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AbstractThis is �rst of two technical reports documenting the Land-Use Change AnalysisSystem (or LUCAS) developed in the Department of Computer Science at the Uni-versity of Tennessee. This report (Part I) presents the Motif-based user interface forutilizing LUCAS. The internal design and implementation on a distributed networkof workstations will constitute the second report (Part II) scheduled for release inSpring 1995.The LUCAS Graphical User Interface (GUI) is a Windows-based user interfacethat allows access to the LUCAS software for users of di�erent levels of experience.Early user of LUCAS are expected to be experts in landscape management. Explicitknowledge of the integration of socioeconomic and ecological variables is not requiredby users such as ecologists, economists, sociologists, or forestry personnel. To acco-modate the needs of such experts, a graphical user interface (GUI) was developed forLUCAS. A GUI is the best way to provide an intuitive interface for an applicationwhich integrates interdisciplinary data of di�erent scales and type. One of the mostchallenging aspects of designing an intuitive interface for LUCAS was to �rst under-stand the needs of landscape management, and then to develop the interface withthese requirements in mind. The LUCAS GUI can be compiled and executed on anyworkstation that supports the X-Window System Release 5 (X11R5) and the OpenSoftware Foundation's (OSF) Motif 1.2.
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Chapter 1IntroductionIn this report, a graphical user interface for the Land-Use Change and Analysis Sys-tem (LUCAS) is presented. LUCAS is a UNIX-based software tool that enables thestudy of the e�ects of land use on landscape structure [B+92]. The motivation forthe LUCAS Graphical User Interface or GUI and pertinent background information(see also [Mac94]) is presented in this chapter. Chapter 2 describes the design consid-erations of the LUCAS GUI. In Chapter 3, the implementation of the LUCAS GUIis discussed followed by a sample LUCAS session in Chapter 4. The current com-puting environment for LUCAS simulations and a discussion of future LUCAS GUIdevelopment is presented in Chapter 5. Default interface selections are provided inAppendix A along with information on customizable interface resources in AppendixB. A list of land-use scenarios for the simulation of land-cover change in the LittleTennessee River basin is provided in Appendix C.1.1 MotivationThe LUCAS graphical user interface provides an intuitive, user-friendly interface tothe LUCAS application. One of the initial design goals of the LUCAS GUI wasto develop an interface which could be easily used and understood by users witha wide range of technical abilities and windows experience. In order to provide acomfortable interface which facilitates utilization of the underlying LUCAS software,the LUCAS GUI allows the user to customize the interface. To provide this extensivedegree of customization, the LUCAS GUI incorporates user-de�ned resources. Theend-user can indicate a preference for interface component colors and window sizesand locations. A set of default resource values is provided for novice LUCAS users.The underlying LUCAS software consists of a socioeconomic model module, alandscape-change model module, and an impact models module. The GeographicalResources Analysis Support System (GRASS) developed by the U.S. Army Construc-1



tion Engineering Research Laboratories [S+94] is utilized as a common database whichallows these three modules to communicate and to share map data �les. Since theseLUCAS components were developed on UNIX-based workstations, the graphical userinterface was primarily designed for UNIX environments.The LUCAS graphical user interface was developed using the X Windows SystemRelease 5 (X11R5) as the underlying windowing software. X Windows is the defacto industry standard for windowing systems and is available on a wide variety ofcomputing platforms. A number of windowing toolkit libraries written to facilitate thedevelopment of X Windows-compliant software are available. These toolkits providea suite of pre-de�ned graphical user interface components. The Motif Version 1.2libraries are an XWindows-based toolkit developed by the Open Software Foundation.Because Motif can be obtained for most computing platforms, including both UNIXand non-UNIX computers, the Motif libraries were selected for development of theLUCAS GUI. Another advantage of using the X Windows windowing system is thatthe LUCAS GUI can be displayed on any end-user computing platform which supportsthe X Windows system. This includes a range of display devices from high-endgraphics workstations to personal computers running X Windows emulators.One of the primary motivations to develop a user interface for LUCAS was toprovide an integrated environment for the components of the LUCAS project. Beforethe interface was created, it was necessary for the user to run each of the compo-nents manually, feeding the output of one module to the input to the next module.This required sophisticated knowledge of the interworkings of the modules from theresearchers. The graphical user interface allows the user to run the models and simu-lations without an extensive knowledge of how all of the pieces are integrated. Thus,the researcher has an environment in which he can concentrate on his �eld of study.Comments from potential users of LUCAS at the Oak Ridge National Laboratoryon the design of the user interface were critical in order to develop an interface whichwould be useful to landscape ecologists and land-use managers. In order to gatherimportant feedback from such users while they were available, the Hewlett-PackardUIM/X user interface design system was used to create a prototype interface in atimely manner. This prototype was used to facilitate the design of the user interfacebut was not used in the �nal software application.1.2 OverviewEcological dynamics in human-inuenced landscapes are strongly a�ected by socioe-conomic factors that inuence land-use decision making. Incorporating these factorsinto a spatially-explicit landscape-change model requires integrating multidisciplinarydata. LUCAS facilitates the study of the e�ects of land use on landscape structurein regions such as the Little Tennessee River basin in western North Carolina and2



the Olympic Peninsula in the state of Washington. The map layers used by LUCASare derived from remotely-sensed images, census and ownership maps, topographicalmaps, and outputs from economic models. These map layers are stored, displayed,and analyzed using GRASS [S+94] as a geographical information system. Simulationsusing LUCAS generate new maps of land cover representing the amount of land-coverchange so that issues such as biodiversity conservation, assessing the importance oflandscape elements to meet conservation goals, and long-term landscape integrity canbe addressed.Landscape pattern is a product of the interaction between ecological and socioe-conomic processes. Understanding the function and structure of landscapes, primar-ily in terms of human impacts, requires integration of biological and socioeconomicknowledge. Natural resource managers in particular need this integration to e�ec-tively evaluate the social and environmental consequences of alternative managementscenarios. The Man and the Biosphere (MAB) project focuses on land use and its im-pacts as compared between the Olympic Peninsula and the Southeastern AppalachianBiosphere reserves [LFT+92].This project integrates knowledge spanning many disciplines in order to evaluateland use and its impacts. Integration requires not only interpretation across dis-ciplines, but also compatibility in the forms of data acquired. Such forms includespatial and tabular databases, results of mathematical models, spatial analyses, andexpert opinions. Unfortunately, conventional approaches of integrating and applyingknowledge are not adequate to examine the complex and highly-variable ecologicaland socioeconomic issues that inuence human land-use decision making and theimpacts these decisions have on landscapes [CFL87].Technologies are now available to facilitate the development of a multidisciplinarymodel for studying sustainability. Geographic information systems such as GRASScan easily be used to represent and manipulate spatial data on workstations. In addi-tion, adaptive management approaches provide a conceptual framework for evaluat-ing alternative scenarios [Hol78]. The Land-Use Change Analysis System (LUCAS)is a prototype computer application speci�cally designed to integrate ecological andsocioeconomic information using GRASS for adaptive approaches to landscape man-agement.The model discussed in [LFT+92] examines the impact of human activities onenvironmental and natural resource sustainability. The premise of the model is thatlandscape properties such as fragmentation, connectivity, spatial dynamics, and thedegree of dominance of habitat types are inuenced by market processes, humaninstitutions, landowner knowledge, and ecological processes. Therefore, modelingenvironmental sustainability of human-dominated landscapes will bene�t from theintegration of human and ecological processes.The structure adopted for LUCAS consists of three subject modules linked by acommon database (see Figure 1.1). The �rst LUCAS module contains the socioeco-3



nomic models that are used to derive transition probabilities associated with changesin land cover. These probabilities are computed as a function of socioeconomic drivingvariables including:1. transportation networks (access and transportation costs),2. slope and elevation (indicators of land-use potential),3. ownership (land holder characteristics),4. land cover (vegetation), and5. population density.The result of studying the e�ects of these driving variables on the landscape is storedin a Transition Probability Matrix (TPM). The TPM is a data structure which con-tains the information used to calculate the probability that any data point pixel witha given landscape condition will change to another landscape condition based on thepre-determined scenario. The TPM contains the independent variable coe�cientswhich are used in an equation along with the landscape condition value for the pixelto calculate the probability of change. The independent variable coe�cients wereempirically derived by studying landscape change as it relates to social and economicfactors, the driving variables mentioned in the above list. The current TPM usedby LUCAS was derived by Wear et al. in [WTF94]. The TPM is not calculatedduring a LUCAS simulation, but is used as input to the landscape-change moduleof LUCAS. Speci�cally, the TPM is used by the stochastic process used to predictthe resulting landscape based on the initial state of the landscape and the land-usescenario selected by the user. The TPM is stored in the scenario disk �le on theworkstation that LUCAS has been installed on. Each supported scenario includes aTPM derived speci�cally for that scenario. A sample scenario will be illustrated inChapter 4. When the LUCAS GUI invokes the underlying analysis software to run asimulation, the TPM is read from the scenario �le on disk into memory and is keptin memory.The landscape-change model resides in the second LUCAS module (see Figure 1.1).This module receives as its input the TPM produced in the socioeconomic model(Module 1) and accesses the same spatial database of driving variables. A singleiteration of the landscape-change model produces a map of land cover that reectssocioeconomic motivations behind human land-use decision making (represented inthe transition probability matrix). The user chooses a number of timesteps and anumber of replicates from the GUI. The GUI passes this information to the underlyinganalysis code through the use of UNIX environment variables. The analysis codegenerates one map for each timestep in each simulation. Thus, if the user chooses 4timesteps and 10 replicates, 40 maps will be generated during the simulation. Eachtimestep map is based on the previous timestep map. These maps are stored on disk4



in a temporary area while they are needed to generate the next map, and then aredeleted from disk. The �nal timestep maps (one for each replicate chosen by the user)are stored in a temporary disk area. The last n maps for each replicate can be savedby the user in his map area by choosing n on the Maps Saved scrollbar.The impact models de�ned in the third module of LUCAS (see Figure 1.1) usethe land-cover maps produced by the landscape-change module to estimate impactsto selected environmental and resource-supply variables. These environmental vari-ables include the amount and spatial arrangement of habitat for selected species andchanges in water quality caused by human land use. Potential resource-supply vari-ables include timber yields and real estate values. The resultant simulation mapsstored in the temporary disk area are used as input to the impact models. The userchooses the impact models that he/she is interested in from the GUI. This informa-tion is passed to the underlying analysis code through the use of UNIX environmentvariables. Graphs of the species module results and of the landcover analysis are avail-able after the simulation has completed. The impact module and landcover analysisresults are stored in a �le which is updated throughout the simulation. This �le isused as input to Xgraph (a public-domain X Windows graphing package) [Har89]if the user chooses to view the results graphically. The results are also stored in aSAS-format [SAS92] �le which can be used by the researcher to make SAS plots.
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Chapter 2Design ConsiderationsSeveral fundamental design principles were incorporated into the design of the LUCASGUI in order to produce an interface which facilitates the utilization of the LUCASsoftware by members of diverse user communities. Potential LUCAS users will bescienti�c researchers who will use LUCAS as an environment in which to test thevalidity of their socioeconomic, land-use change, and impacts models. Each of theseresearchers may have a great deal of knowledge in their particular area of expertisebut not in all of the modules in the integrated LUCAS environment. Other potentialLUCAS users will be land-use management decision policy makers. Such users canuse LUCAS to simulate the e�ects of policy decisions on the landscape. Typically, thisclass of LUCAS users will not have an in-depth knowledge of any of the underlyingLUCAS modules.2.1 Enabling User Speci�cationsOne of the primary considerations in designing the LUCAS GUI was to developan interface which will enable the research scientist or natural resource managerto run simulations without requiring the user to know a great deal about moduleinitialization or the ow of data between the modules. There are several pieces ofrequired information which must be collected from the user before a simulation canbe executed. This information is passed from the user interface to the underlyingLUCAS modules. A default value for each of these selections is provided on the userinterface. A list of the defaults is located in Appendix A. Although default values areprede�ned for each LUCAS module, the user has the option of running a simulationwith the default values or overriding the default selections.To prevent from overwhelming the user with options, the user interface was de-signed to collect all of the initial information to run a simulation from a single window| the LUCAS Setup Menu (see Figure 2.1). The options which will most likely be7



modi�ed by the user are included in the main window area of the LUCAS SetupMenu. Options which will be accessed less often are located on a pulldown menu.By locating these particular choices elsewhere from the main window area, the useris less likely to be confused by too many choices. Yet at the same time, the user caneasily locate these selections under the Options button at the top of the LUCAS SetupMenu. The location of options which are the least likely to be used are consistentlylocated on a pulldown menu at the top of each LUCAS user interface window.

Figure 2.1: LUCAS Setup Menu with default values.
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2.2 Widget SelectionA widget is a picture of a virtual input device (e.g., menu, slider, gauge, text box)and an event-handler for managing events directed at this device (e.g., mouse downs,mouse ups, keyboard presses). The LUCAS user interface contains several di�erenttypes of widgets selected from the OSF/Motif toolkit library to collect user input.Speci�c inputs will be discussed in Chapter 3. In order to prevent the user frommaking an invalid selection, the widgets used in the LUCAS interface contain all ofthe possible choices and the user simply chooses one. No widgets used in the LUCASGUI require user keyboard input.One widget type used on the Setup Menu is the slider (or scale) widget (see Figure2.1). This type of widget is used to receive the user's choice of number of replicates,number of timesteps, and number of maps saved per replicate. The advantage ofusing a slider as opposed to a text input �eld for this type of input data is that theuser cannot enter an incorrect value for these �elds. The minimum and maximumvalues on the slider widget indicate and enforce the acceptable limits of values for theinput variables. Input widgets which contain a selection list have a scrollbar locatedto the right of the widget if the list of possible choices is too long to display in thewidget. This scrollbar is only visible when there are more choices than �t on the listwidget.There are several input �elds on the LUCAS user interface for which only one choicefrom a list of possible choices is acceptable. This is called a one-of-many relationshipand is indicated on the user interface by a selection box containing diamond-shapedbuttons. For these input variables, the user interface enforces the condition that theuser can choose one and only one option for the variable. Only one option from thelist of choices can be selected for the following input variables:1. Dependent Variable,2. Landscape Change,3. Beginning Map,4. Cover Type, and5. Graph.A selection box widget containing buttons which allow a number (including zero) ofselections from the possible choices is used to gather user input for the species impactmodel on the LUCAS Setup Menu. This many-of-many relationship is indicated onthe user interface by a selection box containing square-shaped buttons. The selectionbox widget will allow the user to choose any number of species from the list of speciesimpacts models. 9



There are two buttons on the Setup Menu which cause an action to be taken bythe LUCAS interface code. These buttons are located together at the bottom of theLUCAS Setup Menu and are separated by a horizontal separator to help indicateto the user that these are action buttons and are not components of the interfacewhich are waiting for input. The LUCAS user interface follows the design principleof locating the buttons which initiate an action at the bottom of the window so thatusers familiar with other windowing packages will recognize this familiar look-and-feel.A status window is also located at the bottom of the Setup Menu. The statuswindow is a visual indicator to the user that the underlying LUCAS code is performingsome action while the user interface remains unchanged. The status window alsoindicates the percentage of the processing which has been completed.2.3 Displaying GraphsOnce a simulation has completed, the user can view the generated data in a graphdisplayed on the screen. Each graph contains a statistic for a given cover type basedon the output map generated. The supported statistics include:1. Proportion of Landscape,2. Area of Covertype,3. Edge/Area Ratio,4. Edge of Covertype Pairs,5. Number of Patches,6. Mean Patch Size,7. Standard Deviation of Patch Size,8. Largest Patch,9. Mean Patch Shape, and10. Distribution of PatchSize.Any of the above listed statistics can be displayed for each of the cover types found onthe map. There is one graph available for each statistic for each cover type, makingthe number of possible graphs quite large. Because of the large number of possiblegraphs, the graph selection window was separated into two possible selection boxes |one for the cover type and one for the statistic (see Figure 2.2). The user selects thecover type that he/she is interested in and then selects the statistic to be graphed.The graph of the statistic for the chosen cover type is displayed using version 11.3.2of xgraph, a public-domain graphing tool for X Windows systems [Har89].10



Figure 2.2: LUCAS Graphs Menu.By receiving input from the user with the use of two selection boxes, the user is notrequired to enter a selection from the keyboard. In this way, the user cannot make awrong selection when indicating which graph should be plotted on the screen. Anotheradvantage is that the user does not have to consult a user manual to determine theset of available choices.
11



Chapter 3ImplementationThe LUCAS GUI is implemented using X11R5 and the Motif 1.2 toolkit library. Thefollowing sections describe each individual interface implementation and the speci�cimplementation of the X11R5 and Motif 1.2 toolkits.3.1 Setup MenuLUCAS enables the user to run simulations based on a pre-de�ned set of environ-mental conditions called scenarios. The simulations demonstrate how the landscapeconditions will change based on the information speci�ed in the appropriate sce-nario �le, including the Transition Probability Matrix (see Section 1.2). There are anumber of variables which must be set by the user before the simulation can begin.These variables are input by the user on the LUCAS Setup Menu. A description ofthe implementation of each variable selection on the Setup Menu is presented in thefollowing subsections.3.1.1 Socioeconomic Model SelectionThe socioeconomic model currently supported by LUCAS is the land-cover modeldeveloped by Wear et al. ([WTF94]). In this model, the dependent variable is landcover. The LUCAS Setup Menu displays two choices for the dependent variable: landcover and land use. The land-use dependent variable is greyed-out, indicating that itis not currently supported. The land-use dependent variable choice is inactive sincethe underlying land-use change socioeconomic model has yet to be integrated into theLUCAS environment. To indicate that the land-use option is not currently supportedby LUCAS, the XmNsensitive resource of the Motif XmToggleButton widget is setto FALSE so that this option appears grey on the user interface.12



3.1.2 Watershed SelectionFor each landscape area on which land cover change is simulated, a set of gridded mapsmust exist. The integration of socioeconomic and ecological variables is accomplishedspatially through the use of these gridded maps. Individual maps may representa single data theme which describes physical landscape attributes (e.g., land cover,slope, soil type), spatial features (e.g., distance relationships, adjacency rules), theresults of socioeconomic and ecological processes (e.g., changes in real estate values,species abundance, and erosion), and land-ownership characteristics (e.g., tract size,shape, and history). Pixels in each map are assigned to one of the discrete categoriesused to describe that data theme [B+92].Currently, a set of gridded maps exist for three study areas: the Little TennesseeRiver Basin, the Hoh Watershed, and the Dungeness Watershed. The LUCAS usermust choose one of the available watersheds prior to running the simulation. Todisplay the watershed selection, the LUCAS GUI utilizes the Motif XmScrolledListwidget. The XmScrolledList widget allows the user to select the watershed onwhich they would like to simulate land cover change. Selection occurs when theuser points-and-clicks on an item in the list. The XmNsingleSelectionCallbackresource speci�es the callback routine which determines which watershed was selected.The list of watersheds is not hard-coded, but is instead generated at run-time byparsing the names of the available scenario �les. The format of the scenario �lenamesis location-watershed-depvar-scenario--title-year, where location indicatesthe watershed that the scenario has been prepared for and depvar represents thedependent variable of the simulation. The scenario �les are located in a directoryindicated by the LUCAS DIR environment variable. The LUCAS GUI parses each�lename in the LUCAS DIR directory and creates the scrolled list of watersheds.3.1.3 Saving Generated MapsRunning a simulation of land-cover change produces an output map for each timestepand replicate. If the user chooses to save any of these intermediate maps, they willbe saved in the directory which is speci�ed from the Mapset XmScrolledList widgeton the LUCAS Setup Menu. The Mapset list contains only directories which the userhas ownership (write permission). The number of maps saved per replicate is inputby the user. The user has the option of saving between 0 to nt maps, where nt is themaximum number of timesteps. If the user speci�es to save n maps, where n is lessthan nt, the last n maps generated will be saved in his mapset directory.3.1.4 Scenario SelectionThere are a number of pre-de�ned environmental conditions called scenarios for eachwatershed. Associated with each scenario is the TPM used to predict land cover13



change. These scenario �les are located in the directory indicated by the LUCAS DIRenvironment variable. As is done for the list of available watersheds, the LUCASGUI parses the name of each �le in the LUCAS DIR directory to build a list of scenarionames. The scenario names are then displayed to the user in a Motif XmScrolledListwidget. The user chooses a scenario other than the default by pointing-and-clicking onthe scenario name. When the user chooses a scenario, a description of the scenario isdisplayed in a Scenario Description interface. It is important to show the descriptionof the scenario to the user since the description is normally too long to capture in thescenario title.Each of the XmScrolledList widgets used in the LUCAS interface has itsXmNscrollBarDisplayPolicy resource set to XmAS NEEDED, which indicates that scroll-bars will be displayed only if the workspace exceeds the clip area in one or both di-mensions. This allows the interface to place multiple text strings into a small interfacewindow.3.1.5 Scenario RepetitionThe LUCAS user may repeat the scenario simulation a number of times. The LUCASuser interface gathers this value from the user as the number of replicates. Within eachreplicate, the landcover map will be generated at 5-year intervals. The user can specifyhow many 5-year intervals (or timesteps) he wants to simulate landscape change perreplicate. The user also has the option of saving some of the maps generated at eachreplicate.The input mechanism for the number of replicates, the number of timesteps, andthe number of maps saved per replicate is an XmScrollBarMotif widget. The user se-lects the value for the input variable by sliding the slider on the XmScrollBar widgetwith the mouse button pressed. The LUCAS XmNminimum and XmNmaximum resourcesof the XmScrollBar widget indicate the range of acceptable values for the input vari-able. One advantage of using the XmScrollBar widget is that this widget guaranteesthat the value selected for the variable is within the range of acceptable values. TheXmNmaximum resource of the number of maps saved per replicate is dependent on thenumber of timesteps that the user has chosen. This XmNmaximum resource is updatedby the user interface software each time the user changes the value for number oftimesteps.3.1.6 Landscape Change MethodsLandscape change can be calculated with either a pixel-based or patch-based method.A pixel-based landscape change method calculates the probability of change on apixel-by-pixel basis. A patch is a collection of contiguous pixels with identical land-scape condition labels. In a patch-based landscape change method, the entire patch14



is identi�ed and a transition is predicted for the entire patch.The socioeconomic model developed by Wear et al. ([WTF94]) assumes a pixel-based landscape change model. Research scientists may investigate the di�erencethat calculating landscape change with a patch-based model will have on the resultinglandscape. Thus, the user has the option of choosing either a pixel-based (default)or patch-based landscape change model. A Motif XmRadioBox widget is used for thelandscape change method selection. One button is created for each of the possiblelandscape change method options. The XmNbuttons resource of the XmRadioBoxis set to the array of landscape change buttons. The XmRadioBox widget enforcesa one-and-only-one selection for landscape change. The one-and-only-one selectionpolicy for the landscape change XmRadioBox widget is indicated to the user by theuse of diamond-shaped XmToggleButtons for the landscape change selections. Usingdi�erent button shapes is the standard Motif mechanism to indicate selection policyto the user.3.1.7 Initial Map YearFour sets of gridded map data have been created for each of the watersheds supportedby LUCAS. These map sets were created from remote satellite data collected in 1975,1980, 1986, and 1991. The user can begin simulations at any one of these initial mapyears. A XmRadioBox widget is used for the selection of the beginning map year usingthe one-and-only-one selection policy.Each scenario is speci�c for a particular combination of dependent variable, wa-tershed, and beginning map year, therefore, when the value of any one of these threevariables changes the scenario XmScrolledList widget must be updated. Therefore,the callback routine begmapChangedProc associated with the XmNsimpleCallback re-source of the beginning map XmRadioBox widget updates the list of scenario namesbased on the newly selected value for beginning map year. A similar callback rou-tine is associated with the XmNsimpleCallback resource of the dependent variableXmRadioBox widget and the XmNsingleSelectionCallback resource of the water-shed XmScrolledList widget.3.1.8 Species Impacts ModulesLUCAS currently incorporates an impacts module which calculates the impact onorganism biodiversity based on the land-cover maps generated by the simulation. Theuser must indicate the organisms on which the land cover change impact should becalculated before the simulations begin. The underlying LUCAS software generates abinary map of suitable habitat for each of the species selected, and collects statisticsat each timestep which are saved to a �le. Although not currently implemented,the LUCAS GUI in the future will be able to plot graphs of the species{impact15



maps for the user. The species that the user has chosen are passed to the underlyingLUCAS software by using an environment variable. The selection policy of the speciesXmScrolledList is many-of-many. This is indicated to the user by square-shapedbuttons for the species impact XmToggleButtons.3.1.9 OptionsIn addition to the XmText status widget at the bottom of the Setup Menu, a StatusWindow indicates the current land-cover map which is being generated. The StatusWindow conveys more information to the user than the XmText status widget, whichonly provides the percentage of computation which has been completed. Displayingthe Status Window is optional and is controlled by a XmRadioBox widget located onthe Status Window Con�guration window which is realized when the user selects theStatus Window Con�guration from the Options button located at the top of the SetupMenu. The location of the Options button is in accordance with the OSF/Motif StyleGuide.A �nite number of GRASS [S+94] display monitors are available on each worksta-tion running GRASS. Each workstation user must choose a di�erent GRASS monitorto display map data. The available GRASS monitors are displayed on the GRASSMonitor Con�guration window which is realized when the GRASS Monitor Con�gura-tion button is selected from the Options menu. By default, the �rst GRASS monitoravailable will be used to display the landcover maps. The user can select a di�erentmonitor from the GRASS Monitor XmRadioBox located on the GRASS Monitor Con-�guration window. Users who do not want to see the landcover maps displayed in aGRASS monitor may turn o� the GRASS monitor by selecting the OFF button inthe GRASS Monitor Con�guration XmRadioBox.3.1.10 HelpAlthough the LUCAS interface was designed to be used with a minimal amount ofdocumentation, there are some LUCAS interactions which may require additionalexplanation. The LUCAS interface supports an on-line help facility. Each Helpsubmenu provides an explanation of the particular interface's displayed informationand the interaction of the interface's components. The interfaces included in the helpsubsystem include:1. Setup Menu,2. Status Window con�guration,3. GRASS Monitor Con�guration, and4. Graphs. 16



In accordance with the OSF/Motif Style Guide, the Help menu pane is located in therightmost location on the menu bar by setting the XmNmenuHelpWidget resource. On-line help is implemented by displaying an ASCII text help �le when the user choosesthe Help button. There is a separate help �le for each Help choice in the LUCASmenus.3.2 LUCAS Analysis Status WindowWhile the underlying LUCAS software is generating landcover maps, an Analy-sis Status window is displayed which indicates the status of the simulation. TheAnalysis Status window consists of an XmText �eld for each of the following vari-ables: Watershed, Scenario, Current Replicate, Base Map Year, and CurrentMap Year. The XmNeditable resource of each XmText �eld is set to FALSE so that theuser cannot modify the values displayed in the �eld. The status window was added tothe LUCAS interface to display the current value of the variables during a simulationwhich was taped for a video.The watershed XmText �eld is set to the full name of the watershed which is storedin a user-con�gurable environment variable named by the watershed abbreviation.For instance, the environment variable named littlet contains the full name LittleTennessee River Basin. Similarly, the scenario XmText �eld is set to the full nameof the scenario which is stored in a user-con�gurable environment variable namedby the scenario name abbreviation. For example, the environment variable namedscenario 1 contains the full name for the �rst scenario. The current replicate XmText�eld is initially set to 1 and is incremented each time a replicate is completed. Theuser chooses the number of replicates to complete in the simulation from the LUCASSetup Menu. The base map year XmText �eld is set to the value that the user selectedfor Beginning Map on the LUCAS Setup Menu. The current map year XmText �eldis initially set to the value that the user selected for Beginning Map on the LUCASSetup Menu and is reset to the year of the map currently being generated by theLUCAS analysis code. The current map year increment is 5 years.3.3 LUCAS Graphs WindowAfter the simulations are complete, the user can view graphs of the resulting datausing xgraph, a public-domain graphing package for X Windows systems [Har89].The user selects which graph to view from the Graphs Window which contains twoXmScrolledList regions labeled Cover Types and Graphs. The Cover Types scrolledlist contains a list of the landscape cover types found in the landcover map. TheGraphs scrolled list contains a list of each statistic that was calculated for the covertypes. 17



Chapter 4Sample LUCAS SessionIn this chapter, the features and functionality of LUCAS are demonstrated. Thesession begins with the speci�cation of the variables prior to a simulation. After theland-cover change simulation has completed, graphs of the output data are viewed.Throughout the session, the advanced enhancements of LUCAS are demonstrated.4.1 Customizing LUCASThe customization of the LUCAS interface is consistent with other X Windows ap-plications. In particular, a resource �le (LUCAS.rf) is used to notify the X Windowswindow manager of default values for particular resources (e.g., font). For simplic-ity, the noti�cation of these values to the window manager is provided through thelocal XENVIRONMENT environment variable. Before invoking the LUCAS interface, theuser executes XENVIRONMENT=LUCAS.rf at the system prompt to notify the windowmanager of the user-de�ned resources (see Appendix B for this example resource �le).4.2 Initializing a SimulationBefore beginning the land-cover change simulation, the user can specify input param-eters to the simulation. The user selects the input parameters from the LUCAS SetupMenu (recall Figure 2.1).The user �rst chooses the watershed on which the land-cover change simulationwill be run. In this example, the Little Tennessee River Basin is selected. To selectthis particular watershed, the user places the pointer (by moving the mouse) over thewatershed name in the Watershed scrolled list and double clicks. The text �eld ishighlighted upon selection. The LUCAS interface retrieves the watershed selectionand updates the Scenario scrolled list based on the watershed choice, as the scenariosare developed for each watershed. The LOCATION NAME environment variable is then18



set to the appropriate value based on the watershed selected by the user.Next, the user can select the mapset directory in which output maps are saved.The Mapset selection list contains only directories into which the user can write �lesbecause of ownership rules. In our example, the only possible selection for mapset ismacintyr because that is the only directory in which user macintyr has ownership.The MAPSET environment variable used by the underlying analysis software is set tothe highlighted value on the Mapset scrolled list.The Scenario scrolled list contains the list of pre-de�ned scenarios which are avail-able for the selected watershed. There are sixteen pre-de�ned scenarios for the LittleTennessee River Basin watershed. A description of these scenarios is provided in Ap-pendix C. Because all sixteen scenarios can not be displayed in the Scenario scrolledlist at once, a scrollbar has been placed to the right of the Scenario scrolled list bythe XmScrolledList widget. The user can change the scenario titles displayed inthe list by moving the mouse to place the pointer over the scrollbar, pressing the leftmouse button to grab the location indicator on the scrollbar, and moving the mouse tomodify the scenario names displayed. In this example, scenario 1 is selected from thelist of scenarios. Scenario 1 is the land-cover change based on the historical transitionprobabilities for the period 1986{1991 applied to both public and private land [B+92].For this example simulation, we will be constructing a future landscape on which thelandcover will change based on patterns recorded between the years 1986{1991. Theresulting landscape will appear as it could if the same land-use decisions are madeas were for the years 1986-1991. The environment variables LUCAS SCENARIO andLUCAS STATS are set according to the scenario selected from the Scenario scrolled listto communicate this information with the underlying analysis software.Several simulations are run in order to gather statistically valid results [WTF94]from the simulation. In this example, the simulation will be run ten times, so tenreplicates are chosen from the Number of Replicates scale widget. The user can selectthe number of replicates by moving the pointer with the mouse to the indicator onthe Number of Replicates scale widget, pressing the left mouse button to grab theindicator on the scrollbar, and moving the mouse to modify the number of replicates.The value selected by the user for replicates is communicated to the analysis softwareby the LUCAS REPLICATES environment variable.To predict how the landscape will look in 100 years, 20 timesteps are selected fromthe Number of Timesteps scale widget. The user chooses the number of timestepsin the same manner in which the number of replicates are selected. The value cho-sen for the number of timesteps is communicated to the analysis software by theLUCAS TIMESTEPS environment variable.No maps will be saved in this example, so the default of 0 maps saved is not alteredon the Number of Maps Saved per Replicate scrollbar. The number of maps to besaved is communicated to the analysis software by the LUCAS MAPS SAVED environmentvariable. 19



In this example, landscape change will be based on a pixel-based model. Sincepixel-based is the default method of simulating landscape change, the value for land-scape change is not altered on the Landscape Change selection box. The method oflandscape change is communicated to the analysis software by the LUCAS PIXEL PATCHenvironment variable.For this example, the simulation will begin in the year 1991 and will simulatelandscape change 100 years into the future. Since the default value in the BeginningMap selection box is 1991, the value for beginning map is not altered. The selectionfor the beginning map year is indicated to the underlying analysis code in the title ofthe selected scenario.No species are selected for this simulation. If the user wants to see the e�ect of theresulting landscape with respect to species biodiversity, the user would choose valuesfrom the Species scrolled list. The selected species are communicated to the analysiscode by the LUCAS SPECIES environment variable.After selecting values for all of the setup information, the user presses the RunSimulations push button located at the bottom of the setup window, invoking theunderlying analysis code (see Figure 4.1). The LUCAS Analysis Status window (seeFigure 4.2) is displayed indicating the current status of the analysis in progress.
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Figure 4.1: LUCAS Setup Menu with values for simulation.21



Figure 4.2: LUCAS Analysis Progress Status window.4.3 Displaying GraphsThis example simulation demonstrates the e�ects of land-use decisions from the years1986{1991 on the western North Carolina (Macon County) landscape for 100 yearsbeyond 1991. After the simulation has completed, the GRASS monitor containingboth the original land-cover and the �nal transition land-cover maps is displayed (seeFigure 4.3). It is di�cult to tell for certain from the �nal land-cover map how theamount of each landcover type has changed during the simulation. To analyze theresult of the simulation, graphs of the statistics are displayed.A Graphs window (see Figure 4.4) is displayed after the simulation has completedin order to allow the user to observe trends in desired statistics. Several graphs aredisplayed in this example, including:1. Proportion of unvegetated landscape (see Figure 4.5)2. Proportion of forest landscape (see Figure 4.6)3. Area of unvegetated covertype (see Figure 4.7)22



Figure 4.3: GRASS monitor of completed simulation.23



Figure 4.4: LUCAS Graphs window.From the proportion of landscape graphs (see Figures 4.5 and 4.6), it can be ob-served that the proportion of unvegetated land cover increases from less than 1 percentto nearly 2 percent of the land being unvegetated in the year 2091. The proportion ofthe landscape covered by forest decreases by 1 percent in the 100 year simulation. Thearea of covertype graph (see Figure 4.7) indicates that approximately 1000 hectaresof landscape transitions to unvegetated landcover during the simulation.
24



Figure 4.5: Proportion of Unvegetated Landscape.25



Figure 4.6: Proportion of Forest Landscape.26



Figure 4.7: Area of Unvegetated Landscape.27



Chapter 5Current Platforms and FutureWork5.1 Current PlatformsOne of the initial design goals for the LUCAS graphical user interface was portabilityacross many computing platforms. After considering several commercially-availablewindowing toolkits, the Motif toolkit by the Open Software Foundation (OSF) waschosen. The OSF/Motif toolkit is available on most hardware platforms, includingDEC, Hewlett-Packard, IBM, SGI, and SUN. This allowed development of the inter-face on a single platform, yet the capability of cross-compilation onto the platformrequired by users.The LUCAS GUI was developed on a SUN SparcStation model 10 computer atthe University of Tennessee, Knoxville. The con�guration included 32MB of mainmemory and 1 GB of disk space. The software con�guration includes: SunOS 4.1.3,X-Windows Version 11 Release 5 and IXI Motif 1.2. Because LUCAS manipulateslarge amounts of map data, the SparcStation 10 and extra disk space provided anexcellent development platform.5.2 Future WorkCurrently, the impactsmodule (as discussed in Section 1.2) includes habitat suitabilitymodels as related to species biodiversity. A water quality impact model has also beendeveloped for future incorporation into LUCAS. This module will facilitate studiesin the impact of land-use decisions on the quality of the water supply. The userinterface, of course, would be modi�ed to reect the addition of the water qualityimpact model.Sixteen scenarios have been developed for the Little Tennessee River Basin water-28



shed (documented in Appendix C). In the near future, a number of scenarios willbe de�ned and developed for the Hoh and the Dungeness watersheds in the OlympicPeninsula of northwestern Washington state. When these scenarios are completedthey will be encorporated into LUCAS. By placing these scenario �les in the appro-priate directory (see Section 3.1.4) and adhering to the scenario �le naming conven-tion (see Section 3.1.2), these new scenario �les will be automatically included in theScenario scrolled list selection on the LUCAS user interface.Future enhancements in the underlying LUCAS analysis software include the use ofa distributed computing environment such as the Parallel Virtual Machine (or PVM)[BDG+91]. Currently, all of the map data used by LUCAS is stored on a local disk ofthe workstation on which LUCAS has been installed. Another future enhancement toLUCAS is the ability to access map data distributed across a network of workstations.Future users may desire access to LUCAS from a PC-based environment. Uti-lization of LUCAS from a PC running an X-Windows emulation package is straightforward. The user in this case would access a workstation running the LUCAS soft-ware and would set the X Windows DISPLAY environment variable to the networkaddress of the PC. Porting the LUCAS software to execute on a PC would require aGraphical Information System (such as GRASS) on the PC, the modi�cation of theanalysis software to use the GIS, and rewriting the user interface for a PC Windowingenvironment.

29



Bibliography[B+92] M. W. Berry et al. The Land-Use Change Analysis System (LUCAS) ForEvaluating Landscape Management Decisions. Technical Report CS{94{238, University of Tennessee, Knoxville, TN, July 1992.[BDG+91] A Beguelin, J Dongarra, G Geist, R Manchek, and V Sunderam. SolvingComputational Grand Challenges Using a Network of Supercomputers. InD Sorensen, editor, Proceedings of the Fifth SIAM Conference on ParallelProcessing. Philadelphia, PA: SIAM, 1991.[CFL87] R. N. Coulson, L. J. Folse, and D. K. Loh. Arti�cial Intelligence andNatural Resource Management. Science, 237:262{267, 1987.[Har89] David Harrison. Xgraph Version 11.3.2. University of California BerkeleyElectronics Research Laboratory, December 1989.[Hol78] C. S. Holling. Adaptive Environmental Assessment and Management. JohnWiley & Sons, New York, 1978.[LFT+92] R. G. Lee, R. O. Flamm, M. G. Turner, C. Bledsoe, P. Chandler, C. De-ferrari, R. Gottfried, and R. J. Naiman. Integrating Sustainable Devel-opment and Environmental Vitality: A Landscape Ecology Approach. InR. J. Naiman, editor, New Perspectives in Watershed Management, pages499{521. Sprinter-Verlag, New York, 1992.[Mac94] R. L. MacIntyre. A Graphical User Interface for the Land-Use ChangeAnalysis System. Master's thesis, The University of Tennessee, Knoxville,TN, December 1994.[S+94] M. Shapiro et al. GRASS Version 4.1 Programmer's Manual. U.S.Army Corp. of Engineer's Construction Engineering Research Laboratory,Champaign, IL, March 1994.[SAS92] SAS Institute Inc. SAS User's Guide: Statistics. Cary, NC, 1992.[WTF94] D. N. Wear, M. G. Turner, and R. O. Flamm. Ecosystem Management ina Multi-ownership Setting. Ecological Applications, 1994. Submitted.30



Appendix AUser Defaults
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LUCAS provides a default value for each selection available on the Setup Menu. Thesedefaults are listed below.� Watershed: the watershed which is parsed from the �rst scenario �le locatedin the directory indicated by the LUCAS DIR environment variable concatenatedwith SCENARIOS.� Mapset: the mapset which is parsed from the �rst mapset directory located inthe directory indicated by the GISDBASE environment variable concatenated withthe selected watershed and on which the user has ownership.� Scenario: the scenario title which is parsed from the �rst scenario �le locatedin the directory indicated by the LUCAS DIR environment variable concatenatedwith SCENARIOS.� Number of Replicates: 1� Number of Timesteps: 1� Number of Maps Saved per Replicate: 0� Landscape Change Method: pixel-based� Beginning Map Year: 1991� Species: none
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Appendix BX Windows Resources
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X Window resource resolution occurs as a tiered process where each higher level ofthe tier can override the lower levels. Following is the order of resource resolution,with the top of the tier being hard-coded values:1. fallback resources2. resource �le(s)3. command line values4. hard-coded valuesLUCAS provides a set of fallback resources, a resource �le (LUCAS.rf), and hard-coded (unmodi�able) resource values. The fallback resources can be overridden byresource values located in resource �les and on the command line, but this is notrecommended as it may alter the user interface in such a manner as to make itunusable. A list of the fallback resources is located in LUCAS.c. The LUCAS.rfresource �le can be customized by the user to create the required look-and-feel of theuser interface. A list of the resources in the resource �le and the interfaces that theye�ect is provided below.Resources for all LUCAS InterfacesLUCAS*IconName: LUCASLUCAS*background: midnightblueLUCAS*foreground: wheatLUCAS*TroughColor: lightslategreyLUCAS*highlightColor: greenLUCAS*borderColor: redLUCAS*bottomShadowColor: orangeLUCAS*topShadowColor: darkorange2Resources for the Setup Menu InterfaceLUCAS*topLevelShell.width: 900LUCAS*topLevelShell.height: 750LUCAS*topLevelShell.x: 150LUCAS*topLevelShell.y: 25LUCAS*topLevelShell*FontList:-adobe-helvetica-bold-r-*-*-24-*-*-*-*-*-*-*34



Resources for the Analysis Status InterfaceLUCAS*topLevelShell2.x: 150LUCAS*topLevelShell2.y: 225LUCAS*topLevelShell2*FontList:-adobe-helvetica-bold-r-*-*-34-*-*-*-*-*-*-*LUCAS*watershedstatusL.fontList:-adobe-helvetica-bold-r-*-*-34-*-*-*-*-*-*-*LUCAS*scenariostatusL.fontList:-adobe-helvetica-bold-r-*-*-34-*-*-*-*-*-*-*LUCAS*currepstatusL.fontList:-adobe-helvetica-bold-r-*-*-34-*-*-*-*-*-*-*LUCAS*basemapstatusL.fontList:-adobe-helvetica-bold-r-*-*-34-*-*-*-*-*-*-*LUCAS*curmapstatusL.fontList:-adobe-helvetica-bold-r-*-*-34-*-*-*-*-*-*-*Resources for the Graphs Selection InterfaceLUCAS*topLevelShell5.x: 45LUCAS*topLevelShell5.y: 345LUCAS*topLevelShell5*FontList:-adobe-helvetica-bold-r-*-*-24-*-*-*-*-*-*-*
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Appendix CLittle Tennessee River BasinScenario Description
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Sixteen scenarios have been de�ned for the Little Tennessee River Basin watershed.These pre-de�ned scenarios are described below.Four Transition Modules (TM) used to de�ne the scenarios:1. Historical transition probabilities for the period 1986-1991.2. Historical transition probabilities for the period 1975-1986.3. Spatial limitations on transition from FOREST cover. For this module, forestarea that is adjacent to a stream or on slopes greater than 20 percent cannotchange to a NONFOREST cover. All other areas will have historical transitionprobabilities for 1986-1991 applied.4. No transition from FOREST cover.De�nition of Scenarios by Transition Module (TM) assignments:SCENARIO Ownership TypeNumber Private USFS(Public)1 TM 1 TM 12 TM 2 TM 13 TM 3 TM 14 TM 4 TM 15 TM 1 TM 26 TM 2 TM 27 TM 3 TM 28 TM 4 TM 29 TM 1 TM 310 TM 2 TM 311 TM 3 TM 312 TM 4 TM 313 TM 1 TM 414 TM 2 TM 415 TM 3 TM 416 TM 4 TM 4
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