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9.1 Manual


9.2 About GeoSurveillance

Changes from version 1.0 to 1.1


Several relatively minor changes have been made from the previous version. The range of methods covered with GeoSurveillance, as well as the method of data input, have remained the same.  



The alignment of column heading has been improved.  Graphs of statistics for a range of sigma values have been improved (through improved labeling, and through the addition of critical values on the graph).  p-value calculations for global statistics are included.  It is now possible to specify a sigma value of zero as the lower range when specifying a range of sigma values.

Finally, please note that this manual has not yet been fully updated; screen shots in the manual are taken from version 1.1.
1. Introduction

GeoSurveillance is software that combines spatial statistical routines with some basic Geographic Information Systems (GIS) functions to carry out retrospective and prospective statistical tests for the detection of geographic clustering. In this software, the focus is primarily on the spatial statistical analysis. Consequently, full GIS functionality is not provided. GIS functions are limited to map-display related operations, such as loading maps, coloring based on legend schemes predefined internally, zooming in, zooming out, panning, etc. If necessary, the analysis results can be saved so that they can be conveniently used in other commercial GIS if more sophisticated GIS operations are required. This software provides interfaces so that the user can save the analysis results in a text file format when necessary. Since the software was written in Visual Basic 6.0 without using any third party controls, it is small and stand-alone. This manual will provide detailed explanation of the operation of GeoSurveillance.

What kinds of questions can GeoSurveillance answer?

(a) Retrospective testing of the null hypothesis of no spatial clustering: Traditional statistical tests of the null hypothesis of no geographic clustering are retrospective; they are carried out at a particular point in time, using previously collected spatial data on statistical tests for cluster detection.  Traditional examples of such statistics are the nearest neighbor statistic, the quadrat test, K-functions, and Moran’s I.  

Spatial cluster detection may be (a) local (focused), or (b) global (general), or (c) may involve a search for the maximum of local statistics.  In the first case, a test for increased risk around a prespecified focus is carried out.  In the second, a single statistic is used to summarize any deviations from expectations; a rejection of the null hypothesis of spatial randomness gives limited results, since the size and location of clusters is not revealed. The final class of tests can be used to find both cluster size and location when these are unknown a priori (Besag and Newell 1991).


GeoSuveillance provides retrospective tests for each of these classes of cluster detection. Rather than provide a broad suite of many methods, the software is built around the objective of providing an integrated set of tests.  At its core is the local score statistic, which is a well-known and powerful approach for testing whether incidence is raised around a predefined spatial location (see, e.g. Lawson 2000; Waller and Gotway 2004). The score statistic for a given location is essentially a weighted sum of the deviations between observed and expected values in the vicinity of the predefined location of interest. A global score statistic is also derived (based upon the local statistics), to provide a single statistic associated with the null hypothesis of no spatial pattern.  Finally, users will perhaps most often be interested in assessing the statistical significance of all of local score statistics; this will be the case when the location of the cluster is not known beforehand.  This requires accounting for the fact that many hypotheses are being tested (one for each region, at a particular geographic scale), and furthermore, these tests are correlated. GeoSurveillance provides for this assessment of its statistical significance.


GeoSurveillance is designed primarily for data that are available for a set of subregions.  For each subregion, observed and expected numbers of cases are assumed to be available. 
(b) Prospective monitoring of local statistics as new data become available periodically, to detect new clusters as quickly as possible 

When new data become available on a regular basis, the periodic tests described in (a) may be carried out repeatedly, but again, the testing of multiple hypotheses will, without additional considerations, lead to false detection of clustering more often than is desirable.  To account for these issues of multiple hypothesis testing, and to find statistical evidence of new, emergent clusters as quickly as possible, a cumulative sum (cusum) approach (see, e.g., Hawkins and Olwell 1998) is adopted in GeoSurveillance.


Data required consist, in general, of the observed and expected counts of cases, for a set of subregions, across a set of time periods.


More detail on the tests provided in GeoSurveillance can be found in the accompanying technical document.

2. Structure of GeoSurveillance
GeoSurveillance provides a convenient GUI (Graphical User Interface) so that the user can easily load data into the program, analyze, display, and save results in a menu-driven windows environment. Figure 1 shows the hierarchical structure of the GeoSurveillance menu system. Data is loaded into the program by opening either an ESRI Shapefile or a textfile, spatial statistical routines for cluster detection are executed for the data, and results are shown in maps, figures, and tables. There are also some auxiliary tools such as Get p-value, etc. All of the routines have corresponding user-interfaces in which various options and parameters can be set. Those interfaces appear by clicking on the corresponding menus in Figure 1.
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Figure 1. Hierarchical structure of GeoSurveillance
3. GIS functions in GeoSurveillance
GeoSurveillance provides basic GIS functions for interactive, display-related operations; these are accessed by the icons in the map window. Basic GIS functions for polygons (ESRI Shapefile) and points (Text File) are provided in different interfaces. Figure 2 shows icons and option buttons for basic GIS operations for each file format. Brief descriptions are presented below.
For ESRI Shapefile (Polygon)
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Figure 2. Icons for basic GIS operations (Shapefile: up; Textfile: down)
① Identify – display attribute information when clicking on map window

② Zoom in – magnify map

③ Zoom out – shrink map

④ Pan – move map

⑤ Pinpoint a subregion – highlight a local statistic corresponding to a clicked region; conditionally enable and highlight on a certain statistic

⑥ Show cusum in each subregion – shows cumulative sum chart for a clicked region during a given period; conditionally enable and highlight a univariate cusum statistic

⑦ Whole extent – show entire extent of map

⑧ Animation– animate map and table of global statistics over a range of bandwidths; conditionally enable and highlight a certain statistic

⑨ Get centroids – Calculate a series of polygon centroid coordinates
4. Data Format and Sample Dataset
In the current version of GeoSurveillance, ESRI Shapefiles for polygon data and Textfile for point data are supported. An ESRI shapefile is composed of three interrelated files: ***.shp, ***.shx and ***.dbf. These files come together to properly work in any commercial GIS software that supports the file format and they should have identical names. In the ***.dbf file, one record corresponds to one geographic entity in the ***.shp file, based on index information stored in the ***.shx file. In GeoSurveillance, there are two restrictions on the use of ESRI Shpaefile. One is the naming convention. The length of the file name should not exceed 9 characters, as shown below. 
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Another restriction is that any files residing on CD-Rom should be copied to the hard drive and the read-only check box in File – Property should be unchecked. These restrictions are expected to be eliminated in the next version. 
For the purpose of demonstration, datasets of ESRI Shapefiles (polygon data) and Textfiles (point data) for both retrospective and prospective tests come with GeoSurveillance. Below is the list of the sample datasets, followed by brief descriptions. 
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Figure 3. Sample datasets (ESRI Shapefile (top), Textfile (bottom)
Shapefiles for retrospective tests
Cancer: For zip code districts in Erie County, New York 

Observed number of breast cancer cases
Population
Zip code ID
NCSIDS: For counties in North Carolina 

Observed number of Sudden Infant Death Syndrome (SIDS) cases (1974, 1979) 
County name 
Shapefiles for prospective tests
NEBreast: For counties in the northeastern region of the US
The number of breast cancer cases from 1968 to 1988
County name
Textfiles for retrospective tests
NCSIDS_ObsExp: For North Carolina counties 

IDs

XY coordinates of county centroids

Observed number of SIDS cases in each county
Expected number of SIDS cases in each county

NCSIDS_PopCase: For North Carolina counties 

IDs

XY coordinates of county centroids

Population in each county
Observed number of SIDS cases in each county

NYtract_ObsExp: For census tracts in New York state (Middle) 

IDs

XY coordinates of census tract centroids

Observed number of breast cancer cases in each census tract
Expected number of breast cancer cases in each census tract

NYtract_PopCase: For census tracts in New York state (Middle) 

IDs

XY coordinates of census tract centroids

Population in each census tract
Observed number of breast cancer cases in each census tract

Textfiles for prospective tests
IDXYCoordinates: For counties in the northeastern US
IDs


XY coordinates of county centroids
NewBreastZScores: For counties in the northeastern US


Z-scores from 1968 to 1998 

OldCusum (6878): For counties in the northeastern US


Standardized normal cusum values from 1968 to 1978

NewZ(7998): For counties in the northeastern US


Z-values from 1979 to 1998
5. Spatial weight scheme
In GeoSurveillance, cluster detection analyses are performed in either a retrospective and prospective manner. For retrospective tests, the Score and M statistics provide a set of options for exploring both global and local spatial patterns over a range of scales. For the prospective case, the normal variate cusum statistic is used to detect spatial pattern change quickly. Z-scores in various forms are used as input variables in the prospective procedure. If desired, a set of spatially weighted z-scores [local Score and/or M statistic] can be exported from the Score and M statistic routines for use in the cusum statistic. For both the Score and M statistics, spatial weights are calculated based on Gaussian kernel weights. Details on spatial weights are explained in the next section.
5.1. Constructing the spatial weight matrix
In GeoSurveillance, the Gaussian weight function is used for constructing spatial weight matrices. It is formulated as follows:
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 is the bandwidth determining smoothness and 
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 is the distance from location i to location j (e..g., the distance between regional centroids) . A is the area of the study region, and n is the number of subregions. The weights defined in this way are scaled so that 
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=1 implies that most of the weight is given to subregions within a radius approximately equal to the average distance between centroids. As
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increases, more smoothing occurs and weights given to distant subregions start to increase. The weight matrix can be used in implementing the Score and the M statistic over a range of spatial scales.
5.2. Bandwidth

Two options for bandwidth specifications are given. One is a ‘single bandwidth’ option, where just one value of the bandwidth is input. Input is achieved by clicking on the Single Value option button and then typing in the textbox labeled sigma. Another option is ‘a range of bandwidths’, where the user inputs a series of bandwidths, and global statistical outcomes are given for each bandwidth automatically. Input is achieved by clicking on the A range of values option button and typing in textboxes labeled from, to, and by. For Example, in Figure 4, bandwidth starts from 0.2 and goes to 2.0 by intervals of 0.2. Depending on the phenomena under study, clustering may occur at certain spatial scales; these scales may be inferred by observing the corresponding bandwidths that generates the highest and most significant value of the global statistics.  This detection is facilitated by providing a visual exploratory tool in the form of a figure:

[image: image8]
Figure 4. Illustration of bandwidth options
6. Cluster Detection – retrospective tests

For retrospective cluster detection, the Score and M statistics are provided; these are reviewed in sections 6.1 and 6.2. In section 6.3, the way the legend is built for map display is briefly explained. In section 6.4, illustration is made for both ESRI Shapefile (polygon data) and Textfile (point data) options.
6.1. The Score statistic

In GeoSurveillance, the Score statistic has two versions: (1) the unadjusted test and (2) the adjusted test. These are formulated as follows:
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where, for example,
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Alternatively, expectations for each region can be provided exogenously, based on not only population, but on other covariates as well.   In addition,
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The unadjusted statistic is identical to Tango’s (1995) global statistic. Unlike the unadjusted statistic, the adjusted 
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 has a denominator, 
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 in the expression. As the bandwidth 
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 approaches zero, the adjusted 
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 approaches the usual chi-square goodness-of-fit statistic (although 
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 should not be exactly zero since it is a denominator term in the Gaussian spatial weight scheme). The diagonal elements of the spatial weight approach one and the off-diagonal elements come close to zero when the bandwidth, sigma, approaches zero. In GeoSurveillance, the spatial weight matrix becomes the identity matrix when a value of zero is input for the 
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 value, so that the aspatial case can be consistently calculated in the adjusted scheme of the 
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 statistic. 

Following Tango (1995) and Rogerson (1999), approximations of the p-value associated with the unadjusted 
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statistic using normal and chi-square approximations are as follows:
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For the adjusted 
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 statistic, the approximation is differs only in the A matrix; the normal and chi-square approximations are as follows:
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For the adjusted 
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 statistic, the degrees of freedom 
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 gets close to n-1 as 
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 approaches zero. This is consistent with the degrees of freedom in the aspatial chi-square goodness-of-fit test. On the other hand, as 
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 increases, 
[image: image32.wmf]n

 gets to close to 1, indicating that the correlations between local statistics become stronger.
6.2. The M statistic


Following Rogerson (2001), the M statistic is formulated as follows:
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where
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 is the Gaussian weight between subregion i and j and 
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 is a normal variate in subregion j. The local M statistic (denoted
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) is the spatially weighted z-score in a locality, i. GeoSurveillance uses three different ways of transforming to 
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 (observed value in subregion j) and 
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 (expected value in subregion j) as follows:
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Options for calculating the M statistic based on the three transformations are provided in the user interface.  Note that the ‘Poisson Method’ for z-score transformations is consistent with the components in the adjusted global Score statistic:
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Therefore, the local Score statistic 
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 becomes the M statistic when adjusted by
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. In the Score statistic, 
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 is one component of spatial weight, whereas it is an element of the z-score defined in the Poisson method. In essence, however, the adjusted local score statistic, 
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 derived from the Poisson method are the identical quantity. For this reason, GeoSurveillance integrates the two variables (Adjusted and Poisson) into one option.


Finally, the M statistic has a critical value under the null hypothesis of no clustering that is denoted by M*.  The critical value, M* is (Rogerson 2001): 
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where 
[image: image48.wmf]a

 is the chosen probability of rejecting a true null hypothesis. In GeoSurveillance, 
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 values of 0.05 and 0.01 are selectable. By default, 0.05 is set when the user interface appears. 
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 is the bandwidth that denotes the level of spatual smoothing among observed z-values as determined by the Gaussian spatial weights, and 
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 is the number of subregions. 
Figure 5 shows the user interface of the retrospective cluster detection tests (the Score and the M statistics) for polygon shapefile data. In this panel, z-value options, the bandwidth
[image: image52.wmf]s

and ranges, and alpha values are all interfaced so that tests of spatial pattern are made possible interactively. Results are displayed in the local pattern and global pattern summary windows. Furthermore, the summary windows are linked to the map display so that text information pertaining to the spatial pattern can be visually checked out in the map window.
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Figure. 5. Panel for the retrospective cluster detection tests (the Score and the M statistic)
In the Variables box, the corresponding z-value is selected for computing either the Score or the M statistic. The second option in the Variables is Adjusted – Poisson. As noted previously, the adjusted Score statistic and the M statistic based on the Poisson z-score transformation method are identical quantities. Thus, the two options are tied together in the variable selection interface. In the Bandwidth (sigma) box, bandwidth range can be defined by setting start, end, and interval information in the from, to, and by text boxes. 
As noted previously, when the single sigma value is zero, the Gaussian weight matrix converges to the identity matrix. This is equivalent to the result when spatial weights are not applied to the selected z-value variables. 
Alpha is set to 0.05 by default. 0.01 is also selectable by clicking on the Alpha box.  The results can be saved in a text file based on the combination of options selected. For example, if Standard option in the Variables and Single value in the Bandwidth (Sigma) are selected, the saved result will be local statistics along with the IDs of the corresponding subregions.
6.3. Legend and mapping
In the legend and map displays, the local Score and M statistics are compared with the predefined critical threshold values. In the case of the Score statistics, category endpoints are defined as zero, one-third and two-thirds of the maximum and minimum values. For the M statistic, threshold values are defined based upon the critical value (M*). Figures 6 and 7 show how the Score and the M statistic are categorized for the legend display in GeoSurveillance.

[image: image54]
Figure 6. Definition of category cutoffs for the legend of the Score statistic

[image: image55]
Figure. 7. Definition of category cutoffs for the M statistic
6.4. Illustration of the Score and the M statistic
In this section, step-by-step demonstration will be made described, for quick understanding of GeoSurveillance. The NCSIDS shapefile will be used for polygon data and NCSIDS_PopCase Textfile will be illustrated for point data. Detailed illustration will be made only for the polygon shapefile. Due to similarities, illustration for point data will be made only briefly. As an example, the Adjusted – Poisson option will be illustrated for the Single value in Bandwidth (Sigma), using Alpha = 0.05 (default). For a sigma range, a range of sigma values from 0.2 to 4 by 0.2 will be illustrated. Users can experiment various combinations of parameters, statistic, bandwidth, and so on for spatial data exploration.
6.4.1. Illustration for a single value sigma
1) Open ESRI Shapefile by Clicking Cluster Detection – Retrospective Test – Score and M Statistic – Polygon (ESRI Shapefile) in the menu.  The Open dialog box appears for loading the ESRI Shapefile into GeoSurveillance. 
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2) Select NCSIDS shapefile. Then, the Data Input form appears. 
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3) Select Pop – Case option, and select BIR74 and SID74, in Data Format, and STATE_NAME and Name in Primary ID and Secondary ID, respectively. Click the OK button. Then, the map window and experimental panel appears.
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4) Check Adjusted-Poisson option in the Variables frame and click the Run button. Results for the selected options are mapped and tabulated in the local and global pattern summary windows. The local pattern summary lists two IDs, local Score statistics (
[image: image61.wmf]i

U

), and z-values.
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In the global pattern summary, the adjusted global Score statistic is displayed along with chi-square and z-score approximations, the degrees of freedom, the maximum M statistic, and the critical M value (M*). By clicking on the list item in the local pattern summary table, the linked subregion in the map is highlighted as yellow. Or, by pinpointing the subregion with the icon [image: image63.jpg]


 pressed, the list item linked is highlighted.
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Notably, by inputting zero in the single bandwidth text box, the global Score statistic becomes the chi-square approximation and the degrees of freedom converges to n-1, where n is the number of subregions (observations).  Recalling the definition of the adjusted Score statistic, this is what is expected since the spatial weight matrix converges to the identity matrix as sigma approaches zero.  On the other hand, if a large bandwidth is input in the single bandwidth text box, the degrees of freedom approaches one.  For example, the degrees of freedom is 10.46 when sigma is one. When sigma becomes larger, say 10 (implying a standard deviation of the Gaussian kernel equal to a length of approximately 10 average-sized regions), the degrees of freedom is 1.27. 
5) By clicking the Save button, results can be saved as a text file, as indicated below.
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6.4.2. Illustration for a range of sigma values
1) Repeat through step 3 in the Illustration for a single value sigma section.
2) Select the Adjusted – Poisson option, A range of values option, and set Alpha = 0.05.
3) Input the range of bandwidth as from 0.2 to 4 by 0.2 in each corresponding text box. 
4) Click on the Run button.  Nothing appears in the local pattern summary table. The results are shown only in the global pattern summary table, as shown below. The global pattern table lists the bandwidth (sigma), the global Score statistic, the chi-square approximation and associated degrees of freedom, the maximum M statistic, the critical M statistic (M*), and the p-value for the global Score statistic.
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5) If an item is clicked in the global summary table, the local statistics for the selected bandwidth are mapped in the map window.
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6) By clicking on the Animation on bandwidth icon (left figure below) in the map window, the map is animated over the range of sigma values. After the animation finishes, a slider bar appears in the map window (right figure below).
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This is for locating the bandwidth and showing the linked local pattern in the map window. Using this slider bar, a local pattern map for a sigma within the sigma range can be shown interactively. This can also be accomplished by clicking on the list item corresponding to the desired bandwidth in the global summary table.

7) By clicking the Save button, the results can be saved in a text file. This text file contains information identical to the global pattern summary table.
6.4.3. Illustration for point data (textfile)

Due to the similarity of interfaces and procedures, illustration of point data will be made by briefly describing the procedure and showing the interfaces below.
1) Click Cluster Detection – Retrospective Statistic – Score and M Statistic – Point (Text File) in the menu.
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Then, the panel for textfile point data appears:.
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2) By clicking on the Load Data button, the Data Type selection box appears so that users can select the data type. Click Population – Case option and click Continue.
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3) Select NCSIDS_PopCase textfile in the open dialogue box. Although nothing seems to happen, data is loaded into the program. After setting variable, and bandwidth options and clicking the Run button, the results appear:.
[image: image77.png].| GeoSurveillance.

Flo Clster Detection Tool Help

N Cluter Detection - Score and M test

- Map Display

~Local Patterm Summary

O 453
O 23163
-ogmm
00000

O rasm

O 2mm

© Full Extent
© Zoomin
© Zoom Out
© Pan

© Identity

=
Alleghany
Surry
Currituck
Hoxthanpton
Hercford
Cenden
Gates
Warren
Stokes
Casvell
Rockinghan
Granville
Person
Vance

Al fa

-3
-3
-3
-0
s
3
-0
1
2
-2
o
-0
o
o
1
o

200111

L0266 -3.0400
1518 -3.1666
L5965 -3.6181
L5061 -0.5073
Le2sz 5.8557
L6485 3.6618
11899 -0.1904
saes 1.5938
Le268  2.8419
L8645 -2.8853
L1166 0.1174
L8531 -0.8595
L1518 0.1528
L1023 0.1029
0sas  1.osas
ama  sla7e

- Score/M stattcs for a ange of bandwidth

Variables
© Unadusted

@ Adjusted - Poisson
© Standard

© Rossi

~Expression of Varables

iy obs; —em )1 \/Expl

LoadData | see | Ea

- Bandvidh
@ Single value

—

Atange of values

fom [ 62
W[ 20
by 0z

Global Pattern Summary

U statistic (adjusted) = 609.698968

A chi-syuared approxination = 68.37
Degree of Freedom = 7.65787664377574

A normal approximation = 1.514023
Meximm N statistic = 5.8282

M Cricical (M7) = 3.1565




[image: image78.jpg]Local Pattern Summary

™

ashe
Alleghany
Surry
Currituck
Hoxthanpton
Hercford
Cenden
Gates
Warren
Stokes
Casvell
Rockinghan
Granville
Person
Vance
Falifa
Vaiiables
© Unadiusted
@ Adusted - Poisson
€ Standard
€ Rossi

Banduidh

@ Single value
1

© Arange o values
fom [0z
o[ 20

by 0z

Alpha

03 =~

Ui)  Z[0(3)]  Observed Expected
S0z -aoa Looo 2,208
Sl -a1e7  o.000  0.584
Sais6 -a.6le .00 6,444
coisos -0is07  Looo L7
sz 556 .00 272
sea7  a.eez 000 2,835
Siso -0l o000 0.5
Lsee  Lsea o000 0.849
2821 zsaz 400 Lssy
ziess  -z.ees  Loon 3,259
017 o1z 2oz
-0.Bs: -0.ee 16,000 6,993
oSz 053 400 3.3
00z 003 40 3145
1S5 10es 400 4,407
5.4472 5.474 18.000 7.793 L
Expression of Variables
iy (obs; —gxpl)/\/gxpl
Loadbata | [ sve | Ei
GlobalPatim Summary
U statistic (aajusted) = 609.699
& chi-squared spproxination = 68.373
Degres of Freedon = 7.658
> p-value = 0.0000
A nornal approxination = 15.514
> p-value = 0.0000
eximm i stavistic - 5.520
[ critical (me) = 3.157 v





[image: image79.png]Flo Clster Detection Tool Help

5
Map Disply

Local Patter Summary

© Full Extent
© Zoomn
© Zoom Out
© Pan

-

Score/M statistics for a range of bandwidth

E"6 Vx|

Vaiiables
© Unadiusted
@ Adusted - Poisson
€ Standard
€ Rossi

Banduidh

€ Single value
1

@ Arange o values
fom [ 02
St

by 0z

Alpha

0 =~

Expression of Varisbles

iy obs; —em )1 \/Expl

Lotvats | _mm | soe

Est

Global Pattern Summary

ni

0.20 225.52 218.19 95.03 6.64(3.31]
0.40 280.90 154.23 46.61 6.35(3.29)
0.60 410.85 105.30 19.31 5.70(3.25)
0.80 525.64 62.95 11.32 6.00(3.21)

1.20 67L.47 58.15 5.61 5.49(3.1l)
1.40 718.83 50.91 4.3 5.12(3.05)
1.60 755.66 45.72  3.49 4.77(3.00)
1.80 782.95 41.94 2.92 4.68(2.96)
2.00 800.55 39.08 2.52 4.63(2.91]

2.20 s0s.4l 36.83 2.23 4.55(z.86)

o) ]

QL%

.0
-0
0
o




For textfile point data, the map display is different from that of shapefiles. Legend schemes are the same, and GIS functions can be applied based on the option button selected. For a range of sigma, the figure is shown at the bottom-left of the panel. Results can be saved in the same manner as with the polygon data case.

7. Cluster Detection – prospective tests
7.1. Definition of the cumulative sum statistic

In the current version, only the univariate cumulative sum (cusum) is implemented. The univariate cusum statistic is defined as:
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This statistic is based on a z-score at time t, and a parameter k. There is another parameter h that is a critical threshold value for signals. If a z-score at time t-1 exceeds the parameter k, it is cumulated as a contributor to change in the mean value. When the accumulated value exceeds the threshold value h, it indicates that the overall mean has shifted significantly. The parameters can be input by the user in the interface.

7.2. Period setting
Prospective tests in GeoSurveillance require a set of columns (fields) that represent z-scores over time, where each column (field) corresponds to the temporal unit for monitoring. For shapefile polygon data, monitoring periods need to be specified in such a way that the user selects the column names corresponding to the start and end time. For textfile point data, a textfile containing a set of columns representing temporal units for monitoring is required. GeoSurveillance automatically deals with the temporal periods using the information in the first and last column for labeling.
7.2.1. For shapefile polygon data

In shapefile polygon data, a set of fields should be ordered in temporal sequence in the dbf file. For example, suppose that the prefix of the field name is set to CS and the start and end time is 1978 and 1988, respectively. Then, the sequential field names are CS78, CS79, . . . CS88, and the field names are automatically searched in the database (dbf file) and the z-values of all the subregions from each corresponding time field are read. 


Figure 8. Illustration of sequential fields of z-scores
In Figure 8, the common field name is CS and time is sequentially ordered from 78 to 88. The period in the field name increases by one unit each time period (year). The program automatically increases the period in the field name by one. If, say, starting from CS78, then CS79 (CS + 78+1) is internally defined and automatically searched as the field name of the next time period. This continues until the end period is reached. Labels in the chart and summary tables in GeoSurveillance are generated through this mechanism. If the actual data is incorrectly prepared and looks like, e.g., CS78 CS79 CS79 CS79 CS79 CS79 CS79 CS79 CS79 CS88, GeoSurveillance generates an error, since it cannot find the fields of CS80 CS81 CS82 CS83 CS84 CS85 CS86 CS87 due to misspecification of the time period.

7.2.2. For textfile point data


With textfile point data, two textfiles ([image: image81.jpg]‘OldCusum (68_78)
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) are necessary. The first one ([image: image83.jpg]1D_xv¥Coordinates
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) contains two columns representing ID, and X-Y coordinates, and the second one ([image: image84.jpg]‘OldCusum (68_78)
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) contains a set of z-values over time periods. Since the periods are predetermined in the second textfile, the user does not need to specify the monitoring period in GeoSurveillance. Instead, the monitoring periods should be considered in preparation of the second textfile ([image: image85.jpg]‘OldCusum (68_78)
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D XvCoordinates




). For example, [image: image86.jpg]‘OldCusum (68_78)
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 may include the periods from 1968 to 1988.  An additional textfile ([image: image87.jpg]‘OldCusum (68_78)
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) is required if the cusum start is not zero. For example, [image: image88.jpg]‘OldCusum (68_78)
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is assumed to include the cusum values from 1968 to 1978 which are previous periods for all the subregions. If the user continues to monitor from 1979 to 1988 based on the previously accumulated values, [image: image89.jpg]‘OldCusum (68_78)
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 needs to be input, instead of [image: image90.jpg]‘OldCusum (68_78)
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 which contains, say, periods from 1968 to 1998. The prospective test operates based on this mechanism for the two start options.  For labeling time in figures and tables, GeoSurveillance automatically starts from 1 and goes to the number of monitoring periods. For start options, details will be explained in next section.

7.3. Cusum options
There are two cusum options available in the current version  --  Zero and Previous. Recalling the definition of the cusum, 
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for the Zero option is zero, whereas for the Previous option, the initial cusum starts from the previously calculated value in the previously saved cusum file (denoted as ***.csm for shapefile polygon data or ***.txt for textfile point data). A ***..csm file can be generated in GeoSurveillance for shapefile polygon data. For textfile point data, previous cusum values can be saved in a ***.txt file. Then, 
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comes from the last column that was stored in the ***.csm or ***.txt file.
7.4. Parameter Setting


There are three parameters that the user can input in GeoSurveillance. The k and h values are explained above. Bandwidth may also be set. This is useful for considering the possibility of emergent clusters on scales greater than that of individual regions. The default value for the bandwidth is zero, and this assumes that the observed z-scores in all subregions are independent. The user can explore the effect of spatial effects on the cusum values by changing the size of bandwidth.

7.5. Animation speed
The results of the univariate cusum statistic are animated with figures, maps and tables. The program provides three options for animation speed that the user can control as Fast, Medium, and Slow. By default, this option is set to Fast. 
7.6. Illustration
In this section, the cusum procedure in GeoSurveillance will be illustrated using NEBreast shapefile for polygon data, and a couple of textfiles (ID_XYCoordinates.txt, NEBreastZScores (68_88).txt, OldCusum (68_78).txt, NewZ (79_88).txt).
7.6.1. Illustration of shapefile polygon data

1) Open Shapefile polygon data.

[image: image94.png]|G el (i) ] Paint (Text Fik)





2) Select NEBreast.shp in the open dialog box. Click on Open. Then, Select Name Fields panel appears so that IDs can be set for the use of labeling later. Select Name field and click on OK button.
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3) The univariate cusum test panel appears, as below. Select monitoring periods by setting CS68 and CS88 as start and end period. Set the critical threshold at an h-value of 8.1 (this particular choice for this multiregional example corresponds to an overall false alarm rate of one for every hundred time periods). Keep others choices at their default values. Click on the Run button. Then, animation of figures, tables, and maps starts.
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The Maximum cusum value for each year table lists the maximum cusum value and the corresponding subregion observed in each year. The legend for the cusum is constructed based on the threshold (h-value). 25%, 50%, 75% and 100% of the h-value are the class cutoff values used for coloring the map. If the cusum value of a subregion exceeds the h-value itself, the subregion is colored red. Figure 28 shows the legend colors. 
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Those regions that exceed h (green line in the chart in Figure 29) in each year will be listed in the Signaled Region and cusum for the year table. If no region has a cusum value greater than the critical value, nothing is listed in the Signaled Region and cusum for the year table. By clicking the signaled region in the Signaled Region and cusum for the year table, the linked region will be highlighted red, and the figure that shows the cusum pattern of the highlighted region for the periods appears in the bottom left panel of GeoSurveillance. 
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By clicking the Show cusum in each subregion tool button [image: image101.jpg]


 and clicking a subregion on the map, the cusum chart corresponding to the selected subregion appears.
4) By clicking on the Save Result button, the results can be saved as a text file for reporting. If no operation is performed, the Save Result button will not be activated.

[image: image102]
5) Click on the Previous button in Start option and click the Run button. A dialog box appears in the lower left part of the window. Click the Open button and select 68_78.csm. This 68_78.csm file is prepared in advance. This file can be generated using the Save cusum button, which is activated after the cusum operation for a given period is finished. In this case, periods were set from CS68 to CS78 and saved as 68_78.csm file so that it can be used for providing the starting base of previously calculated z-scores.
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Set the start and end periods as CS79 and CS88, respectively in Data option so that monitoring periods can be continuous. The last column of the 68_78.csm file provides the starting values of new periods for CS79 through CS88. Click the Ok button. If Display current period only option is selected, the figure shows only the new cusum values starting from the previous ones. If Display both previous and current periods option is selected, both previous and new cusum values are displayed.
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7.6.1. Illustration of textfile point data

1) Open textfile point data. 
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Then, cusum panel for point data appears as below.
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2) Click on … button for ID, and X-Y Coordinates. Select ‘ID_XYCoordinates.txt’ file. Then, activated is … for New z-score file. Click the activated button and select ‘NEBreastZScores.txt’ file. Then, the Run button is activated. After setting h as 8.1 in Parameter, click on the Run button. Animation of chart, table and map starts. The map is linked to the figure and table. Basic GIS functions for the map are provided. The legend scheme is the same as with the polygon dataset case.  By clicking on the item in ‘Maximum cusum value for each year’ list box, the signaled regions are listed in ‘Signaled region and cusum for the year’ list box. By clicking on the item in the ‘Signaled region and cusum for the year’ list box, corresponding region is highlighted by green circle in the map, along with the cusum chart for the region on a given periods.
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The cusum values are classified based on the legend scheme by different color and size of the corresponding circles.

3) To illustrate the Previous start option, click on Previous option button in Start option. Then, click on the first activated … buttons and select ‘ID_XYCoordinates.txt’ file. Click on the second activated … button and select ‘OldCusum (68_78).txt’ file. This file is prepared as a set of cusum values for the specified periods (1968~1978) in advance. This can be generated in the same manner as with the polygon shapefile case. Once previous cusum values are loaded, new cusum values continue to be monitored by clicking the third activated … button and by loading ‘NewZ (79_88).txt’ file.

4) Click on the Run button. Then, the figure for the previous cusum is instantly drawn and only the new periods are animated, based on the animation speed that the user specified.

5) Results can be saved for reporting by clicking on Save Result button.
8. Other Tools
There are other tools provided to help the user analyze spatial data more conveniently. In this section, these tools are illustrated.

8.1. View attribute of ESRI shapefile

When the ESRI shape file is opened, attribute values are automatically loaded from the ***.dbf relational database file. Accordingly, this menu is activated only when the shape file is opened. In GeoSurveillance, attributes in the ***.dbf file are displayed in tabulated form as shown in Figure 9. Currently, this tool only displays attributes. Any editing tools are not provided.
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Figure 9. Illustration of displaying shapefile attributes information

8.2. Cusum Tool

By default, k and h are set to ½ and 9.3 respectively in the cusum panel. The user can calculate the parameters to modify them interactively at any time. Cusum Tool provides a convenient interface of obtaining the parameters. 

[image: image112.jpg]Get h-value from ARL

Parameters
kevalue

#of regon

Sigma

ARLD

ARLD Dptons

© Overal Region
hrvalue

© Bonferani carection
hrvalue

" Spatial auocorelation

hrvalue

Get Result





ARL0 is the in-control average run length and h can be automatically calculated by specifying the desired average run length between false alarms (ARL0) in the text input box in various ways. Using the ARL0 value, an h value for Overall Region option is approximated using the formula below.
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For a Bonferroni correction option, ARL0 × the number of subregions is used in the above approximation, instead of ARL0, to account for multiple testing. For the Spatial Autocorrelation option, ARL0 is adjusted as ARL0× the number of subregion / (1+0.81
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) to account for the spatial autocorrelation among local statistics. 
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 is the bandwidth that is required for calculating Spatial Autocorrelation option and can be input in the text box labelled sigma in the cusum analysis panel.

8.3. Export

To obtain z-scores using observed and expected data for a set of periods, GeoSurveillance provides an Export tool. This tool is activated when the shapefile polygon data is loaded. Data need to contain a set of observed and expected counts for each period to convert corresponding z-scores based on the Poisson, Standard, or Rossi methods explained previously. By clicking on the Export button, a textfile containing a set of converted z-values over time is generated and can be saved.
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8.4. Get p-value

Another tool calculates p-values. In GeoSurveillance, p-values for two kinds of statistics can be computed -- z-scores and chi-square statistics. In the case of z-scores, the user should specify the z-score in the z-value text box. By clicking the Calculate button, the p-value for the input is calculated and shown in grey-colored textbox. The user can carry out copy-paste operations through this display textbox (Figure 10). The z-score is calculated by numerical integration of the standardized normal distribution function and the precision of result is to eight decimals. In the case of the chi-square statistic, the user inputs both the chi-square statistic and degrees of freedom. It should be noted that the p-value for the chi-square statistic is based on the approximated Gamma function in the chi-square statistic. This generates a relatively precise approximation for integer degrees of freedom.  For non-integer degrees of freedom, this approximation is not precise. Therefore, the p-value calculation for the chi-square statistic should play a role as just an auxiliary tool. 
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Figure 10.  p-value calculator

8.3. Get centroid

If an ESRI polygon shapefile is opened, the centroids of polygons can be computed and saved as a text file for further use in other GIS software packages. The x-y coordinates of centroids are computed as centers of mass using:
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 is the area of a given polygon and n is the number of points comprising the polygon. 
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and
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are x-y coordinates of point i in a polygon. 
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 is computed using the formula below:
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In GeoSurveillance, two interfaces for doing this operation are provided. If you click the tool button [image: image124.jpg]


, red dots representing centroids are displayed in the polygon shapefile map window. By clicking the Get Centroid menu, the centroids are saved as a text file.
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9. Help

9.1. Manual

By clicking this, the message below appears. 
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9.2. About GeoSurveillance
By clicking this, contents of copyright, logo, etc appear as below. 
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Global pattern summary - - - > Text information for the global spatial pattern(s) is displayed for both single and range values of bandwidth in this list box. By clicking on a list item in this box when A range of values is selected, a local pattern map is displayed in the map window linked to this list box. Animation of local pattern map is also possible by clicking on the animation tool button in the map.
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Local pattern summary - - - > the local statistic for each subregion is displayed here. By clicking on a row in this list box, the corresponding subregion is highlighted yellow in the map window. By clicking on the Save button when Single value in Bandwidth is selected, the information of local spatial pattern of all the subregions is saved in a text file along with corresponding IDs.
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