The Linked ArcView 2.1TM and XGobi Environment Ů GIS, Dynamic Statistical Graphics, and Spatial Data

Jĺurgen Symanzik

Iowa State University symanzik@iastate.edu http://www.public.iastate.edu/Ÿsymanzik/

James J. Majure

Fort Collins, CO jim@diane.Miner.COM http://www.public.iastate.edu/Ÿmajure/

Dianne Cook

Iowa State University dicook@iastate.edu http://www.public.iastate.edu/Ÿdicook/

Abstract

This paper reports on research into interactive, dynamic statistical graphics (DSG) applied to spatial data maintained within a geographic information system (GIS). We developed a bidirectional link between ArcView 2.1TM, a GIS, and XGobi, a DSG program. Multivariate data, collected at geographic locations, is passed from ArcView to XGobi and can be dynamically analyzed. The relation between the points in XGobi and the spatial locations from where they were collected is maintained so that points in either ArcView or XGobi can be brushed and the corresponding points in the other application are identi^ed immediately. Special features (or ~avors) of the link are the handling of multivariate attribute data, spatial cumulative distribution functions, variogramŰcloud plots, spatially lagged scatterplots, and multivariate variogramŰcloud plots.

1 Introduction

This paper contains work on a bidirectional link between a geographic information system (GIS), ArcView 2.1^{TM}, and an interactive dynamic graphics program in the X Window System^{TM} environment, XGobi ([SCB91]). This link has been designed to combine the strengths of ArcView (displaying, querying, and manipulation of spatial data) and XGobi (manipulation of scatterplots and tools for the exploration of multivariate data such as linked brushing, identi^cation, the grand tour, and projection pursuit). The link is intended to be used for the exploration and analysis of multivariate spatial data, collected at geographic locations.

Data that is stored in ArcView can be dynamically passed into XGobi through the link. Then, interactive queries made in either XGobi or ArcView are shared between both programs. For example, if a group of points is ŞbrushedŤ with a different color and glyph (plotting symbol) in XGobi, the corresponding points in the ArcView plot are shown

Permission to make digital or hard copies of part or all of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for pro�t or commercial advantage and that copies bear this notice and the full citation on the �rst page. Copyrights for components of this work owned by others than ACM must be honored. Abstracting with credit is permitted. To copy otherwise, to republish, to post on servers or to redistribute to lists, requires prior speci�c permission and/or a fee. CIKM 1996, Rockville, MD cfl1996 ACM $3.50

TM_{ArcView 2.1 is a trademark of Environmental Systems Research}

Institute, Inc.

TM_{X Window System is a trademark of MIT.}

similarly. The ^rst features of the link were the handling of multivariate attribute data and spatial cumulative distribution functions. Later, additional spatial plots, i. e., variogramŰ cloud plots, spatially lagged scatterplots, and multivariate variogramŰcloud plots, have been added.

The usefulness of the link, which allows us to display spatial locations and concomitant geographic variables within the GIS, while visualizing and exploring the corresponding data space within XGobi simultaneously, has been highlighted for several different applications, such as satellite imagery ([SMC96]) and forest health monitoring ([MCC^+96], [MCCS96], [CMSC96]). The example on precipitation data, ^rst presented in [SMMC96], reappears in Section 3 of this paper.

The major intent of this paper is the presentation of the user interface of the link. Please refer to the literature (e. g., [CCMS94] and prior publications on this link) for a discussion on the importance of combining dynamic statistical graphics programs and geographic information systems. There, you will also ^nd overviews on related work in linking exploratory techniques and GIS’s and on similar software products. Lessons, learned in building this sytem that are useful in general for building other systems for spatial data analysis, can be found in the literature on this link as well. A technical description of the implementation of the link has been given in [SMC96] and [SMMC96]. The software and documentation can be found on the WWW under the URL

http://www.gis.iastate.edu/XGobi-AV2/
XGobi-AV2.html.

There exist two other software links that have been built for similar purposes. Klein and Moreira built a link between MTID and XGobi by calling XGobi as a subroutine, to be used for examining image data interactively ([KM94]). And recently, Anselin and Bao have built a link between the spatial data analysis software SpaceStat and ArcView from similar motivation as us, to provide exploratory data analysis tools for spatially referenced data ([AB96]).

In Section 2 of this paper, we will introduce the ^ve ~avors of the link: Vanilla, Chunky Monkey, Strawberry Sundae, Cherry Garcia, and Wavy Gravy. An example follows in Section 3. We ^nish this paper with a discussion in Section 4.

Figure 1: The View Document GUI for the Vanilla, Strawberry Sundae, Cherry Garcia, and Wavy Gravy Version of the Link. The Menu Bar contains additional pulldown menus that allow the color/glyph/size to be set. The Button Bar contains three additional buttons: 1) a green diamond that initiates the link; 2) a red diamond that terminates the link; and 3) a copy object icon that clones the XGobi window. The Tool Bar contains an additional brush tool that allows points to be brushed in ArcView.

2 The Flavors of the Link

The link has ^ve special features (or ~avors as we call them). The ^rst ~avor, Vanilla (or the multivariate link), passes the (multivariate) data associated with each spatial location into XGobi where it can be analyzed. The second ~avor, Chunky Monkey (or the CDF link), asks the data analyst to indicate one (or two) attributes and then calculates and displays the (univariate or bivariate) empirical spatial cumulative distribution function (CDF) of the related data. It is possible that multiple regions (up to 10) can be speci^ed for CDF prediction and display by interactively drawing a polygon on the screen. The color of the polygon is used to identify the CDF for that region The third ~avor, Strawberry Sundae (or the variogramŰcloud link), calculates and displays variogramŰcloud plots. These plots can be interactively explored, for example for spatial dependence of the data set. The fourth ~avor, Cherry Garcia (or the laggedŰscatterplot link), creates and displays dynamic lagged scatterplots. This is another approach for the initial exploration of spatial dependence in the data set. The ^fth ~avor, Wavy Gravy (or the multivariate variogramŰcloud link), calculates and displays a special type of variogramŰcloud plots. These plots can be used to look for asymmetric, multivariate spatial dependence. Linked brushing is available for all ~avors.

These ~avors of the link make the combination of Arc- View and XGobi a powerful tool for the exploration of spatially referenced data. In each of the following subsections we will describe the particular features of one ~avor.

2.1 Using the Vanilla Flavor of the Link (The

Multivariate Link) The Vanilla ~avor of the link allows the data analyst to pass (multivariate) spatial data (associated with a point theme in ArcView) into XGobi where it can be explored. ArcView’s graphical user interface (GUI) for this version of the link contains several additions to the View document GUI (Figure 1). The Menu Bar, the Button Bar, and the Tool Bar have been modi^ed.

Initiating the Link The green diamond button on the Button Bar is pressed to initiate the link. Before the link can be initiated, a point theme must be made the only active theme. A label point theme can also be used to analyze polygon data. Active theme entries in the View TableŰofŰContents have a raised appearance. When the link is initiated, all of the visible, numeric ^elds in the attribute table of the active point theme are passed into XGobi and the XGobi window is initiated. You can control how much data is passed into XGobi by setting the visible ^elds in the Table Properties dialogue. When initiated, the user will be prompted to specify a ^eld that will be used as row labels in XGobi. This is the ^eld that will be used in the XGobi Identify panel, and typically is some sort of an identi^er.

Brushing in XGobi Once initiated, any color/glyph/size brushing conducted in the XGobi window will be automatically passed to ArcView, which brushes corresponding points. Both transient and persistent brushing are allowed. Points can also be erased using XGobi erase brushing.

Brushing in ArcView Brushing in ArcView is done using the Brush Tool on the Tool Bar (Figure 1). When this is the active tool, the user can de^ne a polygon on the View Display. Any points within the user de- ^ned polygon are persistently brushed in the current color/glyph/size and this brushing information is passed to XGobi, which brushes corresponding points. The current color/glyph/size are set using the Color/Glyph/Size pull down menus.

Cloning the XGobi Window The XGobi window can be cloned (by pressing the Copy icon on the Button Bar or from within XGobi) for additional ~exibility in the analysis process. Any cloned XGobi windows communicate with the initial XGobi window via the normal XGobi X event based communication mechanism ([SMC96]). The original XGobi window also continues to communicate with ArcView. Thus, brushing in any of the XGobi windows or the ArcView window will automatically be passed to all of the other windows.

Terminating the Link The link is terminated by pressing the red diamond button on the Button Bar. This terminates the initial XGobi window. Any cloned XGobi windows must be exited separately.

Figure 2: The View Document GUI for the Chunky Monkey Version of the Link. The Button Bar contains three additional buttons: 1) a green diamond that initiates the link; 2) a red diamond that terminates the link; and 3) a ŞUŤ icon that updates the CDF plots after region de^nitions have been changed. The Tool Bar contains two additional tools: 1) a region de^nition tool that allows regions to be de^ned for which CDFs will be calculated; and 2) a brush tool that allows transient brushing in ArcView.

2.2 Using the Chunky Monkey Version of the Link (The

CDF Link) The Chunky Monkey ~avor of the link allows the data analyst to display and explore up to 10 regional univariate or bivariate empirical spatial CDFs at the same time. The GUI for this version of the link contains several additions to the View document GUI (Figure 2). The Button Bar and the Tool Bar have been modi^ed.

Initiating the Link The green diamond button on the Button Bar is pressed to initiate the link. Before the link can be initiated a point theme must be made the only active theme. A label point theme can also be used to analyze polygon data. When the link is initiated, the user is prompted to choose either univariate or bivariate CDFs and then to enter the appropriate number of ^elds from the attribute table of the active point theme for which CDFs will be calculated. The data from this ^eld are passed into XGobi where the empirical CDF is calculated and displayed. Initially, the CDF is calculated for the entire region de^ned by the active point theme.

De^ning Regions for CDF Calculation After initiatingthe

link, spatial regions can be interactively de^ned for which CDFs will be displayed. When the De^ne Regions tool is active, userŰde^ned polygons can be entered on the View Display. As each polygon is entered, it is given a color (automatically) and the CDF for the de^ned region is displayed in the XGobi window using the same color. Currently, up to 10 regions can be de^ned. Region polygons can be deleted or modi^ed (see Updating Regions below) using ArcView’s object manipulation tools.

Updating Regions Spatial regions can be modi^ed using

ArcView’s object manipulation tools. After a region has been modi^ed, however, the Update Region button must be pressed in order for the change to be re~ected in the CDF view.

Brushing in XGobi Once the link is initiated, the CDFs in

the XGobi window can be brushed with different glyphs. No color brushing is allowed (because colors are used to identify regions) and only transient brushing is allowed.

When brushed, the corresponding points in ArcView are brushed using the speci^ed glyph.

Brushing in ArcView Locations in ArcView can be brushed to see where they are in the CDF plots. This is done by using the Brush Tool to de^ne a polygon. The points in the CDF plots are given a larger glyph. The points in ArcView are not changed.

Terminating the Link The link is terminated by pressing the red diamond button on the Button Bar. This terminates the initial XGobi window.

2.3 Using the Strawberry Sundae Flavor of the Link (The VariogramŰCloud Link) The Strawberry Sundae ~avor of the link allows the data analyst to display and explore variogramŰcloud plots. This type of plots is used to look for spatial outliers and to explore the spatial dependence in a data set ([HBC^+91], [BH92]). In this ~avor, only those points of all possible pairs of sampling locations are displayed in XGobi where the distance between locations is smaller than a userŰde^ned cutoff distance. Among other variables and plots that can be displayed with this ~avor, it is intended for variogramŰcloud plots. These are plots where, for each pair of locations, the squareŰroot of the absolute difference between attribute values at the locations versus the euclidean distance between the locations is plotted in XGobi. In data sets that exhibit a strong spatial dependence, the variance in the attribute differences will increase when the distance between locations increases. Therefore, large attribute differences for locations that are near to one another might indicate a spatial outlier. This can happen even though the values at both locations seem to be reasonable when the data set is examined nonŰspatially.

Because each point in the XGobi window corresponds to a pair of sampling locations in ArcView, we had to modify the brushing environment slightly in comparision to the two ~avors described earlier. For each point brushed in XGobi, a line of the same color is drawn between the corresponding pair of sampling locations in ArcView. Because each sampling location can be included in up to n points being displayed in XGobi, brushing a location in ArcView causes two things to occur: First, all corresponding points in XGobi are brushed. Second, lines are drawn in the ArcView window between the brushed location and all other locations with which it is paired.

Calculated XGobi Variables

When initiated, this link calculates and passes p^2 + 5 variables into XGobi, where p is the number of visible, numeric ^elds in the attribute table of the active point theme. The visible ^elds can be changed in the Table Properties dialogue. The following variables are calculated:

A : The angle between each pair of points, measured in degrees from the X axis. This variable is used to brush various angle classes and, thus, investigate anisotropic variation.

sinA : The sine of the angle given in A. This can be plotted versus cosA (below) in an XŰY plot for angleŰclass brushing. This allows continuous brushing on the angle class.

cosA : The cosine of the angle given in A. This can be plotted versus sinA (above) in an XŰY plot for angleŰ class brushing. This allows continuous brushing on the angle class.

d : The euclidean distance between the spatial location of each pair of points, measured in the units in which the points are stored in ArcView.

g lm : (read gamma sub l, m) where l, m = 1, . . . , p, calculated as:

γ_{lm} =| Z_l(s_i) − Z_m(s_j ) |^{1/2},

where Z_l(s_i) [Z_m(s_j )] is the observed value of attribute l [m] at sampling location s_i [s_j] for i [j] = 1, . . . , n. There are p^2 of these variables.

D : The euclidean distance, in pŰdimensional space, between the attribute vectors at each pair of points: D =|| Z(s_i) − Z(s_j) ||, where Z(s_i) [Z(s_j)] is the pŰdimensional vector of observed attribute values at sampling location s_i [s_j] for i [j] = 1, . . ., n. There are several notes and cautions about these variables:

• The number of visible ^elds, p, should be kept to a minimum because the number of calculated variables increases as p^2, which can consume much of your computer’s memory.

• Only include relevant ^elds. All visible, numeric ^elds will be included as one of the p ^elds at each location. This includes things such as numeric location identi^ers, x and y coordinate locations, etc. Any extraneous variables will cause the calculated D variable to be uninterpretable.

• The A variable is given a negative value for two special cases: 1) when a point is paired with itself (the value given in this case is -90); and 2) when a pair of different points share the same (exact) spatial location (the value given in this case is -45). The negative values for these cases make brushing easy. The values for these special cases in the sinA and cosA variables are such that they are plotted inside the circle in the plot of cosA vs. sinA. GUI The GUI for this version of the link is identical to the GUI for the Vanilla ~avor of the link (Figure 1). However, its functionality is slightly different.

Initiating the Link The green diamond button on the Button Bar is pressed to initiate the link. Before the link can be initiated a point theme must be made the only active theme. A label point theme can also be used to analyze polygon data. Active theme entries in the View TableŰofŰContents have a raised appearance. When the link is initiated, the user will be prompted for the maximum distance between pairs of points. Only pairs of points that are less than or equal to this distance apart from one another will be passed into XGobi. This allows the amount of the data being passed into XGobi to be reduced dramatically if the scale of spatial dependence is dramatically smaller than the area being analyzed. This can help both the speed of beginning the link as well as the interpretation of the graphics.

Brushing in XGobi Once initiated, any color/glyph/size brushing conducted in the XGobi window will be automatically passed to ArcView. For each point that is brushed in XGobi, a line is drawn between the corresponding pair of sampling locations in ArcView. The color of the line corresponds to the current XGobi brush color.

Brushing in ArcView Brushing in ArcView is done using the Brush Tool on the Tool Bar (Figure 1). When this is the active tool, the user can de^ne a polygon on the View Display. Because each sampling location can be included in up to n points being displayed in XGobi, brushing a location in ArcView causes two things to occur: 1) all corresponding points in XGobi are brushed with the current color/glyph/size (set in pulldown menus); and 2) lines are drawn in the ArcView window between the brushed location and all other locations with which it is paired.

Unbrushing In order to remove the lines that have been displayed in the ArcView window as a result of brushing, simply brush all affected points using the default color, i. e., the color that was used when the link was started. The sampling locations in the ArcView window will always remain this color; only the lines between locations will be given colors corresponding to the brush color.

This unbrushing can be done in either the ArcView or the XGobi window.

Cloning the XGobi Window The XGobi window can be cloned (by pressing the Copy icon on the Button Bar or from within XGobi) for additional ~exibility in the analysis process. Any cloned XGobi windows communicate with the initial XGobi window via the normal XGobi X event based communication mechanism ([SMC96]). The original XGobi window also continues to communicate with ArcView. Thus, brushing in any of the XGobi windows or the ArcView window will automatically be passed to all of the other windows. Note: This is especially useful for brushing on the angle variable, A. If you do this, however, we recommend that you use the initial XGobi window to display and brush the A variable and the cloned XGobi to display the variogramŰcloud plot.

Terminating the Link The link is terminated by pressing the red diamond button on the Button Bar. This terminates the initial XGobi window. Any cloned XGobi windows must be exited separately.

2.4 Using the Cherry Garcia Flavor of the Link (The LaggedŰScatterplot Link) The Cherry Garcia ~avor of the link allows the data analyst to display and explore dynamic, spatially lagged scatterplots. These are a useful tool for the initial exploration of spatial dependence in a data set ([Cre84], [RMJF92]). In this ~avor, the points displayed in XGobi represent all possible pairs of sampling locations up to a given cutoff distance. For each pair of locations, XGobi plots the following points:

(Z_l(s_i), Z_m(s_j )),

where Z_l(s_i) represents variable l at sampling location s_i, and Z_m(s_j ) represents variable m at sampling location s_j.

If there exists strong spatial dependence in a data set, then the points in the lagged scatterplot that originate at sampling locations near to one another will be close to the line y = x. The dispersion about this line will increase with an increasing distance between sampling locations.

When we use the term Şdynamic, spatially lagged scatterplotŤ, we actually mean that the previously described variation can be explored by displaying the distance variable, d, in a separate (cloned) XGobi window and then dynamically brushing through the distance point cloud. The brushing behavior for this ~avor of the link is identical to the brushing behavior of the Strawberry Sundae ~avor.

Calculated XGobi Variables

When initiated, this link starts XGobi with 2p + 4 variables, where p is the number of visible, numeric ^elds in the attribute table of the active point theme. The visible ^elds can be changed in the Table Properties dialogue. The following variables are calculated:

A, sinA, cosA, and d are calculated as for the Strawberry Sundae ~avor of the link.

var i : The variable named var at location s_i. This is Z_l(s_i) in the formula for the lagged scatterplot. When plotted against var j, a lagged scatterplot is formed. There are p of these variables.

var j : The variable named var at location s_j. This is Z_m(s_j) in the formula for the lagged scatterplot. When plotted against var i, a lagged scatterplot is formed. There are p of these variables.

There are the same notes and cautions about these variables as for the Strawberry Sundae ~avor of the link, except that the number of included variables increases as 2p (and not as p^2 as for the Strawberry Sundae ~avor) and no D is calculated. Everything that has been said about the GUI for the Strawberry Sundae ~avor of the link also holds for the Cherry Garcia ~avor of the link.

2.5 Using the Wavy Gravy Flavor of the Link (The Multivariate VariogramŰCloud Link) The Wavy Gravy ~avor of the link allows the data analyst to display and explore asymmetric, multivariate spatial dependence of the data set. A complete description is beyond the scope of this paper (see [MC96] for details).

This ~avor of the link is very similar to the variogramŰ cloud link. However, because we are focusing on the exploration of asymmetric, multivariate spatial dependence, the two variables g_{ij} and g_{ji} (from the variogramŰcloud link) are combined into one variable, g_{ij}, in this ~avor of the link. When this new variable, g_{ij}, is plotted against the distance, d, this is equivalent to plotting g_{ij} and g_{ji} endŰtoŰend, that is, the horizontal axis for the plot g_{ij} extends to the right and the horizontal axis for the plot g_{ji} extends to the left. The resulting plot provides the data analyst with the full multivariate spatial structure in just one plot. Using this ~avor of the link, it can be detected whether the structure in the plot is not symmetric about the origin, a feature often present in multivariate spatial data sets.

Note that when exploring multivariate data using the variogramŰcloud link, the laggedŰscatterplot link, or the multivariate variogramŰcloud link, it is important to standardize the data (e.g., subtract the mean and divide by the standard deviation) to avoid spurious dependencies appearing that might be due simply to location and scale features. The brushing behavior for this ~avor of the link is identical to the brushing behavior of the Strawberry Sundae ~avor.

Calculated XGobi Variables

When initiated, this link calculates and passes

`_p 2 ´_{+ 5}

variables into XGobi, where p is the number of visible, numeric ^elds in the attribute table of the active point theme. The visible ^elds can be changed in the Table Properties dialogue. The following variables are calculated:

A, d, and D are calculated as for the Strawberry Sundae ~avor of the link.

Figure 3: VariogramŰCloud Plot (bottom left), Angle between Locations (bottom right), Map View of Sampling Sites in the Northeastern United States (top).

Maine

Vermont

New Hampshire

sin2A : The sine of two times the angle given in A. This can be plotted versus cos2A (below) in an XŰY plot for angleŰclass brushing. This allows continuous brushing on the angle class.

cos2A : The cosine of two times the angle given in A. This can be plotted versus sin2A (above) in an XŰY plot for angleŰclass brushing. This allows continuous brushing on the angle class.

g lm : (read gamma sub l, m) where l = 1, . . ., p and m = l, . . . , p, calculated as:

γ_{lm} =| Z_l(s_i) − Z_m(s_j ) |^{1/2},

where Z_l(s_i) [Z_m(s_j )] is the observed value of attribute l [m] at sampling location s_i [s_j] for i [j] = 1, . . . , n.

There are

`_p 2 ´_{of these variables since we only}

consider pairs (l, m) where l ≤ m. A plot of g ml versus distance d would be symmetric around the Y axis to a plot of g lm versus distance d where l ≤ m.

There are the same notes and cautions about these variables as for the Strawberry Sundae ~avor of the link, except that the number of included variables increases as

`_p 2 ´_{(and not as p2 as for the Strawberry Sundae ~avor),}

but it still has the same asymptotic complexity. Everything that has been said about the GUI for the Strawberry Sundae ~avor of the link also holds for the Wavy Gravy ~avor of the link.

3 An Example

In this example, a variogramŰcloud has been plotted for precipitation values at precipitation sampling sites in the northeastern United States. This example ^rst has been presented in [SMMC96].

In the ArcViewŰXGobi variogramŰcloud link, the angle class can easily be changed using the linked brushing environment. In this way, data sets can be explored for anisotropic variation. Figure 3 displays a variogramŰcloud plot, along with a plot of the sine vs. the cosine of the angle between locations, and a plot of the sampling locations. Two angle classes, corresponding to the NEŰSW direction (dark ^lled circles) and the SEŰNW direction (light ^lled squares), have been brushed. It seems that for any given distance, the average value for the SEŰNW direction is higher than for the NEŰSW direction. This is justi^ed through the geography. The SEŰNW direction represents sampling sites that are at different distances from the coast line while the NEŰSW direction represents sampling sites that are at about the same distance from the coast line.

4 Discussion

We have provided a descripton of the user interface for an environment for graphical exploration of spatial data. The variety of links in this environment make it possible to do fairly sophisticated graphical exploratory data analysis on spatially referenced data. Some of the plotting types are familiar in spatial data analysis Ů variogramŰcloud, lagged scatterplot, spatial CDF Ů and some are relatively new Ů multivariate variogramŰcloud.

Advances for data analysis in this environment over a static plotting environment are provided in the approaches to interacting with the different types of plots. Instead of ^xing a distance lag interval and then computing the lagged scatterplot, it is possible to change interactively the size of the lag using a different brush size, and move the brush to examine interactively how the dependence varies with distance. This saves deciding lags, a priori, and plotting many different pictures to lay out on a table for perusal. It is also possible to select several angle classes with a brush and examine the variogramŰclouds for the different angle classes.

A signi^cant portion of the research time was spent on learning, understanding and developing the interprocess communication code that facilitates the link between the two software packages. Now that this is fully developed, it is possible to build in and experiment with new types of links and plot types fairly quickly. One direction of future links is to extend the system in a third direction, i. e., statistical analysis software packages like S ([BCW88]) and XploRe ([HKT95]).

Acknowledgements

Research related to this article was supported by an EPA grant under cooperative agreement # CR822919. The article has not been subjected to the review of the EPA and thus does not necessarily re~ect the view of the agency and no of^cial endorsement should be inferred. The authors wish to thank Noel Cressie, Mark Kaiser, and Soumendra Lahiri for their valuable contributions and comments as this research was developing.

References

[AB96] L. Anselin and S. Bao. Exploratory Spatial Data Analysis Linking SpaceStat and ArcView. Technical Report 9618, West Virginia University, Morgantown, WV, 1996.

[BCW88] R. Becker, J. Chambers, and A. Wilks. The New S Language - A Programming Environment for Data Analysis and Graphics. Wadsworth and Brooks/Cole, Paci^c Grove, CA, 1988.

[BH92] R. Bradley and J. Haslett. Interactive Graphics for the Exploratory Analysis of Spatial Data Ů The Interactive Variogram Cloud. In P. A. Dowd and J. J. Royer, editors, 2nd CODATA Conference on Geomathematics and Geostatistics, Sci. de la Terre, Ser. Inf., volume 31, pages 373Ű386, Nancy, 1992.

[CCMS94] D. Cook, N. Cressie, J. Majure, and J. Symanzik. Some Dynamic Graphics for Spatial Data (with Multiple Attributes) in a GIS. In R. Dutter and W. Grossmann, editors, COMPSTAT 1994: Proceedings in Computational Statistics, pages 105Ű119, Heidelberg, 1994. PhysicaŰVerlag.

[CMSC96] D. Cook, J. J. Majure, J. Symanzik, and N. Cressie. Dynamic Graphics in a GIS: Exploring and Analyzing Multivariate Spatial Data Using Linked Software. Computational Statistics, Special Issue: Computer Aided Analyses of Spatial Data, Forthcoming, 1996.

[Cre84] N. Cressie. Towards Resistant Geostatistics. In G. Verly, M. David, A. G. Journel, and A. Marechal, editors, Geostatistics for Natural Resources Characterization, Part 1, pages 21Ű 44, Dordrecht, 1984. Reidel.

[HBC^+91] J. Haslett, R. Bradley, P. Craig, A. Unwin, and G. Wills. Dynamic Graphics for Exploring Spatial Data with Application to Locating Global and Local Anomalies. The American Statistician, 45(3):234Ű242, 1991.

[HKT95] W. Hĺardle, S. Klinke, and B. A. Turlach. XploRe: An Interactive Statistical Computing Environment. Springer, New York, Berlin, Heidelberg, 1995.

[KM94] R. Klein and R. I. Moreira. Exploratory Analysis of Agricultural Images via Dynamic Graphics. Technical Report 9/94, Laboratťorio Nacional de ComputacÿŸao Cientťi^ca, Rio de Janeiro, Brazil, 1994.

[MC96] J. J. Majure and N. Cressie. Dynamic Graphics for Exploring Spatial Dependence in Multivariate Spatial Data. Geographical Systems, Forthcoming, 1996.

[MCC^+96] J. J. Majure, D. Cook, N. Cressie, M. Kaiser, S. Lahiri, and J. Symanzik. Spatial CDF Estimation and Visualization with Applications to Forest Health Monitoring. Computing Science and Statistics, 27:93Ű101, 1996.

[MCCS96] J. J. Majure, N. Cressie, D. Cook, and J. Symanzik. GIS, Spatial Statistical Graphics, and Forest Health. In Third International Conference/Workshop on Integrating GIS and Environmental Modeling, Santa Fe, New Mexico, USA, January 21-25, 1996. To appear, 1996.

[RMJF92] R. E. Rossi, D. J. Mulla, A. G. Journel, and E. H. Franz. Geostatistical Tools for Modeling and Interpreting Ecological Spatial Dependence. Ecological Monographs, 62:277Ű314, 1992.

[SCB91] D. F. Swayne, D. Cook, and A. Buja. XGobi: Interactive Dynamic Graphics in the X Window System with a Link to S. In ASA Proceedings of the Section on Statistical Graphics, pages 1Ű 8, Alexandria, VA, 1991. American Statistical Association.

[SMC96] J. Symanzik, J. J. Majure, and D. Cook. Dynamic Graphics in a GIS: A Bidirectional Link between ArcView 2.0 and XGobi. Computing Science and Statistics, 27:299Ű303, 1996.

[SMMC96] J. Symanzik, I. Megretskaia, J. J. Majure, and D. Cook. Implementation Issues of Variogram Cloud Plots and Spatially Lagged Scatterplots in the Linked ArcView 2.1 and XGobi Environment. Computing Science and Statistics, 28:To appear, 1996.