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ABSTRACT 
 
 

From the advent of Decision Support Systems (DSS) in the mid-1960s, 

researchers and information technologists have developed interactive information 

systems that use data and models to help managers analyze semi-structured 

problems and make optimal decisions. With the accelerating development of GIS 

since the 1970s, the integration of DSS and GIS is a next step to extend the 

range of decision support applications by incorporating more spatial components 

into the decision-making process.  

Forest management is an important field for DSS application, but most of 

the current DSSs for forest management are not fully successful because: 1) the 

user interface is not friendly, or 2) GIS functions are not fully integrated into the 

system. These limitations unnecessarily reduce the use of DSS planning tools by 

forest managers, and decrease practical feedback from managers that could aid 

in further development of the landscape models. 
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This research presents a universal method to develop a Forest 

Management Decision Support System (FMDSS) by integrating the LANDIS 4.0 

model with the ESRI ArcGIS platform. FMDSS was developed with Visual Basic, 

ESRI ArcObjects libraries and Microsoft Access database.  Not only does 

FMDSS make the preparation of simulation parameters easy for forest managers 

with friendly graphic interfaces, it also makes available the powerful GIS 

functions and spatial data processing capabilities of the ESRI ArcGIS platform.  

FMDSS eliminates the time-consuming parameter editing work necessary for the 

LANDIS model, simplifies the technical operations of running the model, and 

allows managers to focus on evaluating their management plans, rather than on 

the LANDIS program.  A case study is presented, applying FMDSS to data from 

the Mark Twain National Forest. This demonstration illustrates how the analysis 

process is both simplified and made more powerful with FMDSS.  The example 

modifies the spatial units employed in forest fuel management, producing 

significantly different fire behavior outcomes than were modeled in LANDIS 

without the spatial capabilities of FMDSS.   
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CHAPTER I: INTRODUCTION TO FOREST DECISION 
SUPPPORT SYSTEMS 

 

 

 

 

1. What is a DSS? 

 A decision support system (DSS) is generally defined as “a computer-

based system that aids the processing of decision making” (Finlay, 1994).  On 

the other hand, the Encyclopedia of Library and Information Science states that 

the concept of a DSS is extremely broad and its definitions vary depending upon 

the author's point of view (Druzdzel and Flynn 1999).  Many information scientists 

and technologists have built their own definitions based on their research and 

understanding (Keen and Morton, 1978; Keen, 1980; Sprague and Carlson, 1982; 

Finlay, 1994; Turban, 1995).  This thesis adopts Turban’s (1995) definition:  “a 

DSS is an interactive, flexible, and adaptable computer-based information 

system especially developed for supporting the solution of a non-structured 

management problem for improved decision making.  It utilizes data, provides an 

easy-to-use interface, and allows for the decision maker's own insights."  

 Although the definitions of DSS are strongly dependent on the DSS 

application context, some common features of a DSS include:  

1. Computer-based/Computer-assisted: The powerful calculation capabilities 

of computers provide the possibilities of immediate decision-making, because 
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sometimes decisions are required to be made rapidly, such as forest fire 

monitoring or stock exchange analysis.  Extending the application of DSS 

partially depends on further development of computer science, which is why 

the theoretical studies of organizational decision making done at The 

Carnegie Institute of Technology during the late 1950s and early 1960s did 

not emerge as DSS until the late 1970s.  Because powerful computers are 

needed for processing large volumes of spatial data, the idea of a spatial DSS 

(SDSS) did not evolve until the mid-1980s (Armstrong et al., 1986). 

2. Interactive: DSS is a flexible system.  It can take many possible inputs to 

simulate results to a research problem.  Only through a well-designed user 

interface will the DSS effectively integrate the research effort and possible 

outcomes and translate the result into a reasonable management strategy.   

Thus, a user-friendly interface is a key point of a successful DSS and the 

prerequisite for sustained acceptance of a DSS by users. 

3. Compound: DSS is widely used in many fields today from conventional 

financial management to strategic decision-making, but different researchers 

identify different components in a DSS, just as they give different definitions 

for a DSS.  Generally, all of the descriptions include four main components 

(Hättenschwiler, 1999; Marakas, 1999; Haag et al., 2000; Power, 2002; see 

Figure 1): 

• Database Management System (DBMS), which is a complex set of 

software programs that organize, store and retrieve data from a database. 
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Data preserved in the database serves as the parameters for running the 

DSS.   

• Model Component (MC), which includes the scientific models in the 

application domain. The model component indicates and controls how DSS 

interacts with the input parameters. The quality of the model directly affects 

the accuracy and effectiveness of the DSS.   

• User interface, which is the aggregate means by which the users interact 

with DSS.  It is the software system linking the user with DBMS and the MC 

(Sprague, 1980). The design of user interface is not only time-consuming, but 

it is also critical for effective system performance. A deficient interface may 

eventually result in poor performance, system failure and user complaints.  

• Users are the stakeholders or policy makers, who run the DSS.   

 

Figure 1.  The structure and components of a general Decision Support System 
 
 

User Interface 

    DBMS   MC 

User 
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2. Integration of DSS and GIS 

 It is acknowledged that DSS originated from the Management Information 

System (MIS; Davis, 1974) and it was applied in large companies to support 

managers conducting interactive financial planning.  From the advent of DSS in 

the mid-1960s (Power, 2003), a number of researchers and information 

technologists have developed interactive information systems that use data and 

models to help managers analyze semi-structured problems.  After the 1990s, 

DSS had evolved out of its business and industrial data processing tradition and 

entered into other fields, such as agriculture and forestry.  

 Geographic Information Systems (GIS) were first used in the early 1960s 

in Canada, largely for automatic mapping purposes.  Many of the basic concepts 

in GIS were introduced later, and their widespread implementation and 

application awaited further developments of computer technology.  As computer 

systems became more powerful and the GIS technology relatively mature, some 

DSS type applications began to involve GIS to display maps or employ spatial 

information in the decision process (Power, 2003). 

 In the 1970s, while both theory and practice issues related to DSS were 

developing in the industrial and academic community, a separate trend of 

development took place in the GIS field, with developments largely concentrated 

on geographic data processing applications (Nagy and Wagle, 1979).  The 

development of GIS provides an important source of tools and techniques which 

can usefully be incorporated in a DSS system to make use of geographic or 

spatial data. 
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 There is a need for approaches that combine available quantitative data, 

spatial data and modeling capabilities.  As two largely distinctive areas of 

research until recently, DSS and GIS can benefit from each other.  The 

integration of DSS and GIS extends the range of decision support applications 

and has become a growth area in the application of GIS technology (Muller, 

1993).  This integration has been determined not as much by the innovative use 

of technology, but by how well they support the need for a spatial component to 

decision-making (Keenan, 1997).   

 

3. DSS Support of Forest Management 

3.1. Why should DSS be Applied in Forest Management? 

 Forest management is an important application field for Decision Support 

Systems, and DSS is a practical and effective way to integrate knowledge and 

models to improve forest management decision-making.   Because forest 

management is a long process, real-world outcomes can not be examined until 

after several decades or even a few hundred years.  DSS provides an efficient 

tool to project long-term forest dynamics.  Forest DSS are based on formalized 

knowledge and models including ecophysiology, statistical interference and 

biomathematics, which predict future forest states and changes (Blake et al. 

1990, Sharpe 1990, Stage, 2003).   The DSS should contain a user-friendly 

interactive interface enabling the decision maker to change the preferences and 

assess the impacts of possible solutions.  If all the settings and simulation results 

are reproducible and easily to document, it is possible for the decision maker to 
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compare and select the optimal management plan. Thus, through the use of DSS, 

the decision maker can arrive at a decision that is as rational as possible. 

3.2. Previous Use of DSS in Forest Management 

 In 2005, the National Council for Science and the Environment (NCSE) 

launched a research project (NCSSF Project A10, 2004) to evaluate the current 

systems and future needs on decision support systems for forest biodiversity. 

This project compiled and reviewed over 100 available DSSs and compared 

about 30 of those most applicable to forest biodiversity issues.  Of those 

reviewed systems, eleven DSSs (Table 1) focus on forest management practices, 

the focus of this thesis, so parts of the following review draw on their findings. 

While the NCSE (2005) review focuses on forest biodiversity, the following 

review highlights the technical characteristics of these forest DSSs: including 

input data requirements, user-friendliness, integration with GIS (spatial analysis 

capabilities), functionalities for analysis of results, and flexibilities to extend 

model evaluations. 

The Rocky Mountain Research Station developed a spatially explicit, 

landscape level modeling system, SIMPPLLE (SIMulating Patterns and 

Processes at Landscape scales), to serve as a decision support system for forest 

managers that would project temporal changes in the spatial distribution of 

vegetation and its interaction with insects, disease, and wildland fire (Chew et al., 

2004). The system is created in Java and can be run under any environment that 

has Java Virtual Machine installed.  SIMPPLLE provides a user friendly GUI, 
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enabling the user to view and edit the parameters easily before a simulation is 

executed.  The input files for this system are existing inventory data in polygon or 

 

Table 1.  Comparison of the Technical Characteristics of Eleven Major Forest 

Management Decision Support Systems 

 
 

 

 

Name 

Graphic 

User 

Interface 

Input Data 

Format 

(ASCII/DB) 

GIS Data 

Input 

GIS 

Extensiton 

System 

Expansibility 

SIMPPLLE Yes ASCII Yes Yes Yes 

FVS Yes ASCII No No No 

LANDSUM No ASCII Yes No No 

LMS Yes ASCII No No Yes 

RELMdss Yes ASCII Yes Yes Yes 

Spectrum Yes ASCII Yes Yes No 

VDDT Yes ASCII No No No 

EMDS Yes ASCII Yes Yes Yes 

MAGIS Yes ASCII Yes Yes Yes 

NED Yes DB Yes Yes Yes 

LANDIS Yes ASCII Yes Yes Yes 

 

grid format from an Arc/Info GIS system. An AML is provided to process the plant 

Criteria 
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community data represented in GIS format. Additionally, ArcView and ArcGIS 

extensions have been developed for spatial output display. An Excel spreadsheet 

with statistical macros is provided to test for differences between levels of 

disturbance processes or vegetative attributes with different management 

alternatives.  The system also can be used with other modeling systems such as 

the optimization/scheduling model MAGIS (Zuuring et al., 1995, SIMPPLLE 

website).   

 Forest Vegetation Simulator (FVS) is a model developed by the USDA 

Forest Service to predict forest dynamics.  FVS can simulate a wide range of 

silvicultural treatments for tree species, forest type and stand conditions based 

on the local tree growth rates in the study area.  This system is a Windows 

program with a graphical user interface which can read inventory data from 

various sources.  It has no GIS spatial analysis function and needs no GIS 

environment to support its simulations. Some extensions have been developed to 

address the effects of disturbances like insects and fire, as well as to take the 

FVS output file and render images of how the stand might look on the ground 

(Hawkes et al. 2006, Beukema et al., 1999, NCSFF, 2005).   

 LANDSUM is the acronym for LANDscape SUccession Model.  The 

system was developed as a research tool to model landscape processes such as 

succession, fire, disease and harvest by the USFS – Missoula Fire Sciences Lab.  

The program is run in the MS-DOS environment without GUI or GIS analysis 

capabilities.  LANDSUM inputs include ASCII files and GIS themes (polygon or 

raster).  Although LANDSUM is a spatial model, pixels or polygons may not be 
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influenced by spatial context, that is, the current state of the pixels or polygons 

around them (Barrett, 2001).  

 The Landscape Management System (LMS) was developed by the 

University of Washington, Yale University, The Cradle of Forestry in America and 

the USDA Forest Service to facilitate the analysis and communication of 

landscape-scale forest management decisions.  From its website, the system 

coordinates several existing applications: Oregon growth model (ORGANON, an 

individual tree growth model developed for Southwest Oregon, Northwest 

Oregon) to estimate tree growth in the Pacific Northwest; FVS to estimate tree 

growth throughout the United States; Stand Visualization System for stand level 

visualization; EnVision for landscape level visualization and Python programming 

language for the implementation of some analysis and tabular output (LMS 

website, 2006).  It is implemented as a Windows application with graphic user 

interface but the data it processes are ASCII data or tabular data, hence it lacks 

spatial data processing capabilities.  Since LMS is comprised of many separate 

programs, it can be considered an expandable system with great flexibilities: any 

changes or upgrades in its components will not cause major expense or changes 

to equipment or the software environment and adding new functions does not 

change the implementation of the existing ones. 

 Regional Ecosystems and Land Management Decision Support System 

(RELMdss), developed by the USDA Forest Service Inventory and Monitoring 

Institute, is a Linear Programming (LP) based optimization program which 

proportions forest-wide, strategic planning solutions to tactical sub-units of the 
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forest (RELM website, 2006).  This model proposes a method for generating 

alternatives within a location-allocation module and to spatially direct searches 

for alternatives. The program provides a graphical user interface to present the 

results. The model also can be integrated into a commercial GIS system. Dippon 

et al. (1999) introduced an approach that inserts RELMdss into ArcView GIS 

format to allow field staff to develop and evaluate alternative forest plan 

implementation strategies. 

 Spectrum is user-friendly software designed and maintained by the USDA 

Forest Service. It was programmed to explore alternative resource management 

scenarnios applied to landscapes through time, aiding decision makers in 

strategic and tactical planning (Spectrum website, 2005).  The model formulation 

is flexible and data are in xBase format with online help support, and much of the 

model data can be easily imported. Spectrum needs the license of C-WHIZ from 

Ketron Management Science to support the model. No GIS functionalities are 

provided with this program although an extension to ArcView GIS, SpectraVision, 

was created to allow the model to be linked to the full analytical and display 

functions of ArcView (Spectrum website).  The model is not upgraded frequently.   

 The Vegetation Dynamic Development Tool (VDDT) is a user-friendly, 

Windows-based program that allows users to easily create and test descriptions 

of vegetation dynamics, examine the role of various disturbance agents and 

management actions in vegetation change over a landscape level.  It is designed 

by ESSA Technologies Company in Canada.  VDDT is not a spatial model, so 

has no spatial data processing or spatial analysis funcitonalities and no 
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extensible capabilites (VDDT website, 2006).  The input files are in ASCII txt 

format and the results produced are graphs and text.  

 The Ecosystem Management Decision Support (EMDS) system is an 

application framework for knowledge-based decision support of ecological 

assessments at any geographic scale.  The system provides decision support for 

landscape-level analyses through logic and decision engines integrated with 

ArcGIS 8.1.  It integrates GIS with knowledge-based reasoning and decision 

modeling technologies in the Microsoft Windows environment.  The system is a 

product of the USDA Forest Service and available free of charge to the public.  It 

is practical to extend the EMDS functions, but there are two commercial 

application systems requires in conjunction with EMDS in order to create or edit 

logic models -  NetWeaver Developer (for landscape evaluation) and Criterium 

DecisionPlus (for decision planning).  EMDS is an ArcMap extension, so ArcGIS 

8.0 or later is required to support and run it.  Furthermore, it includes other 

components, like Priority Analyst and Data Acquistion Manager (EMDS website).  

EMDS can be regarded as a successful DSS-GIS system for the evaluation of 

ecosystem managements decisions.  

 MAGIS is the acronym for Multi-resource Analysis and Geographic 

Information System.  It is developed by USDS Forest Service Rocky Moutain 

Research Statiion and University of Montana.  MAGIS is a spatial decision 

support system for integrating vegetation managements and road-related 

activities including construction, reconstruction and obliteration (MAGIS website, 

2006).  From its name, it is clear that one of this DSS’ components is a GIS 
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system with spatial data display and processing capabilities.  ArcGIS 8.1 or 

above is necessary to run MAGIS.  GIS coverages or shapefiles attributed with 

vegetation data and any additional nonspatial attributes for user-defined 

relationships are input.  If road-related activities are analyzed, the road network 

coverage data should be provided.  MAGIS output is alternatives for land 

management plans, which include maps of treatment schedules, map of road 

“schedules” and map displays of road effects.  The primary role of MAGIS is to 

schedule suitable treament plans which meet resource and management 

objectives, and as a tool for alternative optimization studies.  The combination of 

MAGIS and SIMPPLLE model provides a powerful analystical mothodology for 

anlyzing, developing and evaluating spatial and temporal treament alternatives 

(Jones et al., 2003).  

 NED is another decision making tool widely used throughout the East 

Coast to help prepare forest management plans.  The system is a series of 

natural resource-related software developed collectively under the name NED, 

which includes Forest Stewardship Planning Guide, NED/SIPS, NEWILD and 

NED-1 (Twery et al., 2000).  Due to the comprehensive and flexible design of the 

program, the NED input data requirements are extensive and some parameters 

are set by the managers at a summary level, for example, forest inventory data, 

and will undoubtedly reduce the model’s reliability (Twery, published online).  

Although the first version of NED has no GIS functions, Nute et al. (2005) present 

a flexible and extensible method to update and expand the NED system into 

NED-2.  NED-2 is designed with C++ object-oriented technology and integrated 
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with ArcGIS. The new NED-2 system incorporates a number of models and 

decision making tools, like growth-and-yield models, wildlife models, fire risk 

models, goal satisfaction analysis, and report generation (Nute et al., 2005).  The 

design idea of its open architecture software and the flexible expandibility is an 

important aspect to be considered in the DSS developed in this thesis. 

 Finally, LANDIS is a spatially explicit landscape simulation model 

designed to simulate forest landscape change over large spatial and temporal 

scales (Mladenoff et al., 1996, Mlandenoff and He, 1999).  It models natural 

processes, such as wind, fire, biological disturbance agents, fuel, harvest, 

succession and forest management treatments.  LANDIS is a raster system and 

the input data are in ASCII format or older ERDAS IMAGINE GIS files.  It has no 

spatial data processing or analysis capabilities. It does provide an extension 

(LDAVI, LANDIS ArcView Interface) to ESRI Arcview 3.x, that allows the users to 

view the simulation results of LANDIS output.  However, ESRI will no longer 

support or upgrade ArcView 3.x, and as LANDIS also evolved to version 4.0, the 

file infrastructure has changed from the older 3.x version, so that LDAVI no 

longer works properly.  From version 4.0, LANDIS provides another two 

Windows-based programs to edit the parameters (LANDIS Input) and view the 

simulation output (LANDIS View). 

From this review of DSS systems, it is clear that the construction of DSSs 

has been evolving rapidly in recent years.  All the approaches attempt to provide 

user-friendly interfaces, good expandibility potential, and reliable models.  A 

common trait of many of these systems is an extention or external program 



  14 

linking to GIS software, like ArcView GIS 3.x or ArcMap, which furnishes a 

convenient and mature method to check the input spatial data or represent the 

simulation results.  Most of the systems use ACSII files for data input, which can 

be viewed or edited in any text editor, such as Windows notepad.  This is 

acceptable for prototype versions of these models, because more parameters 

may be added or the data structure may need changes, but once the models are 

mature and fixed, database management systems should be introduced into the 

decision support system.   

3.3. Current Forest DSS Inadequacies 

In some ways, the achievements of decision support systems in natural 

resource management have been rather unsatisfactory (Marco et al., 2005, Uran 

and Janssen, 2003, Walker, 2002).  One reason is that parameters for a forest 

DSS simulation often become too complex for a user, and the user can easily 

feel overwhelmed by the simulation process.  A friendly graphic user interface 

and ease of use are two important and basic characteristics for a successful DSS. 

Another limitation is that forest management should not only consider forest 

inventory information, but also geographical parameters such as location, 

distance, proximity, and topography.  Although some forest DSS have 

geographic information processing capabilities, those without are less likely to be 

entirely useful.  Presentation of simulation output also affects users’ satisfaction 

with the DSS system; while the systems described above generate output in the 

form of tables, graphs or maps, many require external programs to process this 

output, such as Microsof Excel and ESRI ArcView/ArcGIS.  
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3.4. Limitations of Current LANDIS Interfaces 

 The LANDIS model, as a forest decision support system, is a successful 

one whose capabilities stand out in several important categories (Gordan et al., 

2004).  However, this program is not designed for widespread adoption by users 

and requires a substantial investment in learning the details of the software.  That 

is not an exclusive problem for LANDIS, as many forest models have the same 

issue.  Yet for this reason, few DSS models have gone beyond academic 

prototypes to make them more widely accessible and even fewer have been 

involved in realistic forestry planning and management.  There are two ways to 

change the situation: one is to simplify the models without sacrificing their 

reliabilities; the other is to make easy-to-use, error-tolerated and robust software.  

The second road is followed for this project.   

 Although the current LANDIS version includes LANDIS Interface (LI) for 

easy editing of parameters, this program indeed is only an enhanced text editor, 

which simply links the parameter files together and enables the user to open 

them in one Multiple Document Interface (MDI).  The text editor environment 

causes several problems.  First, there is no error-proof function for the text editor. 

The text file may accept any input characters even if they are meaningless for the 

model, and thus the user may, for example, input a text string for the longevity of 

a species by mistake.  Moreover, some of the LANDIS parameters are error-

prone, such as the “removal masks” parameter in the treatment plan, which 

consists a series number of “1”s and “0”s whose length are exactly the same as 

the species’ longevity.  Any error in the parameter files will halt the LANDIS 
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simulation.  Because LI is essentially a text editor, it is not a real graphic user 

interface with menus or buttons.  The complexity of parameters and unfriendly 

interfaces lengthens the users’ learning process. 

 LANDIS View (LV) is a program to display the LANDIS simulation output.  

All the “maps” (not really maps because no scale, annotations, coordinates, or 

projection information are available) are shown only with predefined color 

schemes.  Because it is a simple raster display tool, the display and refresh 

speed of LV is rapid.  However, LV has no map navigation, creation or statistical 

analysis functions; all these tasks must be done with external software. 

 Appropriate planning decision analysis includes three steps: (1) setup the 

decision problem, (2) run the simulations, assess the impacts of each alternative 

and (3) determine the final decision which meets the preferences of the decision 

maker.   Changing parameters is an important and frequent step during the 

decision making process. As a successful decision support model, the user can 

change LANDIS text parameters easily because they are stored as ASCII in the 

text files.  But as spatial data, stored in ERDAS 7.6 GIS format, modifications are 

difficult.  As an example, if the management area unit is set, it is not easy to edit 

it even in professional GIS software, because (1) the commercial GIS software 

does not support .gis files well and (2) editing of the management area map 

should follow one rule - the forest stand can not cross two or more management 

areas - which is difficult to accomplish with GIS software.  Due to the lack of 

spatial data editing capability in LANDIS, all the raster data related operations 

must be prepared out of the model, which can be a troublesome process if the 
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user wants to interactively create a new management area and define this area’s 

management treatment plans. 

4. The Purpose of this Research 

Because of the somewhat difficult requirements for learning and operating 

LANDIS software, users’ willingness to adopt this scientifically valuable forest 

management tool has been lessened, reducing its widespread application.  After 

examining the limitations of the current LANDIS interface and based on 

identifying useful characteristics found in a vareity of other forestry DSSs, my 

research intends to develop a Forest Management Decision Support System 

(FMDSS) that incorporates the capabilities necessary for a successful system: 

friendly user interfaces, spatial data processing capabilites, and convenient 

envirioment for output checking and extensible flexibilities.  FMDSS is an 

interactive, user-friendly forest management decision support system based on 

the LANDIS 4.0 model.  The spatial data processing capabilities integrated into 

this system will be supported by ESRI ArcGIS libraries.  FMDSS is also intended 

to provide a flexible and effortless environment for presenting the results of 

model simulation alternatives. 

By developing an integrated Forestry Management Decision Support 

System (FMDSS) to bridge the gap between research and application by using 

and extending the LANDIS model, forest managers may directly and easily apply 

LANDIS 4.0 in their management planning processes. As a test of its utility, this 

thesis applies FMDSS to an evaluation of forest management planning in the 

Mark Twain National Forest of Missouri.  
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CHAPTER II: INTRODUCTION TO THE LANDIS MODEL 
 

 

1. General Introduction to LANDIS 4.0 

 LANDIS is a spatially explicit landscape model designed to simulate forest 

landscape change over large spatial and temporal scales (Mlandenoff et al. 1996, 

Mlandenoff and He 1999).  It models the dynamic changes of forests in response 

to succession, windthrow, biological disturbance (insects and diseases), fire, fuel 

and harvest management.  LANDIS is a raster system and the cell resolution is 

flexible from 10 – 500m.  The spatial range that LANDIS can simulate varies from 

500 – 1,000,000 ha within 10 – 2000 years scale.  As of 2007, the current 

configuration of LANDIS is identified as version 4.0.   

 The LANDIS model is composed of five specific modules and each 

module has a standard interface to simulate a distinct process, such as wind, fire, 

and fuel accumulation.  Except the succession module, the other five modules 

are optional: the user may either open or close them when the simulation is run.  

These five functions of LANDIS are summarized in table 2.  
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Table 2.  LANDIS 4.0 Module Functions (Source: LANDIS 4.0 user’s guide, 2004). 
 

Module Functions 

Succession 1. To simulate how disturbance and successional dynamics 

interact to change forest patterns and find the expected 

recovery paths of the tree species after disturbance; 

2. To investigate the influence of seed dispersal on landscape 

changes 

Fire 1. If large fires occur, to simulate the long-term effects on 

forest ecosystems; 

2. To examine locations of high fire risk on forest landscapes 

and how this risk changes over time; identify the best fuel 

reduction plans to lower fire risk 

 

Fuel To test how fuel treatments effects fire frequency, size and 

intensity in order to maintain a low fire risk landscape 

 

Harvest To check the influence of harvest activities on species 

composition and spatial pattern 

BDA To inspect insect disturbance effects on forest pattern and 

long-term fire risk 
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2. LANDIS Inputs 

 The LANDIS 4.0 input files include two kinds of file formats: ASCII files 

and GIS files. The ASCII files are date files (*.dat), land type class files (*.rcs), 

age class files (*.age) and color palettes files (*.plt).  The GIS files are ERDAS 

IMAGINE 7.6 GIS files (*.gis).  All the text parameters of LANDIS simulation are 

stored in the ASCII files and each file has 1- 20 parameters, which are the 

description of species information, land type information, disturbance information 

or treatment information.  One simulation consists of a main parameter file, 

several first-level files which are associated with the main parameter file and 

some second-level files associated with the first-level files.  Figure 2 illustrates 

the complexity of this input structure.  Even without opening the optional modules, 

one simulation still requires at least 10 input ASCII files containing more than 50 

attributes and 2 GIS files.  That is a heavy workload for LANDIS novices that are 

just learning the meaning of these parameters.  It is also time-consuming and 

error-prone even for experienced LANDIS users.   
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Figure 2.  File Structure of one LANDIS simulation 
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3. LANDIS Output 

 LANDIS simulation results are in the format of ERDAS IMAGINE 7.6 GIS 

files as well as some accompanying trailer (*.TRL) files and log files.  The GIS 

files show the ages of the oldest cohort on each cell and the trailer files preserve 

the class information representing the meaning of the output cell’s value.  

Additional files will be created for wind, fire, fuel, BDA or harvest simulation if the 

corresponding modules are turned on before the model is executed.  The results 

will be saved into WIND, FIRE, FUEL, BDA and HARVEST sub-folders 

respectively under the output directory.  The naming convention for the GIS and 

trailer files is the reclassification name followed by the year number simulated. 

 

4. LANDIS 4.0 Interfaces 

 Due to the complexities of LANDIS 4.0 input parameter files, two 

Windows-based graphic user interfaces were developed and included in the 

LANDIS 4.0 distribution package.  LANDIS Interface (LI) is a program that can 

open the main LANDIS configuration file and other first-level files by simply 

clicking buttons on the toolbar. The user also may open any LANDIS input file by 

specifying its location manually. Figure 3 is a sample of the current LI program 

interface. 

 LANDIS Viewer (LV) is the other program provided by LANDIS 4.0.  It is a 

lightweight program to view the GIS raster files.  The user may navigate the 

simulation results easily with predefined color schemes in LV (Figure 4).   
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Figure 3.  Example of the interface configuration of LANDIS 4.0 Interface (LI). 
 

 

Figure 4.  Example of the interface configuration of LANDIS 4.0 Viewer (LV). 
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5. LANDIS GIS Extension 

 Since LANDIS version 2.x, an extension has been available for ESRI 

ArcView GIS 3.x named LDAVI (LANDIS ArcView Interface), developed using 

Avenue code.  LDAVI allows for convenient display of LANDIS output GIS files.  

New menus are added to ArcView to display various types of LANDIS output GIS 

data including species, age, disturbance and harvest distributions. Additionally, 

several new buttons added to the ArcView toolbar allow the user to quickly 

prepare maps, tables and charts for LANDIS output data (Jason et al., 1996). 

 As the LANDIS model evolved, more parameters and modules were 

introduced into LANDIS 4.0.  The structure of the main configuration file of 

LANDIS 4.0 changes from the other older versions, thus LDAVI can no longer 

read the main parameters in LANDIS 4.0. In addition, although ESRI may still 

provide technical support for ArcView 3.x, no upgrade will be serviced, and the 

retirement of ArcView 3.x is just a matter of time.  All the desktop GIS 

functionalities will be migrated into ArcView 9.x, which is a part of the ArcGIS 

suite of software.  Thus any new GIS extension for LANDIS should be designed 

to interface with this new ESRI platform. 
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CHAPTER III: DEVELOPMENT OF THE FOREST 
MANAGEMENT DECISION SUPPORT SYSTEM (FMDSS) 

 

 

 

1. Objectives of the FMDSS 

 The purpose of developing the FMDSS is to allow forest managers to 

directly and easily apply the LANDIS 4.0 model to explore the optimal 

alternatives in their management planning.  The system will eventually serve as a 

decision support tool, eliminate the most time-consuming parameter editing work 

in the simulation process, simplify the technical operations of running the 

LANDIS model, and allow managers to focus on their management plans, rather 

than on the software.   

 As a spatial forest management decision system, one FMDSS decision 

alternative should define at least two initial elements: location (where will the 

decision be taken?) and action (what management activity will be taken at the 

delineated location?; Malczewski, 2006). Functionally the DSS application should 

not only offer dynamic plan management functions (add/delete/edit management 

plans) but powerful and effective spatial analysis capabilities (create/edit 

management area) for the simulation run.   

 Technically FMDSS is designed as a layer of software applications 

installed on top of the LANDIS 4.0 model and some commercial GIS software.  

The database technology is used to manage the LANDIS parameters, and GIS 
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software provides the spatial data processing capabilities as well as the display 

environment for the simulation result and further mapping functions.  A user-

friendly interface prepares the input parameters for a LANDIS simulation and 

then executes that program. Another function of the interface integrates the 

LANDIS model and GIS software into one seamless system.  

 The processing of incoming data and the synthesis of pertinent 

information are two basic questions to be answered before the development of 

the decision support system (Wybo, 1998). When defining the FMDSS, the 

primary task is to establish the kinds of data that will be used in the system.  In 

order to fully apply the LANDIS model in the decision making process, FMDSS 

incorporates all the LANDIS parameters files, both ASCII (text information) files 

and ERDAS 7.6 GIS (spatial information) files.  A database management system 

(Microsoft Access) is integrated to manage the text information, while a 

commercial geographical information system (ESRI ArcGIS) is used for spatial 

data management.   

 

2. Design Principles of the FMDSS 

 FMDSS was designed and implemented with six key principles in mind: 

1. The major user group of this system is forest managers, with no technical 

staff required to operate or support the system on a daily basis. That implies 

the applications should be easy to use with good input dialogs and logical 

screen design.  Every field and box should be manifest with labels or hints.    
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2. The system should be robust and tolerant of users’ mistakes, preventing 

them from inputting any invalid or illogical parameters when possible. If an 

error happens, useful error hints should be provided instead of system crash 

information. 

3. The software developer should be as independent as possible from the 

forest managers or planners.  The system should enable the users to add, 

delete, edit the input parameters and maximize the system flexibilities. 

4. The system should allow for spatial analysis capabilities using existing 

GIS modules. This means incorporating the system into a mature commercial 

GIS platform, such as ArcGIS, to utilize the powerful existing functions. This 

not only lightens the development workload, but also shortens the 

development cycle. 

5. The system should be expandable without major expense or changes to 

equipment or software. The basis of Microsoft COM technology makes it 

possible that adding new functions does not change the functions and 

implementation of the existing ones. 

6. Different scenarios and treatment applications can be simulated, 

evaluated and compared without having to make changes to other parameter 

preferences.  

 

3.  Implementation of the FMDSS 

3.1 Development Environment 

 There are three main concerns when implementing the FMDSS: (1) Easy 
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and fast development, (2) Without major platform and software cost, and (3) 

Flexibility to extend.  Based on these considerations, we selected Microsoft 

Visual Basic as the development tools, ESRI ArcObjects libraries as the GIS 

functionalities provider and Microsoft Access as the database management 

system. 

 From the view of GIS functionalities, there are three main development 

approaches. The first approach is to develop the application from scratch. All the 

functions (loading data, map navigation, map creation, queries, etc.) should be 

implemented by the programmer. The advantages of this approach are saving 

budget, and it is domain specific and independent of other GIS software, but it 

often requires a much longer development cycle and experienced programming 

skills. The second approach is to develop applications using the macro 

languages provided by GIS software vendors, such as AML for ArcInfo or 

MapBasic for MapInfo. This approach can call the existing GIS functions 

implemented by the GIS software, which saves times and energy, but the 

developer needs to learn another specific language and usually this kind of 

macro language has relatively low efficiency and needs the support of another 

GIS platform.  The third approach is the most common method – component 

development approach.  GIS vendors encapsulate their major basic GIS 

functions into some small components/libraries, so developers can employ their 

functionality or extend their functionality with their own components.  MapX of 

MapInfo and ArcObjects of ESRI are the most popular such GIS components in 

the current markets.  
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 ESRI ArcObjects is the development platform for the ArcGIS family of 

applications, such as ArcMap, ArcCatalog or ArcScene (Zeiler, 2001).  It has 

data management and map presentation functions. With ArcObjects, the 

developers can build domain-specific GIS applications.  ArcObjects is built using 

Microsoft COM technology and the functionality of ArcObjects can be assessed 

using four APIs (Application Program Interface): COM, .Net, Java and C++. It is 

possible to extend ArcObjects by writing COM components with any COM-

compliant language; Microsoft Visual Basic is one of such kind of language. 

 Microsoft Visual Basic (VB) is an event-driven programming language and 

suitable for rapid application development (RAD) of graphic user interface (GUI) 

applications. Also VB can access the database using ActiveX Data Objects (ADO) 

or Open Database Connection (ODBC) easily.  VB was selected as the 

development tool to create the user interfaces, extend the ArcObjects functions 

and link the LANDIS model, database and ArcObjects components. 

 The database management system is introduced to the FMDSS system to 

regulate LANDIS input parameters.  The original ASCII LANDIS input files can 

take any format of characters, even though they are illegal or invalid for the 

LANDIS model, while the fields in the database tables are formatted and fixed, so 

any incompetent data will be rejected to ensure the validness and integrity of the 

LANDIS parameters.  In this system, Microsoft Access is a simple and light-

weight desktop relational database used as the data repository and connected 

with VB using ADO. 

 With ArcObjects as the platform, there are still two development 
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approaches available: a program using ArcGIS Engine, or customization of 

ArcMap to embed applications.  Because ArcMap fulfils most of the 

functionalities for a spatial decision support system, such as spatial data 

management and display, spatial analysis, thematic mapping, and provides 

flexible extension capabilities, we chose this development approach.  For linking 

the ArcMap application with the decision support system, two interfaces should 

be implemented (ArcGIS Developer Help, ESRI, 2001):   

 1. IMenuDef, this interface is used to define the properties of a custom 

menu which can be embedded into ArcMap environment. 

 2. ICommand, this interface is used to create custom commands. 

All the menus and commands are COM based and distributed in the form of 

ActiveX DLLs. 

3.2 Database Design 

 With the database management system determined, the next step is to 

design an efficient database schema, including tables, uniqueness and keys.   

 The relationship between the database elements and the LANDIS input 

files (ASCII) is: One database is one simulation; one table corresponds to one 

parameter file and the fields in the table represent the attributes in one parameter 

file.  Explicitly, all the data in text formatting for one simulation, including species 

information, land type information, reclassification information, etc., will be saved 

in one database; the tables are named by their meanings in the LANDIS model, 

like species, mapindex, and ageindex; the attributes of the fields depend on the 

actual meanings: cellsize is numeric, mapindex name is alphabetic.  There are 
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some rules or constrains defined in the database to avoid saving invalid 

parameters in the database.  For example, the iteration number should be an 

integer greater than 0; the mature age of a species should less than its longevity. 

 For the decision support system, 33 tables were created for storing the 

LANDIS parameters. All the tables are linked by the primary keys and foreign 

keys. Table 3 shows the detailed structure of the tables. 

3.3 Decision Support Flow 

The overall decision support process is shown in Figure 5.  When the system 

is executed, the user needs to import the initial parameters files into the 

predefined database: if the data are loaded successfully, the user may display, 

check or change each parameter through window-style interfaces; if the data can 

not be loaded successfully, as when one or more initial LANDIS input files are 

defined incorrectly, the user needs to correct the errors before he can use the 

system. The user runs the simulation based on parameters in the database. 

When the simulation is finished, all the output maps can be brought into ArcMap 

to check the results or conduct further analyses.  If this result meets his 

requirements, he is able to create reports or graphs in ArcMap. Or he may 

change the parameters to do another simulation until he arrives at the optimal 

decision.  
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Table 3. Relationship between database tables and LANDIS parameters 

 
 

Table Name LANDIS Module Meaning 
Project Succession Main simulation file 
Species Succession Species Vital Attributes 

LandTypeAtt Succession  Land Type Attribute 
MapAtt Succession Species and age classes attributes 

MapIndex Succession output species/class map index 
AgeIndex Succession output species age map index 
Dispersal Succession Instances of seed dispersal routine 
WindInit Wind Initial setting of wind module 
FireInit Fire Initial setting of fire module 

FireRegimeAtt Fire/Fuel attributes for each fire regime 
BDAInit BDA Initial setting of BDA module 

BDASpecies BDA BDA module species parameters 
BDALandType BDA BDA module Land type modifiers 

BDADstb BDA BDA module Disturbance Modifiers 
BDAPara BDA BDA module other parameters  

(including Temporal) 
FuelInit Fuel Initial setting of fuel module 

FuelInputSpecies Fuel Fuel modifiers – Species section 
FuelInputLandType Fuel Fuel modifiers – Land type section 

FuelInputWind Fuel Fuel modifiers – Wind section 
FuelInputBDA Fuel Fuel modifiers – BDA section 
FuelInputFire Fuel Fuel modifiers – Fire section 

FuelInputHarvest Fuel Fuel modifiers – Harvest section 
FuelMan Fuel Fuel Management Event 
FuelRule Fuel Fuel rule input setting 

HarvestInit Harvest Initial setting of harvest module 
HarvestRegime1 Harvest Harvest regime 1 setting 
HarvestRegime2 Harvest Harvest regime 2 setting 
HarvestRegime3 Harvest Harvest regime 3 setting 
HarvestRegime4 Harvest Harvest regime 4 setting 
HarvestRegime5 Harvest Harvest regime 5 setting 
HarvestRegime6 Harvest Harvest regime 6 setting 
HarvestRegime7 Harvest Harvest regime 7 setting 
HarvestRegime8 Harvest Harvest regime 8 setting 
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Figure 5.  Flow chart of a typical decision support process 
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3.4 FMDSS System Overview 

 Two dynamic link libraries (DLLs) were created as the main carrier of 

FMDSS.  In the ArcMap environment, they exist in the form of a toolbar and a 

series of commands, tools and menus residing on the toolbars.  One toolbar is 

called FMDSS Tools, which provides the functionality of importing valid LANDIS 

4.0 parameter files, displaying various parameters in windows-style dialogs and 

furnishing other enhanced spatial analysis capabilities to delineate specific fuel 

and harvest treatments (see Figure 6).   

 
Figure 6.  The toolbar of FMDSS Tools 

 

 

 The routines available on the FMDSS Tools toolbar are categorized into 

four groups: 

• Project management routine, which includes three buttons: 1) New Project 

to create a new LANDIS 4.0 parameter file, 2) Open Project to open an 
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existing LANDIS 4.0 parameter file and 3) Save Project to export the current 

opening project into text format files and prepare to execute the simulation. 

• Parameter management routine includes one button: Open LANDIS 

parameters to open the imported LANDIS project file. The button is disabled 

when there is no open project file; once a project is imported into the FMDSS, 

the button is enabled.  

• Fuel/Harvest Definition routine includes two groups of buttons. One group is 

to delineate the management area and contains three buttons:  1) 

create/select management areas by an interactive graphic tool and 2) set 

geographic layer as the management areas. 3) The other group contains two 

buttons: one for Fuel treatment and one for Harvest treatment. Both are to 

define the treatment methods for the newly created management areas. 

• Simulation execution routine contains only one button, which calls the 

LANDIS 4.0 program to simulate the imported or saved projects.  

 

The other toolbar is called FMDSS Viewer, which provides some 

convenient menus and buttons to view the simulation results with predefined 

color schemes (Figure 7). The routines of FMDSS Viewer toolbar can be 

categorized into two groups: projects routine and map browse routine. 

• The projects routine contains one button to open a valid LANDIS 4.0 

parameter file and several menus as well as their submenus to add the 

related simulation output maps to the ArcMap data window.  
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• The map browse routine includes three buttons to help the user to navigate 

the desired output maps by three means: to next step, to forward step and to 

specified step. 

  
 
 

 

 
 

Figure 7.  The toolbar of FMDSS Viewer 
 
 
 

3.5 Samples of Graphic User Interface 
 

Figures 8-10 illustrate the FMDSS graphic environment for LANDIS 4.0 

parameters display and editing.  These dialog boxes insist that only valid and 

meaningful can be saved into the database running underneath.  Figure 8 is the 

dialog lets the user to view and edit the parameters for the fire module. This 

dialog can be opened only when the fire module is turned on. From this dialog, 

the user can open the Fire Regime Attribute Editor (Figure 9) to view and 

redefine the fire regime attributes. 
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Figure 8.  Fire module parameter editor 
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Figure 9.  Fire regime attributes editor 
 
 

  
Removal masks are a basic component of analyses by the LANDIS 

Harvest module.  Removal masks specify for each species which age cohorts (if 

present on the site) should be removed by the harvest activities. In LANDIS 4.0, 

the removal mask is composed of a series “0” (removed) and “1” (kept) and each 

digit represents one age cohort, as 1 – 10, 11 – 20, etc. (see Table 4).  The 

removal mask must always match the species attribute file in terms of number, 

order and each species’ longevities.  Although the definition of removal masks in 

this format gives users the unlimited flexibility to tailor the masks to the  
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Table 4.  Example of removal mask in LANDIS 4.0 harvest module.  Each 
line is for one species; the name between the pound signs each line is the 

Latin name of the species. 
 
 

# removal mask # 

000000000000 #abiebals# 

000011111110000000000000000000 #acersacc# 

0000000000000 #betupapy# 

000000000000000 #fraxnigr# 

000000000000000000 #larilari# 

00000000000000000000 #piceglau# 

00000000000000000000 #picemari# 

0000000 #pinubank# 

0001111100000000000000000 #pinuresi# 

0000111111000000000000000000000000000000 #pinustro# 

000000000000000 #popubals# 

000000000 #poputrem# 

0000000000000000000000000 #querrubr# 

00000000000000000000000000000000000 #thujocci# 

00001111111000000000 #tiliamer# 

000000000000000 #acerrubr# 

000011111110000000000000000000 #betualle# 

 

 

treatments to be simulated (He, 2004), it is very easy to make mistakes during 

their creation. In the FMDSS, an intuitive dialog (Figure 10) is created to make 

this process easy and less error-prone.  The species names and longevities are 

automatically generated from the species attribute file and listed in the tree view 

window, the user only needs to select the age cohorts that he wants removed in 
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the harvest treatment and FMDSS will save his definition in the format of “0” and 

‘1” for the LANDIS program to simulate.  

 

 

      

Figure 10.  Removal mask generator dialog 
 

 

Further details of other FMDSS functionalities are discussed in the 

FMDSS User’s Guide, located in the appendix of this thesis. 
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CHAPTER IV: APPLICATION OF FMDSS TO MARK 

TWAIN NATIONAL FOREST 

 

 

 

 The Forest Management Decision Support System (FMDSS) is designed 

for easy application of the LANDIS model by forest managers. The development 

of FMDSS not only makes the preparation of simulation parameters easy but 

also makes available the powerful functions and spatial data processing 

capabilities of GIS.  To demonstrate and verify the effectiveness and the 

accessibility of this forest management decision support system, an application 

to data from the Mark Twain National Forest (MTNF) is presented here that tests 

alternatives for a new fire management plan. 

 

1. Study Area 

The study area, the Central Hardwood forest within Mark Twain National 

Forest (MTNF), is located in the southern portion of the Missouri Ozarks.  The 

specific area is 33.8 kilometers wide (from east to west) and 34.3 kilometers long 

(from north to south), an area of about 1162 km2.  The study area crosses four 

counties: Shannon, Carter, Oregon and Ripley (see Figure 11a).  The study area 

primarily consists of federal public forest lands but is surrounded by private lands 

(Figure 11b).    
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(a) 

 

(b) 

 
Figure 11.  The study area: (a) its relative location within the State of Missouri; (b) public 

forest and private lands in this area 
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2. Research Question 

Large wildfires can have detrimental impacts not only on forest resources 

and ecosystems but also lives, properties and millions of dollars of fire 

suppression (Raymond and Peterson, 2005).  Fuel reduction treatments are one 

strategy that has been well explored and advocated to reduce fire hazards (Scott 

and Reinhardt 2001; Graham et al. 2004; Peterson et al. 2005).  The key 

question for this effort is where and how the forest fuel should be treated to 

effectively reduce the hazardous fires.  Shang et al. (2004) simulated and 

compared three scenarios for wildfire management planning in MTNF: 1) wildfire 

suppression only, 2) prescribed fire with wildfire suppression, and 3) prescribed 

fire and coarse fuel reduction with wildfire suppression.  Their results showed 

that fuels and potential fire risk gradually build up in scenario 1.  Prescribed fires 

in scenario 2 reduced the potential wildfire risk at the beginning phase of the 200-

year simulation run, but became less effective in later years.  Scenario 3 

produced the optimal control of fuel loading and potential fire risk.  These 

scenarios suggest the most effective fuel treatment method in the designated 

management area, but whether the selected treatment areas is the most effective 

place to treat is still not studied and remains questionable and unclear.  An 

effective fire management planning is also a dynamic and complicated task, 

which should be based on realistic information about current and future wildfire 

situations, such as fire risk, probability of fire incidence, and fire severity 

(Kaloudis, 2005).  With the assistance of the FMDSS, this question could be 

addressed easily since the decision makers have flexibility to create new 
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management areas, define how they want this area to be treated and compare 

the output results for different fuel management plans to reach an optimal 

strategy.  

On the basis of the Land and Resource Management Plan of 1986, the 

USDA Forest Service developed the 2004 Plan alternatives to guide all natural 

resource management activities on the Mark Twain National Forest and have 

begun to use prescribed burning to reduce the fire risk in the Mark Twain 

National Forest area (Shang et al., 2004).  These researchers also 

parameterized the LANDIS model for the new management plan to simulate 

forest development and the effects of fuel management on wildfire suppression 

(Shang et al., in press).  

Much research has been conducted on wildfire suppression and forest fuel 

management within MTNF public federal forests. The research from Yang et al. 

(2007) shows that significantly more fires occurred in Mark Twain National Forest 

than in the surrounding private lands over the last 30 years and fires occurring on 

private lands tended to be much larger in size than fires occurred within MTNF. 

But wildfire is a dynamic diffusion process, and may cross over the boundary 

between public forest and private lands.  So it is likely that some fires occurring in 

the public forest will spread to the private lands and vice versa.  Fuel reduction at 

the interface between the public forest and private lands can reduce the fire 

movement before wildfire crosses the ownership boundary.   

Wildlife-Urban Interface (WUI) areas, defined as the areas where 

structures and other human development meet or intermingle with undeveloped 
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wildland, have significant implications for wildfire management and impact 

(USDA and USDI, 2001). The treatment within the WUI area can remove 

vegetation or other fuels to stop or impede the horizontal movement of an 

advancing fire.  The analysis conducted here asks: 1) if the same acreage of 

forest fuel is reduced along the interface of the public forest with private land 

(WUI) to create a fuel break instead of within public areas only, will it change 

wildfire behavior and decrease the extent of the burned area? 2) Is this a more 

effective way to reduce the fire hazards? If so, how effective is the treatment? 

The focus of this application is to simulate and compare two scenarios (the 

current plan and the new plan) to check which fuel load treatment plan is more 

effective in terms of fire occurrence and extent.  

 

3. Data Preparation 

Detailed descriptions of LANDIS model parameterization for the study 

area can be found in several papers (Shifley et al., 1999, 2000; He et al., 2004; 

Shang et al., 2004).  Shang oriented his study around the assessment of fire risk 

and the best practice for fuel treatment to avoid and mitigate severe wildfires.  

This research is based on the LANDIS parameters that Shang used for the Mark 

Twain National Forest proposed management plans (defined as the current plan; 

USDA Forest Service, 2005).   

In the Mark Twain National Forest proposed management plans, the study 

area was divided into five management units for the federal forest plus the 

private lands (Figure 12).  Ten percent of management Unit 1, “Natural 
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Community Restoration,” and “General Forest” (Unit 2) where potential fire risk 

class was high (class 4) or very high (class 5) was treated per decade 

(approximating 1% of the total landscape area per year).  The fuel management 

in LANDIS format is shown in Table 5. 
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Figure 12.  The current management units in the study area 
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Table 5.  The proposed fuel treatments for the study area (based on Shang et al. 2004) 
 

PrescribedBurning  # Event label # 

1                 # Management area identifier# 

1                 # Rank algorithm (1=potential fire risk) # 

1                 # Entry decade # 

20                # Final decade # 

1                 # Reentry interval # 

0.2             # Proportion of management area to burn # 

1   # Min potential fire risk for management # 

#Fuel reduction intensity # 

# 0  1  2  3  4  5 # # Fine fuel load before management #   

   0  0  0  0  1  1 # Fine fuel loads after management #   

# 0  1  2  3  4  5 # # Coarse fuel load before management #  

   0  0  0  1  2  3 # Coarse fuel loads after management # 

 

PrescribedBurning # Event label # 

2                 # Management area identifier# 

1                 # Rank algorithm (1=potential fire risk) # 

1                 # Entry decade # 

20                # Final decade # 

1                 # Reentry interval # 

0.1             # Proportion of management area to burn # 

1   # Min potential fire risk for management # 

#Fuel reduction intensity # 

# 0  1  2  3  4  5 #  # Fine fuel load before management #   

   0  0  0  0  1  1  # Fine fuel loads after management #   

# 0  1  2  3  4  5 #  # Coarse fuel load before management #  

   0  0  0  1  2  3  # Coarse fuel loads after management # 
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4. FMDSS Application 

The architecture chosen for the FMDSS has been designed to simplify the 

parameterization of the LANDIS model by offering user friendly graphical 

interfaces and easy access to all the data and functions.  In order to answer the 

research questions 1 and 2 stated in the second part, FMDSS provides a 

convenient way to create and simulate new treatment plans.   

To manage forests effectively, accurate and appropriate spatial data for 

LANDIS modeling information is needed.  The spatial data must be easily 

updated to match the management practice plans.  In order to answer the 

research question, the first step is to create a new management unit along the 

federal forest and private lands interface with the built-in functions that the 

FMDSS system provides.  Creating a new management area is a complicated 

spatial data processing step, which requires some GIS background and GIS 

software operation skills.  The current LANDIS does not offer this capability.  The 

FMDSS makes this step simple and easy: create a 250 meters inner buffer, and 

generate a new management area automatically based on this buffer area with 

FMDSS built-in functions (Figure 13). The result is shown in Figure 14.  

The user may define one or more treatment scenarios for the new 

management unit through the FMDSS dialog to specify the fuel management 

plans.  The FMDSS incorporates this dialog to allow the user to review and edit 

the specifications for the defined treatments (Figure 15a).  This dialog is the main 

interface for users to define the new fuel treatment prescription. The parameters 

are saved into a database ready for LANDIS simulation. The parameters for this  
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Figure 13:  The screenshot of FMDSS built-in functions for creating new 

management area based on a vector layer on the map. 
 
 

 

fuel treatment are: fuel management starts from year 10 and ends at year 20; the 

same acreage is treated for fuels as the current proposed management plan. In 

this case, 34% of the stands with the highest potential fire risks (class >= 1) will 

be selected each decade for management to match the existing plan. The level 

of fine fuels and coarse fuels is reduced in the selected stands. For example, fine 

fuel loads are reduced from class 1 (very low) to class 0 (none), from class 2 (low) 

to class 0 (none), from class 3 (medium) to class 0 (none),  
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Figure 14.  Study area with new management area for fuel management 

(The purple area is the new management area FMDSS created for new fuel 
treatments.) 
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Figure 15.  Comparison of fuel treatment parameterization process for a) 
FMDSS, and b) LANDIS 4.0 

 

 

from class 4 (high) to class 1 (very low), from class 5 (very high) to class 1 (very 

low) respectively.  Coarse fuel loads are reduced in a similar way.  If the same 

treatment defined in the LANDIS text format, it would be prepared as shown in 

Figure 15b. 

After the fuel treatments are parameterized for the LANDIS model, the 

new plan was run 20 times as well as the current proposed plan to capture the 

stochastic variations of the LANDIS model simulations. 

5. Result  

Fuel treatments are intended to reduce the fire risk of the treated area and 

mitigate fire intensity once fire occurs.  Since both of the plans are treating the 

 

                               a      b 
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same fuel loads in different management areas, the treatment location will affect 

the fire risk in federal forest and private lands.  

 

5.1. Fire Size 

The basic analysis of wildfire occurrence is wildfire size distribution. 

Catastrophic fires are usually large in size and have a greater risk of damaging 

the public and private facilities as well as the ecological environment and are 

much more resistant to control.  So the reduction of the wildfire size is an 

important indicator of the effectiveness of forest management.  In our case study, 

the maximum fire size for both public forest and private lands is reduced from the 

current proposed management plan and the average size of the largest fire in the 

20 replicates also decreases (Figure 16). Also the difference of large fires in the 

two plans is considered statistically significant through t test (P = 0.0174). 

 
Figure 16. The average fire size of the largest fire for 20 replicates in MTNF 
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Besides the maximum fire size, the new management plan also decreases 

the number of large fires in public forest (Table 6a) and increases the number 

somewhat in private lands (Table 6b).  Because the new management plan 

decreases the number of large fires, the variance of the fire size also drops 

accordingly (Figure 17).  However, an unpaired t test conducted on the two 

groups of fire sizes indicates that the difference in fire size is not statistically  

 
 

Table 6.  Average number of different fire Classes in a) Public Forest, and b) Private Lands 
 

(a) 
 

 Current Proposed Plan New Plan 

> 400 ha 0.05 0 

[40, 400) ha 2.75 2.25 

[4, 40) ha 32.55 35.7 

[0.1, 4) ha 189.4 134.3 

< 0.1 ha 71.8 68.5 

All 296.55 240.75 

 

 
(b) 

 
 Current Proposed Plan  New Plan 

> 400 ha 0.1 0 

[40, 400) ha 1.95 2.65 

[4, 40) ha 16.85 17.2 

[0.1, 4) ha 45 43.35 

< 0.1 ha 16.95 18.4 

All 80.85 81.6 
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Significant (P = 0.9626), because most of the fires (more than 90%) occurring in 

this area are moderate or small in size and they overwhelm the fire sizes in both 

management plans. 
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Figure 17.  Variance for fire size between the new and current management plans 
 
 

5.2. Burned Area 

Burned Area is another important index and descriptor for characterizing a 

fire regime, which measures how much of the whole area is burned (Li, 2004). 

For this case, the burned area has no significant differences between these two 

scenarios for both federal forest and private lands (Table 7).  

 
Table 7.  Total burned area under the two management plans 

 
 Current Proposed Plan  New Plan 

Public Forest (ha) 14804.55 14739.48 

Private Lands (ha) 15129.27 15919.29 
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6. Discussion 

Large-sized wildfires have the  potential to damage forest resources, the 

ecosystem, human property and lives.  In addition, the secondary effects of 

wildfires, including erosion, landslides, introduction of invasive species, and 

changes in water quality, can be more problematic than the fire itself.  Since the 

spread of wildfire ignores civil boundaries, it is necessary for private landowners, 

public forest agencies and research scientists to work together to better manage 

and mitigate the adverse impacts of wildfires.  The goals of fuel treatments are to 

decrease wildfire severity, reduce rate of spread, decrease fire intensity and 

flame length, and make control easier and less costly (Anderson and Brown 1988; 

Deeming 1990; van Wagtendonk 1996). 

Comparing the maximum fire size and the average size of the largest fire 

in the 20 replicates in the current proposed plan with the new plan created by 

FMDSS, the number of large fires is decreased as well as the size of the largest 

fires, which means that fire severity after the treatment in the new plan is less 

than the fuel treatment in the current plan.  From this aspect, the new 

management plan is more effective with fewer large-sized wildfires. 

The variance of the wildfire size (Figure 17) is a measure of its statistical 

dispersion, which statistically demonstrates the effectiveness of the new 

management plan.  The decreasing variance of wildfire size indicates that as the 

distribution of fire sizes becomes narrow, the decrease of large fires results in 

fewer hazards.  We can conclude that in the new management plan, wildfires are 
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controlled at a relatively smaller size so that they do not have enough fuels (or 

other conditions contributing fire expanding) to grow to large size. 

Although the large wildfires decrease in terms of number and size, the 

burned area in this landscape remains unchanged under the two management 

plans (Table 7).  Since the number of large-sized fire in the new plan is fewer 

than that in the current proposed plan, fires in moderate to small size are more 

abundant in the new plan.  Medium or small fires are beneficial for wildfire 

management because they reduce the fuel accumulation.  Excessive fuel build-

up has negative impacts on forest health and results in more intense fires when 

they eventually start to burn.  The reduction of fuel then decreases the possibility 

of catastrophic fires.  In this respect, the new management plan may be 

considered more successful than the current plan. 

The underlying mechanism of the altered fire behaviors under the new 

management plan lies with the different location selected for fuel treatment. 

Environmental factors favoring catastrophic fires include topography, climate, fuel 

loads and their connectivity.  In this research, the reason the large fires decrease 

in number and size stems from the new management area created with FMDSS 

which serves as a fuel break, separating wildfires from additional fuel and 

preventing them from advancing.  Figure 18 shows an example of this effect.  

Under the current fuel management plan, there is a large-sized fire near the 

interface area, however, with the new fuel management plan, the wildfire does 

not grow to a large size because of the lack of fuel near the interface area, and 

instead evolves into three small-sized fire patches.   
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Figure 18  An example of fire occurrence near the interface of public forest and private 
lands: (a) the current proposed management plan and (b) the new management plan with 
FMDSS fuel treatment. The red polygons are the fires simulated. The white area is private 

land and the shaded area is the MTNF. 
 

The forest in this study area is predominantly a mixture of four species:  

white oak, black oak, shortleaf pine and sugar maple (Shifley et al., 2000a). In 

the 20-year simulation runs of both management plans, no species combination 

changes are detected in patterns (Figure 19) or numbers (Table 8).  The reason 

for this limited ecological impact is the short term (20 year) simulations; changes 

may be discovered for longer simulation runs.  
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Figure 19.  The present of dominate species at the simulation Year 20 in MTNF: (a) Current 
proposed management plan and (b) New management plan 

 

 
 

Table 8. The number of cells dominated by each species in the simulation at year 20 
 

 White Oak Black Oak Shortleaf Pine Sugar Maple 

Current Plan 303224 296422 114825 53795 

New Plan 302207 295354 114550 53671 

 
 

The effectiveness of fuel treatments depends on the treatment intensity 

(how much fuel load is reduced), the proportion of the landscape treated, and 

frequency of treatment (Shang et al., 2004).  From this study, we can see that the 

treatment location also affects the effectiveness of fuel treatment then changes 

the impacts on fire behaviors.  Although the other variables are unchanged, 

location of the treatment produces different effects. 

                         a                                                               b 
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It is possible that the new plan presented in this case study is not optimal 

or practical; the main purpose is to demonstrate the impact of the varied spatial 

configurations of management area, made easily modeled with FMDSS.  Forest 

managers may do more simulation tests with FMDSS based on their knowledge 

and understanding of the characteristics of fuel distribution in this area to find the 

best solutions for the particular questions they are exploring.  

FMDSS incorporates new utilities and simplifies the application of the 

LANDIS model to forest management.  With the assistance of FMDSS, forest 

managers have the flexibility to create and define different management 

strategies in an interactive environment, and readily compare their simulation 

results until reaching an optimal solution.  As demonstrated by the simple case 

study presented here, the new spatial capabilities added by FMDSS allows 

construction of more complex models, leading to more effective solutions and 

management plans.  
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CHAPTER V: DEVELOPMENT DISCUSSION AND THE 

FUTURE DEVELOPMENT OF FMDSS 

 

 

 

 A major challenge in developing a forest management decision support 

system is the complexity of bringing together a variety of information (e.g., 

biophysical, topological and management practical variables) and evaluating this 

information at a specific geographic location (Ellis, 2005).  The main goal of this 

research is to present a universal approach for forest management planners by 

integrating the LANDIS model with ESRI ArcGIS into a single DSS.  The design 

of the decision support system emphasizes ease of use, enhancement of 

program stability, and freedom of parameter inputs by means of graphical 

interfaces, database technology and GIS spatial data processing capabilities.  

This architecture is generic and can be used in other domains in which managers 

have to deal with spatial data in the decision support process.   

  

1.  System Structure 

 The FMDSS is an embedded system instead of a stand-alone program. It 

exists in the format of Dynamic Link Libraries (DLLS) and cannot be executed 

without the support of the ESRI ArcMap software platform, which is required to 

provide the functional GIS libraries.  Loading FMDSS is through ArcMap 
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customization and can not be executed without the ArcMap environment.  

Compared with a stand-alone program, the development of this of application is 

much quicker: it reduces the workload and shortens the development life cycle 

greatly.  Because all the mapping functions (map navigation, symbology, etc.) 

and most of the GIS spatial analysis functions (geoprocessing, spatial selection) 

are implemented already in ArcMap, it is not necessary to develop them from 

scratch.  

 From the users’ view, this structure is not as good as the stand-alone 

approach.  The stand-alone application for this case should be using ArcGIS 

Engine Developer Kit.  The execution of this kind of application needs ArcGIS 

Engine Runtime, which costs much less than ArcInfo licenses. Also the stand-

alone application is easier to deploy and setup than the ArcMap customization.  

 

2. GIS Component 

 Within the DSS field there is increasing interest in the use of GIS 

technology to provide decision support.  FMDSS has done this by introducing 

GIS functionalities into the decision making procedures.  The method we adopted 

fully utilizes the GIS functions provided by ArcMap or ArcObjects package.   

 Microsoft COM is a mature technology, offers good performance and is 

supported by most of today’s development tools.  The COM-based development 

method brings not only much flexibility but excellent capabilities to expand the 

system.  FMDSS has an open architecture that allows additional components to 

be added to the system without extensive revision of the current FMDSS code.  
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Therefore, FMDSS can be easily and fully upgraded with new functionalities 

without changing the existing functional modules. 

 

3. Database Component 

 Another important model in the FMDSS is the database component. 

Database tables as a repository for LANDIS parameters are the information 

exchange media between different modules.  The advantage of introducing 

database management system can be summarized in two aspects: 

1)  The rule of database fields can regulate the data validity: only the data 

matching the rules we set can be saved into the database, e.g., the age of 

species should be an integer and its value is larger than 0.  

2) Centralized data are easy to manage and more available to the distributed 

population of users.  

 FMDSS does not take full advantage of database management system 

because at this phase, database is only an interim media for the LANDIS 

parameters: all the data are loaded into the database before any edits and the 

data are required to export to plain text file for LANDIS simulation.  Later, when 

the LANDIS program can read data directly from database system, the FMDSS 

would fully integrate the database technology. 

 

4. LANDIS Model Improvement 

 FMDSS expands the spatial information processing capabilities of LANDIS.  

The current LANDIS program can not process *.gis files and the data need to be 
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processed with other external GIS applications, limiting the forest manager’s 

flexibility to delineate new management areas.  At the current stage, FMDSS can 

create new management areas based on graphics the user draws on the map 

and any features in other layers.  More GIS functions may be added to FMDSS 

according to the user’s further requirements. 

In the domain of forest management decision support, the FMDSS allows 

a user to gather, store and update the different kinds of data for decision making, 

from forest species attributes to spatial information, from descriptive data to 

management definitions.  This approach automates repetitive tasks, giving more 

time and energy to the decision makers for management plans instead of the 

complicated model parameters.  The FMDSS system eases the procedure of 

viewing and editing parameters: All the parameters are displayed in the well-

labeled or explicitly-hinted Windows-style dialogs.  The built-in error-checking 

functions examine the data validity and reject any invalid or illogical inputs to 

reduce error possibilities, which make the application more reliable and robust.  

The case study in Chapter 4 demonstrates the possibility of integrating an 

ecological model into ESRI ArcGIS, providing a professional mapping and 

analysis environment for the simulation results.  

 FMDSS expands LANDIS’ flexibility for creating new specific management 

units and defining more realistic management plans according to the decision 

maker’s study area.  FMDSS also provides a new convenient toolset to view the 

simulation results with predefined color schemes in the time sequence.  The 

main results of this research can be summarized into two classes: one is 
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improvements in the data preparation and editing environment for LANDIS 

parameters, and the other is allowing new fuel or harvest treatment creation 

capabilities by supporting spatial data processing functionalities.   

 

5. Future Development 

A fully integrated decision support system for forest management is too 

large and complex to be achieved in a single development cycle (Reynolds, 

2005).  For the current version of FMDSS, there are at least three places that 

need to be improved: 

 

1. FMDSS is not a dynamic decision support system. In fact, very little 

empirical research has been undertaken to appreciate the dynamics of the 

decision making process (Jankowski and Nyergers, 2001).  Now the 

FMDSS can only provide the user the capability to control the spatial 

domain, i.e., the geographical location that the management practice will be 

taken.  During the long time simulation run, the specific site of the 

prescription is fixed and can not be altered.  That is obviously not true in the 

real world.  How to add a flexible temporal factor into the decision making 

process so that the user may check the previous simulation results and 

change the management plans if applicable during the simulation needs 

more research. 
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2. LANDIS and GIS are not fully integrated.  Malczewski (2006) classified 

the spatial decision support systems into four categories according to the 

extent of integration: 1) no integration, 2) loose coupling, 3) tight coupling, 

and 4) full integration (Goodchild et al, 1992, Nyerges 1992, Jankowski 

1995, Malczewski 1999, Jun 2000).  In FMDSS, LANDIS and GIS are 

relatively independent components, i.e., loosely coupled although they 

share the same user interface and exchange files.  This architecture will 

reduce efficiency and stability of the program. 

 

3. FMDSS adds no further analysis tool for simulation results. It only 

provides a map browser and some simple analysis tools those are available 

in ArcMap.  For complex statistical tasks, the user needs to use other GIS 

utilities or statistical packages.  This is still a challenge for non-technical 

decision makers.  In future development, the analysis functionalities should 

be developed and integrated into FMDSS, so that the simulation results can 

be easily and automatically analyzed by the decision makers. 

 

With the continued expansion of the FMDSS, more and more new GIS 

functions should be added, allowing additional decision making factors that could 

be considered in the decision making process.  If this occurs, FMDSS will evolve 

from its beginning as a simple enhanced LANDIS graphical interface to a very 

flexible decision support system. 
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APPENDIX 
 
 

 
Forestry Management Decision Support System (FMDSS) 

User’s Guide 
 
 

 
1 Introduction 
This User’s Guide has been written to aid users in the implementation of forestry 
management decision support system (FMDSS) with the LANDIS 4.0 model. It is 
intended as a manual with full explanations of each function as well as advice, 
tips and guidelines when using FMDSS. Readers interested in additional details 
are referred to other documents and LANDIS 4.0 user’s guide, which is available 
from the official LANDIS website 
(http://www.snr.missouri.edu/LANDIS/landis.html). 
 
1.1 What is FMDSS? 
 
FMDSS (Forestry Management Decision Support System) is derived from the 
LANDIS 4.0 model, which is a spatially explicit model of forest landscape 
disturbance, management and succession. It is an effort to import the pre-
parameterized LANDIS files into the system, display the parameters in the 
intuitive dialogs and provide a direct editing environment with strong error proof 
capabilities. Also, FMDSS is incorporated into ArcMap platform, which offers the 
extensive mapping and powerful GIS spatial analysis functionality. FMDSS also 
includes a toolset know as FMDSS Viewer, which eases the arrangement and 
display the output simulation results. FMDSS also can be called Enhanced 
Version of LANDIS 4.0. The system was designed from 2005 and completely 
finished in 2006 with Visual Basic 6 and ESRI ArcObjects libraries. 
 
1.2 Why FMDSS? 
 
Landscape-scale models are of increasing interest in forest management, but 
most available models require complicated input parameters and numerous data 
sources.  This limits forest managers’ willingness to use them, and therefore 
reduces the application of research designed to ensure more scientific 
environmental planning. The lack of feedback from managers then also hinders 
the further development of successful and useful landscape models. The 
development of FMDSS will bridge the gap between research and application. As 
the result, FMDSS will eventually eliminate the most time consuming parameter 
edit work in the simulation process when using the LANDIS model and furnish 

http://www.snr.missouri.edu/LANDIS/landis.html)
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some interactive tools allowing users to define their own prescriptions, as 
provides the capability to create more realistic scenarios.   
 
 
1.3 Who should read this guide? 
 
This user’s guide is intended for the researchers or forest managers who already 
have the background and work experience on LANDIS model and LANDIS 4.0 
program. It presents an overview of the FMDSS functionalities and the detailed 
descriptions of the usages that you can perform with FMDSS. For others who 
want to get familiar with the simulation of the forest landscape succession, 
disturbance and management with LANDIS model should refer to the LANDIS 
4.0 User’s Guide first before getting into this guide. 
 
1.4 What is the FMDSS input? 
 
As stated before, FMDSS is an enhanced version of LANDIS 4.0, so it doesn’t 
have its own input file format. It takes in any valid LANDIS 4.0 parameter files 
and the missing of any associated parameters or files will cause an unexpected 
error. Once the parameter files loaded successfully, the parameters will be 
shown in dialog formatted windows, which allows users to easily access the 
desired information.  
 
1.5 How this User’s Guide is organized 
 
The main content is this User’s Guide is to explain the usage of each function 
provided in the two FMDSS toolbars and address some important issues, e.g., 
tips or warnings. To better understand the functionality, it is highly recommended 
that the LANDIS 4.0 User’s Guide be read first, which can be found at the 
LANDIS website. We hope that all the capabilities are covered in this document; 
if you have any questions or suggestions please contact Dr. He at 
HeH@missouri.edu.  
 
 
 
 
 
 
 
 
 
 
 

mailto:HeH@missouri.edu
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2 Getting Started with FMDSS 
 
2.1 Installation 
 
The FMDSS is developed with Visual Basic 6 and ArcObjects, so it can only be 
used in the Windows operation system and the ESRI ArcMap is also necessary 
to be installed providing the GIS functional libraries. The FMDSS is distributed 
with the LANDIS 4.0 program. After the installation, the system will install two 
FMDSS Dynamic Link Libraries (DLLs) as well as some auxiliary files into the 
designated folder.  
 
FMDSS file list: 

1. LANDISTOOL.DLL: FMDSS parameter input and interactive 
tools  

2. LANDISVIEW.DLL: FMDSS simulation result display tools 
3. DB.RES: Database template 
4. COLOR.TXT: Color scheme to display the output maps 

 
2.2 How to run FMDSS 
 
The FMDSS is not a standalone program, i.e., it can not be run alone without the 
support of other software. In our case, FMDSS contains two embedded toolbars 
which are used in ESRI ArcMap.  
 
Upon accomplishment of installation, load the FMDSS toolbars according to the 
following steps: 
 

1. Launch ArcMap 
2. Right-click on the ArcMap toolbar and scroll down to Customize … (or 

choose the Customize … option under the Tools menu). 
3. Select the Toolbars tab on the Customize … window.  
4. Click Add from file … button. Navigate to the “LandisTool.dll” file in 

your installation folder (the default location is “C:\program files\LANDIS 
4.0\”). Select the file and click Open to add the FMDSS Tools to your 
available toolbars. Click OK.  

5. In the scrollable list on the left side of Customize … window, highlight 
and check FMDSS Tools.  

6. Click Close to exit the Customize … window. The FMDSS Tools 
toolbar is shown in the ArcMap.  

7. Repeat the same procedure to load “FMDSS Viewer” toolbar.  
 

The following pictures are what they look if successfully loaded. (Some buttons 
maybe are gray/disabled in your case.) 
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     Figure 1. FMDSS Tools  
 

 
 

Figure 2. FMDSS Viewer 
 
You are now ready to use the FMDSS tools! 
 
2.3 Removing the FMDSS toolbars 
 
To remove the FMDSS toolbars from your ArcMap environment, open the 
Customize … window and uncheck the FMDSS tools and FMDSS viewer. 
 
 
3 Contents of FMDSS 
 
As stated in the first chapter, the FMDSS program composes two parts: 1. 
FMDSS tools, which provides the functionality of importing valid LANDIS 4.0 
parameter file, displaying various parameters in windows-style dialogs and 
furnish other enhanced spatial analysis capabilities to delineate specific fuel and 
harvest treatments. 2. FMDSS viewer, which provides some convenient menus 
and buttons to view the simulation results with predefined color schema in the 
time sequence. 
 
3.1 Summary of FMDSS functions 
 
The routines of FMDSS Tools toolbar are categorized into four groups: 
 

• Project management routine, includes three buttons: New Project 
to create a new LANDIS 4.0 parameter files, Open Project to open 
an existing LANDIS 4.0 parameter files and Save Project to export 
the current opening project into text format files and get ready to 
execute the simulation. 

• Parameter management routine includes one button: Open 
LANDIS parameters to open the imported LANDIS project file. The 
button is disabled when there is no opening project file; once some 
project is imported into the FMDSS, the button is enabled.  

• Fuel/Harvest Definition routine includes two groups of buttons. One 
group is to delineate the management area contains three buttons:  
create/select management areas by an interactive graphic tool and 
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set geographic layer as the management areas. The other group, 
containing two buttons: one for fuel treatment and one for harvest 
treatment are to define the treatment methods for the new created 
management areas. 

• Simulation execution routine contains only one button to call the 
LANDIS 4.0 program to simulate the imported or saved projects.  

 
The routines of FMDSS Viewer toolbar can be categorized into two groups: 
projects routine and map browse routine. 
 

• The projects routine contains one button to open a valid LANDIS 
4.0 parameter file and several menus as well as their submenus to 
add the related simulation output maps to the ArcMap data window.  

• The map browse routine includes three buttons to help the user to 
navigate the desired output maps by three means: to next step, to 
forward step and to specified step. 

 
3.2 Specifications of FMDSS Tools GUI (Graphical User Interface) 
 
The following of this chapter describes how to use the graphical user interface 
offers by FMDSS. The system provides the user a variety of methods for creating, 
importing, editing and running LANDIS 4.0 scenarios in conjunction with the 
LANDIS 4.0 program. The main controls of the application are available as 
toolbar format. The toolbars consists of graphical representations (icons) and 
drop-down menus. 
 
Note: For better understanding the meaning of the parameters shown in the 
dialogs, please refer to the LANDIS 4.0 User’s Guide.  
 
3.2.1 Create a project (New project)  
 
This command will pop up a New Project Wizard letting the user to create a new 
LANDIS 4.0 project file based on the existing species, land type, land type map 
etc configuration files. Any invalid input (non-existing file or improper number) is 
not acceptable and the wizard can not go to the next step until the input is 
corrected.  
 
Note: Put the mouse on the input textbox or the browser button and hover for a 
few seconds, the tip will show the function of the current control. The user can 
quit the creation process by click Cancel at any time. 
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Figure 3. New Project Wizard 1 
 
Figure 3 is an instance of the first step of the wizard. Upon the completeness of 
the mandatory parameters, click “Next” to enter the 2nd step (Shown as Figure 4). 
This dialog lets the user to define the optional LANDIS 4.0 modules: Wind, Fire, 
BDA, Fuel, and Harvest. The modules can be left blank as default “N/A” or can 
be setup by Browser the file …. The user may modify his/her configuration 
before the project file is saved into the hard disk.  
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Figure 4. New Project Wizard 2 
 

 
3.2.2 Open an existing project  
 
This command provides the function to let user to import an existing LANDIS 4.0 
parameterized project file. Once the file is loaded successfully, the Open table 
button will be valid and the user may open the parameter dialog to view and edit 
the parameters through the graphical interfaces.  
 
Note: It is a process to import the parameters into a predefined-structure MS 
Access database. Also the related maps will also be added into ArcMap. If the 
management area map is loaded, its transparency will be set 30% to show the 
stand map under it.  
 
3.2.3 Save project  
 
This button lets the user to export the current opening project. All the associated 
files will be rewritten.  
 
Note: By far the LANDIS 4.0 program can only intake text format files as the input. 
So in fact, saving the project is a process exporting all the data in the MS Access 
to text files. All the editing does not takes effect until this command is 
executed. 
 
3.2.4 Open parameters  
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If the project file is imported successfully, this tool is ready to use to open and 
edit the parameters. Figure 5 is an example of the parameter editor window of a 
project. The title of the dialog shows the current name and path of the project. 
 

 
 

Figure 5. Parameter Editor Window 
 

Note: All the editing is saved in the MS Access database temporarily, which 
means, it will not take effect until the data is saved/exported. Please refer to 3.2.3 
Save project. 
 
From this main project editor window, the user can open other associated 
parameter windows, such as species, land type, map attribute, map index, age 
index and other optional modules. The following part will describe these editor 
windows. 
 

• Species Editor (Figure 6): This dialog provides the user the 
functionalities to edit the species attribute. The species can be 
selected from the drop down menu. 
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Figure 6. Species Attribute Editor 
 

• Land type Editor (Figure 7): This dialog is supposed to provide an 
environment to edit the land type attribute. From the drop down list, 
the user may pick up the land type he/she is interested in and show 
its properties. Select the species name in the species list box, the 
corresponding coefficient value is also highlighted. To change the 
value, double click the species name, the system will pop up a 
dialog asking the user to input a new valid number to update the 
selected coefficient.  
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Figure 7. Land Type Attribute Editor 
 

• Map Attribute Editor (Figure 8): This editor window lets the user to 
view and edit the map attributes: select the class to be edited from 
the drop down list, then highlight the species and in the right panel 
the presented age cohorts will be checked. The user can edit the 
age spans and propagation flag.  
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Figure 8. Map Attribute Editor  
 

• Map Index Editor (Figure 9): The user can display and edit the 
reclassification information of the output maps in this dialog. Select 
the Map Index from the drop down list and the cover type; change 
the positive or negative species for the corresponding cover type.  
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Figure 9. Map Index Editor 
 

• Age Index Editor (Figure 10): This dialog offers the functionality to 
edit, add, remove and rename the map output phrases for each 
simulation iteration. Age index traces the dynamic of one or more 
species through the simulation run. All the available age indices 
name will be shown in the left list box when the editor window is 
loaded, select the age index you are interested in, the 
corresponding species will be highlighted in the right list box. You 
can also select the species to check its corresponding age index. If 
you select one species which has no age index match, the system 
will ask you whether you need to create an age index for that 
species. If you click “Yes”, the Add new age index will be active 
and the selected species and other available will be added into 
Species name combo box, name your new age index and click 
Insert, the age index list box will be updated and the new index will 
be added. Also you can Rename and Delete any age index shown 
in the age index list. 
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Figure 10. Age Index Editor 
 
 

• Wind Module Parameter Editor (Figure 11): This dialog enables the 
user to view and edit the wind module parameters. It is only valid 
when the wind module is turned on. 
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Figure 11. Wind Module Parameter Editor 
 

• Fire Module Parameter Editor (Figure 12): This dialog lets the user 
to view and edit the parameters in the fire module. It is valid only 
when the fire module is turned on. From this dialog, the user can 
open the Fire Regime Attribute Editor (Figure 13) to edit the values 
inside. 
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Figure 12. Fire Module Parameter Editor 
 



  89 

 
 

Figure 13. Fire Regime Attribute Editor 
 

• BDA Module Parameter Editor (Figure 14): The use may edit the 
BDA parameters in this dialog. It is valid only when the BDA 
module is turned on. 
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Figure 14. BDA Module Parameter Editor 
 

• Fuel Module Parameter Editor (Figure 15): The user may view the 
fuel module parameters through this window and the edit function is 
not provided. It is a bridge between the project file to the detailed 
fuel definitions. So from this window, the user can open other 
associated fuel dialogs, such as fuel module input parameters 
editor, fuel rules parameters editor, fire regime attribute editor and 
fuel management parameters editor, to edit fuel-related parameters. 
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Figure 15. Fuel Module Parameter Editor 
 

• Harvest Module Parameter Editor (Figure 16): This window enables 
the user to edit the parameters of the initial harvest module 
definition. It is valid only when the harvest module is turned on. 
From this dialog, the user may open the harvest event definition 
dialog (Figure 17) to modify, add and delete harvest events. Here 
the Build Removal Mask function is elaborated. This button lets 
the user to define the removal mask for the harvest events. Click 
the button, the system will pop up the editor window, like Figure 18. 
The first level nodes of the tree represent all the species in this 
project. Double click the species node and expand to the second 
level: the number of the nodes shows the longevity of the species 
and each node denotes 10 years age span. Check the age cohorts 
if you want to remove them in your harvest events. The first level 
check box is the indicator of planting, check it if the species is 
planted. This dialog gives the user unlimited flexibility in tailoring 
the masks to the treatments to be simulated.  
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Figure 16 Harvest Module Parameter Editor 
 

 
Figure 17 Harvest Events Editor 
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Figure 18. Removal Mask Generator 
 

3.2.5 Draw polygons (New Polygon)  
 
This command is created for providing the user with the interactive functionality 
to define his/her own fuel or harvest treatments. With this tool, the user is 
furnished the unlimited capabilities to create more realistic scenarios according to 
the forest management situation. It also enhances the LANDIS 4.0 model with 
effective spatial analysis function. When the tool is activated, the mouse cursor is 
shown like , and then the user may define the management area in the map 
window. Double click to end the drawing of your current polygon. 
 
Note: Because the operation is conducted on the Management Area map, which 
is a raster layer, the tool will not be enabled unless some raster layer is added 
into the ArcMap window.  
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3.2.6 Select polygons  
 
Once the user creates one or more polygons on the map, he/she can activate 
this tool to select the polygon(s) where the new management area is supposed to 
be generated. Holding the Shift Key if you want to select more than one polygon 
at the same time. 
 
Note: This tool is not ready to use until one or more polygons created by the New 
Polygon tool. 
 
3.2.7 Layer tool (Select a masking layer)  
 
This tool expands the capabilities of defining new management area. Rather than 
creating management area by an interactive graphic tool, it enables the user to 
create new area based on any valid feature classes (Vector Data, either in shape 
or coverage file format). It is a useful tool when new management area should be 
created according to some criteria. For example, the use may want to fuel the 
forest within 1000 ft of some residential area. He may create this new 
management area by the following steps: 
 

1. Create the buffer zone based on the residential area and the buffer 
width 

2. Export the buffer zone to a shape file 
3. Bring the shape file back into ArcMap as the masking layer 
4. Activate the Layer Selection Dialog to select this layer 
5. Use New Harvest Definition Tool to define the treatment, which will 

be covered in the next paragraph.  
 

3.2.8 Fuel definition tool    
 
The system is required to meet both of the following conditions to define the new 
fuel treatment: 
 

1. The fuel module is turned on 
2. Either the user has created and selected the new management or chose 

the masking layer 
 

Click the  button to pop up the fuel treatment definition dialog (Figure 19) and 
input the parameters to setup the new fuel treatment. The management area ID 
is generated automatically by the system, which is the maximum management 
area ID before processing plus 1. That process to ensure the new management 
ID is unique.  
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Figure 19. Fuel Treatment Definition Dialog 
 

3.2.9 Harvest definition tool  
 
The usage of this tool is similar with the Fuel definition tool: it is used to define 
new harvest event. In the same way, the system is also need to meet two 
conditions before the user can use that tool: 
 

1. The harvest module is turned on. 
2. Either the user has created and selected the new management or chose 

the masking layer 
 

Click the  icon on the toolbar to pop up the harvest event treatment definition 
dialog (Figure 20) and select the appropriate harvest regime tab then input the 
right parameters in the corresponding fields. Also management area ID is 
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generated automatically by the system, which is the maximum management area 
ID before processing plus 1. 
 

 
 

Figure 20. Harvest Event Definition Dialog 
 

3.2.10 LANDIS simulation  
 
After the importation and (or) revision of the LANDIS parameter files, the user 
may use this button to simulate the forest succession, disturbance and 
management by running the LANDIS 4.0 program. This command provides a 
graphical user interface (Figure 21) to call the LANDIS. The options 
correspond to the arguments used through Windows DOS prompt. 
 

• No Argument -> LANDIS  <input parameter file> 
• The years environmental change interpreted -> LANDIS –e <input 

parameter file> 
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• Help menu -> LANDIS –h <input parameter file> 
• Input file help -> LANDIS –p <input parameter file> 

 

 
 

Figure 21 LANDIS Simulation Window 
 

3.3 Specifications of FMDSS Viewer GUI (Graphical User Interface) 
 
This following part of user’s guide will cover the second toolbar of FMDSS: 
FMDSS Viewer, which is a toolset designed to view the LANDIS simulation 
output maps. It is composed by a series of menu and several navigation buttons 
and can be categorized into three groups: 
 

• Project routine, includes one Open project button to load the output 
maps’ name list into FMDSS; 

• Map routine, contains three menus and their submenus, which are 
dynamic according to the project imported. It is also the interface from 
where the user may add the output maps into ArcMap window; 

• Navigation routine consists of three buttons to control the navigation of the 
maps in the time sequence. The user may browse the previous step map, 
the next step map and any valid step map by using the corresponding 
buttons. 

 
3.3.1 Open Project  
 
Before the user can browse the simulation result, he/she needs to load the 
LANDIS 4.0 main parameter file into the FMDSS with this tool. Click the icon and 
select the parameter file in your hard drive.  
 
Note: Be sure the selected parameter file is already run by LANDIS program, i.e., 
the simulation results do exist before you can view them. 
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3.3.2 Map Menus  
 
Map menus contain three drop-down menus: Species, Age and disturbance. All 
the menus are dynamically link with the main parameter file the user imports 
(Figure 22). The system scans the file and loads the output map items under the 
corresponding menus. Species and Age menus always contain items while the 
content of the Disturbance menu depends on whether any of Wind, Fire, Fuel, 
BDA or Harvest modules is turned on.  
 
Note: The harvest output is also integrated into Disturbance menu for the easy 
managing purpose. 
 

 
 

Figure 22 an Example of FMDSS View Menu 
 

After the main parameter file is imported successfully, the user may choose any 
output map from the menus and load it into ArcMap. The loaded map is always 
the first iteration simulation result, such as bo0.gis, age0.gis or ywo0.gis. The 
maps are displayed in the predefined color schema. The same species or age 
cohorts will be represented by the same color in the ArcMap.  

 
Note: The color schema is stored in Colors.txt file, which is usually located in the 
LANDIS 4.0 installation folder. Experienced users may customize the color 
schema according to their demands. There are 256 lines color configuration in 
RGB format in this file representing the raster value from 0 – 255. For the same 
line, the first number is the Red value, the 2nd number is the Green value and the 
3rd number is the Blue value. The three numbers are separated by comma “,”.  
For example, if you want to change the color for the raster value 6, locate the 7th 
line of the file and change the values into your own RGB combination.  

 

3.3.3 Navigation Buttons  
 

These three buttons provide users an easy and effective way to browse the 
simulation result. The user may load maps in a continuous way by using the Next 



  99 

Step icon  or the Previous Step icon  or in a discrete way by using 
Specify a Step  to jump to a specified year directly.  
 
Note: For using the Next Step and Previous Step icons, a valid output map is 
required to be selected in the layer list in ArcMap Table of Content. Because the 
FMDSS needs to judge which step the navigation is based on, i.e., FMDSS 
needs to know the current step map before it loads next or previous step map 
into ArcMap.  

 
 

This User’s Guide is supposed to cover every aspect of FMDSS operation. If you 
have any opinion or suggestion, please contact Dr. Hong S. Hong at 
HeH@missouri.edu. We highly appreciate your concern with LANDIS 4.0 and 
FMDSS! 
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