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tial data handling capabilities o f  GIS. Thus managers can 

query databases and test different management strategies 

and models. However, the communication power o f  these 

systems is still limited-the graphics output remains dia- 

grammatic, schematic, and thematic rather than realistic, 

so  that its usefulness in the public arena is limited (Orland 

1994). This limitation hampers analysis and review o f  

projects that are intended to enhance visual quality or to 

minimize pest impacts on visual resources, and o f  projects 

with other objectives that may impact visual resources. 

Data visualization techniques translate quantitative data 

into concrete visual representations that better communi- 

cate complex relationships (Orland 1991, 1994; Orland et 

al. 1992, 1994). Visualizations range from conventional 

graphs to high-resolution, multi-dimensional interactive 

presentations, from symbolic perspective plots to carefully 

calibrated, photographically realistic images. Computer data 

visualization, linked with vegetation growth and develop- 

ment models, and with insect and disease effects models, 

can provide better assessment and communication of, and 

justification for, forest management actions. 

array o f  people from diverse backgrounds, with different 

objectives, experiences, and technical training. Communi- 

cation within such groups is fraught with problems. Even 

if all participants begin the process with common goals 

and objectives, needing only to select the best way to ac- 

complish them, written and spoken words are not inter- 

preted identically by everyone. Experts and non-experts 

alike perceive and interpret information differently. If  an 

extension entomologist says that the ongoing bark beetle 

outbreak is likely to result in 60% mortality, people do not 

conceive identical mental images of that condition. Effec- 

tive collaboration can only take place when everyone “sees” 

the same future. 

Additionally, pest managers perpetually struggle to 

communicate abstract concepts, particularly those pertain- 

ing to temporal issues and compromise concessions. Peo- 

ple have difficulty comprehending that the forest always 

changes, and that no matter what we do, or don’t do, the 

future forest will be different from today’s. Additionally, it 

is difficult for people to comprehend trade-offs between 

alternative decisions. If pest management prescriptions 

require logging and burning, which is better—the pest or 

the remedy? Again, there is particular difficulty communi- 

cating that each alternative generates a succession o f  events 

and forest conditions, that the objective is not a single, 

steady-state condition. Visualization can be used to dem- 

onstrate the visual impact of a pest outbreak, recovery from 

the outbreak, and the appearance of the forest in the dis- 

tant future. Visualization o f  recovery from dramatic forest 

disturbances such as spruce beetle (Dendroctonus rufipennis 

Kirby) outbreaks and stand-replacing fires enables people 

to comprehend a future different from the current or pro- 

posed dramatic condition. It may also assist managers to 

motivate agencies and individuals to take preventative ac- 

tion (Orland 1994, White and Daniel 1991). Visualization 

can facilitate evaluation o f  trade-offs between alternatives 

by presenting data in a form readily and similarly under- 

stood by everyone. 

Visualization technology offers opportunities to im- 

prove communication in the natural resource and pest man- 

agement planning processes (Daniel et al. 1992, Lynch and 

Twery 1992). Until recently, communicating the extent and 

severity o f  major impacts on the forest has generally been 

accomplished using maps, charts, and data tables (Orland 

1994). These tools have become increasingly complex and 

sophisticated for the exploration of more complex issues 

(Buhyoff et al. 1988, Orland 1994). While diagrammatic 

and numeric data may accurately portray the dimensions, 

proportions, and volume o f  some resource impacts, they 

may be misunderstood (Zube and Simcox 1993). Also, they 

provide little assistance in evaluating effects on scenic or 

recreation quality, or in conceptualizing the trade-offs be- 

tween different courses o f  action. Artists’ renditions have 

Need for Data Visualization in 
Forest Pest Management 

The lay definition o f  visualization is “to form a men- 

tal image.” Used technically, visualization refers to the sci- 

ence o f  creating and using visual images (images that are 

seen rather than imagined). Scientific visualization, used 

by specialists to interpret scientific phenomena or to make 

inferences about quantitative or mathematically modelled 

information, can be distinguished from data visualization, 

processes for communicating abstract data relationships. 

That is, scientific visualization assists in understanding the 

data, and data visualization assists the observer in relating 

to the data. The intended viewers o f  scientific visualizations 

are generally experts within related disciplines, and the in- 

tended viewers o f  data visualizations are usually experts in 

other disciplines and lay or nonprofessional persons. 

Data visualization is important in the forest pest man- 

agement disciplines. In many regions, public land manage- 

ment is shifting away from producing consumptive goods 

like timber and rangeland toward producing non-consump- 

tive user-oriented goods and services, such as scenic qual- 

ity, recreation, and wilderness. Managers are directed to 

protect and manage aesthetic, scenic, and recreation re- 

sources. However, the technologies to inventory, evaluate, 

and predict the future condition of the “production stock” 

of these resources lags behind technologies used for tim- 

ber and range. 

Whether involved in a forest management planning 

process or preparing shorter-term silvicultural or pest con- 

trol project analyses, planning groups usually include an 
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been used to communicate such issues to public groups, 

but are difficult and time-consuming  to create, and are open 

to criticisms regarding accuracy (Orland 1994). Computer 

image editing techniques based on image processing prin- 

ciples have recently been used to illustrate the visual ef- 

fects of insect and disease damage, and silvicultural 

practices. Photo-realistic techniques offer the advantages 

o f  photo-quality realism and demonstrable connections to 

data, and are useful in agency planning and public commu- 

nication processes. Techniques based on image processing 

and sampling procedures can be incorporated into forest re- 

source modelling systems and decision support frameworks 

such as GypsES, INFORMS, SBexpert, and SYLVATICA 

(Bishop and Hull 1991; Orland 1994; White 1992). 

Table 1. Roles and functions o f  visualization 

techniques used in forest pest management 

and planning. 

Visualization technique Role or function 

Tabular data Place the full burden of 

integrating and evaluating 

abstract information onto 

the reader. 

Integrate data of low 

dimensionality; can assist 

evaluation processes 

through choices of colour 

and scale. 

Statistical graphs and charts 

Appeal and Potential of Multi-dimensional plots Summarize the relationships 

in complex datasets, 

enabling data exploration. 

Clarify the spatial 

Data Visualization 

Visualization has already played a role in forest pest 

planning. Various techniques effectively convey the se- 

verity, spatial extent, and temporal dynamics o f  pest and 

pest-related management activities. Internal planning proc- 

esses—with inherent burdens o f  “what i f ”  game playing, 

reviews, and revisions—demand the fast response and flex- 

ibility of the more abstract o r  symbolic visualization tools 

such as perspective plots (Table 1 ). These techniques are 

readily integrated with existing vegetation models, pest mod- 

els, and decision support frameworks. Although there are 

exceptions, abstract imaging is generally rapid and flexible, 

which is advantageous in interactive situations (referring 

to human interactions, not interactive computer environ- 

ments). GrafFVS (Shepperd 1992) (Figure 1), SmartForest 

(Orland 1994) (viewable on the World Wide Web at http:// 

i mlab 9.1 and arch.ui u c. e du), and Heasley’s IN F0RMS 

viewshed package (Heasley and McNamara 1991, White 

and Daniel 1991) provide symbolic visualizations o f  stand 

data, and in some cases, topographic data. These visualiza- 

tion models are data-based, can be produced relatively rap- 

idly, and have been used in project analyses and reviews. 

The public interaction and response aspects o f  the 

planning process require more realistic media, demanding 

that image character and quality be comparable to televi- 

sion and publication imagery (Table 1) (Orland 1988; Turk 

1990). Public involvement in resource planning is intended 

to ensure that societal demands and preferences are con- 

sidered, but planning is a continuous process with only a 

limited number o f  points at which public input is timely 

and effective (Hahn et al. 1978). Photo-realistic visualiza- 

tion provides a common language between different disci- 

plines and between experts and public, presenting 

information in a form all can understand. Baker and Rabin 

(1988) used video-imaging to simulate the appearance o f  

individual ponderosa pine with varying levels o f  limb rust 

Perspective plots and 

geographically referenced relationships between data 

thematic maps items. 

Real-time interactive Enable exploration of 

multidimensional 

relationships and 

dependencies; enable what-if 

planning scenario 

comparison. 

Supports qualitative as well 

as quantitative evaluative 

processes. 

Supports exploration of 

temporal or spatial 

(movement) relationships, 

including duration, 

proximity, variability of 

different conditions, and 

altered view position. 

Enables evaluation of varying 

event sequences. 

spatial data 

True-to-life visual realism 

Animation 

infection. Photo-realistic visualizations depicting a range 

o f  future forest conditions projected to occur under a va- 

riety o f  spruce beetle management scenarios were used to 

support environmental assessments on the Dixie National 

Forest in Utah and the Chugach National Forest in Alaska 

(USDA Forest Service 1993,1995,1996). The spruce beetle 

images were used to evaluate public perception and atti- 

tudes regarding insect damage to forest resources, as have 

similar visualizations depicting different levels of damage 

by western spruce budworm (Choristoneura occidentalis Free- 
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Figure 1. GrafFVS (Shepperd 1992) symbolically illustrates stand data from the Forest Vegetation Simulator (FVS, the descendant o f  Prognosis (Wykoff et al. 

1982)), using crown shape and color to distinguish species, crown ratio, and shape. Stand structure and composition, as well as patterns of past 

disturbance and succession are discernible. This mockup (GrafFVS does not have a print routine) illustrates a plot from a Southwest mixed-conifer 

stand after a western spruce budworm outbreak event. 
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man) in New Mexico (Figure 2) and under different 

management alternatives on the Deschutes National Forest 

in Oregon (Lynch et al. 1991). 

The potential and appeal o f  visualization are great, 

enabling professionals, the public, and politicians to visu- 

alize and compare alternative futures. It offers the oppor- 

tunity to visualize relationships and effects across time and 

space. It also allows researchers and managers to evaluate 

prospective events and actions. In turn, they can develop 

strategic response plans. 

With public and interest groups on a more equal foot- 

ing with experts and decision-makers, there is less room 

for misunderstanding. However, because modern data 

visualizations can be extremely compelling and convinc- 

ing, safeguards against misrepresentation are essential (Dan- 

iel 1992), and there are drawbacks, especially with 

photo-realistic visualization (Orland et al. 1991). Data visu- 

alization can provide the necessary realism for public re- 

view, but it is difficult to demonstrate the dimensional 

accuracy or fidelity o f  simulations of the projected condi- 

tions (Orland 1991). For this reason a distinction is made 

driven visualization which are visualizations dependent on 

data rather than on manual delineation for image creation, 

manipulation, or simulation.  Managers express concern that 

decisions will be made on the strength o f  visual images 

alone, disregarding other sources of information. Infor- 

mation presented as visualizations, especially photographi- 

cally realistic visualizations, creates the (usually false) 

impression o f  increased accuracy and confidence in the 

data—the pictures are perceived as more reliable than the 

numbers they were created with. Additionally, realistic im- 

ages o f  projected future conditions may be perceived as a 

performance standard, or an aesthetic contract between 

agency and public interests (Orland et al. 1991). An equally 

powerful argument, however, is that the only way to ensure 

that experts and public groups visualize the same future is 

to show them the same future (Orland et al. 1991). 

At the same time, because data visualization improves 

people’s understanding o f  presented information, it is likely 

that projects will be more closely scrutinized. For these 

reasons, it is essential that implementation o f  visualization 

techniques include explicit ties between the numeric and text 

data and the corresponding visual data. Attention must be 

given to the validity and defensibility of the visualizations. 

Daniel et al. (1992), Orland (1992, 1994), Sheppard 

(1989), Stokols and Marans (1993), and Zube et al. (1987) 

provide a considerable background on data visualization 

applications in environmental sciences and natural re- 

sources. Potential pest management-related applications are 

discussed by Lynch and Twery (1992). 
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ArcView as a User Interface for 
Forest Pest Management 

Decision Support Systems 

Kevin B. Potter and David A. MacLean 
Natural Resources Canada, Canadian Forest Service, NB 

data input and handling, and cartographic capabilities o f  a 

full GIS such as ARC/INFO. The PC-compatible version 

o f  ArcView 2.1 costs approximately $1500, and $2500 for 

the UNIX version. 

In this paper, we introduce ArcView, describe its func- 

tionality, and assess its usefulness as a generic tool for build- 

ing forest pest management decision support systems (DSS). 

We have included specific examples derived from the 

Spruce Budworm DSS (MacLean and Porter 1995), which 

has been ported to run under ArcView 2.1. 

Abstract 

ArcView is a software product for accessing, viewing, 

and using geographic information. It can use spatial data 

in many common formats and also introduces a new spa- 

tial format called a shapefile—a set o f  graphic objects con- 

nected to tabular data. ArcView can represent information 

as thematic maps, charts, and tables, and incorporates tools 

for query, editing, and geographic analysis. It is customizable 

and programmable using an embedded object-based lan- 

guage. In this paper, we introduce ArcView, describe some 

o f  its capabilities that are useful for building forest pest 

management decision support systems (DSS), present ex- 

What is a 
Forest Pest Management DSS? 

amples from the Spruce Budworm DSS, and suggest how 

ArcView can be used to construct DSS applications. We 

conclude that ArcView is a powerful tool for providing the 

user interface, data handling, and data display functionality 

for DSS development. 

Forest pest managers need tools to predict pest out- 

break occurrences and their effects on forest development, 

to ensure that the expected timber supply will be present 

at the anticipated time o f  harvest, or to determine whether 

the desired forest composition will be available for non- 

timber uses. Decision support tools can also help to plan 

management tactics, such as silviculture, to reduce the se- 

verity o f  future pest outbreaks. This rationale has been the 

basis for a research program to develop decision support 

systems for several important forest pests in Canada. We 

are building the spruce budworm decision support system 

(SBWDSS) guided by a design philosophy o f  building in- 

dividual tools targeted at specific pest and forest manage- 

ment problems and integrating these tools under an 

interactive graphical user interface and a GIS. The target- 

ing o f  tools has resulted in some being developed for PCs 

and others for the UNIX platform. These tools allow bud- 

worm effects to be built into mainstream forest manage- 

ment planning. The counter to this approach would be to 

Introduction 
ArcView is an easy-to-use software for accessing, view- 

ing, and using geographic information. It was developed 

by Environmental Systems Research Institute (ESRI) (Red- 

lands, CA) who are the creators o f  the ARC/INFO geo- 

graphic information system (GIs). It is based on common 

software principles for usability, contains a graphical user 

interface (GUI), and supports multiple platforms (PC, 

UNIX, and MAC). ArcView Version 1 was released in 1991 

as a simple visualization and query tool to be used with a 

geographic information system (GIS).  ArcView Version 2.1 

was released in 1995 and combines GIS, desktop mapping, 

multimedia, database management, and business graphics. 

However, it does not have all the spatial analysis, geographic 
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build a large, multi-functional “system”, but that may re- 

quire potential users to change their management frame- 

work and therefore would be unlikely to be adopted. We 

think that individual, targeted tools are easier to construct, 

allow the manager to incrementally and selectively adopt 

them, and make the learning curve easier. ArcView fits into 

this philosophy nicely. 

fied such that a particular type o f  data be displayable only 

at scales larger than 1:10 000. Various associations or links 

between data sources can also be specified, to define rela- 

tionships that make the raw data more meaningful. For ex- 

ample, linking defoliation survey maps with insecticide 

protection records may reveal correlations (or the lack 

thereof) between the level o f  protection and the observed 

defoliation o f  forest stands. These properties are stored 

with the data and are used when appropriate. ArcView Technology 

Data Utilization Software Architecture 

ArcView includes a GUI that has the same look and 

feel on all platforms. A sample menu bar, button bar, and 

tool bar that could be used when running ArcView are 

shown in Figure 1. The composition o f  the user interface 

is context-sensitive and differs according to which part o f  

the program is being used. Buttons or pull-down menus 

control operations to select and identify features, edit a 

legend, zoom in/out on a map, pan a viewing “window” 

around a map, edit properties o f  elements o f  the program, 

and measure distances (Figure 1). The content o f  the menus, 

button bar, and tool bar is customizable, so that users can 

incorporate the particular desired functions. Users can also 

create their own customized menus or buttons that, by as- 

sociation with a script containing ArcView programming 

statements, perform special functions. Several prewritten 

scripts included with ArcView can be modified, and ad- 

vanced users can easily create their own scripts to perform 

specific tasks. 

Document-centred software architectures have become 

the norm for MS-Windows, and ESRI has adopted this for 

all supported platforms. Everything in ArcView is in a 

“document” and each document has its own window. 

ArcView uses six types of documents: View, Table, Chart, 

Script, Layout, and Project. View documents are used to 

hold thematic maps and images; Table documents include 

the actual data associated with geographic features, Chart 

documents contain charts and graphs, Script documents 

are programs written in ArcView’s programming language, 

and Layout documents are used to create cartographic- 

quality map output. Project documents serve as “contain- 

ers” for all o f  the other documents, allowing work on a 

particular topic, land area, etc. to be grouped together. The 

Project window contains icons that allow access to lists o f  

the other documents. For example, to see the list o f  Tables 

for the active Project, the user would click on the Table 

icon in the Project window. An extensive hypertext help 

system is also included. 

ArcView supports many spatial data formats in addi- 

tion to all o f  the ARC/INFO file formats. These include 

raster files such as digitized images and spatial data from a 

raster-based GIS product, tabular data from commercial 

database management systems such as dBASE: o r  ORACLE, 

as well as ASCII files. Image data may be nongeographic as 

well. For example, scanned pages o f  type or handwriting 

can be incorporated and linked to a geographic entity. Draw- 

ings from CAD packages are also supported. 

ArcView also uses its own data format, called a 

shapefile, that can store geographic data (known as ‘cover- 

ages’ in the ARC/INFO vernacular) as geometric shapes. 

Each geographic feature, a representation o f  something 

located on the surface o f  the earth, is stored as a shape. 

The main distinction between a true GIS coverage and 

a shapefile is that a shapefile does not have topology, 

the property that explicitly defines the spatial relation- 

ships between geographic features such as connectivity, con- 

tiguity, and area definition (ESRI 1995). The absence o f  

topology partly accounts for the exclusion o f  some kinds 

o f  spatial processing, such as automatic buffer generation 

and intersection overlays, in ArcView. Shapefiles can eas- 

ily be converted to and from any other vector data source. 

Their format is nonproprietary, with published docu- 

mentation allowing developers to use this format in their 

own software products. 

ARC/INFO databases are often stored as map librar- 

ies, and ArcView supports these on all platforms. This al- 

lows an ArcView user working on a PC to download a map 

library and use it locally or, alternatively, to access the li- 

brary on a different computer over a network. ArcView 

can also use the full ARC/INFO software by initiating and 

controlling ARC/INFO processes running on a UNIX 

work station using remote procedure calls (RPC), a stand- 

ard for interprocess communication. 

Information in ArcView consists o f  both the raw data, 

such as maps, tables, and images, and also properties that 

These properties can include the legend to be used, the 

applicable map projection, and the scale at which the data 

should be displayed. For example, properties can be speci- 

define how the data are represented, queried, and used. Thematic Map and Chart Display 

The View document is perhaps the most frequently 

used type. View is used to create thematic maps that dis- 

play geographic features such as roads, streams, and forest 
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stands, and that use colours or symbols to identify these 

features according to one or more o f  their data attributes. 

The View in Figure 2 shows a forest inventory map with 

species composition as the theme. Each polygon on  the 

map is a forest stand that is shaded according to a tree 

species mix classification (see the legend) used in the prov- 

ince o f  New Brunswick, Canada. Another theme used in 

the SBWDSS is spruce budworm defoliation, where defo- 

liation is observed from an aircraft—in nil, light, moder- 

ate, and severe categories—drawn on a map, digitized at a 

1:250 000 scale, and displayed as a theme. Digitized geo- 

graphic locations for permanent sample plots or insect 

population surveys can also be used as themes, allowing 

geographic access to all o f  the data collected at these points. 

Figure 2 displays only a single theme in the View win- 

dow, but ArcView is not limited to this. Multiple themes 

can be included in one View, with interactive control o f  

the display accomplished through the legend. Figure 3 

shows the legend for a View that contains three stand 

themes-species composition, total volume, and maturity- 

and three linear features—stand boundaries, streams, and 

roads. To display one o f  the stand themes and the de- 

sired boundaries, streams, o r  roads, the user simply 

checks the appropriate boxes using a mouse. This is es- 

pecially useful for forest inventory information that con- 

tains many attributes for each stand, and where any data 

that can be linked to stands can be used as a theme. The 

legend categories, labels, and colours can easily be modi- 

Figure 1. A portion o f  the graphical user interface from ArcView 2.1 showing the menu bar, button bar (top row of 

icons), and tool bar (bottom row o f  icons). 

Figure 2. An ArcView View window containing a thematic forest inventory map with each stand shaded according to its 

species composition. For example, BF = balsam fir, SP = spruce, IH = intolerant hardwood, TH = tolerant 

hardwoods. 
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fied by the user. Additionally, georeferenced satellite im- 

ages can be displayed, with user control over the colour 

coding assigned to the individual wavelength ranges. 

A map is not the only useful representation of geo- 

graphic entities. ArcView’s graphical charts provide addi- 

tional data visualization capabilities that are particularly 

effective in analysing summarized data and comparing spe- 

cific attributes among geographic features. ArcView sup- 

ports bar, column, pie, and area charts, as well as line graphs 

and scattergrams, with several variations o f  each type avail- 

able. Features displayed in charts are automatically linked 

to thematic maps and tables. Therefore, when a bar or pie 

slice on a chart is selected, the corresponding feature in a 

thematic map or a table is also highlighted. This provides 

several alternative representations o f  the same data, and is 

a powerful analysis tool. 

Tools for Querying, Editing, 

and Spatial Analysis 

All analyses or operations that work on themes can 

also be performed on any selected geographic area or other 

subset of features within a theme. ArcView has three ways 

for users to select a subset of features. On a thematic map, 

features are selected by either clicking on them one at a 

time or by dragging out a shape with the mouse, thereby 

selecting all features that fall partly or completely within 

the shape. The third way to select features is by a query on 

the attribute data. 

Figure 4 shows the query builder form, which allows 

construction o f  a query expression. Fields of the geo- 

graphic data can be selected, along with relational, math- 

ematical, and logical operators, and specific values in 

selected fields. The text box in the lower left of the form 

allows editing o f  the selection expression. This query 

builder allows the user to split complex queries into sev- 

eral simpler ones that can be evaluated sequentially, build- 

ing up to the final result one piece at a time. For example, 

we could query a forest inventory database for all mature 

forest stands that contained primarily balsam fir, followed 

by a query for those selected stands that had moderate or 

high defoliation within the last two years. Features selected 

in this way are highlighted with a special colour in the View, 

and also in any Table and Chart documents associated with 

the data. This dynamic linking o f  related documents is one 

o f  the capabilities o f  ArcView that makes it a powerful 

decision support tool. 

Geographic features that are stored in a shapefile are 

easily edited, and new features can be drawn and added to 

the shape file, thereby creating new spatial data. ArcView 

also has what is called an acetate layer, allowing the user to 

draw lines, shapes, and annotations onto Views. This is use- 

Figure 3. A thematic map legend from a View window 

containing several themes: total volume, 

maturity, species composition, stand boundary, 

stream, and road. The first two themes in the 

legend show the colors used on a map for the 

specific attribute values or categories on which 

the themes are based. Species composition and 

stand boundary legend colors and categories 

are hidden, a property that is set by the user. 

The check marks beside three o f  the themes 

indicate that they are to be visible on the map. 

Figure 4. The ArcView query builder form in which the 

user can build a query expression by using a 

mouse to select fields from the database, 

relational and logical operators, and specific 

field values. The example expression displayed 

in the text box defines a query for stands 

containing either balsam fir (BF) or spruce 

(SP) as the primary species. This text box 

allows direct editing of the query expression. 
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