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(57) ABSTRACT 

A method for measuring a degree of association (58) 
betWeen, and for selectively creating a grouping (40) of, n 
plurality of spatially referenced physical events (22) of a 
predetermined physical characteristic. The method includes 
the steps of assembling n plurality of physical events (26), 
assembling a universe of possible sample locations (36), 
determining a reference distribution (54), determining a 
restricted distribution (56), and determining the degree of 
association (58) betWeen the n plurality of physical events. 
Speci?cally, the physical events each have an indicia of 
location and a physical characteristic above a threshold. The 
step (54) of determining a reference distribution is con 
ducted by calculating a test statistic (78) for each of n‘ 
plurality of random allocations (74) of the n plurality of 
physical events over the selected n plurality of sample 
locations. Further, the step (58) of determining a restricted 
distribution includes calculating the test statistic (82) for 
each of n“ plurality of restricted random allocations (80) of 
the n plurality of physical events over the n plurality of 
sample locations (62). 
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METHOD FOR MEASURING A DEGREE OF 
ASSOCIATION FOR DIMENSIONALLY 
REFERENCED DATA SPONSORSHIP 

[0001] This invention Was made With government support 
by the United States of America under Grant No. R43 
CA65366 aWarded by the National Cancer Institute. The 
United States government has certain rights in the invention. 

BACKGROUND OF THE INVENTION 

[0002] 1. Technical Field 

[0003] The present invention relates generally to a method 
for detecting statistically signi?cant dimensional relation 
ships betWeen physical events and, more particularly, to a 
method and apparatus for measuring a degree of association 
betWeen spatially referenced physical events in order to 
group these physical events When appropriate. 

[0004] 2. Discussion 

[0005] It is dif?cult to overstate the importance of accu 
rately measuring localiZed occurrences of a physical event 
such as, for example, disease outbreaks or unsafe pollution 
concentrations. Incorrectly identifying the existence of such 
an event can lead to unnecessarily alarming individuals in 
the “affected” area as Well as to causing the expenditure of 
resources, monetary and otherWise, better allocated else 
Where. Potentially even more devastating is the failure to 
recogniZe the existence of a localiZed event as early as 
possible. Left unchecked, highly contagious diseases can 
spread to cause an epidemic While environmental conditions 
such as increased pollution levels can irrevocably damage 
fragile natural balances. 

[0006] Physical events are often spatially or temporally 
related With localiZed occurrences referred to as clusters. In 
these instances, the ability to accurately determine the 
existence of localiZed occurrences of physical events 
depends in part upon the speci?city of the spatial or temporal 
property of each event. Despite the need to accurately 
measure statistically signi?cant clustering in a variety of 
contexts, currently available modeling techniques do not 
accurately re?ect the location of each event and therefore 
too often lead to incorrect inferences. This problem is 
particularly troublesome in spatially referenced physical 
events having uncertain spatial locations. 

[0007] Sources of location uncertainty arise in a variety of 
contexts. For example, uncertainty can arise in an epide 
miologic context due to the anonymity commonly main 
tained during the reporting of health events, the uncertainty 
of exposure locations given the mobility of human activity, 
and the transient nature of many environmentally transmit 
ted disease causing agents. Uncertainty is ampli?ed by the 
recording of event locations based upon Zip code Zones, 
census tracts, or grid nodes. Location uncertainty is also 
prevalent in the analysis of other spatially referenced physi 
cal events such as in the environmental and physical sci 
ences (e.g. biology, geology, and hydrology). 

[0008] Randomization testing of recorded events is com 
monly used to infer Whether a spatial pattern exists Within 
the sample of spatially referenced physical events. In these 
tests, the statistical signi?cance of the spatial pattern is 
generally evaluated through the use of actual or estimated 
sample locations. When the actual locations of the samples 
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are uncertain, a model is used to approximate the locations 
of the samples. The most frequently used method for 
approximating the location of a sample is the centroid model 
Which assigns the area centroid location to all cases or 
samples occurring Within an area. 

[0009] A particular disadvantage of using randomiZation 
tests based upon centroid approximations is that the 
approach does not consider the spatial distribution of the 
at-risk population. As a result, approximations based upon 
the centroid of an area rather than the distribution of the 
at-risk population create an unnecessarily and inaccurately 
small universe of possible sample locations. For example, in 
epidemiological analyses, the universe of sample locations 
for randomiZation is more properly related to the geographic 
distribution of the human population in general and, more 
particularly, to the distribution of individuals at risk for a 
particular disease. 

[0010] Additionally, randomiZation tests are problematic 
for spatial data because currently used techniques assume 
that the sampling space consists of the locations at Which the 
observations Were made. That is, they erroneously assume 
that the universe of possible locations consist entirely and 
solely of the sample locations. HoWever, in most situations, 
other locations in the study area could have been sampled. 
As a result, the sampling space for the spatial randomiZation 
test is incorrectly speci?ed and the distributions generated 
during the test pertain only to the sample locations rather 
than the at-risk population Within the study area. This 
incorrect approximation leads to detection errors and the 
potentially dire consequences associated thereWith, Whether 
the locations of the physical events are certain or uncertain. 

[0011] Accordingly, it is an object of the present invention 
to provide a method for accurately determining the degree of 
association betWeen physical events. 

[0012] A further object of the present invention is to 
provide a method for accurately determining the degree of 
association betWeen physical events having uncertain loca 
tions. 

[0013] Another object of the present invention is to deter 
mine the degree of association betWeen a plurality of spa 
tially referenced physical events based upon an analysis of 
reference and restricted distributions of a test statistic. 

[0014] Still another object of the present invention is to 
determine the relative degree of illness for a given area 
based upon a comparison of the degree of association 
betWeen the physical events to a threshold value. 

[0015] A further object of the present invention is to 
determine the degree of association betWeen a plurality of 
spatially referenced physical events through the use of a 
location model that re?ects the spatial distribution of an 
at-risk population. 

SUMMARY OF THE INVENTION 

[0016] The present invention provides a method for mea 
suring a degree of association betWeen, and for selectively 
creating a cluster of, n plurality of spatially referenced 
physical events of a predetermined physical characteristic. 
The method includes the steps of assembling n plurality of 
physical events, assembling a universe of possible sample 
locations, determining a reference distribution, determining 
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a restricted distribution, and determining the degree of 
association betWeen the n plurality of physical events. 
Speci?cally, the physical events each have an indicia of 
location and a physical characteristic above a threshold. The 
step of determining a reference distribution is conducted by 
calculating a test statistic for each of n‘ plurality of random 
allocations of the n plurality of physical events over the 
selected n plurality of sample locations. Further, the step of 
determining a restricted distribution includes calculating the 
test statistic for each of n“ plurality of restricted random 
allocations of the n plurality of physical events over the n 
plurality of sample locations. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] Further objects, features and advantages of the 
present invention Will become apparent to those skilled in 
the art from studying the folloWing detailed description and 
the accompanying draWings, in Which: 

[0018] FIG. 1 is a schematic illustration of a method 
according to the present invention shoWn in relation to the 
physical events of interest; 

[0019] FIG. 2 is a How chart shoWing steps of the pre 
ferred method With reference to a hypothetical spatial area of 
analysis; and 

[0020] FIG. 3 is a graphic illustration of an exemplary 
reference distribution and restricted distribution of the Man 
tel test statistic. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0021] The folloWing description of a preferred embodi 
ment of the present invention is merely exemplary in nature 
and is not intended to unduly limit the scope of the claimed 
invention. Moreover, the folloWing description, While 
depicting the invention for use With spatially referenced 
epidemiological events, is intended to adequately teach one 
skilled in the art to use the method and apparatus to measure 
a degree of association betWeen spatially referenced physi 
cal events, particularly those events having uncertain loca 
tions, regardless of the underlying nature or characteristic of 
the event. Speci?cally, those skilled in the art Will appreciate 
that the method and apparatus described and claimed herein 
is applicable to determine the degree of association for a 
variety of spatially referenced physical events including 
environmental events related to geology, hydrology, or pol 
lution control. 

[0022] FIG. 1 generally illustrates the implementation of 
the method and apparatus of the present invention 10 to a 
physical area 12 having a ?rst sub-area 14 and a second 
sub-area 16. In this example, each of sub-areas 14 and 16 
have a reporting station 18 and 20, respectively, Where 
events of a physical characteristic are reported. The report 
ing of an epidemiological event to authorities, such as at a 
clinic, is commonly anonymous such that the residence of 
the person, presumably the best estimate of the location of 
contraction, is uncertain. This location uncertainty is repre 
sented in FIG. 1 by locating the event occurrences 22, 
identi?ed by “+”, Within reporting stations 18 and 20. The 
method and apparatus 10 of the present invention includes 
assembling the physical events of interest and determining a 
degree of association that represents a measurement of the 
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proximity of the event occurrences Within the physical area 
12. More particularly, in an embodiment of the invention, 
the degree of association for the physical events is used to 
group the events that Warrant further investigation or an 
immediate response. 

[0023] FIG. 1 further illustrates a structure for implement 
ing the present invention as Well as the relationship of this 
structure to physical area 12. The physical events 26, each 
including a physical characteristic and an associated, though 
uncertain, physical location, are selected and assembled in a 
?rst data structure 32. In a similar fashion, a second data 
structure 34 is assembled to include the physical locations of 
a universe of possible sample locations 36 that, in the 
embodiment of the invention hereinafter described, is a 
model of the actual at-risk population or the spatial density 
thereof. Computer processor 38 communicates With ?rst and 
second data structures 32 and 34, respectively, to retrieve 
selected physical characteristics and possible sample loca 
tions therefrom and determine the degree of association 24 
betWeen the physical events in the manner described beloW 
With reference to FIG. 2. A grouping 40 of physical events 
26 is created When the determined degree of association 
exceeds a predetermined value. In the context of this 
description, the creation of grouping 40 identi?es the physi 
cal events that have a spatial proximity to one another that 
is suf?cient to Warrant further investigation or intervention. 

[0024] With continued reference to FIG. 1, the physical 
events 26 included in ?rst data structure 32 include only 
those events having a physical location Within the area of 
analysis, eg area 22 of FIG. 1, and an associated physical 
characteristic above a predetermined threshold. It should be 
appreciated that the predetermined threshold may be Zero 
Whereby physical events exhibiting the desired physical 
characteristic are included in ?rst data structure 32 regard 
less of the degree of the characteristic. Further, as to second 
data structure 34, the number of potential samples in the 
universe generally exceeds the number of physical events in 
?rst data structure 32. This excess of possible samples 
alloWs the method and apparatus of the present invention to 
more accurately determine the degree of association 
betWeen the physical events as hereinafter described. Those 
skilled in the art Will realiZe from this description that the 
location models hereinafter described may be used to 
expand the universe of samples and thereby increase the 
accuracy of the degree of association Without regard to 
Whether the physical events have a certain or uncertain 
location. 

[0025] In sum, the present invention determines a degree 
of association betWeen events that is representative of the 
actual association betWeen the events. While the events have 
an actual degree of association based upon the proximity of 
the event locations, the actual association is incapable of 
measurement because the events are reported With locations 
that are generally not re?ective of the actual event locations. 
The determined degree of association is used to selectively 
create an event grouping that Warrants further investigation 
or intervention activity including action to mitigate or elimi 
nate the condition represented by the physical characteristic 
of the reported event. As a result, the present invention 
modi?es the location characteristics of the reported events to 
more accurately re?ect actual conditions. The creation of an 
arti?cial group that more closely represents actual condi 
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tions is illustrated in FIG. 1 by grouping 40 compared to 
reporting locations 18 and 20. 

[0026] It should be noted that While the descriptions and 
illustrations herein relate speci?cally to spatially referenced 
physical events occurring Within an area, the invention is 
equally applicable to physical events associated With one 
another in other dimensions and occurring Within a selected 
Zone, e.g. temporal relationships Within a time interval. 

[0027] FIG. 2 illustrates a speci?c exemplary application 
of the present invention With respect to an area of analysis 
12‘ that includes a ?rst sub-area 14‘ and a second sub-area 
16‘ as previously described. In this example, each of the ?ve 
selected physical events 26 illustrated in FIG. 1 are repre 
sented by an “X” and referenced by numerals 42, 44, 46, 48, 
and 50. Further, in this example, each of physical events 26 
are further represented by data in the form (xi, yi, Zi, Where 
xi and yi are geographic coordinates representative of the 
location of the physical event and Zi represents the physical 
characteristic of the event. While the locations of the physi 
cal events are illustrated as distributed Within area of analy 
sis 12‘, in the illustrated embodiment of the invention, the 
exact locations of the physical events are knoWn only to the 
extent that events 42 and 44 occurred Within ?rst sub-area 14 
and events 46, 48, and 50 occurred Within second sub-area 
16. 

[0028] Selected physical events 42, 44, 46, 48, and 50 are 
assembled in ?rst data structure 32 and a universe of sample 
locations 52 Within area of analysis 12‘ are assembled Within 
second data structure 36. In the present invention, universe 
52 preferably includes the exact locations of the at-risk 
population Within the respective sub-areas or the density 
distribution of the at-risk population Within the area. While 
the preferred models for generating universe 52 are 
described in detail hereinafter, those skilled in the art Will 
appreciate that universe 52 is based upon a measured or 
estimated distribution of a selected population as a Whole, or 
a speci?ed portion thereof. 

[0029] Population density information is presently avail 
able from Which the assembled sampling space or universe 
Would include individuals particularly at risk to a certain 
health event. For example, the universe of sample locations 
may include the population density of individuals of a 
childhood age When determining the presence of statistically 
signi?cant clustering of cases of childhood leukemia. Alter 
natively, the universe of possible sample locations could 
include the at-risk population density in vieW of tho prob 
ability that an individual in the general population Would be 
exposed to a condition conducive to contracting a particular 
disease. 

[0030] FIG. 2 further schematically illustrates the steps 
performed, such as by computer processor 38 shoWn in FIG. 
1, in determining the degree of association betWeen physical 
events 42, 44, 46, 48, and 50. Speci?cally, the steps include 
generating a reference distribution 54, a restricted distribu 
tion 56, and determining a degree of association 58. The 
generation of reference and restricted distributions 54 and 
56, respectively, include the step of generating sample 
locations 60 and 62, respectively, from the universe of 
possible sample locations in second data structure 34. The 
generated sample locations are equal in number to the 
physical events 26 included in ?rst data structure 32. Those 
skilled in the art Will appreciate from this description as Well 
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as the appended claims and draWings that virtually any 
number, n, of physical events 26 and sample locations may 
be selected for use With the present invention. HoWever, in 
the preferred embodiment, the number, X, of possible sample 
locations Within ?rst sub-area 14‘ selected from second data 
structure 36 is equal to the number, X, of selected physical 
events 26 located in ?rst sub-area 14‘. Similarly, the number, 
y, of possible sample locations Within second sub-area 16‘ 
selected from second data structure 36 is equal to the 
number, y, of selected physical events located in the second 
sub-area. Accordingly, in the illustrated embodiment shoWn 
in FIG. 2, each generation of sample locations 60 and 62 
include tWo selected locations from ?rst sub-area 14‘ and 
three selected sample locations from second sub-area 16‘. 

[0031] As generally indicated in FIG. 2, the generation of 
reference distribution 54 further includes randomly allocat 
ing, step 74, the physical characteristics Zi of each selected 
physical event over all of the generated sample locations 
Within area of analysis 12‘. Speci?cally, each of the physical 
characteristics, i.e., Z1, Z2, . . . Z5 are assigned With equal 
probability to each of the sample locations Without regard to 
Whether the sample locations are from the ?rst or second 
subareas 14‘ and 16‘, respectively. This random allocation 
corresponds to a statistical null hypothesis of no association 
betWeen the physical characteristics Zi and their locations (xi, 
yi) Within the respective sub-areas. A test statistic is then 
calculated in step 78 for each fully randomiZed allocation of 
the physical characteristics, Zi, over the repeatedly generated 
sample locations. In summary, reference distribution 54 is 
generated by repeatedly generating sample locations (step 
60), randomly allocating the physical characteristics over 
the sample locations (step 74), and calculating the test 
statistic (step 78). Those skilled in the art Will appreciate that 
the number of repetitions, n‘, performed to generate refer 
ence distribution 54 is represented by index of randomiZa 
tion k‘, and is variable and dependent upon a number of 
factors including the number of selected physical events, i.e. 
events 42, 44, 46, 48, and 50, and the signi?cance level one 
Wishes to resolve. 

[0032] In general, it is convenient to express the test 
statistic as a cross product (a F product) although this 
invention applies generally to all statistics calculated from 
spatially referenced data. More speci?cally, for spatially 
referenced data, the F product is: 

K 1:1 

Where "N" is the number of locations, "a' 

is a proximity measure and "b" is 

calculated from the observations on 1. 

[0033] Those skilled in the art Will recogniZe that the null 
hypothesis for this cross-product statistic is that observations 
on Z are independent of proximity. The alternative hypoth 
esis being that observations on Z are in some Way associated 
With proximity. 

[0034] There are three general measures of proximity that 
provide a ready means for quantifying spatial relationships 
in the F product. As is knoWn in the art, these proximity 
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measures quantify spatial and/or temporal relationships 
between pairs of points and are of three basic types: adja 
cency, distance, and nearest neighbor. Those skilled in the 
art will also appreciate the advantages and disadvantages of 
each of these three types as well as that each may be used 
in the method described and claimed herein. For exemplary 
purposes, adjacency based statistics such as join-count and 
Moran’s I statistics may be used for adjacency based analy 
sis whereas Mantel’s test for distance-based and CuZick and 
Edwards’ test for nearest neighbor-based analysis may also 
be used. The equations for these analyses are generally 
recogniZed in the art. For completeness, Mantel’s distance 
based cross product statistic for space-time clustering is: 

where 5;]- and 1;]- are space —time distances 

between cases i and j. 

[0035] As shown in FIG. 2, spatially restricted distribu 
tion 56 is generated through restricted randomiZation, i.e., 
the physical characteristics, Zi, randomly allocated (step 80) 
among the sample locations within the same sub-area. For 
example, after generating an appropriate number of sample 
locations in step 62, characteristics Z3, Z4, and Z5 from 
physical events 46, 48, and 50 are allocated over the three 
sample locations within second sub-area 16‘. Likewise, the 
Z1 and Z2 characteristics from events 42 and 44 are randomly 
allocated over the two selected sample locations within ?rst 
sub-area 14‘. By this restricted allocation, the association 
between the Z1 characteristics and the respective sub-areas 
for the physical events are maintained. The test statistic, I“, 
is calculated in step 82 for each of the n“ generations of 
sample locations thereby yielding the restricted distribution 
56 of the test statistic. In a manner similar to reference 
distribution 54, the number, n“, of repetitions used to cal 
culate the test statistic for restricted distribution 56 is 
represented by index of restricted randomiZation k“ and may 
vary depending upon, among other factors, the physical 
characteristics of interest. In one embodiment of the present 
invention the number of repetitions for the reference distri 
bution, n‘, and number of repetitions for the restricted 
distribution, n“, are equal. 

[0036] A graphic illustration of reference distribution 54 
and restricted distribution 56 is shown in FIG. 3. The 
relative positions of the distributions is the basis for deter 
mining the degree of association between physical events 
26. More particularly, as shown in FIGS. 2 and 3, deter 
mination of the degree of association 58 includes selecting 
a critical value 83 and determining the credibility 84 of the 
null hypothesis. The selection of critical value 83 represents 
a trade off between the acceptability of receiving false 
positives, i.e. incorrectly rejecting the null hypothesis (type 
I error), and obtaining false negatives, i.e. accepting the null 
hypothesis when it is false (type II error). As a result, the 
selection of critical value 83 is dependent upon the particular 
event under scrutiny given the uncertain locations. For 
example, in an epidemiological context, a disease that is 
highly contagious or fatal generally deserves a high degree 
of scrutiny and therefore a low critical value is selected so 
that any suggestion of spatial association leads to the cre 
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ation of an event group and further action or investigation. 
Conversely, if false positives have severe consequences, a 
higher critical value may be used. Critical value 83 is 
generally expressed as a 1-0. value and is often approxi 
mately 95% (ot=0.05). 
[0037] Credibility 84 describes the possibility of statisti 
cally signi?cant clustering and is de?ned as the proportion 
of the restricted distribution that meets or exceeds critical 
value 83. Credibility 84 represents the degree of association 
between physical events 26 and can be used to determine the 
statistical signi?cance of the dimensional proximity of the 
events and whether the association warrants creation of a 
grouping 92 (FIG. 2). Speci?cally, if n plurality of physical 
events exhibit a credibility over a predetermined threshold, 
grouping 92 is created to encompass these events thereby 
indicating that the dimensional relationship between the 
physical events is statistically signi?cant. In general, it is 
contemplated that a credibility of greater than 0.05 is sta 
tistically signi?cant for most characteristics. 

[0038] To this point, reference has been made to randomly 
sampling a universe of possible sample locations such as the 
at-risk population within an area in order to determine 
sample locations for the allocation of the physical charac 
teristics. While a multitude of options are available to 
generate the sample space, four speci?c modeling alterna 
tives are contemplated for use with the present invention. 
More particularly, the point model 86, population model 88, 
and polygon model 90 described in detail below and shown 
in FIG. 2 correspond to different levels of knowledge 
regarding spatial locations and are designed for situations 
commonly encountered in public health practice and the 
environmental sciences. Further, risk model 91 re?ects not 
only the distribution of a general population but also the 
probability that the members of the population will contract 
a certain event of interest. 

[0039] It will be apparent to one skilled in the art from the 
following description, that the accuracy of the information 
obtained from point model 86 is superior to that from the 
population and polygon models, while the population model 
provides the next best results. Further, for simplicity of 
exposition, the locations models are described below in the 
context of human population data. However, it should be 
appreciated that the models also apply in the earth sciences 
and other ?elds with little modi?cation. 

[0040] Point models 86 are used when a ?nite list of 
alternate exact locations are available. This situation arises, 
for example, when one knows a case occurred within a 
speci?c census district, but the exact place of residence of 
the case is not known. In point models, the list of alternate 
locations is constructed as the coordinates of all places of 
residence within the census district and can be obtained from 
a variety of methods including aerial photography, topo 
graphic maps showing building locations, and address 
matching software which output latitude and longitude of 
street addresses. Point model 86 is preferred because it offers 
the greatest spatial resolution while its greatest weakness is 
that a list of alternative locations may be dif?cult to con 
struct or be unavailable. 

[0041] Population models 88 are used when the underly 
ing population density distribution is known. This density 
distribution is then used to allocate possible case locations 
within an area. For example, locations with high population 
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density are sampled most frequently. The resolution of the 
population model depends on the available population den 
sity surface generally obtainable such as from population 
density data produced by the Global Demography Project. 
Population data is also available from other sources such as 
US. census ?les that report population in census tracts and 
blocks as Well as state information systems that report 
population by sections. Population model 88 offers ease of 
use due to the availability of the population density data as 
Well as the ease of data incorporation into softWare appli 
cations. HoWever, the population model may be less appro 
priate for diseases Which strike particular risk groups Whose 
population density is not highly correlated With the total 
population density Within the area. 

[0042] Polygon models 90 assume that the probability of 
sampling is uniform Within sub-areas and applies When 
alternative places of residence are unknown, precluding the 
use of point models, and information on population density 
is lacking, thereby excluding population models. The use of 
a polygon model is frequently Warranted due to data insuf 
?ciencies. HoWever, these models offer the least resolution 
as a result of the assumption that population density is 
homogeneous Within the sub-areas. 

[0043] As described above, the point, population, and 
polygon models are point density functions describing the 
locations Where events could have occurred. Risk model 91, 
on the other hand, recogniZes that sampling probability at a 
location is dependent on tWo functions, i.e., the spatial 
density distribution of the physical events and the space 
time process Which propagates the physical characteristic of 
interest across the distribution. For example, for disease 
processes, the spatial density distribution of the physical 
events Would generally describe the place of residence for 
individuals. Further, for a contagious disease, the second 
function Would describe the transmission dynamics of the 
disease itself. Examples Where the risk model Would accu 
rately represent the applicable universe of sampling loca 
tions include the study of malaria areas Where small mos 
quito populations Would have small sampling probability 
even in dense populations. As a further example, individuals 
proximate to a forested area Would be given a higher 
probability of contracting lyme disease in vieW of the greater 
risk that they Would come in contact With ticks. Further 
customiZation of the universe of possible sample locations 
may be provided in environmental applications such as 
pesticide exposures in agricultural areas, heavy metal trans 
port, etc. 

[0044] Various other advantages and modi?cations Will 
become apparent to one skilled in the art after having the 
bene?t of studying the teachings of the speci?cation, the 
draWings, and the folloWings claims. 

What is claimed is: 
1. A method for measuring a degree of association 

betWeen n plurality of dimensionally referenced physical 
events of a pre-determined physical characteristic, said n 
plurality of physical events each having locations of obser 
vation, comprising the steps of: 

assembling n plurality of physical events each having an 
indicia of location and a physical characteristic above 
a ?rst threshold; 

assembling a universe of possible sample locations; 
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selecting n plurality of sample locations from said uni 
verse; 

determining a reference distribution by calculating a test 
statistic for each of n‘ plurality of random allocations of 
the n plurality of physical characteristics over said n 
plurality of sample locations; 

determining a restricted distribution by calculating said 
test statistic for each of n“ plurality of restricted random 
allocations of the n plurality of physical characteristics 
over said n plurality of sample locations; and 

determining the degree of association betWeen said n 
plurality of physical events based upon said determined 
reference and restricted distributions. 

2. The method of claim 1 further including the step of 
grouping said n plurality of physical events When said 
degree of association exceeds a second threshold. 

3. The method of claim 1 Wherein said locations of each 
of said n plurality of physical events are Within an area of 
analysis, said area of analysis including a ?rst sub-area and 
a second sub-area, Wherein x number of physical events are 
located in said ?rst sub-area and y number of said n plurality 
of physical events are located in said second sub-area, and 
Wherein the steps of selecting n plurality of sample locations 
from said universe and determining a reference distribution 
by calculating a test statistic for each of n‘ plurality of 
random allocations of the n plurality of physical events over 
said n plurality of sample locations include: 

a) selecting n plurality of sample locations to include x 
number of sample locations in said ?rst sub-area and y 
number of sample locations in said second sub-area; 

b) randomly allocating the physical characteristics from 
said n plurality of physical events over said n plurality 
of sample locations; 

c) calculating said test statistic; and 

d) repeating steps (a), (b), and (c) to generate said 
restricted distribution including n‘ calculations of said 
test statistic. 

4. The method of claim 3 Wherein the step of determining 
a restricted distribution by calculating said test statistic for 
each of n‘ plurality of restricted random allocations of the n 
plurality of physical events over said n plurality of sample 
locations includes: 

a) selecting n plurality of sample locations to include x 
number of sample locations in said ?rst sub-area and y 
number of sample locations in said second sub-area; 

b) randomly allocating the events from each of said x 
number of n plurality of physical events in said ?rst 
sub-area over said x number of sample locations and 
randomly allocating the physical characteristics from 
each of said y number of n plurality of physical events 
in said second sub-area over said y number of sample 
locations; 

c) calculating said test statistic; and 

d) repeating steps (a), (b), and (c) to generate said 
restricted distribution including n“calculations of said 
test statistic. 

5. The method of claim 1 Wherein the step of determining 
the degree of association betWeen said n plurality of physical 
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events based upon said determined reference and restricted 
distributions includes the steps of: 

selecting a critical value of the reference distribution; 

calculating a credibility of the restricted distribution by 
determining the proportion of the restricted distribution 
that is as or more eXtreme than said critical value; and 

determining Whether said credibility evidences a statisti 
cally signi?cant level of association for the physical 
characteristics. 

6. The method of claim 1 Wherein the step of assembling 
a universe of possible sample locations includes construct 
ing a location model indicating the density distribution of 
possible locations Within an area of analysis. 

7. The method of claim 6 Wherein said location model is 
one of a point model, a population model, a polygon model, 
and a risk model. 

8. The method of claim 1 Wherein said physical events 
have an uncertain location. 

9. The method of claim 1 Wherein said universe of 
possible sample locations includes more than n plurality of 
possible sample locations. 

10. The method of claim 1 Wherein said physical events 
are dimensionally referenced in a spatial dimension. 

11. A computer-implemented method for creating a clus 
ter of dimensionally referenced physical events, said cluster 
representing a dimensional region encompassing n plurality 
of said physical events exhibiting a predetermined physical 
characteristic above a predetermined threshold, comprising 
the steps of: 

assembling a ?rst data structure indicative of the locations 
of observation and the physical characteristic for said n 
plurality of physical events; 

assembling a second data structure indicative of a sample 
space; 

determining a reference distribution via a computer pro 
cessor by calculating a test statistic for each of n‘ 
plurality of random allocations of the n plurality of 
physical events over n plurality of ?rst sample loca 
tions, said computer processor communicating With 
said ?rst and second data structures and con?gured to 
select said n plurality of ?rst sample locations from said 
second data structure; 

determining a restricted distribution via said computer 
processor by calculating said test statistic for each of n“ 
plurality of restricted random allocations of the n 
plurality of physical events over n plurality of second 
sample locations, said computer processor selecting 
said n plurality of second sample locations from said 
second data structure; 

determining the degree of association betWeen said n 
plurality of physical events based upon said determined 
reference and restricted distributions; and 

creating a grouping of said n plurality of physical events 
only When said degree of association exceeds a prede 
termined value. 

12. The method of claim 11 Wherein said sample space 
includes more than n plurality of possible sample locations. 

13. The method of claim 11 Wherein said locations of 
observation of each of said n plurality of physical events are 
Within an area of analysis, said Zone of analysis including a 
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?rst sub-Zone and a second sub-Zone, Wherein X number of 
said n plurality of physical events are located in said ?rst 
sub-Zone and y number of said n plurality of physical events 
are located in said second sub-Zone, and Wherein the step of 
determining a reference distribution via a computer proces 
sor by calculating a test statistic for each of n‘ plurality of 
random allocations of the n plurality of physical events over 
n plurality of ?rst sample locations includes: 

a) selecting said n plurality of ?rst sample locations to 
include X number of sample locations in said ?rst 
sub-Zone and y number of sample locations in said 
second sub-Zone; 

b) randomly allocating the characteristics from said n 
plurality of physical events over said n plurality sample 
locations; 

c) calculating said test statistic; and 

d) repeating steps (a), (b), and (c) to generate said 
reference distribution including n‘ , calculations of said 
test statistic. 

14. The method of claim 13 Wherein the step of deter 
mining a restricted distribution via said computer processor 
by calculating said test statistic for each of n“ plurality of 
restricted random allocations of the n plurality of physical 
events over n plurality of second sample locations includes: 

a) selecting said n plurality of second sample locations to 
include X number of sample locations in said ?rst 
sub-Zone and y number of sample locations in said 
second sub-Zone; 

b) randomly allocating the events from each of said X 
number of n plurality of physical events in said ?rst 
sub-Zone over said X number of sample locations and 
randomly allocating the events from each of said y 
number of n plurality of physical events in said second 
sub-Zone over said y number of sample locations; 

c) calculating said test statistic; and 

d) repeating steps (a), (b), and (c) to generate said 
restricted distribution including n“ calculations of said 
test statistic. 

15. The method of claim 11 Wherein the step of deter 
mining the degree of association betWeen said n plurality of 
physical events based upon said determined reference and 
restricted distributions includes the steps of: 

selecting a critical value of the reference distribution; 

calculating a credibility of the restricted distribution by 
determining the proportion of the restricted distribution 
that is as or more eXtreme than said critical value. 

16. The method of claim 15 Wherein the step of creating 
a grouping includes creating the grouping only When said 
credibility eXceeds a predetermined level. 

17. The method of claim 11 Wherein the universe of 
possible sample locations is a location model indicating the 
density distribution of possible locations Within a Zone of 
analysis, said location model being one of a point model, 
population model, polygon model, and a risk model. 

18. The method of claim 14 Wherein said physical events 
are dimensionally referenced in a spatial dimension and 
Wherein said Zone is an area, and said sub-Zones are sub 
areas of said area. 
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19. A method for measuring a degree of association 
between physical events, comprising the steps of: 

assembling a plurality of physical events; 

assembling a universe of possible sample locations; 
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determining a degree of association betWeen said plurality 
of physical events by randomiZating said physical 
events over said sample locations. 

* * * * * 


