now test the hypothesis of no significant difference between the total

number of serious and non-serious violations for the arson and match samples. B
The 2 x 2 contingency table for this purpose is as follows. o 7

L ' g b b
TABLE 3.9: Total number of serious and non-serious violations for ar;pn'; 3 :

and match samples.

. Sample
Violations | Arson Matqh To§a1
Serious 647 1 441 1,088 =
Non-serious | 1,309] 355 1,664
Total 1,956‘_ 796 | 2,752 | *

The observed value ofX 2 = 117.02 on 1 d.f. being‘far gr?gter than -
the table (theoretical) value of];z = 3.§4 gn-1 d.f._at the 5% level of sig-
nificance, we conclude that there are significant differences between
serious and non-serious violations for the arson and match structures.

Similarly, when we test the hypothesis of no significant difference

between the total number of serious violations for the arson and the match samples,j

we find that 2 = 39.004 on 1 d.f., is also highly significant at the
5% level of ;§bnificanceu This is also true whgn'we test a s1m11ar
hypothesis for non-serious violations. (HereX = 546.945 on 1d.f.)

ot
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-well as the match samples.
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Within the arson sample, if we test the hypothesis of no significant
d}fference between serious and non-serijous violations, then we find that
A& = 224.051 of 1 d.f., which is highly significant. Thus, we condlude
that there are significant differences between the number of serious and
non-serious violations occurring for the arson structures. The same
conclusion holds true for the match sample. (Here X& = 9.291 on 1 d.f.)

We have thus shown that for the érson sample the serious and non-
serious violations differ significantly, whether we consider them by the
total number of such violations, or by the type of such violations, or

by individual structures. This is, however, not the case with the match
sample. ‘ e

7
pe

The above results for the arson and thi& match samples appear to be .
consistent with the reality. It is expected that those structures that
experience arson have more frequent violations than those structures that
do not experience any arson. Moreover, probably to avoid attention of
the authority and neighbors, fewer serious code violations take place
in such structures than the non-serious code violations.

Lastly, we consider the distribution of serious and non-serious
violations combined for the arson and the match samples by the number of
violations as shown in Table 3.10 below. We notice that there are mo
significant differences between the distributions of the arson and the
match samples for serious violations. ‘Similarly, we find, using the
Kolmogrov-Smirnov test, that there. are no significant differences between
the distribution of serious and non-serious violations for the arson as
However, there are statistically significant
differences in the arson and match sample distributions for non-serious
violations. The differences between the arson and match samples are more
pronouned when we consider the paired comparisons. The value of t =3.829
on 101 d.f., and the associated probability is much less than 0.0001
which implies that the observed value of t ﬁs highly significant even at

the 0.1% level of significance. )
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TABLE 3.710: Distribution of serious and non-serious vidlations for
arson and match samples by the number of violation.

~_Type of Violation

*N = Total number of cases.

{ Number of Serious Non-Serious
Violations | Arson Match Arson Match
0- 3 59 v 64 6 82
3- 6 9 13 8 4
6- 9 9 8 2 4
9-12 7 4 2 2
12-15 3 4 2 2
15-18 2 2 1 1
18-21 2 [ 1 2
21-24 0 1 4 1
24-27 3 0 0 0
27-30 3 3 5 0
30-33 3 0 1 1
33-36 0 0 2 1
36-39 0 1 0 0
39-42 0 0 1 0
42-45 0 0 1 1
45-48 1 0 2 0
48-51 1 0 0. 0
51-54 0 1 0
54-57 0 1 0
' 57-60 1 lo 0
Over 60 ° 7 1
N* 102 102 102 102
Total 647 ‘441 1,309 355

40
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ANALYSES OF CRIME DATA

- crimes categories and not so _for Part TT crimes.
~ for the arson sample, Part l\gnd Part IT crime cateadories differ sianificantly

i

_ From Table 3.11. we find using tke Kolmogrov-Smirnov test, that the distri-
bution of the arson and match samples differ significantly for Part I and all
We further find that :

at the 5% level of .significarice since observed D = 0.2157 and the table value
of D, at the 5% level of significance. is D = 0.1904, where D is the .

TABLE.B.]I: Distribution of Part I, Part II, and all crimes for arson

. Kolmogrov-Smirnov Statistic.

. and match samples by the number of such.crimes.
Number of Part I Crimes | Part II-Crimes A11 Crimes
Crimes Arson | Match Arson | Match Arson | Matgh
0 22 | a3 a8 | s8° u | 37 \

1 22 21 27 23 18 17
2 19 17 14 10 14 15

3 7] s 6 6 8| 1

4 14 3 5 0 11 7

5 3 3 3 1 7 2

6 - 1 1 0 0 5 4

7 . 2 1 i 2 5 1

8 3 1 0 0 4 1

9 1 1 0 1 3 1

10 1 0 1 0 2, 1

11 1 1 0 0 2 0

12 0 1 R 1 0 0

13 2 1 7.0 0 1 1

14 1 1. 0 0] . 2

15 1| 0 1

16 1 0 1 i

17 0 0 0 0

18 1 0 0 0
19, 0 2 0
.20 W ] 1 0
Above 20 _ ' 2 1
N* {102 | 102 | "102 | 102 102_| 102
Total . - |- 315 | 173 145 | 101 460 | 274

@

#N=Total numbers of cases. -
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Considering the total number of Part I and Part II Crimes for the arson
and °“the match sarples, we test the hypothesis of no s1gn1f1cant difference

for these two categories of crimes using the 2 x 2 contingency table

IO o

g?ﬂ which is as follows:
i TABLE 3.12: Total Part I and Part II crimes for arson and match 3.2.4. MNALYSES OF INSURANCE DATA
samples.
‘ % We will now examine the data about the insurance. ‘vna stated in the

trime Sample b previous chapter, information about three variables was collected, viz,

Category | Arson Match Total] ; ' the amount of insurance for each year for which information is available,

: : the name and addresses of the owners, and the insurance Tloss claimed.

part T 315 173 488 From this information three variables were defined, which are as follows:
Part II | 145 101 24€ (i) The percent change in the amount of insurance (PCI):
Total 460 274 734

B The PCI for a year is defined by

Since the observed value of;(2 = 1.964 on 1 d.f. is less than the
table value of X2 = 3.84 on 1 d.f., at the 5% level of significance we
] do not reject the preced1ng hypothes1s Thus, the data do not support
B the hypothesis that there are significant differences in the total number
of Part I and Part 11 crimes committed in the arson and the match structures
However, the picture is entirely different when we test the hypothesis
of no significant differences between the arson and the match samples for Part 1
crimes alone. Herejﬁz = 41.320 on 1 d.f., which is highly significant at
the 5% level of significance. Thus, we conclude that there are significant
differences between the total number of Part I crimes committed for the arson

Where Al
AIP

Amount of insurance for that year
Amount of insurance for the previous year.

(ii) The number of owners:

This is the number of persons who owned the property. For our
purpose, any joint ownership is treated as a single ownership.

' - and the match samples. We make a similar concliusion for Part II crimes i ‘ That is, two or more persons owning the same property at the
L (x2 = 7.87 on 1 d.f).Like the preceding analysis for Part I and Part II & g property
g;i crimes, when we tes% similar hypotheses for the arson and the match samples : @:) Same t1me is considered as one owner for that oroperty.
§ separately, we reach similar conclusions. (For the arson sample . % ‘ ‘ PR
o *2 = 62.826, on 1 d,f. and for the match sample % = 18.92 on 1 d.f.). : 5 (iii1) Percent loss claimed:
E§J§ The above results sugge t that a]though there are no significant % H v s .
N ;& E differences between the two crime categories for the arson and the match PN % ) & . The percent loss (PL) claimed is defined as
'g samples when these categories are considered separately they do show e i 5 u AL
R o significant differences between the two samples within each crime category. ; : b PL= —Ja7~ x 100

Precisely the same inferences can be drawn when we consider the two samples /

instead of the two crime categories. Total amount of loss for all the previous years

Total amount of insurance for these years.

H Where AL
i , Al

non

When we test the hypothesis 0f no significant difference between the
two crime categories for the arson sample by considering-each structure
individually rather than the total for all structures as above, we find ‘
that there are significant differences, (t = 3.774 on 101 d.f.) between .
Part I and Part II Crimes. The same conclusion is drawn when we test the
match sample similarly. (Here t = 3.513 on 101 d.f.).

fi-

The total loss includes the loss due to the damage to- the structure
and also any loss to its contents. |
Although -insurance taken by a tenant of a structure was nnt included
4 for the present study, it can be considered with slight mod1f1cat1ons in

g \ the above .definitions.

o

: , ‘,@
I
The above three variables were then combined in a single variable

RN - = . ) s 5 A .
P J : % . labelled as "Insurance Score" ~To obtain the insurance score we use
i the f0110w1ng procedure.

ﬁ”@ (a) ‘Change the sign of PCI, i.e., if PCI is positive, change it
L to negative and if it is negative, change it to g positive
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sign. This simply means that if there is a decrease in
the amount of an insurance policy, the structure. is Tess
11ke1y to experience an arson than if there is an increase
in the amount for a policy. This score is called the*
amount -of insurance score (AS).

(b) We obtain the ownership score (0S) by dividing the
number 10 by the number of owners as defined earlier in (ii).
The number 10 is an arbitrary number so that any other
number can be chosen instead of 10. Here this number
is chosen because

(1) it is simple to compute and add such acscore to
other scores, when the number of owners is one
or two, which was the case for the present data,
and

(2) to keep the variability of the insurance score
(IS) within managable 1imits for calculations
on a ca]cu]ator.

(c) The Tloss score (LS) is obtained by changing the sign of PL

obtdined in (iii)-since such_a loss for a structure indicates
that the structure is more 11ke1y to have an arson than a
structure that has not shown such a loss in the past.

(d) We compute the the insurance score, £§g‘by the formula:

IS=AS +0S + LS

have an arson.

Note that the higher the insurance score, the Tess 11ke1y 1t Js tu

The comparison of the mean- insurance 'score .for the arson and the match
samples show a value of t = - 2.411 highly significant at the 5% level of
significance. Thus, these two samples differ significantly in their
mean ipsurance score.

SUMMARY OF RESULTS

Before we proceed with the discriminant analysis, it may be helpful
to summarize the results we have so far obta1ned from the analyses of the”
data for arson and match samp]es

(1) The distribution of "tota] number of previous fires" does
not differ significantly for the arson and match samples.

T
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(2) For the variable "total amount of all taxes due" we observe

(3)

that
(a)

(b)

The distribution differs significantly for the two
samples

The mean amount of taxes is significantly greater
for the arson sample than for the match sample.

For the variables serious and non-serious violations we

find
(a)

(b)

(c)

(d)

(e)
()

(g)

that

Non-serious violations of each type occur more frequently
in the arson sample than in the match sample and the

ratio of all violations of this type for the arson sampie
to ‘the match sample is 3.7:1.

The distributions for non-serious building code and
health code violations differ significantly for the
two samples

Serious violations of each type occur more frequently
in the arson sample than in the match sample and the
ratio of all serious violations for the arson sample to
the match sample is 2:1

The distribution for each type of serious violation
is the same for the arson and the match samples.
That is, the parent population for both the samples
is the same for each type of serious violation

The non-serious violations occur more frequently than
the serious violations in the arson sample. The ratio
of such occurrence is about 2:1.

For the arson sample, the ratio. of non-serious building

and health code violations to similar serious violations

is about 2.7:1 and the ratio of serious electrical and

fire code vjo1ations to non-serious similar violations 2.9:1

The serious and non-serious violations of all types

differ significantly for the arson as well as_the match samples,
with these wiolations occurring more frequently in the

arson sample. The ratio of occurrence of all types

of violations 1in the arson sample to those in the

match sample is 2.5:1
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i6 DISCRIMINANT ANALYSIS Y
. INTRODUCTION
éf’ (h) The serious violations of all types occur more L _ o
Q. frequently than the non-serious violations of all To develop a discriminant function, it is necessary to consider
types in the match sample. The ratio of the serious g . .
violations to non-serious violations is 1.24:1. (1) the probability of misclassification (PM) of a
Note that for the arson sample, the reverse is true, structure, under the assumption that each vari-
See (e) above. able appearing in the discriminant function is
: independent, and S
(i) For the match sample, the ratio of non-serious L ) . ‘
building and health code viclations to similar - (i1) the estimated probability (PE) of misclassifica-
serious violations is 1:1 and the ratio of serious tion obtained empirically.
electrical and fire code violations to similar non- ) | ‘
serious violations is 6:1. For the case of two groups, the formulae for PM and PE involved
_are s1mp]e anq can pe useful in selecting the variables to be in-
{J) The distribution of serious violations by number of i \ “cluded in a discriminant function. Let dij denote the difference
~ violations do not differ sionificantly for the arson g between the means of the arson and the match groups for the variable
’ and the match samples. The total number ot such violations i 1=1,2, ,p. LetsS; denote: the mean error sum of squares (MESS)
however, do differ significantly. This is also true : obtained from the analysis of variance, for the ith variable, or frop
when paired comparison is made by t - test of arson j : the matrix for error sum of squares. Let
and match samples. : ik ‘ 42 -
] : A] = i _;_ 3 A2 = ]/2\//-\1 (3.])
(4) For the variables Part I and Part II Crimes we find that ‘ , B = S&
« i ) p )
(a) The distribution of Part I crimes and ali crimes ; then "M =17 - s Pr. (X2 Ar ) g
categories differ significantly for the arson and the match - ‘ .
-~ - samples. However, that is not the case for the Part II vl % f*) It may be noted that Py is the minimum probability attainable
éi: ’ category of crimes. S : Q&J through the selected set of variables when all these variables are
O , ) independent of one another. ‘
(b) Within Part I and Part II categories, the total - i & L ‘
numbers of crimes committed differ significantly for the .4 § Let the discriminant function be given by

arson and match samples.

- e

#2 [§ g
. ‘ ‘ § 3 Y= 1=1] aj X'i (3.2)
(c) Within the arson’and the match samples, the total piimbe» of : : - : .

Part I Part II crimes committed differ significantly.

it

. b & where ai_is the estimated coefficiﬁnts, estimated by maximum Tikeli-
(d) For:the arson sample, the ratio of Part I crimes ; hood estimation method, for the i*M variable and X. is. the value
committed to Part II crimes committed is 2.2:1. - ~For the i variable. Let « 1:\
(e) For the match sample, the ratio of Part I crimes ‘ 3 | » By = (n] +np - 2) '§: as di s By = 1/2yBY (3.3) I
committed to Part II crimes committed is 1.7:1. (I 7= ) .
| o o then Pe o g {pp. (y 2 B ) )

(5) There is a significant difference between the means for { | : (3.4)
insurance score for the arson sample, with a less than zero 6 _ . L . ‘
mean score for the arson sample. (Note that the ; b where Ny = number of structures “in the arson group and
Tower the insurance score the more l1ikely that the structure ! _ . .
in question will have an arson.) o . N, = number of structures in the match group.

‘ : i 4 . . ’ ’ ~

From (1) - (5) above, we can conclude that the followina variables f 1 fhe formula for B in (3.3) suggests that we should exclude those

are more important in discriminating between the arson and match samples:
Total amount of tax due, non-serious violations of all types, Part I : L
éf* crimes cormitted at the structure, and the insurance score. . 4 ‘g Z*}

yariab]es from the discriminant function for each of which a. d. :
is less than zero. Also, it can be easily seen from (3.4) tﬁat1 the estimated

o
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probability of misclassification increases if
a variable for which ajd; is Tess than zero.
nant function below, this fact has been taken

3.2. THE DISCRIMINANT FUNCTION

The following table, Table 3, 13,gives the values of dj, S; and Qi/si

48

we include in computirg
‘In developing discrimi-
into account.

for all the variables considered for-discriminant analysis.

TABLE 3.13: Variables used for discriminant analysis and their

respective values of di/si.

iati ~ Rank of
Abbreviations S nk

Variable Used dj S§ di/si | di/Si*
Number of previous fires F . 0.2157 0:4803’ 0.4490| 4
Non-Serious Violations EC z.ggig }g.ggég g.gggg 5
g:;}g;ngoggde | HC 3.6569 | 6.9350 [ 0.5273| - 2
Electrical code EC | 0.2549 | 0.8050 | 0.3168 8
Fire code FC 0.1863 | 0.5930 | 0.3136] ' 9
Serious Violations - 2.01% | 9.6172 0.2828 i

Building code BCS 0.4020 | 3.8310 | 0.1 A

Health code HCS | 0.9232 ?.ggég g.gggg ~{? |

‘ectri ECS 0.274 ) 0. | :

El?étiéﬁi‘ code FCS 0.4216 | 2.1330 | 0.1978] I3

-JA13 wiolations v 11.3431 |25.4696 | 0.4454 if-s
‘ T 0.6029 | 0.9830 | 0.6200{ 1
%%%E{axﬂa - 0.4091 | 0.9021 0.4533 -
Property ' - 0.2119 | 0.6743 | 0.314 -‘

i i - 1.8235 | 5.6762 | 0.3282{ -
Part T 3 PL | 1.3922 | 3.2516 | 0.4281| 6
Part 11 PII 0.4412 | 2.2250 | 0.1983] 12
Insurance | INS -11.7970 |34.9407 |-0.3376| 7

* Rank is of the absolute (positive) value of dj/si

-and one is selected (the manual computation of

3

»

There are in all 19 variables, some of which have been used as
domain variables, €.9., non-serious violations, serjous violations,
and all taxes. There are .variables which were purposly not used

The Tast column of the above table ranks these variables by the
absolute value of 9i/5i. The rank denotes the relative importance
of each variable in minimizing the probability of misclassification
under the assumption that the variable included in the discriminant
function is independent of any other variable appearing in that
function. We find that the variable "Insurance' ranks seventh and
ranks higher than most of the code violations ard Part II crimes. Thus,
the insurance score developed earlier seems to be useful in discrimin-
ating the structures that are arson prone from those that are not
arson prone. This will now be established in what follows.

With 19 variables given in the above table, several discriminant
functions can be tried. Once we obtain a few initial discriminant
functions and corresponding values of PE, it is not difficult to
eliminate other discriminant functions, using different )
sets of variables, by looking aﬁ the respective values of MM, Thus,
if *M is less than the maximum PE obtained for a discriminant function
developed so far, then there is no need to develop a discriminant '
function for that set of variables. Such considerations are helpful
not only when calculations are to be done manually, as.was the case
for this project, but also when they are carried out using a computer.
Using the preceding criterion, five discriminans functions were developed

M and the time :constraints
did not permit considering all possible combinations). Three of these
discriminant functions that are of interest to us here are given 1in the
following table, Table 3.14. It is possible to improve upon these
discriminant functions since all variables have not been considered

-s#multaneously in any one of these functions.
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- : i 3.3.3. on SELECTING A DISCRIMINANT FUNCTION
al" TABLE 3.,14: Results of discriminant analysis for three sets of . =
~ variabies. ;i ' _Among these three discriminant functions (which will be called DF I,
o Sﬁ - DE Il and DF IIT respectively), the most preferred is.DF %I.‘ However,
- - T g s ariables % there is a difference of about 0.4% in the provabilities PE for DF II
‘Var1ap1eihEntered. Discriminant Coetficients | Accepted for 1 - and DF TII. Since we need to gather inforimtion for twg more variables
pF* DRxx€ for each variable DE** Py Pe b ) . for DF II than fer DF III, the cost of employing DF II instead of DF III
NO. in Col. 2 (5) (6) i is higher. Thus, comparing the reduction in misclassification probability
(2) (3) (4) : & for DF II against the possible cost of collecting information for it, to
1) : ‘ o similar statistics for DF III, it seems more preferable to use DF III.
’
: i ‘ .3300} 0.3310 % e o . . . .
¢ i Cr=0.003812, C1=0.003086, Fires, Taxes | O Similarly, we notice that there is a difference of about 3.3% in the
I [Fires (F), Taxes (T), F « ] ) \ misclassification probabilities for DF I and DF III, with a lesser prob-
iolations (V) Cy=0.000096 Violations ability Pg for DF III. Is this difference large enough to choose DF III
Violation over DF 1? The answer to this question can be found by comparing the
relative cost of .wrong decisions discussed below. ~ 4
| 0.2565| 0.2940 Assgciated wjth every discriminapt function is a set of degisjon
F3 (F), Taxes (T), | Cr=-0.003142, Cy=0.003396, Taxes, HCS, . . rules which classify a structure as likely to have an arson or it is not
I1 tFires (F), ? : | likely to have an arson. By classifying known cases of arsen and non-
BRCS. HCS. ECS. BC Cpes=-0.001507, Chcs=0.000850, BC, HC, EC, 4 arson, we can estimate how useful the designed set of rules for the

C 6 EC. PII TN discriminant funct;on; is 1in predicting future arson, Let us suppose
: | Cees=-0.000831, Cpcs=-0.000056, ’ ] . that for a set of decision rules R, A number of knun arson cases and
}~ |HC, EC, FC, PI, PIIT. | “ECS . L i ~ M number of known match cases are classified as follows:
g} Cpc=0.000188, Cyc=0.000351, ; e % % ’ ‘ ;
‘ Cec=0.000933, Cpc=0.001542, | T . TABLE 3.15: (Classification for A arson and M match cases.
Cp1=-0.000233, Cp11=0.000360 i1 - ! |
I I : - ICases | Arson Non-Arson | Total
it '
~ " N Arson | A | Ay | A
: .2598 | 0.2977] "
111 |Fires (F), Jaxes (T), | Cr=-0.000818, C7=0.000118, Taxes, BC, | 0.2598| 0 | Match | M3 iy, M
: \ , I 4
Cp(=0.000035, Cpc=-0.000168, FC, PI, INS % | ~
BC, HC, EC, FC, BCZ e | : i Total {AA* MA | A+ My | a4y
CEc=-0.000368, Crc=0.003318 : i ~ ' B
PL, PII, INS s : : i ’ ‘ The probability of wrong classification Py is
Cp1=0.002963, Cp11=-0.001358, : | | e | S ~
" f £ . | | (3.5)
CINS="0.000048 ‘ ﬁ ‘;ﬁj . ' pw _ v AN + MA
4 B ‘ i
‘. T » A + M
* DF No. denotes the discriminant function (DF) numbers referred to in the text. : ? , ? )
f}# DF means discriminant function. ‘* o g o ~; @:E
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Llet d be the average cost of making a wrong decision that a
would-be non-arson structure is 1ikely to have an arson. This cost
includes administrative and field costs in preventing an arson.
Similarly, let Kd,..K>1, -be the average cost of making a wrong .
decision that 3 would-be arson structure is not 1ikely to have an
arson. Since on an average, the value of the damages to a structure
and its contents is greater due to arson than the cost of preventing
an arson for a structure, we have assumed here that x> 1. Then from

the above table it follows that the total cost of making a wrong decision

is
C=dKAy+dM (3.6)

and the average cost of making a wrong decision per structure is

d (Mp + K AN)

C. = (3.7)
a Mp + AN

Let PA/w = Probability of classifying a structure as an arson

i ' (structure), given that it is a wrong classification

and PM/w = Probability of classifying a structure as non-arson

(structure), givem that it is a wrong classification. |

From Table 3.15, we see that o
o . Mp . Ay (3.8)
A/M MA + AN MM = Mp + Ay

From (3.8), the average cost of making a wrong decision in
- (3.7) can be written as : , "

c =“‘d”PA/W + dK PM/N' (3’9)

i)
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Let Ca; and Cay; denote the average cost of wrong decisions for

two sets of rules. Then we define the relative cost effici
of Rule I, relative to Rule II, as iciency (RCE)

C.
: el 3.10
RCE = "¢ x 100 (3.10)

’ Returning to the problem of determining which of the discriminant
functions DF I and DF IIT to accept, we consider the classifications
obtained by the associated decision rules Rule I and Rule III for each

Eu?ction. The results of this classification are given in Table 3:16 -
elow.

TABLE 3.16: Classification of known cases using Rule I and Rule III.

Rule 1 Rule III
Cases | Arson | Non-Arson | Total Arson INon-Arson | Total
Arson 76 26 102 85 .- 17 102
Match | 36 66 102 46 | 56 102.
Using formula (3.9) for K =2, we find that
, 36 :
Car = gd + gpd = gyd

Hence RCE of DF III, relative to DF I, is

RCE = 884y 63 00 =

6 T 1n1.8%
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Similafly, when K = 5, we find that RCE = 128.8%. Hence we conclude-
that if the cost of damage due to arson to a structure is twice the

cost of preventing such an arson, i.e., K= 2, then on an average, it
will cost 11.8% more if we use DF-I rather than DF III. S1m11ar1y, if
such a cost is five times, i.e., K =5, then the cost of using DF I is
28.8% more than if we use DF III. We, therefore, accept DF III as our

formula for nredicting: future arsens. -~

ANALYSIS OF THE SELECTED DISCRIMINANT FUNCTION

As seen in the preceding subsection; DF III is more cost effective
than DF I and hence we will use this fungtion. The formula for the
discriminant function, from Table 3.14, is:

Y = 0.000118Xy + 0.003318X2 + 6.002963X3 - 0.000048X4 + 0.00003$X5

“(3.11)
or, equivalently, : .
Y = 3.37X] + 94.80X, + 84.66X3 - 1.37X, + X5 (3.12)
Where ‘ . : - O

Y = Discriminant Score

Xy = Total amount of unpaid water and property taxes (in thousand
dollars)

Xo = Total number of non-serious fire code violations

X3 = Total number of Part I (Index) crimes

Xg= Insurance Score for the structure

X5 = Total number of non-serious building code yio1ations.

i

By applying the above formuia in (3.12),.one can compute the di§crimi—
nant szorgp Y for a structure and then classify that structure qs.11ke1y
or not 1ikely to have an arson on the basis of the following dec1s1on
rules: ‘ . ..

a) If Y >50, then the structure js Tikely tg have an arson

b) If Y <50, then the structure is not Tikely to have an arson.

oo s
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In the last column of Table 3,14, we have already given the estimated
probability of misclassification as PE = 0.2977. We now test for signifi-
cance the discriminant function. The analysis of variance table for this
purpose is shown in Table 3.17 below. :

~ TABLE 3.17: Analysis of variance of the discriminant function.

RN
Source of Degrees of Sum of Mean Sum '
-Variation Freedom Squares of Squares F
Between variables ” 5’ 0.0015804 | 0.0003161 11.245
Within variables 198 | 0.0055667 | 0.0000281
Total 203 0.0071471

The value of F = 11.245 obtained in the above table is highly
significant even at 1% level of significance. Thus, the discriminant
function developed here is useful in classifying arson-prone structures
from non-arson-prone structures with an estimated probability of correct
classification as 0.7023 or 70.23%. (The probability of correct classi-
fication is 1 - Pgp =1 - 0.2977.)

In applying the formula in (3.12), we note that we consider non-
serious fire code and building code violations. .Since such violations
generally precede any serious violation. the formula suggests to use
the non-serious violation. °'If in case no non-seriaus violation has
occurred before a serious violation takes plate, then we use this .
serious building or fire code violation in our formula. The reason for
using a serious or a non-serious violation that occurs first in the
above formula is to determine the possibility of an arson for a struc-
ture, in early stages of the code violations for it.

RELATIVE COST EFFICIENCY OF NEWARK RELATIVE TO BOSTON‘AND NEW YORK CITY

The formula for RCE in (3.10) can be used to compare the cost effi-
ciency of any two discriminant functions used for discriminating arson
~from non-arson structure or any other phenumeron, Hence it can be used to
measure the cost efficiency of discriminant functions developed by vari-
ous localities. Here, as an illustratian, we have chosen Boston and
New York City for this purpose. The results of their classifications
given in their respective reports are summarized in the following table.l

T The City of New Vork Arson Strike Force (1980): Predicting ag§on in

New York City. o ,
-Urban <Educational Systems, Inc. (1980): The Research Manual:
A manual of property research and arson analysis.
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TABLE 3.18: Classification of known cases for Boston and-New

York City.
Boston ~ Tew York Gty ’
Cases Arson | Non-Arson | Total Arson | Non-Arson | Total
Arson 48 30 78 6,166 | 3,376 9,542
Match, 10 68 78 1,404 | 10,819 12,223

Using formula (3.5), we find that the probabilities of wrong
classification for Boston, New York, and Newark are respectively given

Py (Boston) = 25.6%, Py (nyc) = 22.0% and

= @f

30.9%

L1}

PW (Newark)

We see that Newark has the highest probability of misclassifica-

tion followed by Boston and then New York City. Using the formula dn (3.10)

" we now compare RCE of Newark relative to Boston and New York City.
, In the computation of RCE it is assumed that the cost ratio (k) of :
L arson to the non-arson structures is the same for the twg cities.being cor-
? pared. This assumption seems necessary for comparison of the two
classification rules. The following table gives the values of RCE for
Newark, relative to Boston and New York City for different values of

K. . )

TABLE 3.19+« RCE for Newark{ relative-to Boston and New York for..
different values of K :

4

K 2 | 3 4 5 | 10

RCE for Hewark ‘
162.4

- -

(in percent) | Boston 137.8 179.6 | 192.4 | 226.0
relative . : : ”
to ‘NeW'York 134.4 | 156.7 | 172.4 | 184.0 | 214.6

]

et

B

)

_ Boston er:-by New York City.

y ’
We noticg from the above table that it costs much less to use DF. 111

and the associated rules.developed by Newark than that developed either by

or The result is no surprise because although
both. cities have lower probabilities of misclassification (Py's) than
Newark, each has a much higher percent of arsons misclassified as non-arsons
as compared to Newark. In the case of Boston among the misclassifieds,
about 75% are misclassified as non-arson and for New York it is 70.6%.
On the other hand for Newark it is 27%. Thus, under the assumption that
the cost ratio of arson structure to non-arson structure is the same for
each city, the discriminant function and the associated rules developed

by Newark are more cost efficient than those suggested b i
Now Yook Core. ‘ ; ag y either Boston or

L

RS
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CHAPTER IV

PATTERNS OF ARSON

Pl

INTRODUCTION

In Chapter I we have observed scme of the. population
characteristics. For example, we have seen that there
is a significant difference between the number of arson
incidences in the first four months of 1981 as compated
to the corresponding period for the year 1980. We aiso’
observed that the arson incidences occur more frequently
on Mondays, Thursdays, and Fridays than on any other
days of the week. However, percentage wise, the arson
incidences are distributed more or less evenly throughout
the week with the minimum of 12.6% arson incidences on
Wednesdays and the maximum of 16.2% arson incidences on
Mondays, see Table 1.9. We have also observed in that
chapter how the hourly distribution of arson incidences -
exhibit a clear pattern when grouped in three-hour time
interval. Hence the aim of this chapter is to study
the available data and try to identify if there exists
any patterns of arson or any functional relationships
between the variables such as month, day, and time. To
make use of all the available data, we will assume that
the population.of arson incidences is itself a sample
of all arson incidences from the superpopulation of
structures described in Chapter I. However, before
proceeding with the analysis of the data to study
patterns of arson for different variables, we discuss ™
below the distribution of arson incidences for the yedr
1980. . ‘

There were in all 834 arson incidences during 1980
+0Ut of the total of 1,123 incidences for the sixteen
menths study period. Thus, there were about 70 arson
incidences per month. These arson incidences occurred
in 690 new structures that were ignited during the
year. Thus, on an average about 58 new structures were
ignited every month of the year 1980. O0f.the 897 structures
that experienced. arson for the first time during the
sixteen month study period, the remaining 203 were
burned during the first four months of-1981. Thus, on
an average 50 new structures were ignited during "the
first four months of 1981. We see, therefore, that on
an average seven less new buildings were torched during
each month of the period JaWuary 1, 1981 to April 30,
1981. However, the average number of arsons per month
during this period, which was-72, remained almost the
same as the preceding year.

58
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In Table 4.1, we present the distribution of structures by the number
of arsons for these structures during 1980. ‘The distribution of the number
of structures in this table is similar to the one for the entire population
given in Table 1.0. We observe that this is also true: for the distribution
of the total number of arsons. . ' o

TABLE 4.1: Distribution of the populationof structures by the
number of arsons experienced during the year 1980,

Number

Number Percent Cumulative Percent ‘Cumulativ
of of - of Percent of Total No.* of Percent of
Arsons | Structures | Structures | Structures _ of Arsons | A1l Arsons|. A11 Arsons
1 600 87.0 87.0 600 71.9 71.9
2 66 9.6 96.6 132 15.8 87.7
3 11 1.6 98.2 33 4.0 91.7
4 6 0.9 99.1 24 2.9 94.6
5 4 0.6 99.7 20 2.4 97.0
6 1 0.1 99.8 6 0.7 97.7
7 1 0.1 99.9 7 0.8 98.5
12 1 0.1 100.0 12 1.5 100.0
Total 690 100.0 - 834 100.0 -

*Total number of arsons = number of arsons in Column (1) x number of structures

in column (2).

Single arsons,which affected 87% of the structures,
about 72% of all arsons. Thus, 13% of the structures accounted for 28%
of §11 arsons. It should be noted that these 13% of the structures had
their first arson during 1980 and were subjected to additional 144 (17%)

arsons during 1980.

accounted for

.4.2: ANALYSIS OF ARSONS BY MONTH AND BY DAY.

In Chapter 1 the entire sixteen-months study period was
~considered since the object there was-to present’ the population
However, for studying patters of arsons,it is

characteristics. ‘
more meaningful to use "the 12-month period from Januaryl,” 1980
to December 31, 1980. Wherever required, we will make use of
the. information for the remaining four months of the study
period, viz., January 1, 1981 to April 30, 1981. '
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For the monthly comparison of arson incidences, (See Table
1.5), we test the hypothesis of no significant difference in
their distribution for the months of January to December 1980.
Since the observed value of x? 24.475 is greater than the table
value of X*= 19.68 on 11 d.f., (degrees of freedom), we do not
accept the preceding hypothes1s Thus, we conclude that there is
a significant variation month to month in the occurrence of the
arson incidences. We notice that the lowest number of arson

incidences took place in the month of January followed by October.

On the other hand, the highest number of arson incidences took
place in the month of May followed by March, (See figure 4.1).
This trend, however, does not seem to continue for the year 7981.

When we consider the four seasons, viz., winter (January-
March), spring (April-June), summer (July-September), and fall
(October-December), we do not find any siynificant differences in
the distribution of arson incidences ( X*= 5.03 on 3 d.f.) Thus,
although there is a monthly variation in the occurrence of the
arson incidences, there is no seasonal variation. Similarly,
even if the total number of arson incidences increased from 263

in the first four months of 1980, to 289 during the correspond1ng

period for 1981, (an increase of about 9.9%) monthly comparisons
for these per1ods incidcate no s1gn1f1cant changes ‘in the occur-
rence of arsons.

Tabe 4.2 below shows the distribution of arson incidences by
day of the week for the year 1980. We notice that the highest
number of incidences occur on Mondays followed by Thursdays and
Sundays. The lowest number of arsons took place on Wednesdays (See
Figure 4.2). We also find that these var1at1ons are not s1gn1f1—
cant at the 5% level of confidence ( X*= 4.506 on 6 d.f.) so

that the arsons are more or less evenly distributed for each day
of the week.

TABLE 4.2: Distribution of arson 1nc1dences by days of the '%
week for the year 1980

Arson Incidence

Day
\ Cumulative

Number Percent Percent
Sunday 122 14.63 14.63
‘Monday 136 . 16.31 30.94
Tuesday 116 . 13.91 44,84
Wednesday 107 12.83 57.67
Thursday 125 .14.99 72.65
Friday 114 13.67 ° 86.33
Saturday 114 13.67 100.00
Total 834 106.00 -

4l
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( FIGURE 4.1:  BAR GRAPH OF (\a.};ICENT BY MOANTH )
EACH ** EQUALS 3TINCTOENT —(NOTE: "INCIDENT" means number of arson incidences.)
_INCITENT
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WHERE INTERVAL ‘ ‘ o ‘ : 4
1.IS MCNTH 1 WITH INCIDENT 40 2 TS MONTH "2~ WITHTINCIDENT 72 f
3 IS MINTH 3 WITH INCIDENT 82 © 4 1S MONTH 4 WwITH INCIDENT 69 |
5 IS MCNTH 5 WITH INCIDENT 88 -6 IS MONIH 6 " KITH INCIDENT 17 i
7.1S MCNTH 7 WITH INCIDENT 67 8 IS MONTH 8 WITH INCICENT 62 ri
9 IS MCNTH 9§ MWITH INCIDENT 66 1C 1S MONTH 10 WITH INCIDENT 59 {
11 IS MCNTH I1 WITH INCIDENTY 7€ 12 1S MONTH 12 WITH INCIDENT. 76 2
, _ . s , I R . : L3
e =y

¥




Al . S

eazH #x (" jUALS 4 INCIDENT  (Note: INCIP T
INCIDENT , / @
136 + ok .
132 + ek )
128+ %%
124  + % sk
120+ dde gk s
116 + % % A% ek Hede
112 + R Rk %k % Kk Kk
108, + Jodke £33 Je4 ek e ok A
104 + ok Wk ok ek s * ek
100 + dk Aok %k ok ek ek kx
956  + ¥k k% ok %k Kk kk kK
92 + B& k& E%k Ok LI T
88+ Hk o gk gk ok &k k% Rk
84 + sk k& %ok #% 0 Ak k& ok
80 + e Aok A A ek Ay
Ta o+ fof dkk Al ok ke ded. %k ' o A
72 o+ Ak gk ok dek dek Sk k%
- 68+ ST 1 L S T I B T
L 64 + L L L ,&“*§ Aok
60 + doh ok kX % ok Tkl oxx <
. 56 + L S L ﬁ*:_.** _ o
52 + Rk ek ek e kT ek T odkok
3 43  + Wk %ok skk Rk L kk k% Rk
S R L I
) 49 + *k B Rk ok s 3 e ok .
T T 3 + s kT ek T T gk Aok T owk o
i 32 + dde ok kk ek ek dok o ok
. 28 o+ 7 ok Tk T ok T gk a7 kT Tk - ; T
Co 24+ dede ok dok dok gk dok %ok
T T o0 T T e T T T Tt T T e T et e T - T
. 16+ ¥k gk gk dok Aok k% -
c 12+ Tk Tk ok T Tww T kT ekt T T
f 8 + A ok sl bk sk gk ok
i S T T T T ST P P
INFFRVAL + 77T T T T T T Ty T T
 WHERE INTERVAL - [ A, [ R A
_1.1S DAY 1 __WITH INCIDFNT o122 . 2 IS DAY 2 WITH INCIDENT
3 TS DAY '3 WITH INGIDENT - 116 A 8 ‘CAY 4" WITH INCIDENT
_. 5 1S DAY 5 WITH INCIDENT 125 _ 6 IS CAY 6 WITH INCIDENT
7 18 DAY 7 WITH INCIDFNT~ . 114 i 3 RN .

CFIGURE 4.2:

BAR GRAPH OF INCID

DENT BY oAY

means number of arsons 1nc1dences )

Bpre e e

29

R PR WD G WD D VS S R T S S IS TS At VD W TR S G VI L W wp T W W LD S B S W WS A3 - em

1
1

4
- ey A —— -

T A

R e T R

s s

#
¢




T TR T Ty Ty T

s

~

1

e = g e 3
5 ‘ﬁ . W
63 | N : | : 64
: {. TABLE 4.4: Analysis of vapia e o
The following table, Table 4.3, gives the distribution of - 43 « by mgnthsoofvg}:;ayggro:nghg d:jstmbgtmn of arson incidences
arson incidences by month and by day of the week. When we test : O : Yy days of the week
the hypothesis of no significant differences in the distribution i i g :
of arson incidences by day, using gpe Friedman two-way analysis & . Deg
of variance method, we find that X* = 5.554 on 6 d.f., which is | Source egrees '
less than the table value . Hence we conclude tha’; there are » Fregdom g;zﬂagzs o:feggugggs F-Va’]ue
TABLE 4.3: Distribution of arson incidences by month of the year and by days Month
of the week for the year 1980. _ v . onths 11 243.000 23.000 2.481*
‘ Days 6 44.738 7.456 1.243
Month Day of the Week - H Total| | Error 66 611.833 9.270
Sunday | Monday | Tuesday | Wednesday | Thursday | Friday | Saturday ' ~ Total ~ 83 899.5, 1
January 8 7 3 1 9 6 6 40
11 9 9 16 12 7 72 ) .
;g?gﬁary g 16 13 i1 12 8 13 82 *Significant at the 5% level of significance.
April 10 10 10 7 %121 %g i(s) gg | |
12 11 10 : © i ‘
gﬁ%e %Z 10 7 16 9 7 14 77 oo i;}gn}f}fang for days. These are the results we already obtained through
July 11 15 14 4 9 7 7 67 | on's t3§ ‘t_esg- Moreover, as shown below, the statistical test based
August 6 9 4 12 8 13 10 62 | - o ].f,,,en ;ZS. range- (for testing the di fferences -among- means)" also shows
September] 11 9 13 7 12 8 6 66 | A gnifican jfferences 1n the mean number of, arson_incidences by month.
October 6 10 6 12 : 7 14 4 59 L ()
November 13 11 10 12 10 8 12 76 i : 'In Table 4.5 |
December 13 16 16 6 7 8 10 76 R ) ;abl€ 4.5, the mean numbers of arson incidences are arranged
e : ) ¥ in ascending order. Using the method of Newman and Keulsl we find that
” | I‘Ghe mean for the month of January only differs significantly from the mean for
Total 122 136 116 107 125 114 114 1834 g . ovember, December, June, March and May. However, as can be seen from
. h jg ‘ Table 1.5, this does not seem to be the case for the months of January
| B and “March of 1981. Thus we may not find a similar pattern for 1981.
significant differences in the distribution of arson ) . , .
r1’ur)u:'id$cgnces by month for each day of the week. Again when we test a similar 3 ) . TABLE 4.5: Mean number of arsons per day for the twelve months of 1980
hypothesis for month we find that .2 = 21.912 on 6 d.f., which is \ arranged in ascending order. ’
significant at the 5% level of significance. The grecedmg results : . ‘
confirm what we Have already concluded from tge dist;1bu§:1ondgftqrson » _ | )
incidences by day and a similar distribution by morith. In addition. we oo ’ — .
conclude from the above test of hypothesis for month that not ;)nly Month| January October August) Septeiiber| July| Apri1| Febriiary |November December| June [March |May
significant differenceés exist in the distribution by month but also by ays ‘ o c <
among these months. : ' 5 Mean | 5.71 | 8.44 8.86 | 9.43 |9.57| 9.86] 10.29 | 10.86 10.86 11.00:11.71(12.57
The analysis of variance for the data in Table 4.3 is shown in. 'Tal?]e.4.4. ) : [
We see from the table that,the F-value is significant for months while it is not
qj . h W 2
/ (M} :
1 Snedecor, G.W., and Cochran. W.o "Statistical -
; ] ‘3 i : ‘ . L.y Ca] M t lls P
The Towa State University. Press, Ames, Iowa. ethods”, 1967, 6th edition
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- " § - We now consider the distribution of arson incidences b 3
: ) , i . h ! ; 3=h
- | ‘ fa : time period for each month of 1980 (See Table 4.7 be]ow;);w%e fizgrthat

N ' 65 | ji | B

)

\}(2"65/

TABLE 4.7: Distribution of arson incidences by months of the year and by 3-hour

C 4.3 ANALYSIS OF ARSONS BY HOUR time periods of the day for the year 1980

We have seen in Chapter I, see Table 1.11, that the arson
incidences decrease from midnight till 9:00 i.m., and increase again

ti11 midnight of the next day. Similarly, we observed that there o Ai . .
are roughly two and a half times more arsons during the nine hour : ) Month Arson Incidences for the Hours | Total
period 3:00 p.m. - midnight than during the period 3:00 a.m.-12 noon : ota
In this section we examine these and similar patterns for the twelve i 0-3 3-6 | 6-9 9-12 12-15 | 15-18 - -
month period of 1980. | ' “ R
£ : : '
TABLE 4.6: Distribution of arson indi?&nces by 3-hour time periods f | January 4 2 1 7 7 5 3 11 | 40
of the day for the year 1£&f. : February | 12 5 3 4. 8 9 14 17 72
o - March . 8 9 2 6 15 16 12 14 | 82
5 April 12 3 2 3 9 16 , 10 14 69
o Cumulative | May J 6 1 3 / 13 20 15 15 | 88
Time Period | Frequency | Percent Percent , “ June 1 7 10 &1 6 6 15 | 16 16 | 77
‘ 5 July 8 7 1 5 6 7 10 14 10 67
3 : August 12 3 3 - 3 4 7 18 12 62
0-3 100 11.99 11.99 | September| 4 4 1 6 6 14 12 19 66
3-6 71 8.51 ° 20.50 ' o October | 6 7 | 3 9 10 6 10 8 | 59
6-9 31 3.72 24.22 November 8 5 3 7 16 10 13 14 6
9-12 ; 72 8.63 . 32.85 : December | 10 10 4 8 11 13 11 9 !
( 12-15 112 ©13.43 46.28 Ty 7%
( | 15-18 141 16,92 63.20 L.
18-21 148 17.74 80.94 P I Total 100 71 31 72
. 21-24 159 19.06 100.00 c " , : : . He 14l 148 159 834
: — £ in general there is more arson activity during the ti jod ”
| e m
Total 834 100.00 - ) m1dn1ght for each month of the year. The analgsis 0f1v§r?§g;gdfgrp£ﬁé gg 12
' M — i "data is shown in the following table. ove

We notice that the distribution of arson incidences in Table 4.6 » - TABLE 4.8: Analysis of variance of R C

above is somewhat similar to the one we observed earlier in Table 1.11. . - by months of the yeari;;??nflijﬂlﬁyz?HLOf qri?n EPCIdences
There are 2.3 times more arsons during the hours 12 - 21 than during - periods of the day.
the hours 3 -12 poon. Similarly, there are about two and a half
times more arsons during the hours 15-24 than during the hours 3-12
noon. Furthermovre, we notice that there are on an average 28

arsons occurring in any three-hour period from 3:00 -a.m. to 12 noon ) Source . Degrees S ‘ . :
while there are 140 such incidences (an increase of 141.4%) taking : M “ gf S:ﬁaggs Meangumv F
place during a three-hour period in the time interval 12 nocn through jg ~ , ’ Freedom Squares

midnight. Application of the Kolmogrov-Smirnov test to the distri--
bution of arson incidences in Table 4.6 shows that it is significantly

different from the theoretical distribution, i.e., when "the arson ! . Month 1 - 212.625 J 19.330 2.164%
incidences are assumed to be uniformly distributed throughout these : Hour 7| 1154.292 164.899 18.464**
time periods. ) ' ; | Error 77 687.708 8.931 B
| - | o *LIotg;_ k295, 2054.625 | —
™y — *Significant at the 5% level of signiFi —
iﬁf **Significant at the 1% level of sfgﬂ}f%ﬁgﬂﬁgj

it
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We notice that the F-value is significant for both months and
hours. For the variable "month" we have already seen in Sec.4.2 that

the mean number of arsons for the month of January differ signiticantly

from those for the months of March, May, June, November and December.,

We will now make similar comparisons for the variable "hour.”

Arranging the mean number of arson incidences per month by houf
as in the following table, we apply the Newman and Keul's test. Using
TABLE 4.9: Mean number of arsons per month for the 3-hour time periods of
a day, .arranged in ascending order.

Hour 6-9 3-6 9-12 0-3 12-15 | 15-18 | 18-21 |21-24
Mean 2.58 1 5.92 6.00 8.33 9.33 | 11.74 | 12.33 }|13.25
this test we conclude that the mean number of arson incidences per_month

di ffer significantly, at the 5% level of significance, for the following

three-hout periods:

(a) For the time period 6-9, from rest of the three hour

periods for the day.
(b) For the time period 3-6, from the hours of 12-15, 15-18,

18-21, and 21-24.

(c) For the time period 9-12, from the hours of 12-15, 15-18,
18-21, and 21-24 (same as in (b) above).

(d) For the time period 0-3, from the hours of 15-18, 18-21, -

and 21-24. ‘
(e) For the time period 12-15, from the hours of 18-21,

and°21-24.

We conclude from (a) - {d) above that the number of arsons occurring
during the time period midnight to noon js significantly lower than
those occurring during the time period noon te midnight. In fact, from
Table 4.7 we observe that there are only 274 arsons reported during 0-12
hours and 560 arsons during 12-24 hours. Thus, there are slightly over
twice the number of arsons during 12-24 hours. as compared to the period

0-12 hours.

We now consider the distribution of arson incidences by day of
the week and by hour of the day. This distribution is shown in

Tabie 4.10.

A

)
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TABLE 4.10: Distribution of arson inciden
dences by d
and by 3-hour time periods’ of thejgajys Of the veek
Day Arson incidences for the hours Total
0-3 3-6 6-9 9-12 12-15 | 15-18 | 18-21| 21-24
aggggz 12 12 7 11 15 22 19 27 122
Ty | 17 |10 |5 | ;| 1 | 1 | 2% | G| e
¥§dne§day 15 9 3 9 13 20 g? i? 107
Frggs ay 10 12 7 16 13 20 26 21 %gg
Friday 18 | 11 4 8 19 23 12 19 | 114
urday 15 12 3 5 11 21 19 28 114
Total 100 =5 71 31 72 112 141 148 159 834

We have already seen, throu i i i

) nave a en, gh previous analysis, that the days do not

g;::grti;ggéicggntzgeés$§b{gble8§.4)Tﬁpd ?ha? the hours differ sfénificant]y ,
. . .8). is is further i in t ysi

of variance of the above data shown in Table 4.11 béﬁgrf]rmEd i the analysis

TABLE 4.11 Analysis of variancé of i i o
the distribution of arson incid
by days of the week and by 3-hour time periods of %ﬁgléig?es

Source _ Degrees of - Sum o% Mean Sum F
Freedom Squares of Squares
Days 6 67.107
. 11.184 1.455
gOUFS _ 7 1978.786 282.684 17.371 **
rvror C o 42 "683.464 16.273
Total . | 55 T 2729.357 ’

**Significant at 1% level of confidence.

We nbw determine for which time i )

T " whic periods do the mea
:EZOEgugertday differ s1gn1f!cant1y. We once again usg 2gzb§gw;Zn
and £ s test here. For @hls purpose the mean number of arsons pér
day for the three-hour period of a day are shown in ascendi
in Table 4.12 below. cenaing order
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: sons per day for the 3-hour time periods ; ! . . i
TABLE 4.12: g?iﬂuffﬂgfriaﬁf;ﬁg;d'¥njzscen32ng order P ( } We have also omitted in this table percentages and cumulative percentages
{?‘ > . e because the total number of census tracts 98 is close to 100. Thus,
almost-25% of the census tracts in Newark had eleven or more structures

T . ) : experiencing-arsons during 1980. On the other hand, there were about 25%

Hour 6-9 3-6 9-12 0-3 12-15 | 15-18 18-21 21-24| , of the census tracts with fewer than three structures experiencing arsons

Mean 4.43 10.14 | 10.28 | 14.28 | 16.00 | 20.14 21.24 | 22.711 . * ;gsgzc2t0n$]of them, with about 11% of the census. tracts experiencing no
: a . @ :

i ions for the variable "day" are exactly similar . *Table 4.14 gives the distribution.of census tracts by intervals of five
t0 thg;gcﬁbﬁg?nggngﬁuﬁa) - (e) for the variab]ey“month,“~we do not for arsons and is similar to Table 1.2 in.pr?sgntatiop. Using the Kolmogrov-
repeat them here. Thus, we conclude that the average number of arsons Smirnov test, we find that there are no significant differences in
per day or average number of arsons per month follow the same pattern ) | the distribution of census tracts as given is Tables 1.2 and 4.14.

, iz., about twice the arsons occur during the time period 12 noon to midnight ] . o
¢ z;;n dur?gg the period midnight to 12 noon. , TABLE 4.14: Distribution of census tracts (CT), grouped by number

of arson incidences.

4.4: ANALYSIS OF ARSONS BY CENSUS TRACTS

_ i | : ~ [Number of Number of i Percent Cu i
We now examine patterns of arsons, if any, by census tract. Since . Cumulative umulative
there are large number of census tracts for the City of Newark, numbering . , 2tructgres CT Number to Percent
about 100, we will analyze the data in some detail for those census rsone of CT the Total
tracts that experienced more arsons. The fo]]ow1ng table, Table 4.1?, ‘ . ‘ a
shows the number of census tracts.experiencing one of more arsons. Since , 0 v
repeated arsons of the same structure is excluded from the number of arsons o , e %; 11 11.2 11.2
‘ in this table, the number of arsons for a census tract is equal to the ; () 6-10 6 32 gg.g ;g.g
( - number of structures arsoned in that census tract. For sake of simplicity 11-15 12 86 122 877
, ' - N 16-20 o9 95 9.2 96.9
TABLE 4.13: Distribution of census tracts (CT) by the number of _ ‘ ’ : 21-29 & 98 3.1 100.0
! structures arsoned for the first time during the year 1980 | a
. | | Total 98 - 100.0 _
Wy l '
- ‘ lative Number | Number i : , : :
ggmber Numbg¥sof » gﬂggéit;¥h ugfer of ﬁﬁggé?t8¥e _ Up until now we considered the number of structures arsoned by census
Arsons: : CTs Arsons cT  CTs . . tracts and the distribution of arson incidences by the specific range of
— . . arsoned structures. We consider in Table 4.15 the number of arsons
0 11 -11 11 4 78 - | that took”g]ace during 1980 in all 98 census tracts.
1 9 1 20 12 4 82 i
2 7 27 13 2 84
3 10 37 14 2 86
4 5 < 42 16 1 87
5 6 48 17 5. 92
6 6 54 18 1 93 Vi
7 6 60 19 1- » 94 ¢ .
8 4 64 20 1 95 d
90 3 67 22 1 96
10 7 14 25 1 97
29 1 98 1 |
.. h ) { e . Vi
7
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TABLE 4.15: Number of arson incidences by census tracts (CT) for

the year 1980. | e presented in Table 4,17 also brings out this f

0.5% level of signifj act because even at the

5 significant. cance the F—va]ue'for fire districts is high]y\
B
i . TABLE 4.17: Analysis of varian f inci : -
. Number of | Number of. Percent of Cumulative by fire districtsnFe ot arson 1nc1§ences, by months of the year aud
; Arsons census tracts census tracts Percent : @ 4 : ‘ _
105 ‘%é éé'; %é'g | ' Source Degrees of Sum of Mean Sum F-Value
_ ‘ 7 ) ~ . Freedon ' :
6-100 17 17.3 64.2 ) | - m Squares | of Squares
11-15 16 16.3 80.5 o -
16-20 8 8.2 88.7 ' Month 11 340.2
: . . 0. .339%
21-25 8 8.2 96.9 | Fire Districts - 4 3303.567 835 333 113 ggg**
26-38 3 3.1 100.0 _ Error a4 313,633 > 1o .
~ — . o ’ Total 59 :
98 100.0 - : ¢ — A4 3957.4
Total ( » : . < *F-valye significant at the 57 Tevel of significance.
**F-value significant at the 1% Tlevel of significance.

From the above table we notice that almost one-third of the census tracts o When we test the mean number of arsons for fir distri ;
experienced 11 or more arsons. Moreover, one out of every eight census tracts ‘  ( seeTable 4.18) there is no significant differenceein1%§21;§§ﬁ ﬁsmgé?d that
had more than twenty arsons. We will analyze these census tracts in some de- ’ Of arsons fgr.f1re districts I and ITI. However, fire districts II and V
tajl in this section after analyzing the information fotr Tire districts. : differ significantly, .

at the 5% level of significance, from fi byl
< I, 111, and IV. Similarly, fire districts I and I i Frits
The distribution of the arson incidences for the five fire districts (FDs) from fire district IV, and fire districts II diffe

by months is given in Table 4.16. We notice that fire districts II and V have from fire district V.
fewer arsons each month as compared to the rest of the fire districts. This .

is largely due to the smaller number of structures and a lesser population

in these districts. We also notice that the number of arson incidences vary '+
considerably from fire district to fire district. The analysis of-variance

fIL]

s,
vt

IT differ significantly
rs significqntly

i
{

TABLE 4.16: Distribution of arson iﬁbidences; by months of the yédﬁ'aﬂd’by

TABLE 4.18: Méan number of arsons i
fire districts,. for the year 1980. : for fir

I K e districts, arranged in
ascending order. .

- : < Fire o
Month Fire District.  Total | ' : : a;;EPiCt ; v 11 II Dl v
I o oom oWy | | %% 8:5 | 16.833 | 17.667 | 23.25
///ll “““ ¢ ' v -
January 10 3 8 | u 21 40 We now ‘examine how the arson incidences occur. by month withs
| . Lo TN, & 5 ~ cur. by month within each
;ebrﬁahy i? i? : ,f%g éi 3 ég ‘ - fire district, That 1S, for which months of the year 1980 there are more
arc 1 L /i o : 1 , : a€§?ps.1n a3, Fire d1str]gt. Such information is useful for planning and
{92511 18 | 5 A 18A %7 : 58 | - ! utilizing manpower and it seems appropriate to consider it here.
June 16 12 22 24 3| 77 : ~ Table 4.19 gives the months f ire distri
S 6 | i ;able 4. 19 : tor each fire district ranked (within
mase | 16 : W | on || e o rsons Tor Gach nonch - Thoce mng | gyt ("L e o the nusber
September| 17 2 i—% %g g gg ) for the month shown against 1t for ’firgleg?:t::‘]gt m]grr:grsitfggm?gr};kog the
October 16 ' : LA A month shown against it in the same fire distps t will ' ns
November | 27 8 14 25 2| 76 for that month than the mor: | is tlc will have fewer arsons
December | 23 10 15 Y 61 76 . | of the months and. o 03 mogga gg:tgﬁi; but greater than any of the remaining
J . — ) on. FC nce, months are numbered 1-12 using
Total =~ | 212 102 202 279 39 | 834 « N the standard convention fo _

r mogths i.e., January = 1, February = 2 and so on. _

1( ) . i ‘ . ,
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TABLE 4.19: Arson incidences ranked in descending order of
within each fire district, for twelve the“twelve:: - B
months of 1980. :
(Note: Numbers in the body of table are months:)
\ Fire District ;
Rank I II 111 IV~ ‘ v
1 11 2 6 5 5} ’
2 12 6 2 3’ 12 )
3 2 3 9] 4 4 ‘
4 5 12 33 11 2
5 3 5 7 6 3}m
6 4 7 5 8 7
7 7 8 10 105 6
8 9 9 124 12 1
9 6 11 4 7 9
10 8} 4 8} 9 11
11 10 10 11, 1 8
12 1 1 1 2 10

'}.,Symbol means the number of arson incidences for these months are the same.

As stated earlier, the information in Table 4.19 can be_emp]oyed
to plan and use available resources. Since the ranks are as§1gned )
within each fire district, they provide no clue to the relative magnitude
of ranks for any two fire districts. For example, the month of May
experienced the highest number of arsons for fire districts IV and vV,
and these are respectively 37 and 6. Therefore, itwill not be advisable

- to allocate equal manpower to these fire districts for May on the 5%515

of the ranks. Thus, for inter-district allocation of resources for' |

.cach month, it will be necessary to use Table 4.16. co

: .

To illustrate how information in Tables 4.16 and 4.19 can be used,
consider fire districts I and III. We notice from Table 4.19 that the
highest number of arson incidencesogcdrred-in the months-of November: and
dune for fire districts I and III respectively. Thus, it may be possible
to use the resources of fire district I for fire district III during the
month of June. Assuming that all is the same for both these fire dis-
tricts,except for the occurrence of the arson incidences, we'notice from
Table 4.16 that fire district I needs about one and a half times more resources
during November than that of in the month of June (because there are one

and a half times more arsons in November than in June). Similarly, in the °
case of fire district III, we need about one and a half times more resources
during June than in the month-. of November. Thus, it may ‘be possible to
use some resources from fire district I for fire district III during June

- and similarly use some vesources from fire district III for fire district

I during November.

{

5
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We now consider the distribution of census tracts which experienced
more than 20 arsons during 1980. There were 11 such census tracts with
278 arson incidences, which was about one-third of all the arson incidences
during 1980. Table 4.20 gives their distributions by month. The months
of January, April, October, November, and December had 73 arson incidences
which is about one-fourth of all arson incidences for these census tracts.
The average number of arsons for these five months is 15 and for the rest
of the seven months it is 29, which is significantly higher than the
preceding statistic. The months of February, March, and June experienced the
most arsons ,followed by May, July, August, and September.

TABLE 4.20: Distribution of arson incidences for the census tracts (CT) with
more than 20 arsons during the year 1980.

Month FD-1I FD-I1 FD-III l FD-IV Total
‘ Censu; Tract [Census Tract Census Tract !Census Tract
umber Number Number
9 14 24 57 67 86 92be96 97 3§umbe£9
January 1 1 1 - 1 1 1 1 1 3 - 11
February | - 3 2 4 2 1 9 3 3 5 2 34
March 4 - 2 4 2 6 2 3 3 3 1 30
April 2 -2 - 1 1 - 3 - 1 5 - 15
May 3 2 2 2 4 -1 2 6 2 5 29
June 2 3 5 4 5 4 4 2 - - 4 33
Jduly 2 2 5 1 2 § 4 1 2 - 2 25
August - 4 1 4 1 5 1 2 1 7 1 27
September| 1 3 - - 4 7 3 3 2 3 1 27
October 4 - 1 - - - 4 - - 2 2 13
November { - 2 1 2 1 -4 1 1 - 4 16
December | 24 1 1 1 2 1l 2 3 2 3 . - 18
Total 21 23 21 23 25 29 38 21 22 33 22 278
Note: " -" dindicates no arsons.

‘In the followinag table, Table 4.21 we give the total number of arson
incidences for. the census tracts in Table 4.20 by fire districts and for each
month of 1980. The second part of this table gives months ranked by the
number of arsons in descending order of magnitude with rank 1 assigned within
a fire district to the month for which the highest number of arsons occurred and
so on. We notice from Tables 4.19.and 4.21 that the ranks for all arsons and
those for selected census tracts differ. We will now examine the correlations

|

R
1
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TABLE 4.21: Distribution of arson incidences and their ranks by fire

districts and by months:for census tracts (CT) experiencing
more than 20 arsons during the year 1980. ‘

Months ranked by
Month "Number of arsons for F.D. Rank arsons_for F.D.
I II IIT IV Total I II III IV
January 3 1 4 3 11 1 6 6 2 8
February 5 6 16 7 34 2 7 2 9 2}_
“[March 6 6 14 4 30 3 5 3 3 5
April 4 = 2 4 5 15 4 3 5 7 4
May 7 6 9 7 29 5 2 8 6 3
June 10 9 10 4 33 6 8 9 5}_ 6(
July 9 3 11 2 25 7 10 7 8 9
August 5 5 9 8 27 8 4y 11, 12 10
September 4 4 15 4 27 9 9} 127 11 11
October 5 - 4 4 13 10 12 4 1 1}
November 3 3 6 4 16 11 1} 1 4 12
December 4 3 8 3 18 12 11 10 10J 7
Total 65 48 110 55 278 :

} - Symbol means;thé number of arson incidences for these mionths are the same.

of the these ranks. For fire districts I and IV the Speerman‘rank

correlations are rg = 0.112 and r¢= 0.357 respectively. Since these

correlations are not significant, we conclude that the arsons taking

place throughout these districts are not necessarily affected by arsons

occurring in these census tracts. Furthermore, 1n.the.context of.

planning and utilizing the manpower within these districts, the above

- results can also be interpreted as follows: Any efforts to reduce.,l

arson throughout these districts will have 1ittle effect on-the numbar,j

of arsons occurring in the selected census tracts. Hence it may be_helpful

N, to make separate efforts, assuming these census tracts as se arate entities.
This is, however, not the case for fire districts II and III. ‘Here.

we haver. = 0.874 andrg= 0.816 for fire districts II and III respectively.

Moreover, both of these correlations are highly significant at the 5% Tlevel

of significance. Hence if we make efforts to reduce arson for the

district as a whole we will aTso be réducing arson for the selected

census tracts and vice versa. These results seem to’be consistent with

the fact that out of the total number of 102 arsons in fire district II

(See Table 4.16), 48 nave occurred in the selected census tracts. Similarly,

for fire district III the corresponding figures are 202 and 110.

Here Qe have considered the distribution of arson incideqces by month
and census tracts and shown how-we can profit from the analysis of.thls
data in planning to reduce arson. Similar analysis can be done using the )
variables day and hour instead of month. However, it seems that the analysis
presented in Sec. 4.2 and Sec. 4.3 for these variables should prove help-
ful along with the above analysis for planning purposes. ‘

W
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4.5 ANALYSIS OF ARSONS BY LUNAR TRENDS:

Lunar cycle. often affects. the human mental behavior and
especially so for those mentally i11. Icove and Keithl reported
that these Tunar cycles also affect arson activities. For example,
they report that 69% of incendiary fires took place within a 4
day period surrounding the full moon phases. Also, 55% of all the
incendiary fires were during the full moon phase. In this section
we will examine whether similar trends exist for Newark.

In Table 4.22 we present the total number of arson incidences
for the four day period before and after the new/full moon phase,
for the new/full moon day, and for the remainder of the month.

Since the full moon was on January 2, 1980, only one day before it

is considered instead of the usual four day. period for the month of
January. Similarly, for the month of March 1980 there were two full
moon days and both are considered. Also, for comparisons all four
days before or after the new/full moon day were included in the month

in which the new/full moon dav occurred even though portions of thes
days belonged to the preceding or the fo]]owiné mgnth. ©

In reading Table 4.22 it should be noted that the totals for
before and after new/full moon days are for four days and hence they
are generally much “larger than the corresponding new/full day. We
find from this table that except for the month of June, the percent
-0f arson incidences during the Tunar phases exceeds 50% and reaches
up to 70%. (Here we have excluded the percentage for the month of
March which had 14 days of Tunar phase instead of the usual nine days.)
Overall, 60% of the arsons occur during 8. days of a calendar month.
That-is, six-tenth of the arsons occur during the six-tenths of the
month that represents lunar phases. .

We note from Table 4.22 that 340 arson incidences occurred during
the non-Tunar phases days totalling 148 days. Similarly, 502 arson
incidences occurred during 218 (218=366-148) days of lunar-phases in
1980. Thus, about 2.3 arsons occurred per day during the lunar-phases
as well as non-lunar-phases days. Hence there is no difference-in the
occurrence of arson incidences per day during the lunar-phases and the

non-lunar-phases days for the year 1980. A closer look at these distribu-
tions is taken later in Table 4.23.

H

1f D.J..Icove, and P.E.Keith (1981): Principles of IncendiaryMCrime
Analysis: Approach to arson information management.
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TABLE 4.224 Distribution of arson incidences by lunar phases and by
gﬁ» months for the year 1980.
: Remainder No. of Arsons for the New| No. o;hArsons for Full ;gtg¥ ‘Esrcent |
Month of the Month| Moon Phase l Moon asgi Ar;ons to
Four for for
No.of | No.of} Four Four Four b ‘
Agsgns Days | Days days Days | Days Moon the
before New | after | Total | before Full| After|Total| Phases|month
New | Moorl New Full | Moon| Full 1
Moon | Day | Moon Moon Day| Moon
IR R IR AR
February 27 11 13 0 7 5| _}L______ﬁ____!j{_ o
March 22 | 12 14 4 9 27 10 3 '12 ii gg | 52:2
April 33 12 8 2 12 22 7 1 1 ® 2.2
ng 43 15 11 2 7 20 14 7 g, 0 > 48:0
June 36 12 12 1 9 22 9 3 18 i 8.0
July 22 11 7 1 18 26 8 2 - ? 18 o 51:6
August 30 13 7 0 8 | 15 8 2 g i 3 oL-8
September{ 24 12 10 3 8 | 21 5 2 e 4 o
October 27 13 4 0 6 10 12 0 12 21 > 55:3
e bar Bg %g g g 1% %é 1% i 121 21 46 | 60.5
“:$g$g$r 320 148 1105 21 {118 244 103 32 123 | 258 .502- 60.2

Although, Kolmogroy-Smirnov test shows that the distribution by month

for new moon and full moon

days differs significant]y at the-5%

Tevel of signi-

Ficance, the mean number of arson. ingcidences for these days do not differ signi-

ficantly (t = 0.994; d.f, = 23).

iviti full moon days
To compare the arson activities before or af;er new/
with the co?reéponding new/full moon days,we .consider the mean number Of

arson incidences for these

the number of arsons

days as shown in Table 4.23.

is of no.significant difference in the sampling dis
e § sons for time periods being compared.b

Here we test the
tribution of

The Kolmogrov-Smirnov test shows significant differences between the

distributﬁons‘of the mean number of arsons
new moon and that on the day of the new moon,

for the four day period before
A similar conclusion is also

drawn when we compare the distribution of the mean number of arsons for

four-day period after the new moon.

arsons for the rest of the month and the new moon,

When we compar

e the mean number of _
we find that the respective

distributions also differ significantly. Hence all the preceding distributions

()
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TABLE 4.23: Mean number of arson incidences for four days before and
N after new/full moon day, and for the remainder of the month.
- |Remainder Mean Number of Arson Mean Number of Arsons Mean for
Month of the for New Moon Phase for Full Moon Phase all Days
Month ' . of Moon
Four Four [All Four Four |AT1 Phases
Days Days |Nine Days Days {Nine /
Before | New | After|Days Before | Full | After|Days
New | Moon | New |of New: Full Moon | Full jof Full
i Moon | Day |Moon {Moon | Moon Day | Moon [Moon
; Phase Phase
January . 1.00 0.75{ 0 |[3.00 | 1.67 0.50 0 2.75 | 1.44 1.56
February 2.45 3.261 0 }1.75 | 2.22 0.50 [4.0012.75 ] 1.89 2.06
March 1.83 3.5014.00,)2.25 | 3.00 2.50 12.5013.00 | 2.72 -2.81
April 2.75 2.00 {2.00 { 3.00 | 2.44 1.75 |1.00{1.50 | 1.56 2.00
May - 2.87 2.75 12.00 |1.75 | 2.22 3.50 {7.00{2.25 | 3.33 2.78
June 2.00 3.00 11.00 {2.25 | 2.44 2.25 |3.00{0.75 | 1.67 2.06
July 2.00 1.7511.00 {4.50 | 2.89 2.00 }2.00|2.00 | 2.00 2.44
August 2.31 1.75{ 0 ]2.00 | 1.67 2.00 |2.00 {1.75 { 1.89 1.78
September 2.00 2.50 13.00 |2.00 | 2.33 1.25 {2.00 |3.50 | 2.33 2.33
October 2.08 1.00{ O 1.50 | 1.11 3.00 |0 2.50 | 2.44 1.78
November 2.83 '2.25 13.00.12.25 | 2.33 | 2.75 |2.0€ |2.00 | 2.33 2.33
December 2.31 1 1.7515.00 {3.25 |2.78 1.25 14.00 }3.00 | 2.33 2.56
Mean* 2.30 - 2.19°11.,75 12.46 | 2.26 1.98 12.46 12.36 | 2.20 2.14
* Mean = (Total no. of arsons)/(Total no. of days) and is obtained from Table 4.22.

i.e., those corresponding to mean number of arsons before and after new
moon day, and for the remainder of the month, are coming from the same
population and each one of these distributions differs significantly from
the distribution of the number of arson incidences on the new moon day.

We also notice from Table 4.23 that at the mdst for five months the

number of arsons .on the new moon day exceed the mean-number of arsons before

or after that day. Hence the data for the four day period before and after

new moon does not support the .general findings that the peak of arson
activities occurs on the new moon day, (See Icove and Keith.)l

In fact, the

Kolmogrov-Smirnov test shows that there are more arson activities on days before

and after the new moon than on the new moon day.

from the overall mean for the new moon day.

. The overall mean for the
four day period before or after the new moon does not differ significantly

Thus, the mean number of arson

“incidences for the four day period before or after the full moon day is some-

what similar to the number of arsons occurring on the new moon day.

el

1D.J. Icove and P.E. Keith (1981), op.cit.

il
i
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Comparison of the distribution of the mean number of arson incidences
for the four-day period before the full moon to a similar distributinn for the |
fullmoon day shows significant differences between these two distributions.
However, there exists no significant difference between the distribution
for the number of arsons on the full moon day and the mean number of arsons
for a four-day period after the full moon. Similar conclusion car he
drawn when we compare the distributions of arsons for the full me lay
to that of the average number of arsons for the remainder of the w.ith.

Finally, we conclude from the Kolmogrov-Smirnov test that there is more
arson activity on the full moon day than the average for the preceding
four days only. Thus, the data for Newark does not support that there
are more arson activities on the full moon day than the average for the
four days following it.

SUMMARY

In this chapter we have analyzed the data for the variables "month,"
“day," "hour,” and “census tracts" to find if there exist any specific
patterns Tor committing arsons in Newark. We found that, although the month
of January experienced the lowest arson activities during 1980, such was not
the case during 1981. This suggests that there are no significant differences
in the arson activities by month during 1980. Similarly, we find that there are
no significant seasonal variations or day to day variations in the arson
activities. Also, the data do - not support that there is an increased
arson activity on weekends than on the week days. On the other hand,
more arsons take place on Mondays, Thursdays and Fridays than on
Saturdays and Sundays. However, signiticant differences do exist in the
commission of arsons for different hours of each day of the week. For example,
there are twice the number of arsons during the twelve-hour time
period from twelve noon to'midnight than during the time period midnight
to twelve noon. There are also substantial and significant differences
in arson activities for shorter time intervals than the said twelve-hour periods.

The analysis of arsons by structure shows that about fifty new
structures are torched every month. About 72% of all arsons are one time
arsons during the year,affecting 87% of all the arsoned structures. This
clearly suggests that arson is wide spread in Newark. Had the case been
otherwise, 50% or fewer structures would have been affected by a single
arson during this period. Another.indication of the widespread arson is
the fact that almost 90% of the census tracts are affected by it. =

Almost 83% of the arsons occur in fire districts I, III, and IV, .
with one-third (33.4%) occurring in fire district IV. Thus, ‘
fire district IV experienced significantly high proportions of arsons
during 1980. ' -

()

()

O
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___In our earlier analysis we obseryed that there are no significant
d}ffﬁregces in the distribution of arsons by month. However, analysis
of the data for census tracts experiencing more than twent i
ts exp Yy arsons durin
1980 shows that there are significant differences in the distribution ’
of the number of arson incidences by month. During the year, the months

2i Fibruany, March, and June experienced the most arsons for these census
acts.

Finally, the analysis of lunar trends shows that SiX-tenths of the
arsons occur during six-tenths of the month which is the period corres-
ponq1qg to the full and new moon phases. Further, there is more arson
activity on the full-moon day than on the new-moon day, but the mean number
of arsons for each month are not significantly different for these two days.

There are higher mean numbers of arsons during the remainder of the month, the
fougaday period gefore the new moon, or four-day period after the new moon than
on the new moon-day itself. This trend for Newark is quite contrary to
the ggnera]]y obsgrved trend: For the full-moon phase we found thd% there
are significant differences in the distributions of the mean number of
arsons for the full-moon day as compared to a four-dav period before
the full moon. 1y this case, the ‘data does support the general finding:
that~there‘are increased arson activities on the “full-moon day than on the
four-day period before the full-moon day.
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CHAPTER V
REPEATED ARSONS

INTROBUCTION

In the last chapter we studied the patterns of arson for
structures experiencing a single arson during 1980 as well
as those structures that were arsoned more than once during the
same period (called repeated arsons here). We have also seen in

Table 4.1 that 13% of the population of structures experienced

28% of the arsons during 1980, Each structure among these experienced
two or more arsons during this period. It may be interesting to

study the characteristics of these arsons relative to the variables

of month, day, hour, and census tracts of occurrence of these arsons.
Also, to study patterns for these arsons, we consider only those
repeated arsons that occurred during:the year 1980 and not the

entire study period. The phrase "repeated arsons" is used here to

mean arsons of the same structure more than once. Also, "all

arsons" or "all arson incidences" means arsons of all structures

be it once or more than once. '

There were in all 261 repeated arsons during 1980 and accounted for
about 31% of the total number of 834 arsons during the same period.
These 261 arsons occurred in 90 new structures that were ignited

during 1980. Thus, every new structure that experienced more than one arson

during 1980 was ignited on an average of three times during 1980. From
Table 4.1 we see that about 73% of the structures among those

having two or more arsons . experienced two arsons and about 12%
experienced three arsons during 1980. This also indicates

that arson is widespread in Newark. Otherwise, we would have ex-
pected much higher frequency of repeated arsons for a small number

of structures.

ANALYSIS OF REPEATED ARSONS BY MONTH AND BY DAY.

In Table 5.1 the distribution of repeated arsons by month is

- given. The month of January has the lowest number of arson incidences

in the case of repeated arsons (Table 5.1) as well as in the case

of all arsons (Table 1.5). However, for other months the order is
quite different. For example, the highest number of arsons, 88 occur
in the month of May in the case of all arsons while November ex-
perienced the highest number of repeated arsons. (However, the Kolmogrov-
Smirnov test shows that there is no significant difference between

the two distributions.) Moreover, since the Spearman's rank co-
orelation coefficient Y. = 0.547 is significant at the 5% level of
significance, we conc1uae that there is a significant correlation
between the number of all arson incidences occurring every month

and the number of repeated arsons occurring in that month. Thus, any
efforts to reduce ail arsons will also help in reducing the incidences
of repeated arsons. Finally, we notice that there is no significant

81

B O

82

difference in the occurrence of the number of repeated arson< for the

four seasons of a year, i.e., i { ,
(X*='3.077, on 3 d.f.). winter, spring, summer and fall

TABLE 5.1:- Distribution of repeated arson by months for the year 1980,

Month Repeated Arsons
Cumulative
Number Percent - percent
January 8 3.06 3.06
February 24 9.20 12.26
March 21 8.04 20.30
Aprit 12 4.60 24,90
May - 26 9.96 34.86
June 31 11.88 46.74
July 23 | 8.81 55.55
August 22 8.43 " 63.98
September 25 9.58 73.56
October 15 5.75 79.31
November 34 13.03 92.34
December 20 7.66 100.00
Total 261 100.00 —

Similarly, the largest number of re eated arsons oc
Sundays, (See Table 5.2) while the 1arges¥ number of all gggogg
occurs on Mon@ays. Thus, we find that the pattern of arson incidences
is somewh§t g1fferent for the days of a week. ‘The Kolmogrov-Smirnov test
does not indicate any significant difference between the distribution

by day of repeated arsons and'all arsons. ‘Also, we find fhat>the(Speaﬁ&~-;'

man's rank corralation coefficient Vs = 0.5804 is not signifti
( ation t 's = 0. ignificant at
t?e 5% level of s1ap1f1cancg. (This indicates that the number of incidences
§” r$?eated arsons is not s1gnﬂf1cant1y,re1ated to the number of!incideﬁces
t;eaweezrsg??. inbo§her gor S, @ measure to reduce all arsons by day of
Will not bring about a significant reduction in the f
repeated arsons by day of the week. \ 1o n the number of
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-k TABLE 5.3:- Distribution of repeated arsons by p s of t . . '
| week for the year 1980 | Y months of the year and by days of the
TABLE 5.2:- Distribution of repeated arsons by day of the week ; 1 ™
for the year 1980. I
h Month Sunday! Monday | Tuesday | Wednesday | Thursday Friday | Saturday | Total
Day Repeated Arson o January;” . : 0 . )
1 0 8
Cumulative - February 4 1 4 5 4 3 3 24
Number Percent percent 7 ‘ 7 March 2 4 1 3 2 3 6 21
Sunday 49 18.77 18.77 o0k April 3 2 1 1 2 1 2 12
Monday 41 15.71 34.48 May 3 4 3 2 3 5 6 26
Tuesday 37 14.18 18.66 | » |June 3 3 4 3 2 2 8 31
Wednesday 32 12.26 |  60.92 July 2 6 8 3 2 1 1 23
Thursday 34 13.02 73.95 o 4 i [August 4 3 2 3 2 6 2 22
Friday ' 30 11.49 85.44 (N I September 5 2 4 3 6 4 25
Saturday 38 - 14.56 100.00 : : : . g
| ¥ [October 1 3 1 5 3 1 1 15
Total 261 100.00 -- ' : ; g November 7 7 4 4 4 2 6 34
) . : 4 December 5 5 5 0 2 1 2 20
| : Total 49 41 37 32 34 30 | 38 261
Let us now consider the distribution of repeated arsons by : 4 i
month and by day as shown in Table 5.3. Using the Friedman's two-wa : : o
analysis ofyvar¥ance technique, we find that %dl = 22.005 (on Y : ? %i:g The ana]ysi§ of varianpe of the above data is shown in the following
gﬁf ' 6 q.f.) is significant at the 5% level of significance. Thus, we | s " table. It confirms that there is a significant difference
o reject the hypothesis that there are no significant differences in in the number of repeated arsons occurring each month.
the occurrence of repeated arsons every month when their distribu-
tions are considered by each day of the week. In other words, there
are significant differences in the occurrence of the repeated arsons § 5 e A ) . o
by each day of the week for the twelve months of the year 1980. | TABLE-5.4:- Analysis of variance of the distribution of repeated arsons by
For-example, there were more arsons on Sundays, Mondays or Tuesdays 1 : months of the year and by days of the week, )

than on any other day of the week during December, Similarly, Satur-
days or Sundays experienced more arsons during June than any other

day of the week. When'we test a ‘'similar hypothesis for the days of :
the week, viz., that there are no significant differences in the dis- , ' 3 . - :
‘tribution of repeated arsons for days of the week when these distri- 4 . Source / Degrees |  Sum of . [ Mean Sum | F-value

butions are considered monthwise, then since the observed value of of Freedom Squares ' | of Squares:
~x*= 6.768, (on 1 d.f.) is not 'significant at ‘the 5% level of signifi~

: cance, we conclude:that there is no significant difterence in the : ; gonths | 1 86.321 7.847 2.360*

it distribution of repeated arsons by days of the week for each month - ans 1 ¢+ 6 20.286 3.281 1.017

E of the year. It may be recalled that we reached exactly similaw con- R . : rror 66 1 219.429 3.325 .
clusions when we testgd_the preceding type gf hypotheses for all arsons.. :; ) Total 82 396036

* Significant at the 5% level of significance.
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i TABLE 5.6:- Distribution of repeated arson inciderices by 3-hour
‘ time periods of the day for the year 1980,
The following table , Table 5.5, gives the mean number of
repeated arsons per day by months, arranged in the ascending order 1™
of magnitude. Using the Wewman and reuls test we find tiiat the mean % By 'é;i Repeated Arsons
number of repeated arsons for the months of June and Noveiiber are : - Time Cumulative
significantly different from the corresponding figure for the month : - Period Frequency Percent Percent
of January. This result is different from what we observed for ail ] :
arsons. There the mean number of arsons for January differed sig- i 2 0-3 24 9.20 9.20
nificantly from the months of March, May, June, November and Decem- . i 3-6 22 8.43 17.63
: ber. Since the preceding result did not hold true for the year : ; . 6-9 12 4.60 922 .23
1981 (S:ee Sec. 4.2) 1t is expected that in the case of repeated I & 9-12 17 6.51 28.74
arsons, the number of arson incidences will not be s1gn1f1cant1y : i 12-15 37 1 14.18 42.92
different from the rest of the study months of 1981. » ] - 15-18 46 17.62 60.54
i 18-21 54 20.69 81.23
TABLE 5.5:- Mean number of repeated arsons per day, for the twelve ! I 21-24 49 18.77 100.00
months of 1980, arranged in ascending order. : i
R Total 261 100.00 --
Jan. Oct. Mar. July Sept. June i o
Month Feb. Dec. Aug. Feb. May Nov Bl |
Mean {1.14 [ 1.71 | 2.14 | 2.86 | 3.00 | 3.14 | 3.2913.43 | 3.57 |3.71 | 4.43/4.86 ,. , o o .
, i g : We‘now consider the distributioen-of repeated arsons for the three- -
’ ' - - - hour time periods by each month of the year 1980, as shown in Table 5.7 below.
gﬁj 5.3 ANALYSIS OF REPEATED ARSONS BY HOUR: G ~ TABLE 5.7:- Distribution of repeated arsons by month and by 3-hour
We now consider the distribution of repeated arsons by three-hour | S time p¢r1ods of the day for the year 1980.

periods,which is shown in Table 5.6. Using the Kolmogrov-Smirnov

test we find that there is no significant difference between the
distribution of all arsons by three-hour period of the day (See Repeated Arsons for the Hours
Table 4.6) and a s1m11ar distribution for repeated arsons during - i
1980, given in Table 5.6. There is also a highly significant , 5 i Month 0-3| 3-6 {6-9{ 9-12 { 12-15 |15-18 |18-21 | 21-24! Total
correlation between all arsons and repeated arsons for the three- - o 1% ‘ '
hour periods of the day (Spearman's rank correlation coefficient o o January 0 0 1 2 4 0 0 1 8
r¢ =0.9524), Furthermore, we notice from Table 5.6 that about 2.7 . e February 3 3 2 0 3 3 7 3 24
times repeated arsons occur during the hours of 12 noon to 9 p.m. March R 2 0 1 5 5 2 5 21
as compared to the hours 3 a.m. - 12 noon. We recall that a similar S I ~f April 2 0 0 1 1 3 2 3 12
statistic for all arsons is 2.3. Thus, we observe thatithe distribution < b May 3 1 1.] 3 2 6 5 b 426
n of all arsons and repeated arsons are very similar for the three-hour P : June 3 5 1 2 2 8 . 5 5 31
B : time periods. , ; - e July 2 1 1 1 5 5 4 4 23
‘ i : i August 2 2 1 0, 3 2 9 3 © 22
2 13 " | September 2 2 1 0 3 ) 4 7 25
‘ 5 October. 4 1 3 {1 1 0 3 2 15
November 2 3 1 2 A 4 8 7 34
December 0 2 0 4 1 4 5 4 20
Total 24 22 112 17 37 46 54 49 261
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Using Friedman's two-way analysis of variance me?hod, we fjnd
that the distributions of repeated arsons by months differ signi-

ficantly ever at the 1% ievel of significance (X2 = 32.521 on 7 d.f.) for

the three-hour periods. Also, using the same mgthoq we find.that the
distribution of repeated arsons by three-hour time periods differ
significantly, at the 5% level of confidence, for the twelve months
of 1980.

TABLE 5.8:- Analysis of variance of the repeated arsons by months
and by 3-hour time periods of thé day.

Degrees Sum of ~.. | Mean Sum | F-value
Source of Squares of
Freedom Squares
Months 1 75.531 6.866 2.623%*%*
Hours 7 148.323 21.189 8.094%*
Error 79 201.552 2.618
Total 95 425.406

** Significant at the 1% Tevel of significance.

We have already seen in Sec. 4.2 that months differ significantly
in the distribution of repeated arsons and also we determined months
for which the mean number of repeated arsons differ signifigant]y
from other months of the year 1980. In the analysis of variance
above,Table 5.8, we again find that the mean numbers gf.repeated arsons
are significantly different since the F-value is significant at the 1%

level of significance. We also obgerved, tas:should be expected, that the

mean number of repeated arsons by three-hour period are signifirently
different. We now find out for which time periods these mean values

differ significantly. Using the Newman and Keuls test we arrive at the

following conclusions regarding the mean number of repeated arsons
for the three-hour periods (See Table 5.9):

a) The mean for the hours 6-9 differs significantly from
T the corresponding values for the hours 12-15, 15-18,
' 21-24, and 18-21.

b) The mean for the time period 9-12 differs significantly
from the corresponding values for the hours 15-18,
21-24, and 18-21. , P

¢) The mean for the time period 3-6 differs significantly
from the corresponding vaiues for the hours 15-18,

21-24 and 18-21.

d)  The mean'for,the time beriod 0-3 differs significantly
from the corresponding values for the hours 15-18,
21-24 and 18321.

~ We notice that these results are somewhat simi]ar to what we
observed for all arsons, (See Ch.IV, pp.67).

e

B

&

TABLE 5.9:-

Mean numbers of repeated arsons by 3-hour time
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5.4

periods of the day arranged in ascending order.

Time

Period 6-9 9-12 3.6 0-3 12-15  15-18  21-24 18-21

1.83 2.00 3.08 3.83 4.08 4.50

Mean 1.00 1.42

ANALYSIS OF REPEATED ARSONS BY CENSUé;TRACTS

We now consider analysis of the repeated arsons by census tracts.
As shown in Tablie 5.10, 43 census tracts had no such arsons. Nine

census tracts that experienced only one arson during 1980 were also

arsoned sometime in the first four months of 1981.

census tracts that had 10 or more arsons during 1980.

be considered Tater in this secticn.

TABLE 5.10:- Distribution of census tracts (CTs) by number of repeated

There are six

These will

arsons
No.of |[No.of | Cumulative | No.of | No.of |Cumulative| No.of |No.of | Cumulative
. No.of No.of : No.of
Arsons CTs. CTs Arsons | CTs CTs Arsons | CTs CTs
0 43 43 4 3 78 8 6 89
1 9 52 5 1 79 9 3 92
2 18 70 6 3 82 10/over; 6 08
3 65 75 7 1 83 — -— —
Total —_ —_ -— —_ — . | 98 -—

As should be expected, the distribution of census tracts by number
of repeated arsons is not similar to that for all arsons (See Table 4.15).
A very large proportion of census tracts did not have any repeated arsons during
1980. Out of the 43 such census tracts in the above table, 11 census
tracts had no arsons at all as shown in Table 4.15. The remaining 32 census tracts
had only one arson during 1980 and hence, by definition of repeated
arsons, are shown to have no &rsons in the above table,

Consider now the distribution of all arsons and repeated arsons
by fire districts. Roughly about one-third of the arsons are repeated
arsons for FDs' I-IV combined. There are significant differenges : ’ .
in the occurrence of repeated arsons for these four district. (X¢ =19.98 on 3 d.f.),
with FD II haying almost half the number of.repeated arsons than each of
the remaining three fire districts. Similarly, the number of repeated

arsons for FD V is significantly lower “than the rest of the FDs.
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ok ascertain the probability of occurrence of a subsequent arson on a

| specified day.
TABLE 5.11:- Distribuiion of all arsons and repeated arsons by

fire districts (FDs)

Table 5.13 gives the fre

4

. quency distribution of the number of sub-
. : ; i%,ﬁ sequent arsons, from the day of the preceding arson, by selected time
- | ‘ . : I periods of the year 19580. To clarify the table, consider three arsons
{ e Number of = Number xf percents that occurred for a structure on, say, 5/11/80, 6/1/80, and 8/9/80.
~ District A1l Arsons Repeat Arsons

é | ‘i The arson on 6/1/80 occurred exactly on

the 21st day from the occur-
L rence ot the arson on 5/11,80. Similar]

L 212 63 ' 29.

. Y A Y> the arson on 8/9/80 occurred
7 - in the period 1-2 months from the occurrence of the previous arson
II 102 36 35.3 : . of 6/1/§0. _lh1§ procedure generated a total of 147 arson incidences
111 202 75 g;-; L i and their distribution is shown in the following table.
I 279 83 . . v : e
1¥ gg ‘ 1 10.2 5 15 TABLE 5.13:- D1s§r1but1on of subsequent arsons for a structure by setlected time
- i B periods for the year 1980.
Total 834 261 31.3 i ”v ,
* t rsons to all arsons. : . :
Percent of repeated ar ' | i b Time No. of Percent Cumulative Time No. Of Percent CumuTative
In Table 5.12 below, we consider census tracts with 10 or more . CE ) - of total . of tota]
repeated arsons. We notice from this table that for most of Ehgﬁg - i Period Arsons __ Arsons Percent Period _Arsons  Arsons Percent
census tracts repeated arsons accounted for a major portion o e & - \ -
arsons. Thus, using the approach suggested in Sec. 4.4, we can plan o same day 1] 7.483 7.483 3-4 weeks 5 3.401 47.619
. eated arsons. & : 1 Day 10 6.803 14.286 © 1-2 months 27 18.367 67.986
the resources to reduce such rep : % |5
i ; 2 Days 3 2.041 16.327 2-3 months 15 10.204 76.190
y 1 i 3 Days 7 4.762 21.089 3-4 months 14 9.524 85.714
- C (CT) with 10 or more repeated arsons. ) i B 4 Days 1 0.680 21.769 4-6 months 15 .10.204 95.918
N TRBLE 8.12:~ " Census tracts {CT) ‘ 0 : 5 Days 4 2.721 24.490 6-9 months 5 3,401 99.319
I , C : ‘ 1 i 4™ 6 Days 7 4.762 29.252 9-12 months 1 0.681 100.000
2 _ 13 W WK 1-2 Weeks 16 10.884 - 40.136 -——- - -—- -—-
C (1 Fire District Census Number of Number of Percent* G B 2-3 Weeks 6 4.082 44,218 ———— - - -
E - Tract all arsons Repeated o {] o o
. ‘Arsons - e k Total - --= --= . m==- 147 . 100.00 ---
A\ i :
3. I 82 19 12 . 83.2 . % From the above table we observe that the probability of the same
}ﬁ ' £ g structure being arsoned within 15 days of the occurrenca of the last
11 57 23 . 10 - 43.5 H arson is about 40%. Similarly, the probability that the same structure
' 67 25 . 14 56.0 : N will be arsoned within two months of the occurrence of the last arson
. ‘ b e is -about 66%. Since this table is not based on a large number of
Total FD II . 48 24 50.0 . o . arson incidences, some caution is called for in using this table.
1T : 86 29 16 55.2 N “ In Table 5.14, distribution of arsons by day of occurrence of the
. 92 38 22 57.9 i subsequent arson is given together with the day of occurrence of the
Total ED LII - . 67 ' 38 56.7 N . - preceding arson. Thus, for example, if three arsons for a structure
S _ ‘ ' ) Y 3 s take place on Monday, Saturday, and Wednesday. then <¢he first 'subse-
S . v, 3] 18 . 10 . b5.6 0 B quent arson occurred on Saturday, after a first arson on Monday. The
i : - L P . -second one occurred on Wednesday following the occurrence of the arson
1 Total FD I-IV — S 152 84 - 55.3 ( ? on Saturday. This is how the following table has been generated.
* Percent of repeated arsons to all arsons for the census tract. 4k
5.5 ANALYSIS OF SUBSEQUENT ARSONS . o o i |
: ‘Up until now we analyzed patterns of repeated arsons in terms of 1 - ,
f o months? days , ..hours of occurrence and by census tracts., However, 2 :
: ﬂj often it.is usetul to know when the next arson for the same structure ?
Lo will occur. In what follows we ascertain the probability-of occurrence .
i ot the next arson within a spécified time 1n a year. Later we also >
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Table 5.13 and 5.15 together can be used to answer such questions
as: What is the probability that the next arson for a structure

will 'be on a Wednmsday within two months of the occurrence of

an arson on # Wednesday? From Table 5.13 we know that the

TAQLE 5. 14:- Distribution of subsequent arsons by days of the week.

?‘\

SR
2
4

8 éf» The following table gives the probabiiities of occurrence
- of the subsequent arson for each day of the week.

g:} We notice from the above table that there are much greater probabilities
of an arson being committed on Mondays and Tuesdays than on any other days of

! probability of a.next arson within two months is about 0.66+Mul-

‘ ‘ . - Total . tiplying this probabiiity by the probability of being arsoned on Wed-
Day og_the Day of the subsequent arson ) | $e§day, ?hen the preceding arson has occurred on Wednesday, which from
preceding i, Sat.- . able 5.15, 1s 0.316, we find that the required probability is about
arson Sun. Mon. Tues. Wed. Thurs. Fri 1 : *0.21, or equivalently, 21%.

' : 4 5 . 27 e . .

Sunday 5 “6 g g ; 1 3 24 ; VT . One of the Timitations of the above table, Table 5.15, is that

Monday 3 4 1 R 3 2 3 19 1 = it 1s specific for the year 1980 and must be used with caution for any

Tuesday 2 5 5 6 3 0 0 19 . ' -other year. More useful in answering the above type of question will be

Weinesday 2 b - > A 5 3 20 A the matrix of Timiting (ultimate) probabilities.! These Timiting

‘Ehggsday g } # 3 ] 5 3 14 5 probabilities are given in the following table. .

4 Friday ‘ - o) - ‘ '

Saturday 2 5 4 1 2 4 6 2 2 ,

: - . 15 23 147 g TABLE 5-16: Limiting probabilities for the occurrence of the subsequent

Total 21 28 27 17 16 | arson by days of the week.

We : ; of the 24 arsons that took ?
p]aceweogoﬁgngggg tgeai2§X§‘§3gl§qﬁgﬁ§1y occurred on Tuesdays and P Day Sunday | Monday | Tuesday| Wednesday Thursday | Friday | Saturday
o { day 1d be noted that thesé Tuesdays 3 . )
gg;yFr?ggyogrg igldagéesigr??suof the same or the following week N Probability| 0,138 | 0.193 | 0.196 0.103 0.111 0.101 | 0.158
but are the Tuesdays and Friday of the remainder of the year following "
the occurrence of the arson on a Monday. ‘ V g

i the week. It may be emphasized that these probabilities are for the
3 _ | . occurrence of arsons in the long run, assuming that the present conditions
. s ns by days o remain the same in the future as well. Thus any change 1in these conditions
'?. g“ TABLE 5.15:- Probability of occurrence of the subsequent arso Y such as commitment of a larger field staff than the present one by the Fire
¢ . \ the week. Department to fight arson, may alter the above probabilities.
‘/” Total’ As an illustration of how to use the above table, we return to the
Day of the Day of. tne subsequent arson , . ! : - question of finding the probability of experiencing (by a structure) a
preced1gg . T © Wed Thurs. Fri<  Sat. . , - 4 - - subsequent arson on a Wednesday within two months of the occurrence of
arson Sun.  Mon. ues. . - A an arson on Wednesday for that structure. We observe from Table 5-16 that
5 . 0.148 0.185| 1.0- k. 1 E + no matter on which day the arson in question is committed, the probability
Sunday 0.185 81%2% g'élé 8'8;; 8.832 0.042 0.125| 1.0 = of hav!ng the §ubsequent arson remains the same. That is, whether the
. Monday 0.125 0.263 0’211 0.0 0.158 - 0.105 0.158| 1.0 3 H ., arson 1n question is committed on Sunday, Wednesday or Friday, say, the
: Tuesday 0.105 0.316 0.105: 0.316 0.158 0.0 0.0 | 1.0 : ' it © probability that the same structure will have its subsequent arson on '
Wednesday | 0.105 ‘050 0.200 0.100 0.200 +3.180 0.150{ 1.0 § O Wednesday remain .0.103 (See Table 5.16').Since the probability of ‘an
Thursday | 0 0.071 0.072 0.214 0.072  0.143 0.214[ 1.0 *arson within two months is 0.66 (See Table 5.13) the probability of having
Er1day 0'219 O”08 0.167 0‘042 0.083 0.167 0.250] 1.0 2 a §ubsgquent arson on a Wednesday within two months js 0.103 x 0.66 = 0.068,
Saturday 0.083 0.7 - . : : . “or equivalently, about 6.8%
From the above table we find thatuthere”is a 22.2% probability that ] ﬂ 1 S.M. Ross (1972 ): Introduction to probability models. Academic
a structure experiencing an arson on Sunday will have the next arson on ‘ o b :

v Press New York.
éﬁw < a Monday. It may be recalled  once again that this Monday is B

not necessarily immediately following the Sunday on which the arson. ) i
took place but any Monday following that Sunday. , ) | : {

e
s
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5.6  SUMMARY:

gf’ There were about one-third repeated arsons during 1980 that
= occurred in 90 new structures. Moreover, these new structures ex-
perienced on an average about three arsons each during 1980. Similar
to all arsons, the repeated arsons are also wide-spread. This further
strengthens the conclusion of the last chapter that arson is wide-
spread in Newark. ’

The morithly distribution of repeated arsons is similar to all :
arsons.; We also observed a similarity of distributions for the days i
of the week for all arsons/ and repeated arsons. We have also seen 5
that the distribution of ripeated arsons by days of the week do not
differ significantly from month to month. Furthermore, we observed
that the distributions of repeated arsons and all arson are similar ;
when we consider these distributions by three-hour time periods g
of a day. Thus, we conclude that the distribution of repeated arsons
for the variables "month," “day," and "3-hour time period," are similar
to those for all arsons. It, therefore, seems reasonable to conciude
that any reduction in all arsons will bring about a corresponding
reduction in repeated arsons. Analyses of the data for repeated !
arsons ior fire districts and for census tracts with 10 or more aitsons
show similar kinds of patterns as were observed in the case of all .
arsons. This further strengthens the preceding conclusion that there
is no need to treat repeated arsons separately from all arsons when
planning to reduce all arsons. : :

« g:_ Finally, we have presented the probability of a subsequent arson
: within a specific time ranging from none (same day) to one year. This
. table, Tabie 5.13, should prove helpful in predicting subsequent arson
. for a structure. Another table , Tabie 5.16,gives the Timiting (ulti-
; mate) probabilities of subsequent arsons for a structure which experienced
| : an arson in the past.
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