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i

BETTIE NELSON KNUCKLES. Strategies for Investigating Health Outcome
Patterns and an Extension of Mantel's Generalized Regression Approach:
Application to Homicide and Suicide Data. (Under the direction of
ROGER C. GRIMSON and CRAIG D. TURNBULL)

Mantel's generalized regression approach provides a test to de-
tect clusters of events which occur in time and space (Mantel, 1967).
The V-statistic, an extension of Mantel's approach is presented, which
considers the time patterns between pairs of locations with relation-
ship to the distance between pairs. Significance of this statistic
indicates that data from locations that are near each other have con-
cordant cluster patterns and signals the need for closer investigation.

The V-statistic along with other tests and procedures which de-

tect cluster patterns among data which are categorized into time and

space units are presented in a three-part analysis:

1. Time Clustering. The Ederer-Myers-Mantel Test (Ederer et al.,
1964), the Zero-One Test (Dat, 1982), and the Standardized Cluster
Ratio (Grimson, 1980) are used to determine whether clustering exists
across time units and to measure the amount of clustering present for

individual locations.

2. Nonrandom Concordant Patterns. The test for Concordant Non-
random Patterns (Grimson and Ingram, 1983; Ingram, 1983) is used to
determine whether similar or concordant cluster patterns exist across

time for pairs of locations.

3. Time-Space Interaction. The V-statistic is used to determine
whether pairs of locations with high concordances tend to be situated

near each other. When the number of locations is small, significance



is determined through the use of a simulated distribution approach
and for large n, asymptotic normality is assumed and the expected

mean and variance are determined based on Mantel's approach.

A package of computer programs for the tests and procedures is
presented. These methods are applicable to a variety of routinely
collected data. The applicability of these methods is demonstrated

with homicide and suicide data.
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CHAPTER I

INTRODUCTION AND REVIEW OF THE LITERATURE

1.1 Introduction

Cluster analyses have anplications in many discinlines, in-
cluding those of psychiatry, psychology, biology, sociology, and
other applied health sciences (Anderburg, 1973; Blashfield and
Morey, 1979; Caldwell and Heath, 1976). In particular, time-space
cluster methods are concerned with the occurrence of an unusually
large number of cases, deaths or other events, whether in time,
space or both. The occurrence of a cluster does not necessarily
determine the etiology of the event under consideration but may
suggest areas for investigation that wili require intervention and/or
monitoring.

The time-space cluster methods used in this study are appli-
cable to data which can be grouped into time and space units as
shown in Table 1.71. Clustering in space is determined by examin-
ing each column or time unit for a nonrandom distribution of
events across the rows or spatial areas. This distribution may be
due to etiological characteristics present in individuals, or
environmental, biological, chemical, or social factors which are
present in one area and are absent or different from those of

other areas (MacMahon and Pugh, 1970).



TABLE 1.1

DATA FORMAT FOR USE WITH TIME-SPACE TESTS AND PROCEDURES

TIME UNITS
1 2 J C
! M N2 ij Me
SPACE 2 N7 LYIRERILY Noe
UNITS : .. .
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Similarly, clustering in time is determined by examining each
row or spatial area for a nonrandom distribution of events across
the columns or time units. During the time units under considera-
tion, individuals may have characteristics that are etiologically
important in the development of the event and which are different
from those occurring during other time periods. This may be attri-
bufed to factors which are present during one time period and which
are not present during another.

Ihteraction, the clustering of events in space and in time,
is determined by examining the intersection of each row or spatial
area and column or temporal unit. If the events are nonrandomly
distributed, then clustering exists. Knox (1964) defines space-time
interaction as a significant association between short distances
and short times. The concentration of the event is generally
characteristic of a particular time and the changes in time are
more marked in certain places than in others (MacMahon and Pugh,
1970). Usually, if interaction is found to exist, clustering will
also be present in time or space alone. This happens because the
occurrence of an unusually large number of events at a particular
location is usually specific for a particular interval, hence the
interaction.

The time-space methods used in this research include the
Ederers-Myers-Mantel test (Ederer et al., 1964), the Standardized
Cluster Ratio (Grimson, 1980), the Zero-One Tests (Dat, 1982), and
the Nonrandom Concordance Cluster Test (Grimson and Ingram, 1983).

These tests and procedures detect or measure one Or more types of



clustering. They are applicable for readily available data and no
control or comparison group is needed. With the exception of the
Nonrandom Concordance Cluster test, the methods to test or measure
clustering in time do so for single locations. The Nonrandom Con-
cordance Cluster test is a test of nonrandom concordant clustering
between pairs of locations. Nonrandom concordant clustering is de-
fined as clustering that occurs between pairs of locations such that
some dggree of clustering exists along with some degree of concor-
dance.

This dissertation introduces a statistic which provides a
measure of space-time interaction by considering the amount of non-
random concordant clustering or time patterns between pairs of

locations and distances between them. The significance of this

statistic is determined by a permutational approach when N, the
number of locations, is small (N < 25) and by an asymptotic ap-
proach for large N (N > 25).

These cluster methods provide an approach to investigating
patterns of grouped data. They can be readily envisioned when
considering events that are of a contagious nature such as infec-
tious diseases. However, their applicability extend readily to
other types of health outcomes that are not contagious, such as
chronic diseases, accidents, etc. This is illustrated in this -
research by applying these methods to study the patterns of sui-
cides and homicides of residents of North Carolina's 100 counties
over a ten-year period, 1970-1979.

To facilitate the use of these procedures, a computer package .



is presented to assist researchers who are investigating nonrandom
concordant patterns of data which are grouped according to time

and space units.

1.2 Literature Review

1.2.1 Review of Cluster Tests and Procedures

The review consists of several tests and procedures which are

specific for one or more types of time-space clustering:

1.2.1.1 Ederer-Myers-Mantel Test (EMM)

The Ederer-Myers-Mantel or EMM test waskdeveloped to detect
clustering in time (Ederer et al., 1964). The time interval is
divided into subintervals which contain an equal number, k, of time
units as shown in Table 1.2. The number of events, r, occurring
within the ith subinterval is observed. The subintervals are
selected so that the population within them remains relatively
stable. If the number of events is randomly distributed among the
time intervals then clustering does not exist. However, if events
tend to occur in one (or more) subintervals more so than in another,
then clustering is believed to exist and its significance is tested
by the EMM test.

The distribution of r events into n cells is the classical
occupancy problem. Feller (1957) developed the probability of a

given set of occupancy numbers as:

l n! Tyr
P(ry,rys.e. r ) = = 7' T (<)
1°°2 n ryt Tyt o r Ng Ny - n. n

where



TABLE 1.2
DATA FORMAT FOR EMM TEST AND SCR

Time Interval

1 2 N
unit
Space K units = 1 subinterval
Units
2 | -- -— - - -— -
M| - - — - - -




r is the ith occupancy number

"j is the number of cells containing exactly j ba]ls»

Tr.=r and In, =

%ri =r an jnj n
The statistic of interest as an index to clustering is the largest
of the occupancy numbers, m, (Ederer et al., 1964; Mantel et al.,
1976). The expected value and variance are obtained conditional

on ri:

2

E(mllr) = Imy f(m]lr); E(m;[r) = Im f(m][r)

Therefore,
Vmy[r) = E(ng]r) - [E(m[r)]°

The EMM test is used to test time-space interaction by ob-
taining the maximum number of events within each subinterval for
two or more geographical or spatial units. The maximums are added
across space-time subintervals to obtain the observed total maximum,
Zm]. Its significance is tested by a one-degree of freedom chi-

square: 2
[Zm] - E(Zm])]

2 -
X vV(m,)

Ederer et al. presented a continuity-corrected x?. However,
evidence suggests that such results are too conservative, failing
to reject the hypothesis as often as it should (Grizzle, 1967);
hence, this research presents the uncorrected chi-square values.

Ederer, Myers and Mantel presented this technique using 333

cases of leukemia from 169 Connecticut towns over a 15-year period.



The data were divided into three groups of five years each. The
effect of trend over a five-year period was thought to be negli-

gible. The results were:

Imy = 121.36; E(ZmT) = 121; ZV(m]) = 20.19

(1121.36 - 121] - 0.5)2/20.19

>
[]]

0.0064

Thus, the.authors concluded that there were no important departures
from randomness in the childhood leukemia incidence.

Ederer, Myers and Mantel provide tables of the expected values
and variances of my values for up to 15 cases distributed among

three, four, or five time periods (EMM, 1964). Mantel, Kryscio and

Myers (1976) extended these tables to provide values covering up to
500 cases distributed among two or three time periods and up to 200
cases distributed among four or five time periods. Asymptotic

formulas are provided for values not covered in the table.

1.2.1.2 Standardized Cluster Ratio (SCR)

The Standardized Cluster Ratio or SCR provides a measure of
changes in nonrandom incidence over time (Grimson, 1980). The data
are divided into space-time intervals as shown in Table 1.2. The
N time intervals are divided into subintervals of k time units. A
space-time unit (S-T) is a single k-year period in one area. The time

frame k for which on the average the groups or units have an unusuali,




large number is termed the multinomial cluster modulus. The SCR

_ Z0(max)
SCR = ZE%maxi

where O(max) = O(max|r,k) is the observed maximum number of cases

is defined as

in each subinterval. [t is dependent upon the number of cases, r,
among k units. The E(max) = E(max|r,k) is the expected maximum
number of cases under the null hypothesis of random occurrence.
It too is conditional on k and the total number of cases, r. The
expected number in a cell is obtained for each distribution of r
objects into k cells. The maximum number and variance are based
on a classical occupancy problem, the random distribution of r
objects into k cells. The maximum number in a subinterval is ob-
tained for each subinterval. Tables by Mantel et al. developed
for use with the EMM test provide the expected mean and variance
for certain values of r and k (Mantel, Kryscio and Myers, 1976).
The SCR provides a measure of the amount that the incidence
exceeds what is expected during the time interval under analysis.
It is advantageous in that it is applicable in situations where
the population base is not known but is regarded as stable over

short periods of time.

1.2.1.3 Scan Test

The Scan test is used to detect clustering that occurs in
time. It was initially studied by Naus (1965) who derived its

distribution, mean, and variance. The statistic of interest is
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the maximum number of observed events occurring in an interval of
fixed Tength, t. It is obtained as the interval is allowed to
scan the entire time period, T. If the events do not cluster in
time and if the population remains constant, then one would expect
the points to be distributed randomly over time.

The probability that the maximum number of points in any
interval of length t exceeds or is equal to n, under the hypothesis
that N events are randomly distributed over the interval T, is
p = P(H,N,r), where r = t/T. This ratio is expressed as a frac-
tion, 1/L, where L is the interval of fixed length, t, divided by
the Tength of the entire time period, T.

Tables are presented by Wallenstein (1980) which facilitate

the use of the Scan statistic by providing the Tower tail of the

distribution for N = 10,12,...,30,35,...,95,]00 and L = 4,6,8,12,
15,24. Additional tables are available from Wallenstein; however,
interpolation is required for many values of L. The use
of the table is facilitated by making use of the fact that P(n,N,t")
P(n,N,t) < P(n,N,t') whenever t" < t < t'. For N greater than 100,
p-values are not given, which severely limits the applicability of
this statistic.

Wallenstein illustrated the Scan test by using trisomies among
karotyped spontaneous abortions in three New York City hospitals,
by calendar month of the last menstrual period. Using t = 2 months,
the maximum number of trisomies in any 60-day interval was 14. The
probability of observing 14 trisomies in a two-month period, given

62 trisomies were randomly distributed over a 24-month period,
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P(14,62,1/12) was found to be significant, 0.038.

1.2.1.4 Zero-One Matrix Test

These are three different tests which are specific for
clustering in time, space and their interaction (Dat, 1982). The
area and time under study are divided into time-space units to

form a two-way table as shown in Table 1.3.

TABLE 1.3

DATA FORMAT FOR ZERO-ONE TESTS

Time Interval Total
1 2 3 ... J ..., ¢

Vingp nyp g nij el M.

2 M1 Myy  Mpg el Mps o.My N

SDQCE 3 |n n n n n n
Units 31 32 33 3] 3c| 3
i nie

r ‘irl an nr3 nrj Mpe n.

Total N, n., n.s n; N.e M.

nij is the number of events in the ijth space-time unit; i=1,...,r,

J=1,...,c.

i. Test for Time Clustering:
The test statistic to test clustering in time is

A =T
= d. .
ij '
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where

0 if ”ij < ni_/c

% |
1 if nis 2 n;./c

The measure, aij’ is distributed approximately as a Bernoulli
distribution with p = 1/2. If the cases are randomly distributed
across the interval, one would expect ni_/c to be about the same
in each cell and A would be large. However, if the cases are not
randomly distributed, then one would expect some cells to have a
]arger.number of cases than others. A would therefore be smal]
since there would be a number of cells where aij equals zero.
Therefore, a large value of A indicates cluster avoidance and a
small value of A indicates clustering in time.

Under the null hypothesis of no clustering in time, an approxi- . -
mate distribution of A is binomial with p=1/2 and with n = rc,
from which the significance level of the test statistic can be
obtained. When n is Targe1, an approximate distribution of A is

a normal distribution with mean equal rc/2 and variance equal rc/4.

From simulation results, Dat (1982) found that the distribution

rc
of A = LT aij is closer to the binomial distribution when aij is
1J
defined as:

0 if n.. < [n.

i3 ;./c - 0.5]

a.. =
i
1 if N 2 [ni./c - 0.5]

where [x] is the smallest integer larger than x. Dat's simulation

]The normal approximation is adequate for most purposes so long as
np and nq are > 5 (Remington and Schork, 1970) .
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results showed the binomial approximation gives a conservative
estimate of the null distribution of A. Using a least squares
model, Dat obtained estimates of the expected value and variance

as follows:

m
—
>
~—
i

m(0.6 + 0.3(D))

<
_——
I>
S
1]

0.155-E(A),

where m is the number of time units, n is the number of events,
and D = n/m - [n/m - 0.5]. This test provides a test of time-
space- interaction in the sense that clustering across time inter-
vals is tested for each space unit. The test is sensitive to

clustering that occurs in time.

1i. A Test for Space Clustering:

The test statistic is

rc
B=2Zb..,
ig ™
where .
0 if n; < [n.j/r - 0.5]
ij - _
1 if niy 2 [n.j/r - 0.5]

Under the null hypothesis of no clustering in space, the approxi-
mate distribution of B can be evaluated in the same manner as that
of A. The populations under study in the time-space units are re-
quired to be equal in size. This requirement usually does not hold
so that the frequencies have to be adjusted by using rates instead
of frequencies. This test also provides a test of space-time inter-

action since for each spatial unit, clustering is evaluated across
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temporal units.

~iii. Test for Time-Space Interaction:

The test statistic is

rc
C=12Irc,.,
ig ™
where _
0 if ns < (n.. n.s/n.. - 0.5]
Cij = |
J o if N5 2 [n,. n./n.. - 0.5]

Under the null hypothesis of no time-space interaction, the ap-
proximate distribution of C can be valuated in the same manner as
that of A. The populations within each time-space unit are not
required to have equal size as with the stgtistic B discussed
above. This test is sensitive to clustering that occurs in time

and space together, but not separately.

1.2.1.5 Knox's Test

Knox uses a contingency table approach to evaluate space-time
clustering (Knox, 1964). Each of the n(n-1)/2 pairs of cases are
classified as being close or far apart in time and close or far

apart in space as in the table below:
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TABLE 1.4: Knox's Contingency Table for Time-Space Clustering

SPACE
Close Far TOTAL
Close a b atb
TIME Far c d c+d
TOTAL  a+c b+d gﬁg%ll

From the marginals, the expected number of pairs which are
close both in time and in space can be computed in the usual
manner. The significance of the observed number of close pairs
is then tested by the Poisson distribution (rare events), the
empirical distribution (small n), or the normal distribution

(large n).

1.2.1.6 Test of Nonrandom Concordant Clustering

The test of nonrandom concordant clustering allows one to inves-
tigate patterns of events between pairs of locations over a period of
time (Grimson and Ingram, 1982). It tests whether the data
exhibit concordant nonrandom patterns. The test will be signifi-
cant if concordance occurs in combination with some degree of
clustering in time. Consider incidence or morbidity data that
occur in the same t time cells in two different locations, A and
B, containing Ny and n, cases respectively. The statistic of

interest is

where
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1 if events i and j occur in the same time cel]
0 otherwise

A computing formula for X is:

where a, and bk are the number of events from lTocations A and B,
respectively, that fall into the kth time cell.

The nistribution of X is based on random allocations of Ny
events in series A and n, events in series B. Under the null
hypothesis of no concordance between the series and no time cluster-
ing, the N and n, are mutually independent and are distributed
randomly among the t time cells. The probability of an event
being in a given time cell is 1/t.

The first two moments of X as derived by Grimson and Ingram
(1982) are:

E(X)
V(X)

N/t
E(X) [(t-1)/¢]

where N = n]-nz.
The formula for the exact p-value of X is complicated and

is generally impractical to use:

P(X > x concordant pairs) = - ln kEx 3 bz-k T T 5 2 5
t 172 171 "1 9 IR
b=k,
k]+ ..+kt=k
a1 + .+at=n]
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Since X is the sum of N dependent Bernoulli variables, its dis-
tribution is not normal. However, the first three moments of X
»are identical to that of a binomial with parameters N = nyen, and
p = 1/t (Grimson and Ingram, 1982). The dependencies among the
Xij affect only the fourth and higher moments. The distribution

of X is closely approximated by the binomial distribution which,

as N+, is distributed asymptotically as a standard normal vari-

able:
7 = X - E(X)
WV (X)

Simulation results by Grimson and Ingram indicate that for p = 0.05,
the critical value of X is within #1 unit of that determined by

the normal approximation. For p > 0.05, the normal approximation
gives a slightly conservative test. A slightly anti-conservative
result is obtained by the normal approximation when p < 0.05.

The hypothesis of interest is that events in locations A and 8
are distributed randomly across time. Alternatively, we hypothesize
that the events in locations A and B are nonrandomly distributed
across time. If the test is positive and significant, then the two
lTocations exhibit concordant clustering. If negatively significant,
then discordant clustering exists.

The example below illustrates the use of the test of nonrandom

concordance.
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TABLE 1.5

ILLUSTRATION OF ONRANDOM CONCORDANCE TEST

Time Interval

LOCATION 1 2 3 4 5 TOTAL
A 1 4 2 14 5 26
B 7 1 3 16 3 30
Col. Products: 7 4 6 224 15
X = 256, E(X) = 156, V(X) = 124.8

- 256 - 156

e T vire

8.95 » P < 0.0001

The hypothesis of random distribution of events in locations A
and B is rejected. This value of 7 indicates that the incidence
patterns are nonrandom and similar and part of the same clustering

phenomenon.

1.2.1.7 Mantel's Generalized Regression Approach

Mantel presents a statistic which is based on the relation-
ship between the temporal and spatial separations for the n(n-1)/2
possible pairs which can be formed from the observed cases of
disease (Mantel, 1967). Of concern is the situation in which re-
lated disease cases occur closely together, both in space and in

time. The statistic is:
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where

xij is the spatial measure between points i and j

Yij is the temporal measure between points i and j.

This is a corrected form of correlation coefficient but the values
of each measure are dependent. A transform is suggested, the
reciprocal of the absolute distance, to emphasize the closeness
of cases in time and space rather than their distance. The trans-
formation is applicable to both the temporal and spatial distances.
The addition of a constant to the distance before trans forming
minimizes the effects of zero or extremely short distances.

With n locations in space and n locations in time, there are
n! equally Tlikely pairings of locations in space with locations
in time. Ideally, the distribution of Z is obtained by listing
all of the n! possible permutations and computing Z for each one.
The null distribution of Z is then obtained against which the
observed value of V is judged. As n becomes large, this procedure
becomes prohibitive and a Monte Carlo approach is a practical alter-
native. The randomization scheme is repeated enough times to obtain
an empiric distribution which is adequate for significance testing
purposes.

For large n (n > 25), Z is assumed to be normally distributed,
based on the difference between Z and its expected value relative
to its standard deviation. Mantel develops formulas for the expec-

tation of Z and its permutational variance based on the null hypothesi
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that the n points in time are distributed randomly with respect to ‘

the n points in space. Regarding the X matrix as fixed:

E(Z) =TT X,.L¢ 1J
-lJ 1\] i J nn‘]
(z 1 %)% (21 )?
V(Z) = LT 1T X, X, E(Y..Y,,) - =3 N
ij ke ke ij kL nz(n-])z

Mantel provides a computational procedure to develop the variance
of Z. This research provides an extension of Mantel's test and the
procedures discussed by Mantel are applicable to it. The computa-

tional variance procedure is described in Chapter II.

1.2.2 Review of Homicide and Suicide Literature

1.2.2.17 Introduction

Nationally, and in the State of North Carolina, violent deaths ‘ i
such as accidents, suicides, and homicides are among the leading
Causes of death among persons who are less than 40 years of age
(DHEW, 1977; Holinger, 1979). Among North Carolinians ages 15 to
39, these causes of death accounted for nearly 60% of all deaths
during 1977. The impact of such deaths is further underscored when
considered in terms of the expected years of life lost by these
young people.

Homicides and suicides are similar in some characteristics
and are different in others. They are sometimes thought to reflect
different types of acting out behavior. In suicides, the violence
is directed inwards towards oneself, whereas in homicides the vio-
lence is directed outwards towards others. The need for further

study to characterize the relationship is warranted. .
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1.2.2.2 Homicide

Homicide refers to an act in which one person kills another
person. Included are acts such as murder and manslaughter. Jus-
tifiable and excusable homicide are homicides carried out in self-
defense or in the line of duty (Lester, 1973). Some homicides (and
automobile accidents) are thought to be victim-precipitated; that
is, the victim initiates the action that results in physical violence
(Wolfgang, 1958; Seiden, 1969; Voss and Hepburn, 1968). These
deaths may in reality be 5uicides,jhowever, data to substanti-
ate these deaths as suicide are often inadequate and as a result
these deaths are classified as homicides (or automobile accidents).

In 1970, the homicide rate in the United States was 7.8 per
100,000 population. The rate for North Carolina was 12.0 per 100,000
population. States in the southern region of the United States have
higher rates than other regions (Wolfgang, 1958; Lunde, 1976). The
homicide rate in North Carolina had been increasing prior to 1973,
but has decreased since that time with the exception of a slight
increase in 1975 (Figure 1.1). These rates have a wide variation
when considered by categories such as age, race, and sex.

Although the nonwhite (predominantly black) population in North
Carolina made up 23% of North Carolina's total population in 1977,
over 50% of all homicide victims were nonwhite. The ratio of non-
white homicides to white homicides was 3 to 1. Over three-fourths
of all homicide victims were male. Figure 1.2 shows the distribu-

tions of deaths according to age, race, and sex. The gaps between
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nonwhite and white and between male and female homicide deaths

are vividly demonstrated. The rates for nonwhite males are over
100.0 per 100,000 population for each age group between 20 and 50.
The highest rate occurs in the 25-29 year old group (165.2). The
nonwhite male rate is about 11 times higher than the rate for their
white cohorts. The rates for nonwhite females are about the same
as or higher than the rates for white males for most of the age
groups. The highest rate for nonwhite females (39.2) occurs during
ages 30-34 and is twice the rate for white males of the same age
group. The rate for white females is the lowest and varies Tittle
across age groups. Rates for all race and sex groups decrease with
increasing chronological age.

Homicide rates appear to be a function of the density of the
population, being higher in larger cities with populations of size
250,000 or more, rather than in suburban or rural areas (Hirsch et al.
1973; Wolfgang, 1958; Lunde, 19765 Palmer, 1972). This may be a
reflection of the character of many of the major cities -- high
unemployment, mobility, anonymity, low income, poor housing (Palmer,
1972).

The place where homicides occur most often is the home with
the kitchen and the bedroom being the two rooms most frequently
used (Pokorny, 1965; Wolfgange and Ferracuti, 1967). Generally,
the victim and the offender are not strangers; the victim is usually
a friend or a relative (Wolfgang, 1958). Homicides are more fre-
quent on or around holidays than during other times of the year.

This may be because holidays are vacation and leisure times and
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family and friends are together for social events. Rates are
highest on the weekends rather than during the week and at night
(Pokorny, 1965; Palmer, 1972). These are also times when indjyi-
duals are likely to indulge in alcohol. In the United States,
about one-half of both victims and offenders had been drinking
prior to the homicide (Wolfgang and Ferracuti, 1967). The victim
of a homicide and the corresponding offender are more Tikely to be
of the same race (Wolfgang, 1958; Harlan, 1950). During times of
economic prosperity, the homicide rate increases, and decreases

during times of depression (Henry and Short, 1954; Holinger, 1980).

1.2.2.3 Suicide

Durkheim defined a suicide as a case of death that results
either directly or indirectly from a positive or negative act of
the victim himself, which he knows will produce this result
(Durkheim, 1951). An attempt is an act defined in the same manner,
but which does not result in actual death.

The suicide rate in North Carolina has been generally in-
creasing (Figure 1.3). The suicide rates for whites are generally
higher than those for nonwhites. 1In 1977, the suicide rate for
whites was twice the rate for nonwhites. However, if black suicides
are omitted from the nonwhite total, the suicide rate for other
nonwhites, particularly American Indians, increases dramatically,
and at some points exceed the rate for whites (Dublin, 1963;
Frederick, 1978).

Although suicides are often assumed to be a white phenomenon,
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recent statistics indicate that this is not the Case if one con-
siders age and race as factors (Dublin, 1963; Hendin, 1969; Davis,
1979; Holinger, 1978; Bush, 1976) . Among whites, the suicide rate
increases with chronological age, while among nonwhites the peak
rate occurs during early adulthood. During this time, the suicide
rates for young nonwhite males approach or exceed the rates for
their white cohorts. For example, in 1977 as shown in Figure 1.4,
the highest suicide rate for young nonwhites occurred during the
25-59 year old age group and the rate for this age group was highel
than that for their white cohorts. Thus, during early adulthood,
the life expectancy of young nonwhites is seriously affected by
both homicide and suicide (Gorwitz and Dennis, 1976).

Suicide rates for nonwhite females are generally the lowest
of the four age and race groups (Figure 1.4). The peak rate for
white females occurred during age groups between 35 and 55. At
the older ages, the suicide rates for nonwhites, both male and
female, and for white females are practically nonexistent. A peak
rate at ages 70-74 shown for nonwhite males reflects the occurrence
of only one case and any interpretation should take this into
consideration.

Males tend to commit suicides at a higher rate than females,
with the sex ratio varying depending on the age group. In 1970,
the ratio of male suicide rates of victims under 65 years of age
ranged from 2 to 6 times higher than the rate for females. For
Peérsons who are 65 years ar older, the ratio becomes 22 to 1.

These suicide trends are opposite those found for homicides.
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Suicide rates are highest for white males, next highest are for
nonwhite males, followed by white females, and Tastly nonwhite
females. In homicides, the highest rates are for nonwhite males,
next highest for nonwhite females, followed by white males and
lastly by white females. Suicide rates are highest for elderly
white males and lowest for young nonwhite females. Homicide rates
are highest for young adult nonwhite males and lowest for middle-
aged and elderly white females (Palmer, 1972).

Persons who are divorced commit suicide at a much higher rate
than any of the other marital status groups. The next highest
rate is among the widowed, foilowed by those who were single, and
the Towest rate occurs for those who are married. When age and sex
are considered, rates are highest for middle-aged or older white
males, followed by widowed males of all adult ages and then elderly
single males. The rates for females are lower but follow the same
pattern (Palmer, 1972; Dublin, 1963; Durkheim, 1967; Frederick,
1978).

Suicide rates decline during periods‘of economic prosperity
and full employment and increase during periods of economic depres-
sion (Henry and Short, 1954; Dublin, 1963; Palmer, 1972). Henry
and Short (1954) indicate that the degree of increase is greatest
among the high status categories which suffer a greater loss of
status during economic hard times than do low status categories.
Business conditions tend to have more of an influence on the suicide
rate of males than females.

Studies of the season during which suicides occur do not all
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present the same picture. However, one fact that emerges is that
the highest suicide rate does not occur during the winter months.
Pokorny (1965) did not find any particular pattern by month or
season. Dublin (1963) found that nationally in 1960, the highest
rates occurred during the spring months of April and May. Recent
studies indicate that lately, the suicide rates have taken a bi-
modal turn, with increases in the fall as well as the spring
(Frederick, 1978; Sanborn, 1978; Eastwood and Peacocke, 1976).

Evidence concerning which day of the week that suicides occur
most often is conflicting. In a Minneapolis study, Schmid (1953)
found the rates were highest on Thursdays with the lowest rates
occurring on Fridays and Saturdays (Pokorny, 1965). Frederick (1978)
indicates that Monday is a day on which high rates occur, lending
some support for the notion of "Blue Monday."? In general, one can
say that suicides occur most often during the week rather than on
the weekend. This is opposite the trend for homicides, which occur
more often on the weekend rather than during the week. The time
of day of suicide and homicide occurrences are also opposite. As
indicated, homicides occur most often at night, whereas suicides
occur most often during late morning and early afternoon hours
(Schmid, 1953; Palmer, 1972).

Lester (1975) did not find a tendency for the rate of completed
suicides to be either high or low on national holidays. Phillips
and Liu (1980) indicate that there was a dip in suicides on and
just before major public holidays. However, a peak in suicides

occurred just after the holidays. Since the dip was larger than
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the peak, a net decrease in suicides is shown around nolidays.

A theory put forth by Calvin is that depression during holiday
periods does not necessarily lead to suicide, but rather to de-
pressed feelings or suicide attempts (Frederick, 1978). He
nypothesizes that the suicidal act itself may occur anywhere from
two to three months later.

Suicides are similar to homicides in that they both have
higper rates in urban areas rather than in rural or suburban
areas. During recent decades, the gap between urban and suburban
rates have lessened; however, urban areas remain the areas with
the highest suicide rates (Frederick, 1978; Palmer, 1978).

The reported number of suicides underestimate the actual
number of suicides. Many deaths which are self-inflicted are
not recorded as suicides, but are recorded as accidental deaths,
such as single car automobile accidents, drownings, victim-precip
tated homicides, drugs, falls, etc., so that the number of reporte
suicides is underestimated (Dublin, 1933; Dublin, 1963; National
Association of Blue Shield Plans, 1973; Pokorny, 1972). Some
estimate that the actual figure might be at least twice as high

as the number reported.
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FIGURE 1.7.

NORTH CAROLINA HOMICIDE RATES,
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CHAPTER II

INTROOUCTION OF A NEW TIME-SPACE INTERACTION TEST

2.1 Introduction

This research introduces a statistic, V, which is an extension
of Mantel's Z-statistic (see Section 1.2) which tests time-space
interaction by using the temporal and spatial measure between pairs
of locations. The null hypothesis for the V-statistic states that
patterns across time for pairs of locations are distributed at ran-

dom with respect to the distances between them.

2.2 The V-Statistic

The V-statistic is defined as:

-1
V=375 R .d..,
<3 13713

where Rij is a measure of the amount of nonrandom concordant cluster-

ing between locations i and j and d.. is the spatial distance be-
1)

tween locations 1 and‘j. R:.. is the ratio of X,. to jts expected

iJ 1]
value as obtained from the test for nonrandom concordant clustering
(see Section 1.2):

X. .
ij TEX.

1J
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ij " kz] 3,55

where a, and bk are the number of events from locations A and 8,

respectively, that fall into the kth time cell.

E(X..) = %, where N = n.n,

J

This ratio is independent of the number of cases and as such
provides a useful measure of the amount of nonrandom concordant
clustering between pairs of locations (see Appendix A). Pairs of
1ocafions with similar patterns of occurrences across time have
large R ratios. The inverse transformation of the distances in-
Crease distances which are close together and decrease those which
are far apart. Thus, those pairs of locations with large R ratios
and short distances combine to form a large V-statistic.

The V-statistic provides a method for testing whether data
from pairs of locations with similar nonrandom cluster patterns
across time tend to be situated near each other. If V is large,
then pairs of neighboring locations have incidence patterns that
are similar with some degree of clustering present. A significant
V-statistic may suggest common underlying etiologies and the need
for intervention and/or monitoring strategies or programs. Signifi-
cance is determined in the same manner as that for Mantel's
Z-statistic. The observed value of V may be compared with its exact
distribution which is obtained by permuting the concordance ratios
with their inverted distances. For large n, the deviation of V
from its expected value with respect to its standard deviation is
assumed normally distributed. These methods are discussed in the

following sections.
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2.2.1 Simulation of the Exact Distribution of V

For n locations, the concordance ratios, Rij's’ and the in-
verted distances, d;}'s, each form an nxn matrix. The restriction

i < j is removed from the definition of V and V is defined as:

n
%Rij diJ. , where Rﬁ = dh. = 0.

The two matrices are symmetric with zeros along the diagonals. This
loosening of the restriction has the effect of doubling the value
of V.‘

With n locations, there are (g) possible R ratios and (g)! pos-
sible permutations of the R ratios with the inverted distances that
are equally likely under the null hypothesis of randomization. The

distribution of V is obtained by computing V for each of the (2)!

possible permutations. The significance is obtained by observing
the proportion of V's that are as Targe or larger than that of the
observed V.

As the number of locations increases, the number of permuta-
tions and the cost to produce them increase rapidiy. This research
developed a procedure that provides a random sample of all possible
permutations for significance testing purposes. The permutations
are obtained by arbitrarily keeping the distance matrix fixed and
permuting the rows and columns of the concordance matrix. The per-
mutations are done such that for each row permuted, the correspondin:
columns are also permuted. In this manner, geometric and arithmetic
inequalities are upheld, e.g., dik < dij + djk'

The simulation procedure developed is a FORTRAN-based program .
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which uses the FORTRAN H Extended Compiler. A Tisting of the pro-
gram is in Appendix B. The program computes distances and concor-
dances for all possible pairs of-1ocations. The distances are ob-
tained by converting the latitude and longitude coordinates of the
centers of mass of the population of each county into miles. These
coordinates are available from the Bureau of the Census for each
state and county. The conversion is based on the fact that for the
State of North Carolina, 1° of latitude is approximately 68.9 miles
and that ét:

57.407 miles

H

34° latitude, 1° of longitude

35° latitude, 1° of longitude = 56.726 miles

36° latitude, 1° of longitude = 55.317 miles.

Euclidean distances were then obtained for pairs of counties.

The subroutine, GGPER, from the International Mathematical and
Statistical Library (IMSL, 1982) generates random numbers from 1 to
n, where n is the number of possible pairs of locations. The elements
of the permutation vector determine how the rows of the matrix of
concordance ratios are to be permuted. Once the rows are permuted,
the corresponding columns are permuted in the same manner. V is then
obtained for each permutation. The randomization procedure is repeated
1000 times to obtain an empiric distribution adequate for significance
testing purposes.

The computer program can be modified to allow distance measures
and concordance ratios to be used as input into the program. This
increases the versatility of the program by allowing distances other

than those based on latitude and longitude coordinates to be utilized.
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2.2.2 The Asymptotic Distribution of V-Derivation of the
Permutational Variance: Mantel's Method

As the number of locations, n, becomes large the distribution
of V = % g R. i d;} is assumed to be approximately normal relative to
jts expected value and standard deviation. For n locations, each
matrix, Rijls and d;;'s, are symmetric nxn matrices with zeros along
the diagonal. The matrix of inverted distances is arbitrarily kept
fixed, while the rows and columns are permuted in the manner as de-
scribed .in Section 2.2.1, that is, for any two rows which are per-
muted, the corresponding columns are also permuted. Diagonal elements
remain diagonal under such permutations while nondiagonal elements

appear with equal probability in any of the n(n-1) nondiagonal posi-

tions.

The expected value of V is obtained as:

EEZ 2 R 59 U

E(V)

-1
dij E(Rij)

1]
o]
1

i~
a

—
N e |
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3 W
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The variance of V is obtained as:

var(V) = Var [§<§ R1J ]J
) § 1] 475 dep COVIR,WRy,) (1)

By definition,




37

= E(Q]J sz) - E(Rij) E(Rkﬁ), (2)
where R..
E(Ry5) = ER) = g;ﬁ% : (3)

Var(V) = })7) ;. -Z (R sz) N ]

i1jke

ny 45 Ger ERy5 Reg) - SL— ()

A1l values are known with the exception of E(Rij sz). The deriva-

tion of E(Rij R follow that for E(Y1 as derived by Mantel

k) 2
(1967). There are seven cases which are possible in the general
situation which reduce to three unique cases for symmetric matrices
as shown in Table 2.1. The first column in the table gives the
number of possible product pairs for each case.

In Case 1 for the symmetric matrix, where i=k and j=£, any of
the n(n-1) nondiagonal elements can be in any of the n(n-1) non-
diagonal positions with equal probability. Therefore, the average
value for Case 1, R?j, is the total B_ = }} R?j (column 2) divided
by the number of possible product pairs, n(n-1), (column 1).

The second set of cases for the symmetric matrix have i=k and

j#2. These are cases within the same row; thus for any of the n(n-1)

nondiagonal Rij values, there are (n-2) nondiagonal R:p elements
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remaining in the same row. There are n(n-1)(n-2) possible products
of Rij and Riz‘ For a given Rij’ the total produ;t is obtained by
multiplying Rij by the total for the row and subtracting R?j' 'For
all i and j, the sum is the total of the squares for each row minus
the total of the squares for each Ri
I Ry

The last set of cases have i#k and j#&. These are products of

; (cotumn 2) or H. = Y(§ Rij)z -

cases which are not in the same row or column. For any of the
n(n;1)(n-2) nondiagonal Rij values, there are (n-3) nondiagonal
positions for sz. The total of the product for this case is
K. = (32 Rij)2+2 ) R?j'4 ;(g R].j)2 as shown in column 2 of Table
2.1. The products for cases of d;} d;@ follow those of Rij sz an
are designated in column 3.

Table 2.2 shows the computational procedure developed by Mant

which calculates the mean and variance of V for the symmetric case

as applicable to the V-statistic.

2.3 Illustrative Examples

Hypothetical data are provided in examples below to illustrate
the applicability of the V-statistic. The distance matrix used for
each example remains the same. The distance and concordance matric
are symmetric so only the upper portion of each matrix is shown.

DISTANCE MATRIX
1 2 3 4 5
0.000 10.294 96.783 285.032 66.211
0.000 91.626 295.310 76.011
0.000 343.114  153.866
0.000 223.093
0.000

T HWN —
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TABLE 2.2

PROCEDURES TO CALCULATE THE MEAN AND
VARIANCE OF V: THE SYMMETRIC CASE

The following columns are obtained:

-1
N
-2

2. Row sum of dij

1. Row sum of d

3. Row sum of Rij
2

4. Row sum of Rij

-1
5. Row sum of dij Rij

Necessary Statistics

Ay =1 Column 1 A. =1 Colum (3)
By = 1 Column 2 B. =] Column (4)
=y Column 5
D4 = Y Column (1)2 D, = Y Column (3)?2
Gg = (I Colum (1)2 = a7 | 6, = (I Column (3))* = A’
Hy = D4 - By He =D, - B,
Kd = Gd - ZBd - 4Hd Kr = Gr - ZBr - 4Hr
L =28, 8, T = P/n(n-1) = Var v '
M= 4H_ Hy/(n-2) S=/T=S.E.V
N = K, Kd/(n-Z)(n-3) EV = Ar Ad/n(n—1)
0=a6, Gg/n(n-]) W =1V - EY
P=L+M+N-0 z -4
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Txample 1:
CONCORDANCE MATRIX
1 2 3 4 5
1 [ 0.000 1.667 1.561 0.930 1.276
2 0.000 1.363 0.958 1.008
3 0.000 0.970 0.918
4 0.000 0.864
5 l_ 0.000

V = 0.489 p = 0.026

In this example, high concordances are associated with pairs of
locations that are located near each other. A large value of V is
expected since large concordances are multiplied by large inverted
distances. The p-value from the simulation procedure indicates that
for these data, this particular arrangement of the concordances and
distances is highly significant. Thus, there appears to be some
common etiological or geographical factor(s) operating in locations
which are situated near each other such that the patterns of the

event under study are similar.

Example 2:
CONCORDANCE MATRIX
1 2 3 4 5
1 0.000 0.958 0.930 1.008 0.918
2 0.000 0.970 1.276 0.864
3 0.000 1.561 1.669
4 0.000 1.363
5 0.000
V = 0.336 p = 0.905

High concordance ratios in this example tend to be associated
with pairs of locations that are not close to each other. In this

situation, large concordance ratios are multiplied by small inverted
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distances and a small value of V is obtained. The V-statistic for

these data is 0.336 and from the p-value obtained, represents a non- .
significant arrangement of the concordance ratios and their corres-
ponding inverted distances. The nearness of the pairs of locations

is not a factor in obtaining high concordances.

Zxample &:
CONCORDANCE MATRIX

1 2 3 4 5
1 0.000 1.008 0.930 1.276 0.918 ]
2 0.000 1.363 0.864 0.970
3 0.000 1.667 0.958
4 0.000 1.561
5 0.000

V = 0.349 p = 0.691

This example shows a random arrangement of the concordance ratios
and distances. There is no tendency for high concordance ratios to ‘ ’
be associated with either high or low distances as reflected by the
large p-value.

The smaller the p-value, the more likely it is that pairs of lo-
cations with large concordances are located near each other. Con-
versely, the larger the p-value, the more likely it is that pairs of
locations with large concordances are not located near each other.
With a single statistic, V gives information about the spread of the
event. The study of communicable diseases is one application of the
V-statistic that comes to mind; however, the V-statistic is applicable
to a wide variety of data, as the application to homicide and suicide

data demonstrates in this research.




43

2.4 Summary

The V-statistic is a test of time-space interaction that con-
siders the patterns of occurrences between pairs of counties across
time as well as clustering itself. The statistic is not a complex
one to use, and knowledge of the underlying population is not re-
quired. Knowledge of V gives information regarding the spread of
an epidemic or phenomenon. A significant V indicates that locations
that are close together are experiencing outcomes to a particular
event(s) that are similar across time. Such results suggest the

need for possible intervention and/or monitoring programs.



CHAPTER III

SOURCE AND DESCRIPTION OF DATA

3.1 Descriptive Analysis of the State of North Carolina

The State of North Carolina is composed of 100 counties which
are divided into three physiographical divisions: the Coastal Plain,
the Piedmont, and Mountain (Clay et al., 1975). These divisions and
their corresponding counties are shown in Figure 3.1. North Carolina
is bordered by four states: Virginia, Tennessee, Georgia, and South
Carolina. The counties in North Carolina range in size from 180
square miles (Chowan County) to 944 square miles (Robeson County).

In 1970, the population within counties ranged from 3806 (Tyrrell
County) to 354,656 (Mecklenburg County). North Carolina, mostly a
rural State, has a 55% rural population as compared to 26.5% for the
nation.

Most of North Carolina's urban population is contained in the
Piedmont region, which consists of 42 counties which comprise the
Research Triangle area (Raleigh-Durham-Chapel Hill), the Piedmont
Triad (Greensboro-High Point-Winston Salem), and the Metrolina
(Charlotte and neighboring counties) (Figure 3.1). Of the ten most
populated counties, all but two are in the Piedmont (Table 3.1).

One of the remaining two counties is located in the Coastal region
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while the other is in the Mountain region. Eight of these counties
are also associated with North Carolina's seven Standard Metropolitan
Statistical Areas (SMSAs). Four of the SMSAs are located within the
Piedmont region (Figure 3.1). These SMSAs are composed of 17 coun-
ties which constitute nearly 40% of the State's population.

The counties that are in the Mountain division, the most iso-
lated division, account for one-third of the State's rural population.
Twelve of the 17 Mountain counties have predominantly rural popula-
tions. The Coastal division contains 41 counties, of which 15 are
rural counties. In the entire State, there are 31 counties which con-
tain less than 20,000 persons. Thirty-three counties contain no
urban population and only three have populations that are at least
75% urban.

In 1970, 44 of North Carolina's counties had less than 25% non-
whites (see Table 3.2). These percentages were divided into tertiles
based upon the number of distinct percentages. These are depicted in
Figure 3.2. The intervals are classified as low (0.0 - 10.9%),
medium (11.1 - 33.1%), and high (33.2 - 61.3%). From Figure 3.2, it
can readily be seen that counties with the highest percentage of non-
whites are located in the Eastern portion of the State, mainly in the
Coastal region. All of the counties in the Mountain region are
classified as having a low percentage of nonwhites. The number of
counties in the Piedmont region that are classified as having a Tow
percentage of nonwhites are about the same as those classified as
having a medium percentage. Five of the counties in the Piedmont

region are classified as having a high percentage of nonwhites.
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3.2 Homicide and Suicide Data

3.2.1 Source of Data

The data for this research are homicides and suicides from 1970
to 1979. They were obtained from North Carolina Vital Statistics
Data Files prepared by the State Center for Health Statistics of the
North Carolina Department of Human Resources. The deaths are derived
from death certificate reports and are obtained by county of residence.
[t is estimated that the registration of deaths, regardless of cause,
is 96% complete (North Carolina Department of Human Resources, 1979).
The variables obtained from the data files and used in this study were
age, race, sex, residence county, and year of death.

The deaths are those of residents of North Carolina. Persons
who die in long-term institutions (mental, penal, old age, nursing ‘ .
home, etc.) are considered as residents of the county in which the
institution is located, provided the decedent had resided in the in-
stitution for at least one year (North Carolina Department of Human
Resources, 1979). College students and military-personnel are con-

sidered as residents of the college or military community, respectively.

3.2.2 Data Stratifications and Description

In the analysis, the stratifications for homicides are the same
as those for suicides. The data are divided into two five-year inter-
vals, 1970-1974 and 1975-1979. Analyses are presented for each of
the four race and sex groups as well as for all groups combined.

The data are further stratified according to the percent of the

urban population within each county. The urban population consists .
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of all persons living in a central city or cities and surrounding
closely settled territory and in places of 2500 inhabitants or more
outside of central cities (Department of Commerce, 1970). For these
analyses, counties with at least 60% urban population are classified
as urban, those with urban populations that are less than 25% are
classified as rural. Counties that are a mixture, populations that
are at least 25% and less than 60% urban, are classified as urban/
rural. The counties are shown in Figure 3.3 according to their urban
status ;nd physiographical region.

The counties in the Mountain region are either rural or mixed
(urban/rural). Seventy percent of the 17 counties in the Mountain
region are classified as rural. O0f the nine urban counties, seven
are in the Piedmont region. Counties that are urban/rural constitute
45% of all Piedmont counties. Nearly 40% of the Piedmont counties
are rural. Over 50% of the Coastal counties have populations which
are urban/rural and 41% have populations which are rural. There are
only two counties with urban populations in the Coastal region.

North Carolina has 50 of its counties classified as rural and
41 classified as urban/rural. Forty-four percent of the rural coun-
ties are in the Coastal region, 32% and 24%, respectively, are in
the Piedmont and Mountain regions. The number of urban/rural coun-
ties are about the same in the Piedmont and Coastal regions, 19 and
17, respectively.

Race is an important consideration in the occurrence of homi-
cides and sujcides. By comparing Figures 3.2 and 3.3, we can dis-

cern the racial structure of the counties by their urban status.
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The percentage of nonwhites in the population is shown in Table 3.2
for each county and urban status. A1l of the urban counties were
classified as having a medium percentage of nonwhites in the popula-
tion. Forty-two percent of the rural counties were classified in
the Tow category while 36% were classified in the high category.
Thirty-six percent of the urban/rural counties were classified in
both the high and low categories.

As indicated in Section 1.2.2.1, homicides and suicides are
similar }n some characteristics and are different in others. Table
3.3 shows the number and rate of homicides by race and sex groups
and by urban classification in 1970. Overall, the homicide rates
were highest in the urban counties and about the same in the rural
and urban/rural counties. The rural counties had the highest sui-
cide rates while the rates in the urban and urban/rural counties were
about the same. In the State, the homicide rates were higher than
the suicide rates in urban and urban/rural counties.

Homicide rates for nonwhite males and females were higher than
those of their white counterparts in each of the urban status groups.
The homicide rates for all groups were highest in urban counties and
about the same in rural and urban/rural counties except for nonwhite
females. The homicide rate for nonwhite females in urban/rural coun-
ties was nearly twice the rate in rural counties. The highest homi-
cide rates were generally for nonwhite males followed by nonwhite
females. The rates for white females were lowest, regardless of the
urban status group.

The suicide rates present a different pattern from that shown

‘ ~
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for homicides. The suicide rates were generally highest for white
males and females than for nonwhites. The highest rates for white
males occurred in urban/rural counties followed by those in the
urban counties. White female and nonwhite male suicide rates were
highest in urban counties. The highest rate for nonwhite females
occurred in rural counties. However, the rates for nonwhite females
were based on a total of ten deaths. The highest suicide rates were
for white males, followed most often by white females. The rate for
nonwhife males was higher than that for white females in urban/rural
counties. The nonwhite female rates were lowest regardless of the
group.

Table 3.4 presents summary descriptive characteristics of homi-
cides and suicides for the State, urban, rural, and urban/rural coun-
ties, respectively. The overall mean age for homicides was lower
than that for suicides. For the State and each urban classification,
over 90% of all suicides were white. This trend is different for
homicides. Approximately 60% of all homicide victims in the State
and in each urban classification were nonwhite. The mean age at
which whites committed suicides was from 9 to 10 years higher than
the mean age of death for homicides for the State and for each type
of classification. Among whites, for each cause of death, the mean
age at death was about the same for.each urban classification. With
the exception of those deaths occurring in rural counties, the mean
age of death for nonwhite suicides was only slightly higher than that
for nonwhite homicides, ranging from less than a year to two years

higher. In rural counties, the mean age of nonwhite deaths was
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higher for homicides than for suicides by approximately four years.

The type of classification did not make a difference in the mean age
of deaths for homicides. Those nonwhite suicides occurrfng in rural
counties had a smaller mean age than the State and those deaths in
urban and urban/rural counties.

The highest percentage of all homicides occurred for nonwhite
males regardiess of classification. The lowest was for white fe-
males with the exception of deaths in rural counties. In rural
count%es, the lowest percentage of homicides was for nonwhite fe-
males. The youngest homicide victims were white females in urban
and rural counties. In urban/rural counties, nonwhite females were
the youngest homicide victims. The oldest homicides were white

males and nonwhite females in urban and rural counties. White males

had the highest mean age among the urban/rural counties. For each
classification, white males had the highest percentage of suicides.
The percentage was lowest in urban counties. White male suicides
were older than suicides of other race and sex groups within each
urban classification. White females were older than nonwhites, bott
male and female in each urban classification. Nonwhite males and
females had about the same mean age for urban and rural counties.
The mean age for nonwhite males was lower than that for nonwhite fe-

males in rural counties.

3.2.3 Rates

Rates are generally used to present homicide and suicide date.

This section contains the 1970-1974 and 1975-1979 average annual .
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death rates which are computed as average resident deaths per 100,000
average county population during each five-year period. Tables 3.5 -
3.7 contain these rates for urban, rural, and urban/rural counties,
respectively, for homicides and suicides. The rates are divided into
intervals based on tertiles (low, medium, high) and are shown pictori-
ally in Figures 3.4 - 3.7 for homicides and suicides for each time
period.

From_Figures 3.4 and 3.5, the number of counties with high homi-
cide rates was larger during the second five-year period than during
the first five-year period. For 1975-1979, there were a large number
of counties in the Coastal region with high homicide rates that form
a set of neighboring counties. During the previous five years, they
had either high or medium rates. Four of the urban counties had high
homicide rates in 1970-1974 (Durham, Forsyth, Mecklenburg, New Hanover)
and in 1975-1979 (Cabarrus, Durham, Gaston, Mecklenburg). Cabarrus,
Mecklenburg, and Gaston are neighboring counties. Only Durham and
Mecklenburg are classified as counties with high rates for both time
periods.

Over one-half of the 14 rural counties that were classified as
having high homicide rates during 1970-1974 were included among the
17 rural counties with high rates during 1975-1979. Three of the
eight urban/rural counties with high rates during the first five
years are among the seven with high rates during the second five
years.

None of the urban counties had homicide rates which were lower

than 10.0 during either time period. Nearly one-half of the rural
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counties during both time periods had rates which were classified as

low. There were 13 rural counties during the first time period that

were also in the second time period. Several of the counties with

high rates in 1970-1974 had low rates in 1975-1979. Eleven urban/ .
rural counties had Tow rates during 1970-1974 and nine during 1975-

1979. Six counties had low rates during both time periods.

The counties with the Tow rates tended to be located in the
western portion of the State regardless of the time period. Those
with higé rates tended to be located in the eastern portion of the
State for both time periods. More of the counties with high homicide
rates were rural counties rather than urban/rural counties. This
was true for both time periods. This differed from the usual pattern

of homicides but may be a result of the fact that North Carolina is

largely a rural state. Of the 29 counties with high rates during
1975-1979, 16 were counties which were classified as having a high
nonwhite population.

Figures 3.6 and 3.7 present the corresponding rates for suicides.
A review of these figures reveals that the suicide and homicide pat-
terns are different. The highest suicide rates tended to occur in
the western portion of the State and along its northern border during .
both time periods. The lowest rates were found mostly in the eastern
portion of the State. The number of counties with high rates was
about the same during each period. Among urban counties, only in one
county during the first time period was a high rate of homicides noted
This county was Cabarrus. Durham, Gaston, and Cumberland counties had

low suicide rates for both time periods.
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The majority of the counties with high suicide rates were classi-
fied as rural counties. This was true for both time periods. Again,
this may be due to thé rural nature of the State. With the exception
of Caswell, Granville, and Sampson counties, all of the rural counties
with high suicide rates had populations with a low percentage of non-
whites, less than 11.0%. The largest number of counties with low
suicide rates were also rural counties during both time periods. For
each time period, at least 50% of the counties with low suicide rates
had high ngnwhite populations.

Overall, the average homicide rates for urban counties during
both time periods were higher than those for rural and for urban/rural
counties. Figure 3.8 shows that during 1970-1974, the urban homicide
death rates were higher than those for the other two groups, with the
~ exception of 1971 when the rate for urban counties was 13.6 and that
for rural counties was 14.4. The rates for urban/rural counties were
lowest during 1970-1972. 1In 1973 and 1974 the rates in the mixed coun-
ties were higher than those of the rural counties. During the second
five-year period, the urbran rates were again the highest with the ex-
ception of 1976 when the rates for the rural counties were highest.
The rates for the urban/rural counties were again the lowest during
this time period.

The overall suicide rates for rural counties were higher than
those of the two other groups. Figure 3.9 shows the suicide rates
by urban classification for each year. The rate for rural counties
was highest during ail years with the exception of years 1974 and

1978. The rate for urban counties was higher than those for urban/rural
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counties during the first five years with the exception of 1973 when .
the rates were nearly equal. During the second five years, the rates
for urban counties were always lowest.

The average annual age-race-sex adjusted rates for 1970-1974
and 1975-1979 as computed by the direct method using the 1972 and
1977 State population as the standard are presented in Tables 3.8 -
3.10. These rates are deaths per 100,000 population and are the
rates which would be expected if the average annual age,.race, and
sex composition of each county's population were the same as that
projected for the State.

Figures 3.10 - 3.13 show these rates graphically for both caus:
of death for each five-year period. The data are divided into ter-

tiles and are classified as high, medium, or low. From the first

figure, Buncombe and Henderson are the oniy counties in the Mountai!
region with high homicide rates. The majority of the counties with
high rates are in the Piedmont region. None of the counties in the
upper portion of the Coastal region had high rates. With the excep
of the Mountain counties, Polk and Anson counties, all of the coun-
ties along the southern edge of the State have high homicide rates.
Four of the nine urban counties have high rates. Nearly 50% of the
rural counties have low homicide rates and less than 25% have high
rates. 'Forty-one percent of the Coastal counties are rural and 39%
are urban.

During the second five-year period, the number of counties in
the Mountain region with high homicide rates increased by five

(Figure 3.11). With the exception of Haywood County, the remaining
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counties had low rates. With the exception of Buncombe and Henderson
counties, all of these counties are rural counties. Some of the coun-
ties along the southern edge now have medium homicide rates. Fifty
percent of the counties in the Piedmont have medium rates, less than
15% have low rates. Slightly more than 41% of the Coastal counties
have low rates while 22% have high rates.

With the exception of a few counties, counties along the northern
edge of the State had high suicide rates (Figure 3.12). Over one-half
of the Piédmont counties had high rates. Most of the counties with
high rates in the Piedmont region were located on or near the northern
edge of the State. Fifty percent of the counties in the Piedmont
region had medium suicide rates. Over 45% of the Coastal counties
had medium rates and 30% had low rates. None of the urban counties
had high suicide rates; three had Tow rates. The counties that are
rural were divided almost equally into the three groups -- high, Tow,
and medium. Nearly 60% of the Coastal counties had medium rates. The
remaining counties were equally divided into the high and low groups.

During the last five-year period, the concentration of counties
along the northern edge of the State remained, although not quite
as solid as during the first five-year period (Figure 3.13). The
number of counties with high rates increased, especially in the
Mountain and Coastal regions. Nearly 50% of the Mountain counties
had high rates and 23% had medium rates. Forty-five percent of the
Piedmont had medium rates and 23% had low rates. The counties in
the Coastal region were nearly equally divided among the three groups.

Two of the urban counties had low rates and one had a high rate. The
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rural counties were nearly equally divided into high and Tow groups.

Twenty-six percent of the rural counties had medium rates.

From the figures presenfed, the patterns of homicides and sui-
cides are different. The homicide rates appear to be concentrated
more towards the central and southern portion of the State while the
suicide rates are concentrated more away from the center of the State
and along the northern edge. During the first five years, four of
the urban counties had high homicide rates. None had high suicide
rates; gix were classified as having medium rates. Fifty percent of
the rural counties had high homicide rates and one-third of the rural
counties had low suicide rates.

From Tables 3.8 - 3.10, we see that some of these rates are

based on small numbers and may therefore result in a spuriously high

rate. Thus, any interpretation should keep this in mind. The un-
reliability of rates for small numbers is a problem when using rates
and makes methods such as the cluster procedures in this research

more appealing.




TABLE 3.1. Ten Most Populated and Ten Least Populated Counties

of North Carolina, 1970
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County Population County Population
5,221,000
Mecklenburg (P) 354,656 | Tyrell (C) 3,806
Guilford (P) 288,645 Clay (M) 5,180
Wake (P) 229,006 | Hyde (C) 5,571
Forsyth (P) 215,118 | Camden (C) 5,453
Cumberland (C) 212,042 | Graham (M) 6,562
Gaston (P) 148,415 | Dare (C) 6,995
Buncombe (M) 145,056 | Currituck (C) 6,976
Durham (P) 132,681 | Alleghany (M) 8,134
Alamance (P) 96,502 | Gates (C) 8,524
Davidson (P) 95,627 | Perquimans (C) 8,351

P = Piedmont
C = Coastal
M = Mountain



TABLE 3.2

NORTH CAROLINA COUNTIES B8Y URBAN CLASSIFICATION, REGICN,
AND PERCENT NONWHITE, 1970

58

Status/ % Status/ pA Status/ b4

County (Region) Nonwhite County(Region) Nonwhite County(Region) Nonwhi
URBAN RURAL URBAN/RURAL
Cabarrus (P) 16.0 Hyde (C) 41.3 Davidson (P) g.
Cumberland (C) 23.9 Jackson (M) 1.9 Edgecoroe (C) 47
Durham (P) 32.6 Johnston (C) 21.2 Granviile (P) 43
Forsyth (P) 22.3 Jones (C) 45.1 Halifax (C) 48
Gaston (P) 12.1 Lincoln (P) 10.3 Haywood (M) 1
Guilford (P) 22.1 Macon (M) 2.4 Hencerson (M) l
Mecklenburg (P) 23.8 Madison (M) 0.6 Hertford (C) s
New Hanover (C) 22.5 Mitchell (M) 0.2 Iredel]l (P) 1
Wake (P) 22.1 Montgomery (P) 0.3 Lee (P) 2
RURAL Moore (P) 24.8 Leroir (C) K
Northampton (C)61.3 McDowell (P)

Alexander (P) 7.4 Pamlico 33.1 Martin (C) 4
Alleghany (M) 2.9 Pender (C) 43.7 Nash (C) K
Anson (P) 46.4 Perquimans (C) 41.5 Onslow (C) 1
Ashe (M) 1.0 Person (P) 32.3 Orange (P) 1
Avery (M) 0.7 Polk (P) 12.1 Pasquotank (C) 3
Beaufort (C) 33.2 Samposon (C) 34.5 Pitt (C) k|
Bertie (C) 56.6 Stokes (P) 9.2 Ranaoalpn (P)
Bladen (C) 39.0 Surry (P) 5.0 Richmond (P) 2
Brunswick (C) 29.6 Swain (M) 2.7 Robeson (C) 2
Camden (C) 37.0 Tyrrell (C) 43.4 Rockingham (P) 2
Caswell (P) 48.0 Warren (P) 59.9 Rowan (P) 1
Chatham (P) 30.4 Wilkes (P) 5.1 Rutherford (P) 1
Cherokee (M) 2.2 Yadkin (P) 5.1 Scotland (C) k|
Clay (M) 0.8 Yancey (M) 1.3 Stanly (P) ]
Columbus (C) 29.7 Transylvania (M)
Currituck (C) 26.4 URBAMN/RURAL Union (P) 1
Dare (C) 7.1 ATamance (P) 17.7 Vance (P) 4
Davie (P) 11.8 Buncaomoe (M) 8.8 Washington (C) 4
Duptin (C) 34.2 Burke (P) 7.2 Watauga (M)
Franklin (P) 41.7 Caldwell (P) 6.3 Wayne (C) 3
Gates (C) 53.4 Carteret (C) 11.1 Wilson {C) 3
Graham (M) - Catawba (P) 8.7
Greene (C) 47.0 Chowan (C) 42.0
Harnett (C) 24.3 Cleveland (P) 0.6
Hoke (C) 44.2 Craven (C) 25.4
C = Coastal

M = Mountain

P = Piedmont




TABLE 3.3

NUMBER AND PERCENT OF HOMICIDES AND SUICIDES BY RACE
AND SEX GROUPS AND URBAN CLASSIFICATION, 1970
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Urban Rural Urban/Rural TOTAL

No. No. % No. % No. %
HOMICIDE
State 241 38.5 125 20.0 260 41.5 626 100.0
White Male 57 29.2 43 22.0 95 48.7 195 100.0
White Female 18 40.9 10 22.7 16 36.3 44 100.0
Nonwhite Male 139 42.6 64 19.6 123 37.7 326 100.¢
Nonwhite Female 27 44.3 8 13.1 26 42.6 61 100.¢
SUICIDE
State 181 33.5 134 24.8 225 41.7 540 100.
White Male 114 28.9 m 28.1 170 43.0 395 100.
White Female 51 48.1 17 16.0 38 35.8 106 100.
Nonwhite Male 13 44.8 3 10.3 13 44.8 29 100.
Nonwhite Female 3 30.0 3 30.0 4 40.0 10 100.
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TABLE 3.4

DEMOGRAPHIC SUMMARY OF HOMICIDES AND SUICIDES .
FOR NORTH CAROLINA, 1970

HOMICIDE SUICIDE
Urban/ Urban/ .
State Urban Rural Rural State Urban Rural Rural

State

Mean Age 36.0 35.7 36.5 36.3 46.4 45.1 46.5 47.0
WHITE

Percent 38.2% 3N.1% 42.4% 42.7% 92.8% 91.1% 95.5% 92.4%
Mean Age 36.8 36.8 36.6 37.1 47.2 46.0 47.1 47 .1
NONWHITE

Percent 61.8% 68.9% 57.6% §7.3% 7.2% 8.8% 4.5% 7.6%
Mean Age 35.5 35.2 36.4 35.4 37.3 35.9 32.2 37.6
White Male

Percent 31.1% 23.6% 34.4% 36.5% 73.1% 63.0% 82.8% 75.6%
Mean Age 37.9 37.7 37.9 38.8 47.9 46.7 48.0 48.8

White Female
Percent 7.0% 7.5% 8.0% 6.2% 19.6% 28.2% 12.7% 16.9%
Mean Age 31.9 32.8 31.8 28.0 43.6 |- 43.9 41.4 39.5 .

Nonwhite Male

Percent 52.1% 57.7% 51.2% 47.3% 5.4% 7.2% 2.2% 5.8%
Mean Age 35.2 34.6 36.2 37.0 38.6 35.8 29.3 37.8

Nonwhite Female
Percent 9.7% 11.2% 6.4% 10.0% 1.8% 1
Mean Age 37.2 38.2 37.2 23.7 32.9 36.




TABLE 3.5

AVERAGE ANNUAL HOMICIDE AND SUICIDE DEATH RATES FOR NORTH
CAROLINA RESIDENTS IN URBAN COUNTIES, 1970-1974 AND 1975-1979

HOMICIDE SUICIDE
County 1970-1974 {1975-1979 1970-1974 {1975-1979
ALL 15.4 13.8 11.5 12.1
Cabarrus 11.0 10.6 13.9 12.8
Cumberland 13.8 17.2 7.5 9.6
Durham 18.4 16.7 19.1 9.2
Forsyth 15.3 10.1 12.6 13.6
Gaston 12.6 15.3 8.0 10.4
Guilford 13.5 11.6 11.5 12.6
Mecklenburg 20.5 17.9 13.1 12.3
New Hanover 18.4 12.4 12.8 11.8
Wake 12.1 19.9 13.6 11.6
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TABLE 3.6

AVERAGE ANNUAL HOMICIDE AND SUICIDE OEATH RATES FOR NORTH
CAROLINA RESIDENTS IN RURAL COUNTIES, 1970-1974 AND 1975-1979

SUICIDE

1970-1974

HOMICIDE
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TABLE 3.7

AVERAGE ANNUAL HOMICIDE AND SUICIDE DEATH RATES FOR NORTH CAROLINA
RESIDENTS IN URBAN/RURAL COUNTIES, 1970-1974 AND 1975-1979

HOMICIDE SUICIDE
County 1970-1974 1975-1979 1970-1974 1975-1979
ALL 13.2 11.2 11.9 12.9
Alamance 12.0 9.1 12.3 12.1
8uncomoe 11.2 11.5 15.0 18.2
durke 14.7 7.5 13.7 11.5
Caldwell 12.0 12.2 14.4 12.8
Carceret 7.2 12.5 12.1 14.2
Catawoa 10.4 8.5 8.5 12.9
+ Chewan 14.8 5.1 7.4 16.8
Cleveland 16.0 9.2 14.4 13.3
Craven 12.4 10.3 7.1 9.1
Davidson 11.8 10.8 12.6 12.9
Edgecompe 13.0 10.2 9.2 7.3
Granville 18.8 18.3 15.8 18.9
Halifax 13.6 11.2 12.5 11.9
Haywood 2.8 5.9 13.2 12.7
Henderson 9.4 9.4 12.1 16.9
Hertford 11.9 10.7 5.1 5.7
Iredell 13.6 12.2 12.6 16.5
Lee 17.0 18.1 15.1 14.6
Lenoir 18.9 18.9 7.4 13.2
McDoweil 7.4 4.7 15.3 11.8
Martin 10.6 12.7 11.4 8.7
Nash 15.1 12.6 13.1 16.0
Onslow 11.9 7.9 10.9 7.6
Qrange 9.9 7.5 10.8 15.4
Pasquotank 7.3 13.3 10.3 10.5
pitt 12.3 9.0 8.8 13.5
Randolon 10.8 13.4 12.4 12.0
Richmond 20.4 15.7 5.8 9.1
Robeson 32.4 19.4 11.4 10.7
Rockingnam 10.5 11.5 18.5 16.2
Rowan 11.4 4.9 11.0 12.6
Rutherford 11.4 12.9 12.7 8.6
Scotland 18.6 11.9 8.6 11.3
Stanly 10.9 6.6 9.1 11.5
Transylvania 7.0 7.4 14.0 11.1
Union 12.8 8.1 10.7 13.7
Vance 9.8 14.6 11.0 12.3
Washington 5.6 2.7 8.6 12.2
Watauga 8.6 4.9 18.7 16.1
Wayne 17.5 18.4 9.1 12.5
Wilson 17.9 19.1 12.7 16.1
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TABLE 3.8 ‘

AGE-RACE-SEX ADJUSTED RATES FOR HOMICIDES AND SUICIDES IN
URBAN NORTH CAROLINA COUNTIES, 1970-1974 AND 1975-1979

HOMICIDE SUICIDE
County 1970-1974 {1975-1979 1970-1974 [1975-1979
Cabarrus 14.0 14.0 12.6 11.8
Cumberland 12.7 14.4 9.3 9.6
Durham 14.5 13.4 10.2 15.9
Forsyth 15.0 9.6 12.6 13.2
Gaston 16.0 20.0 7.8 9.7
Guilford 13.0 11.1 11.6 12.5
Mecklenburg 19.3 16.4 13.3 12.7
New Hanover 19.3 12.8 12.7 11.2
Wake 11.6 9.4 13.7 11.7




TABLE 3.9

AGE-RACE-SEX ADJUSTED <ATES FOR HOMICIDES AND SUICIDES IN
RURAL NORTH CAROLINA COUNTIES, 1970-1974 AND 1975-1979

HOMICIDE SUICIDE

County 1970-1974 1975-1979 1970-1974 1975-1979
Alexander 10.2 8.9 16.9 8.2
Alleghany 7.9* 20.6* 41.4 12.2
Anson 16.2 10.7 6.7 12.4
Ashe 5.5 4.0 20.3 7.3
Avery 10.5 6.3 8.2 10.0
Beaufort 12.5 9.9 20.2 17.3
Bertie 8.5 8.7 11.8 12.3
Bladen 18.8 15.6 9.2 12.0
Brunswick 14.7 6.3 8.9 15.9
Camden 4,7* 3.9* 7.0* 9.4*
Casweil 13.5 10.3 18.6 17.2
Chatham 10.6 13.0 14.4 14.2
Cherokee 14.3 8.1 7.6 7.3
Clay 2.2* 116.7* 10.4* 21.0
Columbus 17.8 18.0 13.6 9.5
Currituck 8.0* 9.2* 13.1* 12.1
Dare 12.1* 1.6* 10.2* 2.4*
Davie 7.0 12.3 10.8 6.2
Duplin 12.7 11.9 12.6 6.5
Franklin 19.3 20.0 14.9 18.4
Gates 2.7* 6.4* 22.6 10.6*
Graham -9.2* 5.0* 1.7+ 27.1
Greene 3.5 8.5 12.1 19.5
Harnett 17.9 17.2 17.0 15.8
Hoke 12.7 18.8 11.5 21.0
Hyde 5.5% 8.2* 11.2* 4.1*
Jackson 10.7 20.3 18.7 18.6
Johnston 18.2 19.2 15.5 16.1
Jones 8.4 10.6 10.2* 18.8
Lincoin 20.7 15.3 13.8 12.3
Macon 4.6* 1.8* 18.8 17.6
Maaison 9.3 16.1 5.0 10.2
Mitcnell 4.0" 3.7* 9.2 3.8*
Montgomery 17.3 20.5 7.1 7.6
Moore 9.4 13.8 8.6 5.6
Northampton 9.4 9.2 16.5 17.2
Pamiico 3.6* 5.2* 9.1* 10.2*
Pender 15.5 8.6 12.4 9.6
Perquimans 5.6* 9.3* 9.8* 9.6*
Person 14.5 10.3 19.0 20.1
Polk 12.4 11.3* 6.2* 8.8
Sampson 12.6 8.8 16.1 15.4
Stokes 9.3 15.0 17.3 12.9
Surry 16.1 15.6 16.2 16.9
Swain 13.8 21.5 10.4 20.0
Tyrrell 2.7+ 1.9* 17.8* 0.0
Warren 6.1 5.4 11.5 14.4
Wilkes 13.0 15.0 9.6 10.8
Yadkin 6.4" 11.9 10.6 10.4
Yancey 4.6 6.8 8.4 11.8

*fFrequencies of 5 or less.




AGE-RACE-SEX ADJUSTED RATES FOR HOMICIDES AND SUICIDES IN
URBAN/RURAL NORTH CAROLINA COUNTIES, 1970-1974 AND 1975-1979

TABLE 3.10

66

HOMICIDE

County 1970-1974 1975-1979 1970-1974 1975-1979
Alamance 12.8 10.1 12.1 11.7
Buncombe 15.7 14.8 13.2 15.6
Burke 19.3 8.4 11.2 10.2
Caldwell 14.0 14.9 12.0 11.3
Carteret 10.4 16.9 10.0 1.7
Catawba 14.13 10.4 7.8 9.3
Chowan 13.2 4.1+ 7.6 8.8*
Cleveland 18.1 ¢+ 9.8 14 .1 12.9
Craven 11.5 9.3 7.6 10.3
Davidson 16.8 11.6 10.8 11.2
Edgecomoe 9.8 6.9 11.4 8.7
Granville 15.2 15.4 15.9 18.5
Halifax 11.0 7.9 16.2 13.3
Haywood 2.2 10.3 16.0 12.8
Henderson 26.2 19.1 10.6 15.1
Hertford 7.5 7.7 5.1 6.5
Iredel] 16.1 15.0 11.6 15.2
Lee 17.3 19.6 14.7 14.2
Lenoir 16.1 16.3 8.6 14.2 -
McDowell 18.9 3.8 12.6 9.3 ‘
Martin 10.1 9.6 12.7 11.0
Nash 13.5 11.4 14.5 17.0
Onslow 14.0 6.2 13.8 8.4 .
Orange 1.2 8.0 11.4 15.4
Pasquotank 7.0 12.1 10.8 11.7
Pitt 10.1 7.9 9.6 15.1
Randolph 17.8 17.6 10.6 10.0
Richmond 19.8 15.6 12.4 9.1
Robeson 22.9 14.1 16.5 14.1
Rockingham 11.3 12.1 16.7 15.1
Rowan 13.5 5.3 10.1 11.1
Rutherford 17.7 17.8 11.0 8.9
Scotland 14.8 11.9 10.8 14.5
Stanly 16.2 9.2 7.6 9.9
Transylvania 8.7 6.2 11.2 9.1
Union 14.5 9.4 10.3 13.6
Vance 8.0 13.2 12.2 15.4
Washington 4.9 1.6* 9.0 13.5
Watauga 7.2 3.0 15.5 12.3
Wayne 14.1 16.2 10.6 13.4
Wilson 14.1 17.0 14.0 17.8

*Frequency of S or less.
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NORTH CAROLINA COUNTY POPULATION BY PERCENT NONWHITE, 1970

FIGURE 3.2.
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,000 POPULATION

1970-1974

AVERAGE ANNUAL NORTH CAROLINA HOMICIDE RATES PER 100

FIGURE 3.4.
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,000 POPULATION

AVERAGE ANNUAL NORTH CAROLINA SUICIDE RATES PER 100

FIGURE 3.6.
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TH CAROLINA COUNTIES

FIGURE 3.10. AGE-RACE-SEX ADJUSTED RATES OF HOMICIDES IN NOR
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FIGURE 3.12. AGE-RACE-SEX ADJUSTED SUICIDE RATES IN NORTH CAROLIN
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AGE-RACE-SEX ADJUSTED SUICIDE RATES IN NORTH CAROL INA COUNTIES

FIGURE 3.13.
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CHAPTER IV

CLUSTER PATTERNS OF HOMICIDES AND SUICIDES AS DETERMINED
BY THE APPLICATION OF TIME-SPACE TESTS AND PROCEDURES

4.1 Introduction

This chapter presents an analysis of the cluster patterns of
homicides and suicides of residents of North Carolina's counties
over a ten-year period obtained through the application of time-
space techniques. Chapter I described the Ederer-Myers-Mantel (EMM)

test, the Zero-One tests, the Standardized Cluster Ratio (SCR), and

the Nonrandom Concordant Cluster test. Each of these will be used

to analyze patterns of homicides and suicides. The results from

these tests, along with those from the new time-space interaction

test introduced in Chapter II are presented in this chapter.

The computer programs which were written to obtain these re-
sults are included in Appendix B. With the exception of the program
to test the significance of the V-statistic using simulations, the
programs were written using Statistical Analysis System (SAS) pro-
cedures (SAS Institute Inc., 1983). The simulation program is a
FORTRAN program which uses random permutations generated from a
subroutine of the International Mathematical and Statistical

Libraries (IMSL, 1982).
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The results are presented for each of four race and sex
groups as well as for all groups combined for the two five-year
periods, 1970-1974 and 1975-1979. Additionally, the results are

stratified according to urban status as described in Section 3.2.2.

4.2 Clustering in Time

The EMM test (Ederer et al, 1964) and the Zero-One test (Dat, 1982)
as described in Chapter [ each provide a test which is specific for
c]usteriﬁg which occurs across time units. The test statistic of
interest for the EMM test is the maximum frequency. Significance is
based upon the maximum frequency conditional on the total number of
occurrences. The test statistic of interest for the Zero-One test
is determined by comparing each frequency with an adjusted marginal
and assigning it a value of zero or one depending upon whether it is
smaller or larger than the adjusted marginal. Significance is obtained
by considering the variability in frequencies other than the maximum
and determining whether the maximum frequency is a chance occurrence.

The results for these tests, the EMM and Zero-One, and for the
cluster ratio, SCR, are presented in Appendix C. Dat recommends that
the Zero-One test be used to test for clustering when the number of
events, n, is greater than twice the number of time-space units, m
(Dat, 1982). The results from this research indicate that when n<10,
significant clustering is detected when the deaths tend to occur
during the same year. When this occurs, significance is generally
detected by both the EMM and Zero-One tests. Thus, although the

number of deaths is small, the clustering is still significant.
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Significant values for n<10 are flagged.

Significant resu]ts for the EMM and Zero-One tests were generally
in the same direction. Only wnen n=2 did the results differ in direc-
tion. The results for the Zero-One test always indicate significant
cluster avoidance, while the results for the EMM test were dependent
on when the two deaths occurred. When the two deaths occurred during
the same year, the EMM test yielded a value of 4.00 indicating signif-
icant clustering. The corresponding value for the Zero-One test is
1.88. The amount of clustering beyond the expected was approximatel)
67% as measured by the SCR. The Zero-One test did not consider the
difference between the maximum of two and the other stable frequenci:
to be significant. When the two deaths occurred in different years,
both results indicated significant cluster avoidance. This was re-
flected in the SCR which was 83% of the expected.

For each test, the null and alternative hypotheses for each
county are:

HO: Homicides (Suicides) are distributed randomly across the
time interval.

H.: There is a larger than expected occurrence in one or more
time units.

The EMM test is more powerful than the Zero-One test when the
maximum frequency is large when compared to the total frequency. Th
Zero-One test is more powerful than the EMM when the frequencies
other than the maximum tend to be relatively stable. For example,
consider homicide deaths for Mecklenburg County during 1970-1974 for
all groups combined:

85 67 61 63 64 | 340
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From Appendix C, these frequencies represented significant cluster-
ing in time as detected by the Zero-One test but not by the EMM test.
The Zero-One test considered the stability in the frequencies other
than the maximum and determined that a significant difference existed
between these frequencies and the maximum. By the EMM test, a maximum
of 85 was not .considered large enough when considered with regard to
the total number, 340, to be declared significant. The expected maxi-
mum when the total frequency is 340 was 77.6. In such situations, the
Zero-One test is the more powerful test.

Consider the frequencies for Cumberland County during 1970-1974:

18 13 38 42 37 | 148

These frequencies represented significant clustering in time as de-
tected by the EMM test and not by the Zero-One test (Appendix C). Con-
ditional on the total number observed, 148, the expected maximum was
35.9 and the observed maximum of 42 was large enough to be significant
by the EMM test. However, the Zero-One test determined that if the
frequencies could vary by chance from 13 to 38, then the maximum of

42 observed may well have been a chance occurrence and was therefore
not significant. In such instances, the EMM test is the more powerful
test.

Table 4.1 presents a summary table of counties with significant
clusters for homicides and suicides for the two time periods for all
groups combined as well as the four race and sex groups. Figures
4.1 - 4.19 show graphically the clustering for each stratification.

Counties with two deaths are noted with an asterisk.
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4.2.1 A1l Groups ‘

Comparing Figures 4.1 and 4.6, we find that the number of counties
with significant homicide clustering was considerably less during the
last five-year period than during the first five-year period. Of the
20 counties with significant clustering during the first five-year
period, only two, Iredell and Davie, also had significant clustering
during the last five-year period. In 1970-1974, 20% of the counties
with significant clustering had populations which were less than 10%
nonwhite. Thirty-five percent of the remaining counties had populatior
which were classified as having a medium percentage of nonwhites and
35% had populations with a high percentage of nonwhites. In 1975-1979
four of the nine counties in which clustering occurred had populations

With a Tow percentage of nonwhites. The remaining five counties were

nearly equally divided between those with a high percentage of non-
whites.

The highest percentage of counties with clusters during 1970-1974
were rural counties (45%), followed by urban/rural counties (40%) .
Fifty-five percent of the counties with clusters during 1975-1979 were
also rural counties. In four of the counties in 1970-1974 and two in
1975-1979, the amount of clustering over the expected, as detected by
the SCR, was at least 40% in Davie County. The SCR in 1970-1974 was
1.74 based on seven deaths and in Gates County in 1975-1979 the ratio
was 2.05 based on four cases. In Gates County, all four cases occurrec
within the same year.

In Figures 4.10 and 4.15, the counties with significant suicide

clustering are presented. There were. six counties during each time .
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period; however, the counties with significant clusters during the
first five-year period were not the same as those during the second
five-year period. During the former years, four of the six counties
were in the Coastal region, with three of the counties being classi-
fied as having a high percentage of nonwhites in the population.
During the latter five years, four of the six counties were in the
Mountain region, where all of the counties with significant cluster-
ing were classified as having a low percentage of nonwhites. The
number of counties by urban status was the same during both time
periods; there were three urban/rural counties, two rural counties,
and one urban county. The amount of clustering over the expected
was highest in Tyrell County with 92% more clustering than expected.
This was based on a total of three deaths which occurred during the
same year. Halifax County during 1970-1974 and Yancey County during
1975-1979 were the only other counties with significant clusters
such that the amount of clustering was more than the expected by at
Teast 20.0%.

There were more counties with significant clusters of homicides
than clusters of suicides. For both causes of death, the counties
with significant clustering during the first five-year period were
generally not the same counties with significant clustering during
the second five years. The largest number of counties with signifi-
cant clusters during 1970-1974 occurred in or near the Coastal region
or eastern portion of the State for both causes of death. During
1975-1979, the largest number of counties with significant clusters

for both homicides and suicides were located more towards the
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eastern edge of the State. The number of counties with significant
clusters of homicides decreased during the two time periods, while
the number of counties with significant clusters of suicides re-
mained the same. Counties with significant clusters of homicides or
suicides during the first five-year period tended to have popula- >
tions with at least a medium percentage of nonwhites. During the

last five-year period, at least 50% of the counties with significant

homicide or suicide clusters had populations with a low percentage of

nonwhi tes.

4,2.2 White Males

There were six counties in 1970-1974 and seven counties in

1975-1979 in which white male homicides showed significant clustering

in time (Figures 4.2 and 4.7). The counties with significant cluster-
ing during the first five-year period were not among those with signif-
icant clustering during the second five-year period. ODuring 1970-1974,
five of the six counties were located in or near the Coastal region.
None of the counties with éignificant clustering was a county from the
Mountain region. Four of the counties with significant clusters during
1975-1979 were located in or near the Mountain region.

The counties with significant clusters of homicides were equally
divided among the three urban status groups during 1970-1974. Three
rural and three urban/rural counties were included among the seven
counties with clusters of homicides during 1975-1979.

Of the eight counties with significant suicide clusters in

1970-1974 and the 13 counties with significant suicide clusters in .




1975-1979, only one county, Alleghany, was included during both time
periods (Figures 4.11 and 4.16). DOuring 1970-1974, the counties with
significant clusters of suicides were located mainly towards the
western portion of the State, while during 1975-1979, the majority
of the counties with significant clusters were located in the eastern
portion of the State.

Equal percentages of the counties with significant clusters of
suicides in 1970-1974 were either urban or mixed counties during
1970-1974. - Over 60% of all the counties with significant clustering
during 1975-1979 were urban/rural counties; slightly less than one-
third were rural counties.

Homicides of white males in 1970-1974 occurred in significant
clusters in counties which were located in or near the Coastal
region, while suicides of white males had significant clusters in
the Piedmont and western portion of the State. The only county in
which significant clustering of both homicides and suicides occurred
was Lenoir. Lenoir was an urban/rural county with a nonwhite popu-
lation of approximately 37%. A1l of the counties with significant
clusters of homicides had populations that were at least 11.0% non-
white. Three of the eight counties with significant clusters of
suicides were classified as counties with low percentages of non-
whites and three were classified as counties with medium percentages
of nonwhites.

For both white male homicides and suicides, the counties with
significant clusters in 1970-1974 were generally not the same coun-

ties with significant clusters during 1975-1979. The counties in
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which clusters of white male homicides were significant during 1975-1979 .
were spread across the State without any concentration in a particular

area. Four of the seven counties were located in the western pbrtion

of the State, two were in the eastern portion and one was located cen- -
trally. Most of the counties with significant clusters of suicides

were in the Coastal region, in the eastern portion of the State.

Guiliford County was the only county with significant homicides and

suicides during this time.

4.2.3 White Females

The number of counties with significant clusters of white female
homicides was larger in 1970-1974 than the number in 1975-1979

(Figures 4.3 and 4.8). The counties tended to be located more to-

wards the western portion of the State during the first five-year
period and towards the center of the State during 1975-1979. Five .
of the counties in 1970-1974 were rural counties. One of the remain-
ing counties was urban and two were urban/rural. The observed
number of homicides exceeded the expected number by at least 55% in
all of the counties with significant clustering. In Lincoln County,
the percentage was over 100%, based on four cases which occurred
during the same year.
Four of the six counties with significant clusters of homicides
in 1975-1979 were rural counties, one was urban, and the other was
urban/rural. There were no counties in the Mountain region with
significant clusters of homicides during this time. With the excep-

tion of Bladen County in the Coastal region, all of the counties with




89

significant clusters were in the Piedmont region. Only in Bladen
County was the percentage of nonwhites in the population high. With
the exception of Mecklenburg County, the SCRs in the counties with
significant clustering was at least 66.7% during 1975-1979. 1In
Mecklenburg County, the observed number of homicides was about the
same as expected. The significance was detected by the Zero-One test.

There were two additional counties with significant clusters of
white femﬁle suicides in 1975-1979 than there were in 1970-1974
(Figures 4.12 and 4.17). A1l of the counties with significant clus-
ters during the first five-year period were in the Piedmont. During
the second five-year period, only Forsyth County was in the Piedmont.
The remaining five counties were divided between the Mountain and
Coastal regions. The counties with significant clusters during the
first time period were different from those occurring during the
second time period. Three of the four counties with significant clus-
tering during 1970-1974 were rural counties and one was urban/rural.
During 1975-1979, the counties were equally divided among the urban
status groups. In three of the counties with significant clustering
during the first five years, there were two deaths which resulted in
an SCﬁ of 1.67. In the remaining county, Rutherford, the SCR was
1.56. During the second five years, the SCR ranged from 1.09 in New
Hanover County to 2.05 in Henderson County. The large ratio in
Henderson County occurred because out of four deaths during the
five-year period, three occurred within the same year.

The number of counties with significant clusters of white fe-

male homicides was more than twice the number of counties with
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significant clusters of white female suicides during 1970-1974. None
of the counties had significant clusters of both homicides and sui-
cides. Most of the counties with significant clusters of homicides
tended to be located in the central portion of the State. Those with
significant clusters of suicides were in the Piedmont region. The
majority of the counties with significant clusters for both causes

of death were rural.

During the second five-year period, the number of counties with
significant homicide clusters was less than the number with signifi-
cant homicide clusters during the first five-year period and was the
same as the number of counties with significant suicide clusters.

The counties with significant clusters of homicides, with the excep-

tion of Bladen County in the Coastal region., were in the central por-
tion of the State in the Piedmont region. The counties with signifi-
cant clusters of suicides, with the exception of Forsyth County, were
either in the eastern-most or the western-most portion of the State.

There were no particular patterns observed in the manner in which the
counties were classified according to urban statys for the two causes
of death. One-half of the counties with significant suicide clusters
were rural counties while those counties with significant clusters of

homicides were evenly distributed among the three urban status cate-

gories.

4.2.4 Nonwhite Males

There were the same number of counties with significant cluste.

of nonwhite male homicides in 1970-1974 as ip 1975-1979. Iredel]
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County was the only county with significant clusters during both time
periods. A1l of the counties with significant clusters were located
either in the Coastal or in the Piedmont regions. Four of the six
counties with significant clusters in 1970-1974 were urban/rural coun-
ties and two were urban counties. One-half of the six counties with
significant clusters during 1975-1979 were classified as rural coun-
ties and the other half were classified as urban/rural counties. The
largest amount of clustering over what was expected in 1970-1974
ranged ?rom less than 1% in Pitt County to 26% in Iredell County.

The SCR in 1975-1979 ranged from 6% in Bladen County to 92% in Gates
County. The large ratio in Gates County was a result of three deaths
which occurred within the months.

There were eight counties during 1970-1974 in which nonwhite
male suicides occurred in significant clusters (Figure 4.13). During
1975-1979, there were only two counties with significant suicide
clusters (Figure 4.18). Six of the eight counties.during the first
time period were in the Coastal region, and the remaining two were
in the Piedmont region. One-half of these counties were rural and
the other half were urban/rural. The two counties with significant
clustering during 1975-1979 were Jackson, a rural Mountain county,
and Lee, an urban/rural Piedmont county. The significance in most
of the counties was based on less than ten deaths. A1l of the SCRs
were at least 15% more than expected.

The number of counties in which nonwhite male suicides had
significant clusters was two more than the number of counties in

which nonwhite male homicides occurred in 1970-1974. There were
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no significant clusters for either cause of death in any of the
Mountain counties. The majority of the counties in which the homi-
cides clustered significantly were urban/rural and none were rural
counties. One-half of the counties in which suicides clustered
significantly were rural counties and the other half urban/rural.
There were only two counties in which suicides clustered signifi-
cantly during 1975-1979 which therefore limits any comparison with

those counties in which significant clusters of homicides occurred.

4.2.5 Nonwhite Females

Only during the first five-year time period did the homicides
of nonwhite females show significant clustering. With the exceptions
of Harnett County in the Coastal region and Madison County in the
Mountain region, all of the counties in which significant clusters
were found were in the Piedmont region. Three counties were urban
counties and the remaining four were equally divided between the
rural and urban/rural groups. The significance for most of the coun-
ties was based on less than ten deaths and in such instances was
detected by both the EMM and Zero-One tests.

There was one county, Wilson, during 1970-1974 in which suicides
of nonwhite females showed significant clustering (Figure 4.14).
There were two counties, Guilford and Robeson, in which significant
clustering was detected during 1975-1979 (Figure 4.19). The signifi-
cance in Wilson and Robeson counties was based on two deaths which
occurred during the same year while the significance for Guilfo:

County was detected by the Zero-One test and was based on the
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occurrence of four deaths during one year out of a total of five
deaths. The observed maximum exceeded the expected by at least 65%

in each of the three counties.

4.2.6 Summary

Regardlees of the group, the counties in which significant clus-
ters occurred during the first five years were generally not the
same counties with significant clusters during the second five years.
This was‘true for both causes of death. For deaths due to homicides,
the number of counties with significant clustering during 1970-1974
was greater than or equal to the number of counties with significant
clustering during 1975-1979. With the exception of nonwhite male sui-
cides, the number of counties with significant suicide clusters in
1975-1979 was greater than or equal to the number of counties with
significant clusters during 1970-1974. The number of counties with
significant clusters of nonwhite male suicides in 1970-1974 was four
times hjgher than the number occurring in 1975-1979.

The distribution of counties was different in 1970-1974 than
in 1975-1979 for homicides of white males. The counties with signif-
jcant clustering tended to occur in counties in or near the Coastal
region during 1970-1974 and occurred mainly in or near the Mountain
region during 1975-1979. Most of the counties with significant
clusters of white female and nonwhite male homicides were located
generally in the same region, regardless of the time period. There
were no counties in which nonwhite female homicides showed significar*

clustering during 1975-1979.
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The regional distribution of homicides was also different for
the two time periods. The counties with significant clusters for
white males were located mostly towards the western portion of the
State during 1970-1974 and were located near the eastern portion of
the State during 1975-1979. A1l four counties with significant
clustering for white females were located in the central portion
of the State during the first five-year period. The counties with
significant clustering during the second five years were located
towards the outer borders of the State rather than in the central
portion. OQut of eight nonwhite male suicides, six occurred in the
Coastal region during 1970-1974. There were only two nonwhite male
suicides during the second five years and neither were in the Coastal
region. The number of counties with significant clusters of

nonwhite suicides was small and no clear pattern could be identified.

4.3 Nonrandom Concordant Clustering

The tests presented in Section 4.2 were specific for detecting
clustering across time intervals at single locations. The Nonrandom
Concordance Cluster Test (Grimson and Ingram, 1983) is concerned witl
the concordance between pairs of locations as well as the occurrence
of clusters within the data. The test is described in Section 1.2
and the computing formula for the test statistic is:

t

X= Y ab, ,
k=1 KK

where a, and bk are the number of events in locations A and B respe-

tively that occur in the kth time unit.
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The expected value and variance of X are:

E(X) = M2 v(x) = BN

t

The null and alternative hypotheses are:

H : The temporal data patterns between pairs of counties are
randomly distributed.

H : The temporal data patterns between pairs of counties are
@ ponrandom and concordant clustering exists.

Assuming- asymptotic normality, the test of significance is ob-

tained by standardizing X:
7 = X - E(X)
1e3)

The test is significant only if there is some degree of concordance
between pairs of locations and some degree of clustering aiso exists.
Grimson and Ingram (1983) have suggested an o Tevel of (0.05)2=0.0025
in order to detect both sufficient concordance and sufficient cluster-
ing (Grimson and Ingram, 1983; Ingram, 1983). This value was obtained
by considering clustering and temporal clustering as two independent
events. The joint probability of the two events is then p = PyPo>
where pq and p, are the individual probabilities. If the probability
of each event occurring is p; = p, = 0.05, then p = (0.05)2=0.0025.

Pairs of counties with significant concordances are presented
in Tables 4.2 and 4.3 for homicides and suicides, respectively, for
the two time periods. Figures 4.20 - 4.33 show graphically the county

pairs with similar patterns.
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4.3.1 White Males

The number of counties with significant pairwise concordances
were about the same in 1970-1974 as in 1975-1979; the numbers were
20 and 21, respectively. None of the county pairs whose homicides
weré significantly concordant during 1970-1974 were significantly
concordant during 1975-1979. Figure 4.20 shows the county pairs
with significant concordances during 1970-1974. In seven of the
pairs, both counties had the same urban classification, while in the
remaining pairs, the urban classification was mixed. Most of the
significant concordances were between Piedmont and Coastal counties.
The occurrence of homicides in Lenoir County was concordant with those
in five other counties. Homicides in both Wake and Wilkes counties

were concordant with those in four other counties. Other counties

had homicides which were concordant with homicides in one or other
counties.

During 1975-1979, more of the pairwise concordances were between
counties in the Mountain region and those in other two regions
(Figure 4.21). Only in Wilkes and Jackson counties were the homi-
cides concordant with those in three other counties. Seven of the
county pairs had members which had the same urban classification.

There were three times the number of county pairs with signifi-
cant concordant clustering for suicides in 1975-1979 as there were
in 1970-1974; the numbers were 30 in 1975-1979 and 10 in 1970-1974.
Again, none of the county pairs with significant concordance during
the first five years was included among those with significant clus-

tering during the second five years. The largest set of county pairs .



97

with concordant clustering during 1970-1974 were those five which in-
cluded Rowan County as a member (Figure 4.22). Figure 4.23 shows the
two counties which had significant concordances with the largest
number of counties in 1975-1979; these counties were Chowan and
Caswell. They had concordant patterns with eight and six other coun-
ties, respectively. Suicides in Henderson, Watauga, and Union coun-
ties were concordant with those in two other counties as well as with
each other. The patterns of other counties were concordant with

those of either one or two other counties.

4.3.2 White Females

The number of county pairs in which homicides showed significant
concordant clustering during 1970-1974 was almost twice the number of
pairs which had significant concordant clustering during 1975-1979
(Figures 4.24 and 4.25). Three of the counties included in some of
the pairs during the first five-year period had a total of two deaths.
Lincoln County was included as a member of a pair with eight other
counties. Rockingham was included in a set that consisted of five
significantly concordant counties, while New Hanover and Halifax were
both common members with four other counties.

During the second five-year period, Davie and Davidson counties
were each a common member in three pairs of counties with significant
concordant clustering. Homicides in both counties were also signifi-
cantly concordant with each other (Figure 4.25). Cabarrus, Catawba,
and Franklin counties and Alamance, Sampson, and Franklin counties

each formed a triad of county pairs with significant concordant



98

clustering. None of the counties from the Mountain region were in-
cluded in any of the significant pairs. The pairs during the second
five-year period were different from those during the first five-year
period.

There were 17 pairs of counties whose suicides showed signifi-
cant concordant clustering during 1970-1974 and 12 during 1975-1979
(Figures 4.26 and 4.27). None of the county pairs were included
during both time intervals. During the first five-year period, only
one Mountain county, Yancey, was included as a member of a county
pair. Harnett and Rutherford counties were each common members of
a pair with five other counties. With the exception of two county
pairs, all of the pairs with significant concordant clustering con-

tained Hertford as a common member (Figure 4.27).

4.3.3 Nonwhite Males

There were four more county pairs with significant concordant
clustering of homicides during 1975-1979 than during 1970-1974. None
of the county pairs appeared during both time periods. The pairs
with significant clustering are shown in Figures 4.28 and 4.28.
Again, none of the county pairs have significant concordant cluster-
ing for both time periods. With the exception of one county pair,
Iredell and Stokes counties, all of the counties with significant
concordances had either Cumberland and/or Robeson County as a member
(Figure 4.28). During 1975-1979, the largest sets of concordant
counties were those with Wilson (9), Gaston (4), Franklin (4), and/or

Union County as a member (Figure 4.29). None of the Mountain counties
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were included among those with significant concordances during eijther
time period.

The number of county pairs with significant concordant clusters
of suicides during 1970-1974 were more than three times the number of
county pairs with significant concordant clustering during 1975-1979.
Only one Mountain county, Buncombe, was included in a county pair
during the first five-year period (Figure 4.30). There were several
sets of counties with a common member. Each county that was the
common member formed sets of concordant counties with at least two
other counties. The largest such set contained Edgecombe County with
five other counties. During the second five-year period, there was
one set of counties with significant concordances with a common member
(Figure 4.31). The set consisted of Lee, a Piedmont county, as a
common member of a pair with three other Piedmont counties. A triad
of counties was formed with Cleveland, Cumberland, and Rockingham
counties. Each had significant concordant clustering with the two

other counties.

4.3.4 Nonwhite Females

Twenty-four pairs of counties had significant concordant cluster-
ing for homicides during the first five-year period as compared with
three pairs during the second five-year period. The county pairs
forming the largest sets of significant concordant clusters consisted
of Cabarrus County with five other counties, Gaston County with five
counties, Harnett County with five counties, and Cumberland and

Rutherford counties with four counties (Figure 4.32). Some of these
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counties also formed concordant pairs with each other. A1l of the
pairs included either Piedmont or Coastal counties. The three county
pairs with significant concordant clustering during 1975-1979 each
included Buncombe County as a member (Figure 4.34).

The pattern of suicides between counties did not indicate any
significant concordant clustering during the first five-year period.
During the second five-year period, there was significant concordance
between.Gui1ford and Robeson counties. There were two suicides in
Robeson County and both occurred during 1976. Out of five suicides
in Guilford County, four occurred during 1976. The number of non-
white female suicides was generally not large enough for sufficient

clustering to exist.

4.3.5 Summary

The pairs of counties with significant concordant clustering
were not the same for the two time periods for each of the race and
sex groups. For white males and females, there were more county
pairs in which homicides showed significant concordant clustering
during 1970-1974 than county pairs in which suicides showed signifi-
cant concordant clustering. The opposite was true for nonwhite males
there were more county pairs with significant concordant clustering
for suicides than for homicides. There were no county pairs with
significant concordant clustering during 1970-1974.

During the second five-year period, with the exception of white
males, the number of pairs of counties with significant concordant

clustering of homicides was higher than the number of pairs of
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counties with significant clustering of suicides for each race and
sex group. But, there were approximately ten more pairs of counties
with significant concordant suicide clustering for white males than
there were for significant concordant homicide clustering.

In general, there was no clear-cut pattern of occurrences for
either cause of death during both time periods for all of the race
and sex groups. The pairs of counties with significance tended to
be from the Piedmont and/or Coastal regions rather than from the
Mountaiﬁ region. For each race and sex group, there was at least
one county which was a common member of several pairs of counties
forming a concordant set. Homicides of white males formed concordant
sets of counties with Wilkes County as a common member during both
time periods.

Concordant sets of counties were formed for female homicides,
white and nonwhite, with Gaston County as a common member during
1970-1974 and for nonwhite male suicides during 1975-1979. Homicides
of nonwhites, male and female, formed concordant sets of counties
with Cumberland County as a common member during 1970-1974. Homicides
of nonwhite females during 1970-1974 and suicides of white females
during 1975-1979 formed concordant sets of counties with Harnett

County as a common member,

4.4 Time-Space Interaction

4.4.1 The V-Statistic

The V-statistic as described in Chapter II is defined as

_ -1
V-ZXRinU,
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where

Rij is a measure of the amount of nonrandom concordant clustering
between counties i and j,

1]

d.. is the distance between counties i and j.

iJ
The null and alternative hypotheses for the test of time-space inter-

action using the V-statistic are: .

H : The distances between counties are distributed at random
with respect to the time patterns.

H_: Counties which are near in distance have time patterns
“which show nonrandom concordant clustering.

When the number of counties is small, n < 25, the significance
of V is determined by using a simulated approach (see Section 2.2.7).
For large n, asymptotic normality is assumed and significance is
determined by the difference between V and its expected value relative ]
to its standard deviation. Significant values of V indicate that .
counties with large concordances, R ratios, tend to be situated close
together.

For each race and sex group, the results of the V-statistic

indicated that pairs of counties with large concordance ratios did

not tend to be located near each other. This was true during both

time periods for both causes of death. Each group was then considered

by urban status. These results indicated that for each urban status

group for both causes of death, those pairs of counties with a large .
amount of concordance did not generally tend to be located near each
other. Significant p-values were obtained for suicides among three
groups: all groups combined in urban counties during 1975-1976

(p = 0.04), white females in urban counties in 1975-1979 (p =0.01),
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and nonwhite males in urban/rural counties during 1970-1974 (p=0.01).
Tables 4.4 and 4.5 present these results.

To give further insight as to why the V-statistic was signifi-
cant for these three groups, we consider the locations of those
county pairs with the highest concordance ratios and those with the
lowest for each of these three groups. The concordance ratios for
suicides for all groups combined during 1975-1979 are shcwn in
Table 4.6. The one-third of the county pairs with the highest con-
cordance ratios are shown in Figure 4.34 and the one-third with the
lowest concordance ratios are shown in Figure 4.35.

The urban countfes can be divided into five separate sets of
counties: Forsyth and Guilford counties, Durham and Wake counties,
Cabarrus, Gaston, and Mecklenburg counties, Cumberland County and
New Hanover County. The first three sets contain neighboring coun-
ties. From Figure 4.34, one can see that with the exception of
Forsyth and Guilford counties, the counties within a set were
closest to each other and had high concordance ratios. The shortest
distance between pairs of counties among the 12 pairs with the lowest
amount of concordant clustering was that between Forsyth and Guilford
counties, 23 miles. This was the bn]y pair of counties that was con-
tiguous included among the 12 pairs. Five of the county pairs that
were located farthest apart had low concordance ratios as shown in
Figure 4.35.

In Table 4.7 are the concordance ratios for suicides of urban
white females during 1975-1979. Among the three sets that containe:

neighboring counties, in two of them all possible pairs had high
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concordance ratios with each other. These were Durham with Wake

County and Cabarrus, Gaston and Mecklenburg counties. Although some
of the county pairs were over 100 miles apart, nearly 60% of the
county pairs were less than 100 miles in distance. None of the coun-
ties that were contiguous had low concordance ratios (Figure 4.36).
Less than one-third of the counties with low concordance ratios were
located no more than 100 miles apart (Figure 4.37).

The concordance ratios for suicides of nonwhite males in urban/
rural counties during 1970-1974 are shown in Table 4.8. Seven of
the counties had a total of two deaths across the five-year period.
These were indicated with an asterisk. Fourteen of the county pairs
with the highest concordance ratios are shown in Figure 4.38. Several

of the county pairs had the same concordance ratio. These counties

formed several sets of counties; most of them were in the Coastal
region. With the exception of four county pairs, each pair was less
than 100 miles apart. Most of these pairs contained at least one
county in which only two deaths occurred.

Thirty-five of the county pairs had concordance ratios which
were zero, due to the fact that the deaths in the two counties
occurred during different years. These county pairs are shown in
Figure 4.39. Of the 35 pairs, only five of the counties were lo-
cated less than 100 miles apart.

Thus, with a single statistic, the investigator is able to deter-
mine that there is a tendency for the county pairs which are located
near each other to have temporal patterns which are similar and con-

cordant. Those pairs with high concordances can be studied additionally
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to determine whether there are common etiological, environmental, or
other factors affecting the health outcome status. Such knowledge

may lead to possible intervention and/or monitoring strategies.

4.5 Overall Summary

These results showed that the patterns of homicides and suicides
across time units were different from each other and were generally
different during the two time periods under study. The number of
individudl counties with significant clusters during the first five
years decreased or remained the same for deaths due to homicides during
the second five years and increased or remained the same for deaths
due to suicides during the second five-year period. Those counties
with significant clusters during the first five-year period were not
the same counties with significant clusters during the second five-
year period. This was true for both causes of death.

The regional distribution of counties with significant cluster-
ing for homicides of nonwhite males was the same across the two time
periods. This was the only group where the distribution remained the
same. Those counties with significant clustering for suicides were
in different regions of the state during the two time periods. The
number of counties with significant clusters of nonwhite female sui-
cides was small and no apparent trend was detected.

With the exception of homicides of nonwhite females during the
second five-year period, the number of counties with significant
clusters for females, white and nonwhite, was about the same or

higher than that for their male counterparts. The number of counties
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with significant clusters of suicides was always highest for males,
white and nonwhite, for each time period. Most of the counties with
significant c]ustéring were classified as either rural or urbaﬁ?rura1
counties for both causes of death, both time periods, and each race
and sex group.

The temporal patterns between pairs of counties were generally
not the same for the two time periods for each of the race and sex
groups. The results showed that with the exception of nonwhite fe-
males; there was at least one county which had significant nonrandom
concordant clustering with at least three other counties for each
cause of death and five-year interval. There were three counties
which formed concordant sets of counties for homicides with at least
four other counties during 1970-1974 and none for homicides during
1975-1979 and none for suicides during either time period.

The results of the V-statistic indicated that for county pairs.
the occurrence of either event was generally not affected by the
proximity of the counties to each other. Exceptions were for sui-
cides in urban counties during 1975-1979, suicides for white female:
in urban counties during 1975-1979, and suicides for nonwhite males

during 1970-1974 in urban/rural counties.




TABLE 4.1

COUNTIES WITH SIGNIFICANT CLUSTERING IN TIME BY URBAN STATUS,

RACE AND SEX GROUPS FOR 1970-1974 AND 1975-1979
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Urban Stdtus/ 1970-1974 1975-1979
Group Homicide Suicide Homicide Suicide
URBAN
All Cumberland |Gaston Mecklenburg]Guilford
Gaston New Hanover
Wake
White Male New Hanover|Durham Guilford Guilford
Wake Gaston
Mecklenburg
White Female Gaston Mecklenburg|Forsyth
New Hanover
Nonwhite Male Mecklenburg
New Hanover
Nonwhite Female Cabarrus Guilford
Durham
Gaston
RURAL
All Beaufort Harnett Davie Alleghany
Columbus Tyrell Gates Yancey
Davie
Harnett
Hyde*
Lincoln
Pamlico*
Warren
White Male Duplin* Alleghany [Jackson Alleghany
Moore Polk Jones* Greene
Lincoln Perquiman*
Yancey
White Female Ashe* Montgomery* {Bladen* Beaufort
Cherokee* |Person* Davie Swain*
Lincoln Yadkin* Yadkin
Mitchell*
Wilkes*

*Two deaths
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TABLE 4.1
(Continued)
Urban Status/ 1970-1974 1975-1979
Group Homicide Suicide Homicide Suicide
RURAL (cont'd)
Nonwhite Male Harnett Bladen Jackson
Hoke* Franklin
Johnston* |[Gates
Pamlico*
Nonwhite Female Harnett
URBAN/RURAL
ATl Buncombe Caldwell Edgecombe |Anson
Davidson Halifax Henderson |Transylvania
Granville |Lenoir Iredell Watauga
Halifax Randolph
Iredell Washinaton*
OnsTow Watauga
Watauga
Wayne
Wilson
White Male Cleveland [Buncombe Haywood Carteret
Lenoir’ Henderson |Watauga Chowan
Lenoir Wayne Martin
Nash
Pasquotank
Pitt
Watauga
Wayne
White Female Onslow Rutherford |Alamance Buncombe
Rockingham Cleveland* |Hertford
Nonwhite Male Cleveland |Catawba* Iredell Lee
Iredell Cleveland [Union
Pitt Edgecombe [Wilson
Robeson Robeson
Nonwhite Female McDowell* |[Wilson Robeson*
Martin*
Rutherford

*Two deaths




TABLE 4.2

SXGNIFICANT+PAIRHISE CONCORDANCES, Z, FOR HOMICIDES
BY RACE AND SEX GROUPS, 1970-1974 AND 1975-1979

[V}

1970-1974 1975-1979
Race-Sex
Group County Pair z County Pair
WHITE MALE Ashe, Duplin 3.16 Beaufort, Lenoir 3.55
Ashe, Scotland 3.00 Beaufort, Wilkes 4.33
Cherokee, Gaston 3.02 Caldwell, Jackson 3.07
Chowan, Moore 3.18 Carteret, Craven 3.06
Davie, Lenoir 4.60 Carteret, Johnston 3.40
Duplin, Lee 3.16 Cherokee, Henderson 3.06
Duplin, Scotland 3.16 Durham, Watauga 3.08
Halifax, Lenoir 3.03 Gaston, Jackson 3.23
Johnston, Lincoln 3.04 Guilford, Lincoln 3.74
Johnston, Wilkes 4.83 Guilford,Transylvania 3.09
Lenoir, Lincoln 3.27 Haywood, Jackson 4.20
Lenoir, McDowell 3.02 Haywood, Person 3.23
Lenoir, Mecklenburg 3.15 Henderson, Person 3.23
Lincoln, Wilkes 3.24 Jackson, Jones 6.32
Orange, Wake 3.51 Jackson, QOrange 3.54
Pasquotank, Wilkes 8.10 Jackson, Swain 5.00
Rockingham, Wake 3.26 Jackson, Wilkes 4.33
Stokes, Wake 3.12 Jones, Swain 3.16
Union, Wilkes 3.22 Lenoir, Wilkes 3.73
Wake, Wayne 3.94 Lincoin,Transylvania 3.18
Rowan, Watauga 3.36
WHITE FEMALE Alamance, Lincoln 3.024 Alamance, Sampsocn 3.71
Ashe, New Hanover 3.35 Alamance, Wilson 4.91
Ashe*, Rockingham 4,04 Bladen, Yadkin 4.90
Ashe*, Wake 4.91 Burke, Davie 3.50
Caldwell, Lincoln 3.00 Cabarrus, Catawba 3.02
Cherokee*, Harnett 3.47 Cabarrus, Franklin 3.00
Cherokee*, Johnston 3.16 Caldwell, Davie 3.87
Davidson, Lincoln 3.33 Catawba, Franklin 3.02
Franklin, Rockingham 3.77 Cleveland, Randolph 3.47
Gaston, Onslow 6.83 Cumberland, Davie 3.47
Gaston, Pitt 3.03 Davidson, Davie 3.18
Gaston, Richmond 3,03 Davidson, Forsyth 3.66
Halifax, Lincoln 4.47 Davidson, Pitt 3.50
Halifax, Mitchell* 3.16 Davidson, Vance 3.50
Halifax, Pitt 3.35 Duplin, Randolph 3.16
Halifax, Wjlkes* 3.16 Granville, Yadkin 3.50
Harnett, Union 3.16 Sampson, Wilson 3.32
Jackson, Wake 3.60
Johnston, New Hanover 3.18
Lincoln, Mitchell* 5.66
Lincoln, Pitt 3.00
Lincoln, Rowan 3.02
Lincoln, Wilkes* 5.66
Mitchell*, Wilkes* 4.00
New Hanover, Onslow 3.33
New Hanover, Randolph 3.20
New Hanover,Rockingham 4.15
Onslow, Randolph 4.48
Onslow, Richmond 3.61
Richmond, Rockingham 3.67
Rockingham, Wake 4.15
Wake, Watauga 4.09
*p < 0.0025

*Two deaths
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TAZLE 4.2
{Continued)
1970-1974 1975-1979
Race-Sex
Group County Pair r4 County Pair b4
NONWHITE MALE Cumberiand, Durham 3.62 Chatham, Franklin 3.24
Cumberland, Granville 3.60 Cumberland, Wilson 3.38
Cumberland, Hertford 3.08 Franklin, Ourham 3.45
Cumbertiand, Lincoln 3.22 Franklin, Gaston 3.28 -
Cumberland, Robeson 5.20 Franklin, Union 3.16
Cumberland, Stokes 3.03 Gaston, Mecklenburg 3.23
Granville, Robeson 3.01 Gaston, Union 3.17
Iredell, Robeson 4.01 Gaston, Wilsan 4.08
Iredell, Stokes 3.24 Gates, Scotland 3.18
Lincoln, Robeson 3.27 Halifax, Wilson 3.36
Robeson, Rockingham 3.2 Iredell, Union 3.89
Robeson, Stokes 4.62 Iredell, Wilson 4.14
Mecklenburg, Wilson 4.31
Nash, Wilson 3.26
Robeson, Wilson 3.75
Union, Wilson 5.02
NONWHITE FEMALE Beaufort, Cumberland 3.9
Beaufort, Durham 3.38
Cabarrus, Harnett 4.95
Cabarrus, Martin* 4.04
Cabarrus, Montgomery 3.18
Cabarrus, Scotland 3.18
Cabarrus, Wayne 3.51
Cumbertand, Duplin 3.35
Cumberiand, Gaston 4.62
Cumberland, Robeson 3.07 .
Gaston, Robeson 4.36
Gaston, Rutherford 6.71
Gaston, Sampson 3.20
Gaston, Warren 4.04
Halifax, Warren 3.38
Harnett, Martin» 4.50
Harnett, Montgomery 3.50
Harnett, Scotland 3.50
Harnett, Wayne 4.08
Martin*, Wayne 3.33
Robeson, Rutherford 3.03
Rutherford, Sampson 3.67
Rutherford, Warren 3.87
o < 0.0025

-
Two deaths




TABLE 4.3

SIGNIFICANT* PATRWISE CONCORDANCES, Z, FOR SUICIDES
BY RACE AND SEX GROUPS, 1970-1974 AND 1975-1979

1970-13974 1975-1979
Race-Sex
Group County Pair y4 County Pair z
WHITE. MALE Alleghany, Stanly 5.02 Alamance, Chowan 3.60
Avery, Rowan 3.09 Alleghany, Watauga 3.52
Chatham, Forsyth 3.02 Buncombe, Yancey 3.19
Chatham, Rowan 4.16 Carteret, Chowan 3.47
Dare, Henderson 3.30 Caswell, Chowan 4.26
Dare, Nash 3.20 Caswell, Greene 4.16
Hertford, Rowan 3.70 Caswell, Hendersan 3.02
Nash, Rowan 3.27 Caswell, McDowell 3.42
Pitt, Stanly 3.33 Caswell, Union 3.02
Rowan, Vance 4.19 Caswell, Washington 3.32
Chowan, Greene 4.96
X Chowan, McDowell 3.35
Chowan, Randolph 3.09
Chowan, Warren 3.50
Chowan, Washington 3.18
Durham, Nash 3.02
Durham, Pasquotank 3.29
Forsyth, Martin 3.59
Forsyth, Nash 3.53
Greene, McDowell 3.31
Greene, Washington 3.32
Henderson, McDowell 3.23
Henderson, Union 3.00
Henderson, Watauga 3.06
Lee, Martin 3.06
Martin, Nash 4.44
Martin, Pasquotank 4.80
Onslow, Yancey 3.73
Pitt, Yancey 3.18
Union, Watauga 3.49
WHITE FEMALE Edgecombe, Harnett 3.16 Anson, Hertford 3.00
Edgecompe, Sampson 3.23 Avery, Hertford 4.04
Gaston, Harnett 3.07 Buncombe, Henderson 3.35
Harnett, Sampson 3.95 Burke, Hertford 3.00
Harnett, Yancey 3.16 Chatham, Hertford 3.67
Harnett, Mecklenburg 3.16 Forsyth, Swain 3.30
Henderson, Rutherford 3.87 Halifax, Hertford 4.04
Henderson, Yadkin 3.89 Hertford, Lincoln 3.02
Mecklenburg, Rutherford 4.23 Hertford, Orange 3.87
Mecklenburg, Yadkin 3.06 Hertford, Richmond 3.67
Person, Richmond 3.16 Hertford, Wake 3.57
Person, Wilkes 3.47 Orange, Wake 3.14
Pitt, Rutherford 3.18
Rutherford, Wilson 4.33
Rutherford, Yadkin 4.56
Sampson, Yancey 3.23
Wilson, Yadkin 3.16

+p < 0.0025



TABLE 4.3
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(Continued)
1370-1974 1975-1979
Race-Sex
Group County Pair Y4 County Pair z
NONWHITE MALE Buncombe, Edgecombe 3.00 Cleveland, Cumberland 3.22

NONWHITE FEMALE

Caswell, Columbus
Catawba, Columbus
Catawba, Granville
Catawba*, Hoke*
Columbus, Granville
Columbus, Hoke
Durham, Guilford
Durham, Harnett
Durham, Johnston*
Edgecombe, Gaston
Edgecombe, Hertford
Edgecombe, Pamiico
Edgecombe, Wayne
Gaston, Pamlico
Gaston, Wayne
6ranville, Hoke
Guilford, Harmett
Guilford, Johnston*
Harnett, Johnston*
Pamtico, Wayne

PLWEAWEWLWUNMMBPNWERWS &L LW
IR T N
(%4
o

Cleveland, Rockingham 3.20
Cumberiand, Rockingham 4.05

Guilford, Lee 3.25
Lee, Richmond 3.50
Lee, Wake 3.70
Guilford, Robeson* 4

o < 0.0025

*Two deaths




TABLE 4.4

V-STATISTIC AND P-VALUE OF HOMICIDES AND SUICIDES BY URBAN
STATUS, RACE AND SEX GROUPS, 1970-1974 AND 1975-1979

SIMULATION APPROACH
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Urban Status/

1970-1974

1975-1979

Group V-Statistic | P-value V-Statistic | P-value

HOMICIDE

Urban:

A1 1.13 0.66 1.12 0.32

White Male 1.13 0.26 1.11 0.69

White Female 1.13 0.65 1.05 0.72

Nonwhite Male 1.14 0.40 1.11 0.64

Nonwhite Female 1.12 0.19 1.14 0.24

Rural:

White Female 4.04 0.22 3.74 0.17

Nonwhite Female 2.88 0.74 4.66 0.57
SUICIDE

Urban:

All 1.13 0.92 1.12 0.04

White Male 1.14 G.88 1.11 0.42

White Female 1.13 0.22 1.14 0.01

Nonwhite Male 1.09 0.77 0.85 0.08

Nonwhite Female 0.061 1.00 0.20 0.66

Rural:

Nonwhite Male 2.33 0.12 1.831 0.90

Urban/Rural:

Nonwhite Male 8.60 0.01 7.15 0.62

Nonwhite Female 0.17 0.47 0.94 0.18




TABLE 4.5

V-STATISTIC AND Z OF HOMICIDES AND SUICIDES BY URBAN
STATUS, RACE AND SEX GROUPS, 1970-1974 AND 1975-1979
ASYMPTOTIC DISTRIBUTION

Urban Status/ 1970-1974 1975-1979
Group V-Statistic VA V-Statistic VA .
HOMICIDE
Rural:
All 21.89 0.00 21.69 -0.02
White Male 13.69 0.01 15.49 0.0
Nonwhite Male 10.15 0.06 12.28 -0.021
Urban/Rural:
A1l 18.52 0.00 18.85 -0.03
White Male 17.03 -0.01 16.04 -0.03
White Female 11.01 0.03 9.08 0.03
Nonwhite Male 16.32 0.02 14.29 -0.03
Nonwhite Female 9.81 -0.03 7.98 -0.03
SUICIDE
Rural:
All 23.83 -0.03 21.97 0.00
White Male 22.56 -0.01 20.84 -0.01
White Female 8.73 0.03 12.15 -0.01
Urban/Rural:
All 18.76 0.01 18.45 -0.03
White Male 18.38 -0.05 18.60 -0.01
White Female 14.05 -0.05 9.08 0.03 .
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CHAPTER Vv

SUMMARY OF PROCEDURES AND DISCUSSION

5.1 Summary of Procedures for Investigating Time-Space Cluster
Patterns

The hypotheses which are of interest are presented along with a
brief summary of the method(s) used. Reference is given to the com-
puter program which is to be used. Some of the methods are combined
within one program. The hypotheses are presented according to the

approaches used in this research:

1. Clustering in Time

Hypotheses: HO: For a particular series of data, events are
distributed randomly across the time units.

H.: For a particular series of data, events are
distributed nonrandomly across the time units.

Methods : i) Ederer-Myers-Mante] Test (EMM) (Ederer et al.,
1964)
Test Statistic: m. - maximum across the time
interval

. 2 [Zm]'E (Zm])]z
Significance Test: Xy = RG]
1

Computer Program: Appendix Bl
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ii) Standardized Cluster Ratio (SCR) (Grimson,
1980)

Ratio: SCR =

Computer Program: Appendix B1

iii) Zero-One Test (Dat, 1982)

Test Statistic: A - obtained by comparing each
unit of data with an ad-
Justed marginal and assign-
ing it a value of 0 or ]
depending upon whether it
is smaller or larger than
the adjusted marginal.

;- A - E(A)
ATAY

Significance Test:

Computer Program: Appendix B2

2. Nonrandom Concordant Clustering

Hypotheses: Ho: The events in the two series of data are distri-
buted randomly in time.

H,: The patterns of events between two series of data
are concordant and are distributed nonrandomly in
time.

Method: Nonrandom Concordant Cluster Test (Grimson and Ingram,
1983)

Test Statistic: X - sum of products within each time
unit

Significance Test: 7 = = E(X)_
ATX

Computer Program: Appendix B3
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Time-Space Interaction

Hypotheses: H,: The amount of concordance between pairs of coun-
ties is randomly distributed with respect to the
distance between counties.

H_: Pairs of counties with high concordance ratios
tend to be located near each other.

Method: V-Statistic

Test Statistic: V - sum of products of concordance
ratio and inverse of distance
between pairs of counties.

Significance Test: Simulation Approach (n < 25)
Asymptotic Approach (n > 25):
V - E(V)

/Var(v)

Z =

Computer Program: Appendix B4 - Simulation Approach
Appendix B5 - Asymptotic Approach
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5.2 Discussion

Several methods are available which test the temporal and/or
spatial clustering of data. The data may be mortality data, morbidity
data, or other types of data which are grouped into time and space
units. Methods which have been reviewed and applied to data in this .
research are the Ederer-Myers-Mantel test (EMM), the Zero-QOne test,
the Standardized Cluster Ratio (SCR), and the Nonrandom Concordant
Cluster test. We present'as a part of this research an extension of
Mantel's generalized regression approach.

The extension, the V-statistic, is a test for time-space inter-
action in the sense that a measure of concordance across time units
is obtained for pairs of counties and the spatial distances between

them are taken into consideration. Significance of this statistic is

obtained when the amount of concordance beyond what is expected for
pairs of counties is high and the distances between the county pairs
tend to be small. Computer programs are provided which determine the
significance of an observed V. The exact distribution is simulated
for small n and an asymptotic approach is used for large n.

This statistic is straightforward, easy to use and interpret.
It is based on a concordance ratio which is obtained throuah the
use of all of the available data. The smaller the p-value for this
statistic, the more likely it is that high concordance ratios are
associated with pairs of counties that are located near each other
and vice versa. The utility of the V-statistic is enhanced since
it is not restricted to the use of distance measures. The distance

measure may be replaced by some other measure which is of particular .
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interest to the problem under investigation. For example, if income
data 2re available, the V-statistic may be used to test whether those
county pairs with high concordance ratios tend to occur in pairs of
counties with high incomes.

The methods used in this research seek to determine whether
clusters exist, whether cluster patterns are similar between pairs
of locations, and whether the distance between pairs of locations is
a factor in their similar cluster patterns. The methods presented
may be viewed as a first step in determining causative or underlying
factors of an event.

The results obtained through use of these methods show that
there are several counties which experience significant clustering
across time during one of the time periods and not during the other
for both homicides and suicides. Out of the 100 counties, we expect
that at least five of these clusters are chance occurrences and
suspect that most may indeed be chance occurrences since significance
is not found for both time periods. In those counties in which
significant clustering occurred during both time periods, there may
be factors present which affect the occurrence of homicides or sui-
cides which remain in effect during both time periods. Those counties,
along with those with significant clusters for both causes of death
during the same time period, should be examined closely for common
factors.

The pairs of counties with significant concordant clustering
during one time period are generally different from those with signif-

icant concordant clustering during the second time period. Again,
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since the pattern observed was not continued during both time periods, .

we suspect that the similar clustering observed is due to chance

rather than trends of any kind. Those counties which are members

of a concordant set of counties should be examined closely to deter- .
mine what type of factors are common to each that play a role in the

occurrence of homicides or suicides.

Distance does not appear to be a factor in the occurrence of
suicides and homicides among those pairs of counties with similar
concordant clustering. Among those pairs of counties in which the
distance between pairs is a factor in the occurrence of high concor-
dance ratios, those pairs of counties with high ratios and which are
located near each other should be examined for the presence of common

factors which may aid in explaining their similarities.

A better representation of the patterns may be obtained through ‘
the use of city data rather than county level data. The fact that -
there are so few urban areas in the State is a reflection of the
basic rural nature of the State. The patterns in these urban areas
are generally different from those of rural areas and with the use
of city data, these distinctions can be observed.

Further investigation into the age distribution, socioeconomic
levels, sociological factors, and other possible explanative factors
in counties in which significant clustering occurs should also pro- -

vide additional insight into data patterns.







