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ABSTRACT 
 

Strategic management of wildlands for fire is increasingly a mix of traditional fire 

science, climatology and human perceptions.  Not only must managers be expert at 

modeling fuels and fire behavior, they must also understand human behavior, and the 

effects of climate on landscapes.  We hypothiszed that areas in national forests differ 

spatially in their importance to stakeholders, including both the public and land 

managers.  That this difference is based upon the inclusion of factors not typically found 

in wildland fire models.  To test this hypothesis we used a multidimensional approach to 

assess the spatial variability several factors including recreation, property values and fuel 

moisture.  This approach combined a geographic information system with the analytic 

hierarchy process to predict and test the current distribution of areas in national forests 

important to stakeholders. 

Inclusion of stakeholders appears to improve the validity and useability of a 

spatial decision support system.  Comparing the model created in this dissertation with 

several others demonstrates that it is important to strike the right balance between 

stakeholders and technical experts when designing and creating a model.  It is always 

beneficial, however, to a significant level of stakeholder involvement. 

Areas important for fire mitigation efforts depended on the stakeholder or 

audience rating the model.  Raters from the U.S. Forest Service tended to favor areas with 

high fire probability scores, while those from the Park Service prefered recreation areas 

and places people value.  In both cases, locations people had easy access to, such as along 

roads and trails were favored. 
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These results confirmed the hypothesis that areas of importance are different 

based on the individual rating the model.  Further testing and refinement of the model 

includes expanding the study area beyond the southwestern United States as wells as 

obtaining better sources of data with finer spatial resolutions. 
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CHAPTER 1 INTRODUCTION 
 
 
Explanation of the Problem 
 
Widespread and severe wildfires in recent years in the western United States have 

resulted in large financial and environmental costs.  They have consumed increasing 

areas of western U.S. forests and fire-fighting expenditures by federal land-management 

agencies now regularly exceed $1 billion per year (Whitlock 2004).  Hundreds of homes 

and burned annually by wildfires, and damages to natural resources are sometimes 

extreme and irreversible.  Media reports of recent, very large wildfires (>250,000 acres) 

burning in western forests have garnered widespread public attention, and a recurrent 

perception of crisis has galvanized legislative and administrative agencies for action 

(Covington 2000; Allen, Savage et al. 2002; Whitlock 2004).  These events have 

prompted the creation of numerous local fire mitigation plans as well as the federal 

Healthy Forests Restoration Act (HFRA) of 2003 (Center 2002; 1904 2003).  Many 

proposals for forest management, including HFRA, are based on the premise that the root 

cause of recent catastrophic fires is the long-standing policy of fire exclusion.  It is 

believed that fire exclusion has resulted in fuels buildup:  an increase in dense stands, 

ladder fuels, understory vegetation, and dead and down wood in western forests.  For 

example, the HFRA Web page states that and “estimated 190 million acres of Federal 

forests and rangelands in the United States, an area almost twice the size of California, 

continue to face an elevated risk of catastrophic fire due to unnatural, densely packed 

forest conditions (1904 2003).” 
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The term “unnatural” is used to describe vegetation that is outside of its historical 

range of variation (HRV), defined as the “ecological conditions and spatial/temporal 

variation in these conditions, unaffected by people, within a period of time and 

geographical area appropriate to an expressed goal” (Landres, Morgan et al. 1999).  

According to the HFRA, areas where the current fire regime and forest conditions 

represent a departure from historic conditions should be given priority for fuel treatment, 

as these are assumed to have the highest potential for catastrophic fire (1904 2003).  

Determining management priority areas in preparation for wildfires and how these 

decisions are made is one recurring theme of this dissertation. 

Decision-making often requires preferential selection among a finite set of 

alternative objects, events, or courses of action.  For a land manager, the list of alternative 

priorities might contain projected timber harvest levels, inventory and monitoring 

activities, watershed analysis, or fire management.  An often-neglected set of alternatives 

includes human variables such as recreation and property values.  In the best situations, 

there would be a measurement scale that could be used for comparison of these disparate 

variables and the best choice among the available alternatives would be based on that 

scale.  At present, however, there is not a single, simple scale for measuring all 

competing alternatives.  More often, there are several scales that must be used and often 

these scales are related to one another in complex ways.  Further complicating the issue 

for broad-scale participatory decision-making, alternative courses of action will arise 

from different stakeholders with different value systems.  Integrating this diversity of 
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values where public participation is meaningful to the modeling process can be very 

difficult and is another theme of this dissertation. 

The coupling of participation of the public in modeling process can be beneficial 

to the usability and power of the model and is therefore often mandated by funding 

agencies.  One method of facilitating this type of partnership is a: Public Participation 

Geographic Information Systems (PPGIS). PPGIS was born, as a term, in 1996 at the 

meetings of the National Center for Geographic Information and Analysis (NCGIA) 

(Sieber 2006).  These meetings reported on a growing affinity of GIS practitioners with 

developing applications that “empower less privileged groups in society” (Analysis 

1996), and attendees declared that the next generation of GIS should be more inclusive to 

nonofficial voices (Obermeyer 1998).  The resulting definition of PPGIS focused 

normatively and ontologically on supply-driven and pragmatic approaches to engage the 

public in applications of GIS with the goals of improving the transparency of and 

influencing government policy (Schroeder 1996).  The idea behind PPGIS is 

empowerment and inclusion of marginalized populations, who have little voice in the 

public arena, through geographic technology education and participation.  PPGIS is 

meant to bring the academic practices of GIS and mapping to the local level in order to 

promote knowledge production.  These principles were kept in mind when developing the 

wildfire model described in this dissertation. 

Wildfires on public lands are a real and increasing threat for both the public and 

land managers in the western United States.  They threaten not only forests, but also 

societal resources such as recreation areas and personal property.  Few methods include 
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societal resources in the model and use public input to inform land managers with a clear 

delineation of current and potential areas in need of wildfire mitigation.  Thus, the ability 

of land managers to protect important forest resources is compromised. 

Approach 

In this dissertation I undertake the assessment of determining management priorities for 

wildfire prone areas using a combination of physical and human factors.  The aim of the 

study is test the hypothesis that inclusion of human factors and local participation into 

determining areas for mitigation efforts in wildfire management produces more complete 

and robust results.  Locations where there is a high degree of human-wildland interaction 

will benefit from the inclusion of human factors.  This study focuses on four National 

Forests in the southwestern United States and includes human factors suggested by local 

stakeholders. 

Organization of the Dissertation 

The research presented in this dissertation is organized in three related studies 

demonstrating the breadth of the modeling process used to answer the working 

hypothesis.  The objectives, methods and main findings of each study are summarized in 

Chapter 2 (Present Study).  Individual studies were prepared in the form of publishable 

papers and are included as appendices in this dissertation.  Each paper will be submitted 

to a peer reviewed journal to be considered for publication.  The format of each paper 

varies to fit their intended purpose and journal.  Both Drs. Steve Yool and Gary 

Christopherson supported the design of the research framework and provided extensive 

assistance in reviewing and revising drafts of this dissertation. 
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Appendix A, is titled, “Differentiating Models of Public Participation Spatial 

Decision Support Systems (PPSDSS) – A Conceptual Framework for PPSDSS”.  In this 

study I develop a conceptual framework for community organizations to form 

partnerships in developing and utilizing a PPSDSS. 

Appendix B, is titled, “Using the Analytic Hierarchy Process to Create a Wildland 

fire Model”.  In this study, co-authored with Dr. Gary Christopherson, we used the 

analytic hierarchy process to integrate physical and human factors of wildland fire 

management into a single model. 

Appendix C, is titled, “The Use of GIS to Spatially Determine Recreation 

Preference in National Forests”.  This study uses data collected by the U.S. Forest 

Service on recreation uses on a forest-by-forest basis to determine areas in the forest 

where recreation is of critical importance. 
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Chapter 2.  Present Study 

The methods, results, and conclusions of this dissertation are distributed in the 

appended papers.  The three studies integrated as a whole explored the relationship 

between human factors and public participation in developing a wildfire model for 

southwestern U.S. forests.  Including human factors, such as recreation and property 

values might benefit the quality of traditional wildfire models that focus on physical 

drivers.  This knowledge is expected to inform the public land managers and the general 

public in the better design of management practices for mitigating both the extent and 

severity of wildfires in the southwestern United States.  The scope of the individual 

studies compromising this dissertation is described briefly as follows. 

Appendix A – ““Differentiating Models of Public Participation Spatial Decision Support 

Systems (PPSDSS) – A Conceptual Framework for PPSDSS” 

Public participation in local decision making has been advanced and practiced in 

democratic societies for a long time, albeit with mixed results.  In the United States a 

popular venue for public participation has been town meetings.  Meetings are where two 

or more people come together for the purpose of discussing a predetermined topic, often 

in a formalized setting.  Meetings, by far the most popular form of intellectual group 

activity, suffer from many inherent problems, including over-emphasis on social-

emotional rather than task activities, failure to define a problem before rushing to 

judgment, and the feeling of disconnection/alienation from the meeting (Nunamaker, 

Valacich et al. 1993).  Public town/meetings share these characteristics and yet there is a 

growing trend towards increasing public involvement in decision making.  Public 
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participation in solving local problems has its roots in the increasing influence of local 

initiatives, the diminishing role of central government, ever more complex public policy, 

and the growing public awareness of local issues affecting quality of life in general.  

There is also a strong theoretical rationale for public participation in decision making as 

the most important group behavior (Poole and Roth 1989; Zey 1992).  Research into 

developing methods of more effective public participation in decision making thus 

appears to be an important direction of inquiry and one which addresses a relevant issue 

in a democratic society.  This is also true in spatial decision making, where the variables 

and often times the decision itself include spatial components.  This paper seeks to follow 

this line of research by developing a conceptual framework for how community 

organizations form partnerships in developing and utilizing computer-based Public 

Participation Spatial Decision Support System (PPSDSS). 

The framework outlines five different possibilities (national or 

international agencies, state/provincial or local government, university-

community, commercial, non-profit) that community groups can approach for 

partnering in spatial decision making.  The framework also discusses five 

different dimensions for approaching and organizing a PPSDSS.  These five 

dimensions covered issues regarding possible stakeholders, the scale and breadth 

of the applicability of the decision model, who had access to the decision model, 

the data requirements of the decision model and the legal and ethical issues 

involved in creating a decision model. 
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One method of generating a PPSDSS is by making use of PPGIS.  The 

idea behind PPGIS is empowerment and the inclusion of stakeholders, who have 

little voice in the public arena, through geographic technology education and 

participation (Elwood 2006).  As such PPGIS is at the core of many of the 

methods used in group spatial decision making.  It is recognized that developers 

will use various approaches to assemble group decision making models they 

believe to be advantageous to their goals.  This mix of expertise and methods may 

shift as circumstances change.  Furthermore, the efficacy of employing these 

different methods and the requirements entailed by them will vary within the 

context of the development group concerned, for no single way of group decision 

making is superior for all groups in all situations. 

It should be noted that this is just one of the issues addressed in discussing 

how GIS and decision models can empower and/or marginalize community 

organizations and the communities they represent.  Yet, even on this issue, many 

questions remain unanswered.  First, it needs to be determined whether the 

conceptualization, models and provisional assessments reported here are robust. 

Second, it is necessary to examine empirically the relationship between these 

models and the evolving practices of community organizations.  Based on my experience, 

community organizations do not choose just one model but take different paths to gain 

access and provide input in spatial decision making at various levels, changing their 

strategies over time and perhaps developing novel ways of accessing and utilizing 

decision support systems.  One test of the utility of an exercise such as this is whether it 
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helps make sense of such strategies and the implications for the empowerment and/or 

marginalization of community organizations. 

Appendix B – “Using the Analytic Hierarchy Process to Create a Wildland fire Model” 

Strategic management of wildlands for fire is a mix of traditional fire 

science, climatology, and human perceptions.  Not only must managers be expert 

at modeling fuels and fire behavior, they must also understand human behavior, 

and the effects of climate on landscape.   The Wildfire ALTERnatives 

(WALTER) project at The University of Arizona is a strategic model that 

incorporates these three components.  Within the WALTER framework, a new 

decision support system, called FCS-1 (Fire, Climate, and Society – 1), integrates 

fire probability, climate projections, and human perceptions of landscape risk in 

establishing spatially explicit wildland fire management priorities. 

WALTER was funded by the Environmental Protection Agency’s Science 

to Achieve Results (STAR) program.  FCS-1 focuses on 4 mountain ranges 

representing a diverse set of wildland-human intermix possibilities in Arizona and 

New Mexico.  The four mountain ranges are the Catalina-Rincon, Huachuca, and 

the Chiricahua Mountains of Arizona and the Jemez Mountains of New Mexico. 

The major challenge in creating FCS-1 involved developing a method for 

integrating physical drivers of fire ignitions with climate and human components in a 

single model.  Several obstacles had to be overcome in order to make FCS-1 effective as 

an integrative model.  There are complications in comparing such variables as fuel 
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moisture stress (the deficit or surplus moisture in vegetation) and property values, for 

example.  How is one to determine which variable is more important for land managers to 

consider in wildland fire planning?  These two variables have little in common, making 

the establishment of rankings problematic.  The solution to this was to divide FCS-1 into 

two sub-models:  a ‘Values at Risk’ model that tries to capture the importance that people 

assign to landscape, and a ‘Fire Probability’ model that tries to determine the probability 

of wildland fire occurring in an area. 

Another requirement was that the system needed to be able to rank and 

weight variables in a way that was transparent to users.  Transparency in the 

model allows users to better understand how the choices they make affect the 

outcome.  This has the dual benefits of helping users make more informed choices 

and a stronger belief that the model outcomes are correct.  A system called the 

Analytic Hierarchy Process (AHP) was used to make pairwise comparisons and 

assign weights to the variables.   

Finally, a method was needed to allow stakeholder input in determining the 

weights for the individual variables.  It was determined by the WALTER research team 

early on that it made more sense to leave the weighting of individual variables to the 

users – experience and local knowledge being essential to make such assessments.  This 

process allows for expression of values, which can be of equal validity but vary from one 

person to another.  Here again, the AHP was used to collect stakeholders’ input.  The 

AHP then provides a method for either producing landscape preferences based on 

individual inputs or based on the results collected from a group of stakeholders. 
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An important feature of AHP and FCS-1 is the ability to produce unique models 

for either groups or individuals.  Users of FCS-1 come with a set of values and a range of 

understanding on wildland fires in the southwestern United States.  The result of these 

different backgrounds and values was seen in the models created at each venue.  To 

highlight this point, it is interesting to compare the models made by a Fire Management 

Officer (FMO) from a National Forest and a Ranger from a National Park.  The FMO 

produced a map where forested areas with ideal conditions for wildland fire were his top 

priority.  Using the same data, but different values, the park ranger’s map highlighted 

areas of historic and recreational value as her top priority.  These results reflect the 

mandates that these two individuals have for the lands that they manage.  In this case 

FCS-1 was able to reflect the different priorities of these land managers had in a spatially 

explicit map. 

FCS-1 was developed for the WALTER project to improve our ability to integrate 

traditional fire science with climate and human factors in a strategic model.  Built using 

the Analytic Hierarchy Process, FCS-1 is a tool that allows decision-makers to set 

priorities in landscape management for wildland fires.  The methodology involves the 

development of a spatial decision support system that utilizes the analytic hierarchy 

process and a geographic information system.  The resulting tool allows for either 

individual or group based models, and allows the creation of models that reflect either 

group or individual values.  This method also has the important ability to incorporate 

variables that are difficult to quantify, such as stakeholders’ perceptions and combine 

them with property values.  It also creates a single, spatially explicit map that 
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incorporates two distinctive aspects of wildland fire management, the climate and 

biophysical drivers of wildland fires and human value based considerations. 

Appendix C – “The Use of GIS to Spatially Determine Recreation Preference in National 

Forests” 

Opportunities to participate in outdoor recreation are an important 

component in the quality of life for the residents of the southwestern United 

States.  Outdoor recreation-much of it dependent on natural resources, is a 

component of local economies that has been growing in recent years.  Spending 

by visitors to the Coronado National Forest in southern Arizona total about $95.6 

million annually (Kocis, English et al. 2002).  This is 6.4% of the 1.5 billion 

tourism economy of southern Arizona (Hammond 1998).  It is not surprising, 

therefore, that recreation is now an important consideration in forest policy.  As 

such, natural resource managers are asked to accommodate the values of society 

at large, which include recreation, in the management of forests and the 

prevention of wildland fires in recreational areas.  Traditional wildland fire 

management models used in this capacity have focused on physical science as a 

means to reproduce fire spread probabilities and behavior. Such methods use 

information on elevation, slope, aspect, surface fuel models, and percent canopy 

cover, but ignore the impact of humans and climate.  The pervasive influence of 

humans on wildland fire occurrences across the country is summarized best by 

Heinselman (Heinselman 1981), who said that human impacts of all kinds “so 

greatly lengthened and modified natural fire cycles, that they” (natural fire cycles) 
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“are no longer relevant.”  Whereas wildland fire origin points may once have been 

determined by environmental factors, ample evidence indicates fire occurrence 

and size are influenced today by human settlement and activity (Main and Haines 

1974; Stocks, Lee et al. 1996).  It is now evident that new methods are needed to 

integrate both environmental and human factors of wildland fire ignition locations 

into single comprehensive model. 

An important consideration for wildland managers when managing for 

wildfires is the protection of recreation and recreation areas.  Recreation 

constitutes an important source of revenue within local and state economies.  

Recreation in nearby mountains is a popular activity for local residents and 

visitors alike. Destructive wildfires can disrupt recreational activities for decades 

and may destroy the very things that made particular recreation areas valued. The 

ability to evaluate wildland fire risk under different scenarios may assure that 

valued areas, such as recreation features, species habitat, and ecosystems are 

protected. 

One of the principal variables of the FCS-1 model is recreation preference, the 

focus of this paper.  To map recreation trends wildland managers must be knowledgeable 

about recreation use levels and basic user characteristics such as, demographic 

information, user origin, and destination, all essential components of effective 

management (Watson 1989).  Wildland managers can monitor recreation conditions and 

solicit feedback and opinions from users of national forests as a useful method to 

determine recreation preferences with respect to wildland fire planning. 
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Much of the concern about contemporary land management planning can 

be characterized as the need to better understand the extent to which it is possible 

to simultaneously achieve social and natural resource policy objectives.  In the 

past decade, increasing attention has been given to the need to emphasize natural 

resource-based services, such as recreation.  Outdoor recreation has become a 

significant economic sector and a component of the quality of life for residents of 

southern Arizona, and others who are willing to spend time and money traveling 

to Arizona.  As outdoor recreation increases in importance, so too does the need 

to consider it in all aspects of natural resource management, including wildfire 

planning and management. 

The method described strives to map areas of high value to people using 

national forests for recreation and is included in a spatially explicit strategic 

wildfire planning tool, FCS-1.  The model’s intentional simplicity facilitates its 

use across the country, with a dataset available freely via the Internet from the 

U.S. Forest Service.  This method does correspond to known recreation areas 

based on discussions with individuals who live near the study areas.  The 

recreation component is built to show that high importance recreation areas occur 

where the density of roads and trails is greatest.  Areas where visitors have easy 

access to recreation opportunities also show a high importance.  For example, 

campgrounds with several trailheads, a road on a mountain, and locations 

providing extensive visibility, have high relative importance for a recreation area.  

Areas difficult to access, with few roads and trails, conversely, show a decrease in 
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importance.  A location in a low-lying area, with low visibility, no trails, roads or 

a campground would have a low relative importance as a recreation area. 

This type of information would be useful to natural resource managers when 

planning pre-fire mitigation efforts.  An example of this is areas of high recreational 

value. In these areas it may be more acceptable for forests to be thinned through 

mechanical means rather than prescribed burns that can scar a landscape and reduce the 

overall enjoyment of the recreational visit. 
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1.  Introduction 

Public participation in local decision making has been advanced and practiced in 

democratic societies for a long time, albeit with mixed results.  In the United 

States a popular venue for public participation has been town meetings.  Meetings 

are where two or more people come together for the purpose of discussing a 

(usually) predetermined topic, often in a formalized setting.  Meetings, by far the 

most popular form of intellectual group activity, suffer from many inherent 

problems, including a lack of balance between the social-emotional necessary for 

change to occur and task activities (Nunamaker, Dennis et al. 1993).  Public 

town/meetings share these characteristics and yet there is a growing trend towards 

increasing public involvement in decision making.  Public participation in solving 

local problems has its roots in the increasing influence of local initiatives, 

diminishing role of central government, ever more complex public policy, and the 

growing public awareness of local issues affecting quality of life in general.  

There is also a strong theoretical rationale for public participation in decision 

making as the most important group behavior (Poole and Roth 1989; Zey 1992).  

Research into developing methods of more effective public participation in 

decision making thus appears to be an important direction of inquiry and one 

which addresses a relevant issue in a democratic society.  This is also true in 

spatial decision making, where the variables and often times the decision itself 

include spatial components.  This paper seeks to follow this line of research by 

developing a conceptual framework for how community organizations form 
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partnerships in developing and utilizing computer-based Public Participation 

Spatial Decision Support System (PPSDSS).   

This paper is organized as follows.  There is first a discussion of how 

spatial decision making has utilized geographic information systems (GIS), the 

principle tool and support platform in spatial analysis.  Second, different models 

community organizations might use to form partnerships by developing spatial 

decision models are conceptualized and described.  Third, a discussion of the 

putative advantages and disadvantages of these models for empowering 

community organizations seeking to use spatial decision models is provided.  This 

is followed by an examination of how this framework applies to three examples of 

PPSDSS:  national government-public partnership; non-profit-public partnership, 

and a university public partnership. 

1.1 Spatial Decision Making and Geographic Information Systems 

Spatial decision making is an everyday activity, common to both 

individuals and groups.  People make decisions influenced by geography when 

they choose a store to shop, a route to drive, a path to jog, or a neighborhood for a 

place to live.  Groups are not much different in this respect.  They take into 

account the realities of spatial factors when selecting a site, choosing a land 

development strategy, allocating resources for public health, and managing 

infrastructure for transportation or public utilities.  Spatial decision making in its 

current form has a relatively brief history, making it difficult to get a perspective 
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on some of the key moments of its development.  It is clear that computers, 

especially geographic information systems, and the Internet will play an 

increasingly important role in spatial decision making. 

Most of the individual spatial decisions are made ad hoc, without formal 

structure.  Such decisions are often based on experiential heuristics and 

internalized preferences (values).  This expedient approach to spatial decision 

making can sometimes be explained by a relatively small “decision equity” at 

stake in daily decision situations, such as the selection of a place to shop or an 

entertainment venue.  The cost of making a poor choice (decision) can be a small 

selection of goods, higher prices paid than elsewhere, or a boring evening spent at 

a movie theater.  In contrast to these everyday decision situations faced by 

individuals, the decision equity for groups or organizations is often quite high.  

Groups or organizations are consequently more likely to use an analytical 

approach to support the decision making process. 

Current trends in modern organizations toward flatter and less hierarchical 

structures, along with the involvement of many stakeholder groups in solving 

decision problems have created a need for information technology capable of 

supporting participatory decision making.  Such information technology has 

developed in recent years for the computerized support of group decision making 

which is aimed at solving business problems such as market strategies, corporate 

planning, and product development.  Group decision support solutions are now 
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offered as commercial products, developed on the premise that work-groups and 

stakeholder involvement will dominate the future of decision making (Coleman 

and Khanna 1995).   

Similar information technology aimed at solving spatial decision 

problems, e.g. land use/resource development negotiations, site selection, choice 

of environmental and economic strategies, and urban/regional development, is 

now being discussed in geography and planning literature (Shiffer 1992; 

Armstrong 1993; Nyerges 1994; Shiffer 1994; Faber, Wallace et al. 1995).  The 

increasing interest in collaborative spatial decision making (CSDM) in particular, 

and participatory decision making more generally, has been compelled by the 

recognition that effective solutions to spatial decision problems necessitate 

collaboration and consensus building (Nyerges and Jankowski 2001).  Many 

spatial problems are considered difficult because they contain intangibles that 

cannot be quantified and modeled, their structure is only known partially or 

burdened by uncertainties, and potential solutions often become locally unwanted 

land uses, instigating “not in my back yard” controversies (Rittel and Webber 

1973).  These problems require the participation and collaboration of people 

representing diverse areas of competence, political agendas, and social interests.  

As a consequence, diverse groups must often be involved to generate solutions to 

pervasive spatial problems (Golay and Nyerges 1994). 
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The need for computerized decision support results from the importance of 

group decision making and problem solving carried out predominantly during 

meetings, and from common problems associated with meetings.  Typical 

problems include an overemphasis on social-emotional rather than task activities, 

failure to define a problem adequately before rushing to judgment, pressure that 

inhibits creativity, felt by subordinates in the presence of bosses, and the feeling 

of disconnection/alienation from the meeting (Nunamaker, Dennis et al. 1993).  A 

number of other problems hampering the effectiveness of meetings is given by 

Mosvick and Nelson (1987) include: getting off the subject, too lengthy, 

inconclusive, disorganized, no goals or agenda, dominating individuals, not 

effective for making decisions, rambling, redundant, or digressive discussion.  

Despite these negative characteristics, the attractiveness of a group approach to 

decision making comes in general from the fact that individual contributions are 

increased by a synergistic effect resulting from meeting dynamics.  Sage (1991) 

identifies several human decision making abilities that information technology 

might augment in meetings.  These include: 

• Help decision makers formulate, frame, or assess decision situations by 
identifying the salient features of the environment, recognizing needs, 
identifying appropriate objectives by which to measure the successful 
resolution of an issue; 

• Provide support in enhancing the abilities of decision makers to obtain and 
analyze possible impacts of alternative courses of action; and 

• Enchance the ability of decision makers to interpret impacts in terms of 
objectives, leading to an evaluation of alternatives and selection of a preferred 
alternative option. 
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The result of a computer-supported decision meeting can be more than a simple 

sum of individual contribution.  The attractiveness of a computer-supported group 

approach to spatial decision making comes from a possibility of engaging diverse 

participants as competent stakeholders through computer-mediated 

communication, problem exploration, and negotiation support.  Computers also 

increase the speed with which spatial decisions can be made.  By providing easy 

and intuitive interfaces and through increasing computing power, spatial decision 

applications facilitate group decision-making (Nyerges and Jankowski 2001). 

Another information technology that has the potential for exploitation in 

facilitating computer-supported approaches to spatial decision making is 

geographic information systems (GIS).  In the last decade GIS use has expanded 

in society faster than any other analytical information technology (Nyerges and 

Jankowski 2001).  Developments of the 1990s focused on the Internet and the 

World Wide Web, open new possibilities for access to spatial information and 

enhanced benefits from its use.  While mainstream GIS technology concentrated 

on the creation of easy-to-use, ubiquitous mapping and spatial analysis tools, it 

lacked the capability to collate interests and interactions to support collaborative 

spatial decision making, in the context of face-to-face meetings (Nyerges and 

Jankowski 2001). 

Resource development and environmental management feature 

prominently on the list of spatial decision problems benefiting from a 
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group/collaborative approach.  Examples of these problems, included in a review 

conducted by the U.S. President’s Council on Environmental Quality (CEQ), are 

the Glen Canyon Dam project and the Ozark Mountain Highroad project (Quality 

1997).  The first project dealt with developing a management plan to regulate the 

operation of the Glen Canyon Dam located in Arizona.  How the dam was going 

to be operated would have significant impacts on the Grand Canyon and other 

downstream resources.  The project involved the participation of five federal 

agencies, one state agency, six Native American tribes and a large number of 

citizens (over 33,000 commented on the draft environmental impact statement).  

Bruce Babbitt, Secretary of the Interior at the time commented that GIS improved 

the decision making process by empowering stakeholders to see their landscape in 

an entirely new spatial dimension (Babbitt 1996).  Not fragments, as was typical, 

but the whole watershed as one interconnected unit.  GIS was used to manipulate 

and map project-critical information enabling collaborating parties to understand 

the data and develop decision alternatives.   

The Ozark Mountain Highroad project dealt with traffic congestion in one 

of the most popular entertainment centers in the USA – Branson, Missouri.  

Famous for its country music, Branson attracts tens of thousands of motorized 

tourists congesting Country Music Boulevard on a daily basis, causing huge 

traffic delays.  Challenged by the governor of Missouri, the state Highway and 

Transportation Department, in 1992 embarked upon a collaborative planning 

project to develop a new four-lane highway in six months without neglecting 
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environmental integrity.  The project involved local, state, federal agencies and 

consulting firms, resulting in the development of a number of feasible design 

alternatives providing the basis for decision making. 

Jankowski and Nyerges (2001)(Nyerges and Jankowski 2001) have 

defined spatial decision making as existing in three broad categories of 

participants:  stakeholders, decision makers, and technical specialists.  The 

diversity of participant categories may include a range of expertise levels in 

virtually any decision problem – from novice through intermediate to expert.  

Reducing the complexity of a decision problem by reducing the cognitive 

workload of participants is one goal in developing collaborative decision support 

systems.  Reducing cognitive workload will lead to a more thorough treatment of 

information, by exposing initial assumptions more clearly, facilitating critiques of 

the accuracy of information, and resulting in more effective and equitable 

participatory decisions. 

During the 1990s, geographic information systems (Godschalk, McMahon 

et al. 1992; Faber, Knutson et al. 1994) their offspring spatial decision support 

systems (SDSS) (Densham 1991; Armstrong 1993), and spatial understanding 

(and decision) support systems (SUSS/SUDSS) (Couclelis and Monmonier 1995; 

Jankowski and Stasik 1997) were suggested as information technology aids to 

facilitate geographic problem understanding and decision making for groups, 

including groups embroiled in locational conflict.  Jankowski and Nyerges (2001) 
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have chosen to group all of the above mentioned technologies for group GIS 

under the umbrella term “participatory GIS” (PGIS), a term first used by Harris 

and Weiner (Harris and Weiner 1995).  Geographic information systems designed 

and used by groups with multiple stakeholder perspectives are described as 

“participatory geographic information systems”.  Public Participation Geographic 

Information Systems (PPGIS) covers a broader domain than simply the 

capabilities of GIS, including additional capabilities for group decision support, 

e.g. group communication and decision analysis capabilities.  Research about 

PGIS and collaborative decision-making for geographically-oriented, public 

policy problems, continues to gain momentum.  Most of the research concerning 

collaborative spatial decision making has been about GIS development rather than 

GIS use, without a strong theoretical link between the two.  Little has been done 

until recently to study the use of GIS technology at a group decision level and the 

dimensions comprising group decision models. 

In the following sections, issues affecting the development and framework 

of PPGIS will be examined.  The idea behind PPGIS is empowerment and the 

inclusion of stakeholders, who traditionally have little voice in the public arena, 

through geographic technology education and participation (Elwood 2006).  As 

such PPGIS is at the core of many of the methods used in group spatial decision 

making.  It is recognized that developers will use various approaches of ways to 

assemble group decision making models they believe to be advantageous to their 

goals.  This mix of expertise and methods may shift as circumstances change.  
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Furthermore, the efficacy of employing these different methods and the 

requirements entailed by them will vary within the context of the development 

group concerned, for no single way of group decision making is necessarily 

superior.  In this sense, the evolution of GIS supported group decision making 

would be characterized by the path-dependent dynamics associated with the 

development of any social technology in use, and as conditioned by the particular 

context of those using it.  This evolutionary aspect is addressed more generally by 

those examining the intellectual history of GIS (Chrisman 1988; Sheppard 1995; 

Harvey and Chrisman 1998).  Nonetheless, in order to gain insight into why 

certain dimensions of spatial group decision making may be favored in specific 

circumstances, abstractions are drawn from these complexities to compare and 

contrast different models of group decision making.  In the following sections, a 

conceptual framework is proposed for distinguishing between the different 

dimensions of spatial group decision making models; a framework is applied to 

categorize models already in use and to think about other possibilities.  This 

framework is then applied to three different decision models. 

1.2 Models for conceptualizing development and deployment of 
spatial decision support systems 

Models for building spatial decision support systems can be differentiated 

along six important inter-related dimensions:  a) the type and/or expertise of the 

target stakeholders or users of the model; b) the level of stakeholder involvement 

in developing a spatial decision model; c) the ability of users to access the model 
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when it is complete; d) the level of generality or applicability of the model; e) the 

data requirements for the model to run; f) and legal and ethical ramifications 

(Leitner, McMaster et al. 2002)(see Table 1) 

 Attributes 
Target stakeholders No target group 

 
Intended for a group but not 
restricted 

 
Only the target group may 
participate 

  
Level of generality or 
applicability Specific application 

 
Specific application, but can 
be modified 

 General application 
  
Access to decision model Single location 

 
Virtual (web-based GIS 
model) 

 
Remote decision model 
(outside the community 

  
Data requirements Available and ready to use 
 Available with modifications 

 
Not available but can be 
created 

 Not available at all 
  
Legal and ethical issues Ownership of/responsibility 

for spatial databases 
 Access to publicly held 

information 
 Issues of privacy and 

surveillance 

  

Checks and balances 
governing appropriate model 
use 

Table 1 – Dimensions of spatial decision support systems.  Based on work by Leitner, et al. 
(Leitner, McMaster et al. 2002) 

The first two dimensions involve stakeholders.  Stakeholders include 

individuals and institutions, such as local and non-local agencies, residents of the 

model area, non-governmental organizations (NGOs), private industry and 
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educational institutions.  These individuals and institutions have their own 

priorities and interests affecting the development and use of a decision model.  

These dimensions relate to research addressing the institutional perspective on 

GIS and society (Ventura 1995; Tulloch and Niemann 1996).  Dimension one 

focuses on the target stakeholders of a decision model and includes: (1) no target 

group; whereby the model is developed with the intent of anybody being able to 

use it, without restrictions or a minimum level of expertise germane to the model 

topic; (2) intended for a group but without restrictions on other users; (3) a model 

where only the target stakeholders or users have access to the application. 

The level of stakeholder involvement can include: (1) all phases; whereby 

the users and stakeholders are involved in all decisions regarding the development 

of the application, from data used to dissemination of the results; (2) limited, 

where the stakeholders will be able to provide opinions regarding model 

development, but the final say remains with the developers; (3) none/passive, the 

stakeholders are users of the application without any input into its construction. 

Models also differ in their level of generality and applicability, ranging 

from a specific application, to a general model used in a wide variety of 

applications, both geographically and in purpose.  Access to decision models can 

differ, ranging from local, hands-on access (models developed by the 

community), to virtual access over the Internet (Web-based decision models), to 

remote access, where physical travel to a location outside the community is 

  



 39 

necessary in order to use the model (Brown, Alechandre et al. 1995; NCGIA 

1996; Barndt 1998; Dangermond 1998; Obermeyer 1998). 

Another dimension involves the data requirements of decision models.  

This dimension seeks to assess the ease of which the model can be created based 

on its data needs to help make informed decisions.  Data availability ranges from:  

(1) currently available and easy to obtain at little or no cost; (2) available but 

requires modifications or is expensive to obtain; (3) data is not available but it 

could be created; (4) data is not available and can not be created with existing 

technologies or methods. 

A final dimension involves legal and ethical issues.  Legal and ethical 

issues, a separate area of research in GIS and society (Onsrud and Rushton 1995), 

refers in general terms to questions of intellectual property rights in spatial 

databases, access rights of citizens to publicly held information, privacy rights 

and principles, liability in the use and distribution of GIS data and products, and 

ethical issues in the use of geographic information (Onsrud 1992; Onsrud 1992; 

Onsrud 1995).  Spatial decision models will differ in terms of several factors.  

Some of these include:  (1) who has legal ownership and responsibility for the 

accuracy of the spatial databases used or created in the model development or as a 

result of the decision making process; (2) whether the stakeholders affected by the 

decision model have access; (3) the potential for abuse of the privacy of those 

living in or having access to the models geographic area of focus; and (4) the 
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checks and balances guarding against this and other unethical activities related to 

the use of the decision model. 

Models of developing and deploying spatial decision support systems will 

differ from one another along one or more of these dimensions, which represent a 

means for differentiating and classifying models in use currently.  They can also 

aid in both normative reasoning and in conceptualizing the desired attributes of 

other models not yet developed.  For example, it might be speculated that a model 

is advantageous for issues with a large target audience if:  (1) the model was 

developed with a particular set of stakeholders but whose use is not restricted; (2) 

there is stakeholder involvement in all phases of model development to provide a 

better sense of ownership in the decision making process; (3) the model is 

applicable to a wide array of situations or issues; (4) there is access is within the 

stakeholder community; (5) data is available freely; (6) there are appropriate 

checks and balances to insure that legal and ethical responsibilities are maintained 

(Leitner, McMaster et al. 2002). 

1.3 Models of PPSDSS 

Based on work by Leitner et al. (Leitner, McMaster et al. 2002) The first 

column of Table 2, lists five models for making spatial decision support systems 

available to stakeholders.  In many instances, the goal of bringing spatial decision 

support systems to stakeholders is for evaluation of alternative solutions to a 

problem.  Stakeholders are often asked to participate and provide input on many 
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aspects of the decision model.  This input often results in changing the decision 

model to better meet their needs as well as providing them a sense of ownership 

in the modeling process.  In this section, the nature of these models is discussed, 

and the differences among them based on the conceptual framework of the 

previous section are laid out. 

National or international agencies 
State or local government 
University-community 
Commercially based models 
Non-profit organization 

Table 2 – Methods for making spatial decision support systems available to stakeholders. 

1.3.1 National governments or international agencies 

National and international agencies are two organizations stakeholders or 

community groups may turn to if they need a high-level of assistance with a 

spatial decision problem.  Governments at this level will have experts and 

information on most aspects of the decision problem.  They also have the largest 

stakeholder audience, where the results of their research are supposed to benefit 

the greatest number of people.  Because of this large stakeholder group, 

partnerships involving national governments or international agencies are general 

in their application, with the ability to be transferred to other similar situations. 

Access to the decision model is remote to many of the affected 

communities.  Model builders and experts are concentrated in major urban 

environments allowing access to the greatest number of people.  At the same time 
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urban concentration of government experts and model builders prohibits contact 

from those outside the area.  Ownership of the data and model are the 

responsibility of the government because many community organizations or 

stakeholders lack the capacity to support this information. 

1.3.2 State and local government 

State and local governments are two other possibilities for communities to 

receive help in developing spatial decision support systems.  Often state and local 

governments will already have mechanisms in place for incorporating public 

opinions into the decision making process.  While these methods of public 

participation vary in terms of how much access and input communities have they 

all make some attempt at using their opinions to inform the decision making 

process.  The city planning office, e.g. may provide citizens with land use/land 

cover, taxation, and other maps relevant to their planning mission.  Many other 

city and state offices, such as departments of natural resources and pollution 

control agencies, create and distribute maps.  Some facilities will, for a fee, create 

custom maps on demand for community organizations and citizens.  These 

facilities can be used by community organizations as surrogates for a lack of 

expertise in GIS. 

In this example, access to the decision model is limited to a single 

location, residing with the government agency involved in the decision making 

process.  In most cases involvement with local government can also mean the 
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decision model will be able to incorporate data needed for it to run without having 

to utilize outside resources.  The city maintains confidential information and it is 

not released unless strict confidentiality agreements are signed, as in the case of 

public housing, certain public health variables, or data based on economic 

measures. 

1.3.3 University-public partnership 

Universities or community groups will often turn to each other for help 

because each offers an area of expertise lacking in the other.  Universities will 

enlist aid from stakeholders and community groups because they have knowledge 

that makes a spatial decision system model more appropriate to the community 

needs.  Communities needing assistance in spatial decisions problems might also 

turn to a university because it has GIS expertise.  Since the university provides 

data for the community, concerns with ownership of the data are limited to the 

release of personal information.  Commercial interests in the ownership of the 

data are not significant in these types of partnerships. 

One common approach is to provide assistance through community 

service learning requirements in urban GIS courses, whereby students provide a 

service to stakeholders, such as developing GIS data applicable to a community 

project, and then reflect on and share the lessons learned with the class.  The 

service provided to the stakeholders is limited to the duration of the class.   
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Action Research is an alternative, collaborative, inclusive, and longer-term 

approach to public-university partnerships emphasizing the importance of full 

participation of community members in both research and the generation of 

knowledge (Reason and Bradbury 2001).  An important aspect of this approach is 

to involve stakeholders in defining and examining community issues and 

problems and deriving solutions.  Active involvement of the stakeholders in this 

way empowers the community to employ GIS in decision making to generate 

social change and affect public policy. 

Another approach to university-public partnerships occurs when faculty 

research projects are linked to community-based problems.  Here, faculty and 

student research teams work with the community over a longer period of time, not 

only assisting with basic mapping problems, but also with the analysis and 

interpretation of data and the results. 

1.3.4 Commercial models 

Models involving communities collaborating with commercial interests to 

help with their spatial decision making needs vary from government or university 

partnerships.  Companies providing spatial decision support analysis will build 

models focusing on their target audience, their clients.  Adding additional 

functionality to handle a large audience will cost more money and therefore is not 

a consideration.  Likewise, the decision model will focus on the needs of 

community group paying for this support. 
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The data requirements of this form of partnership do not differ from those 

of the other models however access to data becomes more of an issue.  

Commercial interests often do not have the resources of governments or 

universities and do not maintain or develop substantial spatial databases.  This 

means that in order to construct spatial decision support systems, companies will 

either use free data that does not meet their exact needs or they will pay for data 

creation.  This adds to the project costs, costs community groups cannot afford.  

This means free data is used even if it is not perfect and must be modified.  

Ownership of the model and data in this instance will belong to the community 

group or stakeholders as the clients of the company producing the model. 

1.3.5 Non-profit community organizations 

Non-profit community organizations will often seek community support in 

building GIS applications that focus on local knowledge.  Non-profit community 

groups often benefit from direct involvement in local projects when it comes to 

expanding these projects into producing maps.  Non-profits have people who can 

interact on a day-to-day basis with communities’ efforts.  This interaction gives 

non-profits an intimate knowledge of the needs and wants of a community.  It also 

allows non-profits to be more sensitive to the utility of community generated 

datasets.  These datasets may be overlooked when larger government or university 

organizations are involved.  Government, university and some commercial groups 

may have access to large-scale and technical datasets.  Ownership of the model 
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and maps produced by a partnership between non-profits and a community will be 

given to the community. 

Similar to commercial spatial decision support systems developed for 

community groups, non-profits often lack resources to maintain and develop large 

spatial databases.  This imposes the same limitations of relying on free and often 

limited in applicability datasets.  Non-profit-community partnerships may also be 

missing the expertise to complete the project.  A lack of resources means that 

participating non-profits cannot afford to hire people with adequate skills. 

1.4 Assessing the appropriateness of the five models for 
communities 

Table 3 lists a variety of potential possible advantages and disadvantages 

associated with each of the five models.  Advantages and disadvantages are of 

two types:  first, those addressing the question of model flexibility and 

responsiveness to the needs of communities; and second, those addressing cost 

and model decision model ownership, which includes implementation and 

maintenance. 
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  Advantages Disadvantages 

National or International 
Government 

Large resource pool, both personnel 
and data May lack focus on individual community needs 

 Experience working with 
stakeholders 

Decision models may be costly to implement 
and maintain 

 Favors flexible models for a wide 
range of situations Ownership remains with government 

  Difficult to access model 

State or local 
government 

Moderate level of resources, 
personnel and data 

Model may not be flexible to serve in other 
capacity and there is not cost effective 

 More focused on community needs Data and personnel resources may 
not be available 

 Model developed with cost of 
maintenance considered  

 May improve the long-term 
commitment to the community  

University-
Public 
Partnerships 

Easier to access GIS expertise and 
sometimes data 

University has limited capacity, and can only 
provide services to a few communities 

 
Can be made responsive to specific 
data and application needs of 
community 

University or research project agenda may 
not fit with that community 

 
Costs to community are lower (both 
monetary costs and time necessary 
to learn and maintain the system 

Faculty/students may not understand the 
needs of the community 

 
Possibility of improved 
communication and interaction 
between partners 

Lack of long-term commitment of university 
to community 

  Hard to involve community 
members in analysis 

Commercially 
Based 
Methods 

Focused on needs of the 
community Short-term commitment of business 

 High level of expertise in 
personnel Expensive 

 Community retains 
ownership No support when project is complete 

    Access to development may be 
limited 

Non-profit community 
groups 

Focused on the needs of 
the community Limited access to data 

 Community retains 
ownership 

Lack of resources and expertise in 
personnel 

 High level of access to 
model development  

Table 3 – Possible advantages and disadvantages of each of the five dimensions 
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Flexibility and responsiveness attempts to capture the various ways in which a 

model can be flexible and sensitive to the particular context and needs of different 

communities and stakeholders.  Stakeholder groups are heterogeneous, making 

flexibility an important feature enhancing the appropriateness of decision models 

for them.  Flexibility and responsiveness will depend on ease of use; geographical 

or social barriers reducing access to decision models; and on the degree to which 

the user can interact with and control the model.  These aspects all influence the 

capacity for a participatory and inclusive use of spatial decision support systems 

contributing to empowerment and democratic decision-making within the 

community itself. 

Ownership and cost of implementation and maintenance refers to the 

control the community has over the development and usage of the decision model 

as well as the monetary and non-monetary costs associated with the development 

and use of a spatial decision support system for community and stakeholder 

organizations.  Ownership of a spatial decision support system concerns who has 

the final say in the development of the model.  The owner of the model will be the 

one making decisions on which features and options are included in the 

construction of the model and then again on how the model is used once it is 

completed.  Ownership also implies a cost, development and maintenance 

requires storage space and personnel with the skills to run the model. 
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When discussing the cost of spatial decision support systems it is first 

important to distinguish between the individual costs to a community 

organization, and the collective costs resulting when a number of organizations 

seek to use GIS and decision support systems.  Because of economies of scale, the 

cost-minimizing solution for a single organization is not necessarily the best for 

the organizations as a group, as it may result in duplication of costs in different 

community organizations.  Second, it is important to distinguish between set-up 

and maintenance costs.  The failure to plan for maintenance, results in 

technologies not being used after they have been made available reduces the 

appropriateness of technology.  This is challenging for communities and 

stakeholder groups that face limited or changing financial and human resources.  

Human capital costs are important to the successful operation and maintenance of 

a spatial decision support system, because of the rapid turnover of key personnel 

in community organizations.  It may be time-consuming to build up the relevant 

skills and expertise within the community, and there is always the danger that 

those who have gained such skills will leave, thereby compromising the 

maintenance of the decision model. 

1.5 Framework Applications 

The public participation spatial decision support systems (PPSDSS) 

framework discussed above can be applied in several real world applications.  The 

sections that follow document how three efforts at incorporating public input with 

spatial decision support systems fit within the framework outlined above. 
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1.5.1 The New Sanjay Amar Colony 

Rapid urban growth in India, both in terms of population and area, is 

resulting in ever-increasing demands for infrastructure and basic services.  Severe 

shortfalls in housing, transportation networks, water supply and waste 

management facilities are common in many cities and towns.  Slum settlements 

are proliferating throughout India, especially in and around New Delhi.  The 

provision of public infrastructure such as piped water, sanitation, and drainage to 

informal areas is inadequate due to the inability of planning agencies and other 

local bodies to cope with such rapid change. 

Hoyt et al, (Hoyt, Khosla et al. 2005) reports on an effort since 1998 by 

the National Institute for Urban Affairs (NIUA), in partnership with Cities 

Alliance, USAID, Care India, UNICEF, 15 smaller NGOs as well as city and state 

governments, to work with informal settlements in New Delhi in building 

community capacity and to increase government responsiveness to community 

needs.  The program focused on education initially, however, since 2002 it has 

expanded to include the provision of basic services, particularly water.  Project 

activities in these settlements consist of community organizing, leadership 

building, identification of community priorities, community mapping, and the 

development and implementation of action plans to achieve community priorities.  

As a byproduct of these efforts, a city-wide PPGIS was created.  The PPGIS 

contains basic data layers like streets, railways, rivers, and geographical 

boundaries, as well as layers that depict the geographical boundaries of almost 
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1,200 informal settlements throughout New Delhi.  Additionally, it also hosts 

detailed demographic information for individuals living in approximately 300 

settlements and data regarding service delivery and infrastructure for 20 

settlements. 

The New Sanjay Amar Colony (NSAC) is an informal settlement in 

eastern New Delhi.  It is one of 20 settlements that have received special attention 

by the National Institute for Urban Affairs (NIUA) due to poor water conditions.  

To obtain information and mobilize residents toward a common goal, in this case 

improved water delivery services, the NIUA applied a range of techniques.  One 

of these techniques had facilitators use chalk to draw a map of the community on 

the ground.  Residents are asked to use leaves, pebbles, and sticks to communicate 

important demographic information about their households.  A woman who lives 

with her husband, her mother, and two children will place a stick (man), two 

leaves (women), and two pebbles (children) in the square on the map which 

represents her dwelling.  Community volunteers and facilitators from the NIUA 

then transfer the information that is collected on the ground to paper.  Facilitators 

send the paper maps to NIUA headquarters where the information is digitized. 

At the New Sanjay Amar Colony (NSAC), the NIUA also collected 

information pertaining to community needs through a series of mapping 

workshops.  These workshops produced maps that demonstrated that NSAC had 

an insufficient number of water taps, a preponderance of broken water taps, 

  



 52 

unequal access to water taps and insufficient water delivery systems.  Residents 

relied on the information collected through the community mapping exercises to 

show the Delhi Jal Board (DJB), the organization responsible for the operation 

and maintenance of the water system, the location of existing taps, broken taps, 

points of low water pressure, and stand posts (pumps) with the longest queues. 

It is too early to assess the long-term effects of this project; however, it is 

evident that government authorities now have a better understanding of the 

residents’ situations.  They have begun to fix some of the broken infrastructure 

and have added taps in areas that needed them.  This has resulted in reduced 

tensions, queues outside taps have disappeared, and people now have more time 

for activities other than securing water on a daily basis.  The short-term benefits 

of the project have resulted in alternative political structures within the NSAC and 

improved working relationships between residents and government officials. 

This effort by the NSAC is a good example of national government 

involvement in implementing a PPSDSS.  One government agency, the NIUA, 

helped residents express their concerns and frustration with another government 

agency, the DJB.  A rudimentary GIS was created by the residents to document 

neighborhood assets and then record their attributes. 

The NIUA was able to maximize the strengths of government-public 

partnerships while at the same time minimizing the weaknesses of this type of 

collaboration.  A large number of workers from the NIUA with experience 
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working with stakeholder groups were able to integrate themselves into the 

communities they were trying to reach.  This allowed the NIUA to better 

understand the needs of the stakeholders and tailor the project to them.  

Ownership and access to a decision model, a major weakness in national 

government-public partnerships, was not an issue due the low-tech nature of the 

project.  It was not difficult to train government workers and the residents on 

methods of the project.  Having a deeper understanding of the project methods 

allowed ownership of the data to be held by the leaders of the community groups.  

1.5.2 Participatory GIS in Three Andean Watersheds 

Craig Ficenec (Fincenec 2003) describes an effort by three local non-

governmental organizations in the Peruvian Andes to help local inhabitants 

prioritize agricultural development goals.  The NGOs are staffed by Peruvian 

nationals – primarily engineers or agronomists- who work closely with 

stakeholders in search of sustainable and practical solutions to fundamental 

resource management challenges. 

In addition several data layers purchased by the NGOs, local farmers from 

the three watersheds involved were asked to build a resource inventory using 

GPS.  They collected information on irrigation systems, village boundaries, and 

vegetation.  These data were integrated into a GIS and linked with attributes such 

as irrigation users and pasture quality.  They also provided information on soil 

quality and property boundaries by drawing on aerial photographs of their 
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respective villages.  Village representatives then formed watershed associations to 

articulate development priorities.  NGOs then applied the available GIS data to 

create thematic maps representing locally proposed actions for soil and water 

conservation. 

The use of maps and aerial photographs as an instrument in collecting 

local knowledge led to an increase in the discussion of the issues facing each 

village and promoted consensus in identifying the location of local resources.  

The project had mixed success.  It did have difficulty in training the technicians at 

each NGO.  The data collected from the stakeholders was difficult to integrate 

with the purchased data, leading to errors of up to 60 meters for corresponding 

features.  The experience of this project illustrates that the ultimate impact of GIS 

applications is in engaging stakeholders across cultural boundaries and generating 

unique and local information. 

In contrast is a project in Peru in which, three non-profit organizations 

attempted to use a high technology solution in uneducated and poverty stricken 

population.  The projects suffer by not taking advantage of the strengths of this 

type of partnership.  The NGOs attempted to build solutions to problems they 

thought could be solved by technology without focusing on the actual problems 

and technologically appropriate solutions.  All three NGOs found it difficult to 

train staff in the use of computer-based GIS and therefore were unable to capture 

much of the information they did collection for local residents.  Local 

  



 55 

stakeholders also had trouble understanding the products of a GIS, making it 

difficult to apply locally held knowledge and take ownership of the land use 

model. 

The three NGOs targeted farmers in each watershed to be the beneficiaries 

of process results.  Other groups were allowed to participate by providing local 

knowledge of land use in ther study areas.  The level of generality or applicability 

of this model is restricted in this application.  The process of combining 

purchased spatial data with local knowledge developed specifically for this 

project and would be difficult to translate into other applications. 

Access to the model was limited to three locations, the offices of the 

NGOs.  Therefore this model fits within the single location category for access to 

the decision model.  While the NGOs provided the results of the model to the 

stakeholders, they lacked the means to continue to have a voice in it once the 

initial data has been collected.  The data requirements for the Three Andean 

Watersheds project were also prohibitive.  Some of the data used was available 

for purchase and use after being modified.  The rest of the spatial data did not 

exist and needed to be created. 

The author of the report on the Three Andean Watesheds project did not 

discuss the final concern of legal and ethical issues.  These issues do exist and 

should be considered by the project managers.  Checks and balances governing 

appropriate model use needs to be thought out.  It would be easy for someone to 
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misappropriate the information collected from the stakeholders.  The same 

concerns exist for issues of privacy and surveillance. There needs to be 

recognition of the obligations the project has in owning databases.  At a minimum 

the project needs to maintain the databases in such a condition that enables their 

use by everyone from the uneducated rural stakeholder farmers to GIS experts.  

Additional aspects of data management that the project should have focused on 

include:  use of standard data definitions and formats; definition of quality 

standards; and a process to ensure that ensure the data was quality assured and 

approved as fit for the purpose. 

1.5.3 The Framework and Fire-Climate-Society-1 

Fire, Climate, and Society–1 (FCS-1) is a strategic wildland fire planning 

tool within the Wildfire ALTERnatives (WALTER) project.   WALTER, located 

at the University of Arizona, is an interdisciplinary research initiative aimed at 

improving understanding of the processes and consequences of interactions 

among wildfire, climate and society.  FCS-1 is a computer based model 

integrating fire probability, climate projections, and human perceptions of 

landscape risk in establishing spatially explicit wildland fire management 

priorities. 

1.5.3.1 FCS-1 

FCS-1 focuses on 4 mountain ranges representing a diverse set of 

wildland-human intermix possibilities in Arizona and New Mexico.  The four 

  



 57 

mountain ranges are the Catalina-Rincon, Huachuca, and the Chiricahua 

Mountains in Arizona and the Jemez Mountains in New Mexico. 

FCS-1 was developed for the varying vegetation, climate, and topography 

as well as the unique human dimensions of wild fire in these four venues. The 

model is made of up five "fire probability" and four "values at risk" model 

components. In a functional sense, fire probability is the probability of a location 

igniting while values at risk concerns what is lost if a location burns.  FCS-1 can 

be run under differing climate and corresponding fuel moisture conditions. 

Through an Analytical Hierarchy Process (AHP), FCS-1 allows users to assign 

priorities to individual model components through a series of one-on-one 

comparisons which graphically portray the relationship between multiple and 

potentially contrasting or incongruent elements of a complex problem (Saaty 

1980).  The AHP weighted components are then merged through linear 

combination into the sub-models:  Fire Probability and Values at Risk.  These two 

sub-models are then assigned weights through the AHP and merged with a second 

round of linear combination to produce a unified model (FIGURE 1). 
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Figure 1 - FCS - 1 Model showing how two sets of unique criteria, Fire Probability and 
Values at Risk are created and then combined to produce a unified model. 

1.5.3.2 Challenges 

FCS-1 is a model for integrating physical drivers of fire ignitions with 

climate and human components into a single model.  Several challenges must be 

overcome in order to make FCS-1 effective as an integrative model.  The first 

challenge is to create a method for evaluating variables that have little in common 

and therefore are difficult to compare quantitatively.  For example, it is difficult to 

compare the relative importance of fuel moisture stress (the deficit or surplus 

moisture in vegetation) and property values.  These variables cover two very 

different aspects of wildfire management and lack the ability to be compared one 

on one.  The solution to this was to divide FCS-1 into two sub-models:  a ‘Values 

at Risk’ model capturing the importance people assign to landscape, and a ‘Fire 
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Probability’ model determining the probability of wildland fire occurring in an 

area.   

The second challenge was that the system needed to rank and weight 

variables in a way that was transparent to users. Such a system should structure a 

problem so that there is a clear goal and components that accurately describe the 

problem.  The system should also allow decision makers to consider all the 

components of a problem in a manner that fosters comprehension.   

 
The third challenge was including stakeholder input in determining the 

weights for the individual variables.  The system should allow the incorporation 

of input from multiple users and produce either aggregated results for a single 

group model as well as generate individual results from individual users. 

1.5.3.3 The Analytic Hierarchy Process 

The Analytic Hierarchy Process (AHP) was used to meet these challenges.  

AHP asks stakeholders to assign weights to each variable by making pairwise 

comparisons.  Two important components of the AHP that facilitate the analysis 

of complex problems are: (1) the structuring of a problem into a hierarchy 

consisting of a goal and subordinate components of the problem and (2) pairwise 

comparisons between elements at each level.  Subordinate features are arranged 

into different levels of the hierarchy (FIGURE 2), may include such things as 

objectives, scenarios, events, actors, outcomes, and alternatives.  Pairwise 

comparisons are made among all elements at a particular level with respect to 
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each element in the level above it. Comparisons can be made according to 

preference, importance, or likelihood-whichever is most appropriate for the 

elements considered.  The AHP also provides a method for comparing criteria 

preferences based either on individual inputs or based on the results collected 

from a group of stakeholders 

.

Figure 2 – This is a generic AHP hierarchy showing how criteria relate to a goal and then 
how alternatives relate to each criterion. 

1.5.4 Dimensions of FCS-1 

There are five dimensions for conceptualizing development and 

deployment of a spatial decision support system outlined above (Target 

stakeholders, level of generality or applicability, access to the decision model, 

data requirements and legal and ethical issues).  How the wildfire model FCS-1 

fits within these dimensions is discussed below. 

1.5.4.1 Target Stakeholders 

A subset of the target stakeholders were invited to participate in the 

WALTER and FCS-1 project at an early stage.  These early collaborations 

involved scientific and fire management people.  At later phases of model 

development the stakeholder audience was expanded to include:  business owners, 

people who use public lands for recreation, public land managers and other 
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concerned citizens.  They participated in the process with model development and 

were a key component of the variable weighting process. 

One of the strengths of FCS-1 was its ability to incorporate a virtually 

unlimited number of participants.  The larger the number of participants, with 

more diverse backgrounds, diversify the model, perhaps even approaching public 

consensus on wildland fire management priorities.  

1.5.4.2 Level of Generality or Applicability 

FCS-1 is a tool to help public land managers make decisions incorporating 

social priorities in fighting wildland fires.  Modification or replacement of the 

input data layers like fuel moisture and property values will allow the model to be 

used in other applications.  This flexibility comes principally from the AHP.  

Removing one variable and inserting a more appropriate one for a different 

application is a simple procedure for the AHP.  There is additional flexibility in 

applying this model to other National Forest districts.  The data used in this model 

is available for most national forests and could be substituted. 

1.5.4.3 Access to a Decision Model 

Access to the FCS-1 model is available through the WALTER website at:  

http://walter.arizona.edu .  It is designed to provide information on the Fire, 

Climate and Society aspects of the model.  It also has a variety of tools ranging 

from vegetation greenness animations, fire history maps and a wildfire-climate 
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regression tool.  These tools allow users to examine a variety of scenarios and 

conditions affecting wildland fire.  The WALTER website also allows a user to 

create his or her own custom FCS-1 model.  It provides brief descriptions of each 

variable used in the model giving the user a basic understanding of how an 

individual variable will affect the overall result.  

1.5.4.4 Data requirements 

There were nine variables developed for use in FCS-1, four values at risk 

and five fire probability.  One variable required satellite data, another three 

needed historic fire data.  Records of lightning strikes and current census data 

were also used.  Another variable used survey data from interviews with 

numerous stakeholders.  Some of these variables required extensive modifications 

to make them spatial (assigning locations to the data). 

1.5.4.5 Legal and Ethical Issues 

The spatial databases used by FCS-1 have a two-tiered level of ownership 

and responsibility.  The initial data obtained is maintained by various state and 

national government agencies.  It is public domain data and therefore available to 

anyone.  The accuracy standards of these datasets are stated in the metadata 

provided.  These data were then modified for use in the model, changing its 

accuracy and who is responsible.  At this point the University of Arizona becomes 

the owner the data. 
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Ownership of strategic models created by FCS-1 resides with 

stakeholders.  Groups of stakeholders were involved in the entire modeling 

process, including access to the final results.  Because FCS-1 is available over the 

Internet, stakeholders as well as anyone else can create a wildland fire priority 

model. 

The third legal or ethical issue concerns the potential for abuse of the 

privacy of those living in or having access to the models’ geographic area of 

focus.  Input data for the model were re-sampled to 1 kilometer cells, to match 

available climate data.  At this resolution it is impossible to pinpoint where 

individuals might live.  Additional safeguards exist to project privacy of users by 

keeping personal information such as their name hidden from other users. 

1.5.5 Project Comparisons 

The three projects discussed in this paper shared some important 

characteristics that made them PPSDSSs.  They all considered local knowledge 

and values an important component in the model development process.  They also 

tried to create models that would be a valuable resource for local stakeholders.  

The models also had considerable differences that played important roles in how 

well they were able to meet the goals of their project.  These differences are 

reflected in how the projects fit within the conceptual framework outlined above. 
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Table 4 breaks down the three models on where they fit within the 

PPSDSS conceptual framework.  All the models were developed with a target 

stakeholder group in mind.  These helped stakeholders build the input data and 

were beneficiaries of.  The New Sanjay Amar Colony project and FCS-1 did a 

better job of reaching their intended stakeholders.  These two projects were able 

to match the appropriate level of technology to communicate data and results.  

The NSAC through simple maps and charts made of sticks and rocks and FCS-1 

with web-enabled model building exercises.  The Three-Andean Watershed 

project used complex processes to build their model, making dessimmination of 

the results difficult to present to their uneducated stakeholders. 

Access to the decision models also produces interesting comparisons.  

Both the NSAC and the Three-Andean Watershed projects used the single 

location method to very different effect.  The NSAC place their single location in 

the community they were attempting to serve.  While the Three-Andean 

Watershed project located in the offices of the NGOs, often hundreds of miles 

from the study sites.  This made it difficult for the NGOs and stakeholders to 

communicate regularly, improving the applicability and utility of the model.  The 

FCS-1 model also had project developers located in distant locations from the 

stakeholders.  This distance issue was somewhat mitigated through the use of the 

Internet and email in providing communication between all the stakeholders and 

project developers. 
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Dimension New Sanjay Amar Colony 

Target Stakeholders Intended for a group but not restricted 

Level of generality or applicability General application 

Access to the decision model Single location 

Data requirements Not available but can be created 

Legal and ethical issues Ownership of and responsibility of database 

Dimension Three-Andean Watersheds 

Target Stakeholders Intended for a group but not restricted 

Level of generality or applicability Specific application, but can be modified 

Access to the decision model Single location 

Data requirements • Available with modifications 
• Not available but can be created 

Legal and ethical issues Ownership of and responsibility of database 

Dimension FCS-1 

Target Stakeholders Intended for a group but not restricted 

Level of generality or applicability Specific application, but can be modified 

Access to the decision model Virtual (Web-based GIS model) 

Data requirements • Available with modifications (for example:  
species richness and generalized property 
values) 

• Not available but can be created (for example:  
fuel moisture and recreation values) 

• Not available at all (detailed property value 
data) 

Legal and ethical issues • Ownership of and responsibility for spatial 
databases 

• Access to publicly held information 
• Checks and balances governing appropriate 

model use 

Table 4 - Shows how the three PPSDSS projects fit within the conceptual framework. 

  



 66 

Decision models designed to use public input will also use data that is 

available and ready for use.  These data are less expensive and easier to fit into 

the models being developed.  This is true of all three decision-models examined 

here.  The New Sanjay Amar Colony used data that were free and generated from 

interested stakeholders due to a lack of funding.  The Three-Andean Watersheds 

project used a combination of data available from government sources that needed 

modification for use in the model and data collected from stakeholders.  The FCS-

1 project used data from a variety of sources.  The model criteria were developed 

from data that previously existed, then modified for use in the model.  Some 

compromises were made when desired data did not exist.  Property value data are 

usually maintained by county governments and therefore vary in quality, for 

example.  In order to maintain consistency throughout the property value data 

layer it was necessary to use a lower resolution U.S. Census Bureau property 

value data layer developed nationwide. 

All decision support models have legal and ethical issues concerning the 

ownership of and responsibility of the databases used to store data.  The New 

Sanjay Amar Colony used a simple system of storing data on paper and had the 

responsibility of ensuring that it is maintained and used to better the lives of the 

stakeholders who provided the initial information.  The Three Andean Watershed 

project also had this same responsibilty.  They chose to store the data they 

collected in computerized database.  This had the effect of restricting access to the 

data and thereby increasing the chances of it being misused.  The chances of data 
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being misused might be increased when it is not open for all the particpants to 

access.  There is a similar concern for the FCS-1 project.  Only a handful of 

people have access the databases containing the data used in the project.  This is 

mitigated to some degree with the posting of this information to the Internet for 

those with computers and Internet connection. 

1.6 Conclusion 

This paper presents a conceptualization of different methods of developing 

community partnerships through creation of spatial decision support systems, and 

assessing their efficacy for community and stakeholder groups.  The framework 

outlines five different possibilities (national or international agencies, 

state/provincial or local government, university-community, commercial, non-

profit) that community groups can approach for partnering in spatial decision 

making.  The framework also discusses five different dimensions for approaching 

and organizing a PPSDSS.  These five dimensions covered issues regarding 

possible stakeholders, the scale and breadth of the applicability of the decision 

model, who had access to the decision model, the data requirements of the 

decision model and the legal and ethical issues involved in creating a decision 

model. 

It should be noted that these are just a few the issues addressed in 

discussing how GIS and decision models can empower and/or marginalize a 

community.  Yet, even on this issue, many questions remain unanswered.  First, it 
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needs to be determined whether the conceptualization, models, and provisional 

assessments reported here are robust.  Second, although efforts were made to 

assure accessibility and usabilty for the general-public, it remains an expert 

system with a fairly steep learning curve for those outside the curcuit of fire 

ecologists and fire managers.  Third, it is necessary to examine empirically the 

relationship between these models and the evolving practices of community 

organizations.  Based on my experience, community organizations do not choose 

just one model but take different paths to gain access and provide input in spatial 

decision making at various levels, changing their strategies over time and perhaps 

developing novel ways of accessing and utilizing decision support systems.  The 

final test of a PPSDSS is whether it empowers community organizations in 

decision making.  The results of a decision model will have greater meaning and 

used more frequently if impacted communities are significant contributors to both 

the model design and its inputs. 
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Introduction 
 

Strategic management of wildlands for fire is increasingly a mix of traditional fire 

science, climatology, and human perceptions.  Not only must managers be expert at 

modeling fuels and fire behavior, they must also understand human behavior, and the 

effects of climate on landscape.   The Wildfire ALTERnatives (WALTER) project at The 

University of Arizona is a strategic model that incorporates these three components.  

Within the WALTER framework, a new decision support system, called FCS-1 (Fire, 

Climate, and Society – 1), integrates fire probability, climate projections, and human 

perceptions of landscape risk in establishing spatially explicit wildland fire management 

priorities.  FCS-1 is a tool that will help to better allocate the resources that put in pre-

wildfire mitigation efforts.  By setting the appropriate pre-fire management priorites, 

losses due to wildfires should decrease. 

WALTER was funded by the Environmental Protection Agency’s Science to 

Achieve Results (STAR) program.  FCS-1 was created between 2000 and 2003 and 

therefore only does not include data after this timeframe.  FCS-1 focuses on 4 mountain 

ranges representing a diverse set of wildland-human intermix possibilities in Arizona and 

New Mexico.  The four mountain ranges are the Catalina-Rincon, Huachuca, and the 

Chiricahua Mountains of Arizona and the Jemez Mountains of New Mexico.   
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Figure 1 – The four WALTER study areas (from:  http://walter.arizona.edu)  
provide unique levels of human-wildland intermix intensity.  

The major challenge in creating FCS-1 involved developing a method for 

integrating physical drivers of fire ignitions with climate and human components in a 

single model.  Several obstacles had to be overcome in order to make FCS-1 effective as 

an integrative model.  There are complications in comparing such variables as fuel 

moisture stress (the deficit or surplus moisture in vegetation) and property values, for 

example.  How is one to determine the variable that is a more important factor for land 

managers to consider in wildland fire planning?  These two variables have little in 

common, making the establishment of rankings problematic.  The solution to this was to 

divide FCS-1 into two sub-models:  a ‘Values at Risk’ model that tries to capture the 

importance that people assign to landscape, and a ‘Fire Probability’ model that tries to 

determine the probability of wildland fire occurring in an area.   

Another requirement was that the system needed to be able to rank and weight 

variables in a way that was transparent to users.  Transparency in the model allows users 

to better understand how the choices they make affect the outcome.  This has the dual 

http://walter.arizona.edu/
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benefits of helping users make more informed choices and a stronger belief that the 

model outcomes are correct.  A system called the Analytic Hierarchy Process (AHP) was 

used to make pairwise comparisons and assign weights to the variables.   

Finally, a method was needed to allow stakeholder input in determining the 

weights for the individual variables.  It was determined by the WALTER research team 

early on that it made more sense to leave the weighting of individual variables to the 

users – experience and local knowledge being essential to make such assessments.  This 

process allows for expression of values, which can be of equal validity but vary 

considerably from one person to another.  Here again, the AHP was used to collect 

stakeholders’ input.  The AHP then provides a method for either producing landscape 

preferences based on individual inputs or based on the results collected from a group of 

stakeholders. 

This paper looks specifically at the use of AHP with a geographic information 

system (GIS) in constructing FCS-1.  It begins with an overview of AHP, examines the 

development of the variables used in the model, and concludes with a discussion of the 

modeling process. 

1 The study areas 

The project includes four study areas:  the Catalina-Rincon Mountains, the 

Huachuca Mountains, and the Chiricahua Mountains of Arizona, and the Jemez 

Mountains of New Mexico. These were selected because each presents specific human-

wildland intermix challenges, crucial data and knowledge of these areas has already been 
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collected (Swetnam and Betancourt 1990), and each area offers particular opportunities 

for integrating local fire experts and community members into the process of developing 

and implementing the model (Morehouse, Christopherson et al. 2001). 

Several other factors were important in area selection.  The selected areas have an 

of elevated wildland fire hazard when compared with other candidate areas and 

encompass a wide range of urban-wildland intermix.  The wildland-urban intermix is 

defined as the line, area, or zone where structures and other human development meet or 

intermingle with undeveloped wildland or vegetative fuels (NWCG 2005).  The selected 

areas include a large metropolitan area (Catalinas), a small rapidly growing urban center 

(Huachucas), a relatively rural location (Chiricahuas), and an area of national 

significance (the Jemez Mountains include Los Alamos National Laboratory).  These 

areas serve as an extensive test of the model ensuring its adaptability in uses for other 

areas where fire in the urban-wildland intermix constitutes an important factor in 

ecosystem sustainability. 

1.1 Coronado National Forest 

The fire season in the Coronado National Forest typically runs from April through 

November. The entire Coronado National Forest averages 150 fires a year, burning an 

average of 9,000 acres. Sixty-nine percent of the total fires each year are lightning 

caused, averaging 74% of the total acreage burned (Forest 2005).  For 2005 there were 

1,041 wildland fires in the Arizona National Forests, burning 419,617 acres. Of this total, 

26.6% are human-started, burning 55.1% of the total acreage (Service 2005). These 
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statistics are especially troublesome because the Coronado National Forest is situated 

next to rapidly expanding urban areas (Tucson and Sierra Vista). Approximately 34,000 

acres of the Forest are in wildland-urban intermix areas, and in the Tucson area alone 

there are nearly 60 miles of intermix (Forest 2005). 

All three of the study areas in the Conronado National Forest experience the 

impact of illegal migration and drug traffiking.  These activities introduce and 

undocumented source of visitation to the forest and often in remote areas difficult to 

monitor.  They can lead to increases in trash, unauthorized trail development and even 

fire ignitions.  By comparison, these activities are virtually non-existent in the Santa Fe 

National Forest (Jemez Mountains) and make fire management in the Coronado National 

Forest even more challenging.  

1.1.1 Santa Catalina-Rincon Mountains 

The Santa Catalina-Rincon complex is located to the north and east of the Tucson, 

Arizona metropolitan area (Figure 2). It ranges in elevation from 670 meters on the valley 

floor to 2,789 meters at the top of Mount Lemmon in the Catalinas. Vegetation in the 

complex varies from Sonoran-Paloverde-Mixed Cacti at the lower elevations through 

semi-desert mixed grasses and chaparral, up to Ponderosa Pine and Douglas Fir forests at 

the higher elevations.  Land ownership in the area is divided between State Trust 

(37.1%), Private (33.2%) and USDA Forest Service land (22%).  

The Santa Catalina-Rincon Mountains were included in this study because of the 

intermix between wildlands and a large urban area. Major population centers surrounding 
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the forest include Tucson (population 486,699), Oro Valley (population 29,700), Oracle 

(population 3,563), and San Manuel (population 4,375). There are an additional 300,000 

people living in unincorporated regions adjacent to forested lands (Bureau 2005). 

 

Figure 2 – The Catalina-Rincon Mountains are part of the Coronado National Forest and Saguaro 
National Park in southeastern Arizona are adjacent to the Tucson metropolitan area with a 
population of around 900,000. 
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1.1.2 Huachuca Mountains 

The Huachuca Mountains are located approximately 60 km south-southeast of 

Tucson, Arizona and directly west of the city of Sierra Vista, Arizona. These mountains 

range in elevation from 1,199 meters at the base to 2,882 meters at the top of Miller Peak. 

Vegetation in the Huachucas varies from Chihuahua Whitethorn Scrub and Semi-desert 

Mixed Grass/Mixed Scrub, at the lower elevations, to Encinal Mixed Oak, and then 

transitions into Ponderosa Pine at the highest elevations. Like the Catalinas, the 

Huachuca Mountain area is owned principally by three entities: the USDA Forest Service 

(41%), private land (32%), and the U.S. Army (20%). Sierra Vista is the main population 

center (37,775 residents), but there are a number of smaller communities, including Fort 

Huachuca, in the region as well. 

The Huachuca Mountains provide this study with a location that is experiencing 

rapid population growth in a formerly rural area. Sierra Vista’s expansion is pushing 

population right up along the eastern base of the mountains. Compared with Tucson, 

where most of the growth is occurring in areas away from the mountains, Sierra Vista 

will provide an opportunity to study how growth along the urban-wildland intermix 

affects wildland fires. 
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Figure 3 - The Huachuca Mountains in southeastern Arizona are located near the city of Sierra Vista 
and U.S. Army's Fort Huachuca 

1.1.3 Chiricahua Mountains 

The Chiricahua Mountains are located in extreme southeastern Arizona along the 

border with New Mexico, about 30 km north of Mexico. These mountains range in 

elevation from 1,096 meters in the valley and rise to 2,975 meters at the summit of Flys 

Peak. Vegetation in the Chiricahua Mountains is similar to both the Catalina and 

Huachuca Mountains. At lower elevations, Semi-desert Mixed Grass-Mixed Scrub and 

Chichuahuan Creosote bush dominate. As elevation increases, the Semi-desert Mixed 
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Grasses give way to mixed oak and pine chaparral type vegetation, finally climaxing at 

the highest elevations in Ponderosa pine and Douglas Fir communities. The U.S. Forest 

Service owns about 24% of the land, the Bureau of Land Management (BLM) owns 7%, 

and another 21% is in private hands. The Chiricahuas only have one nearby population 

center, Wilcox (population 3,733), as well as a few other smaller communities. However, 

none of these centers contact the forest directly. 

 

Figure 4 – The Chiricahua Mountains located in southeastern Arizona are isolated from any large 
population center, surrounded by ranchland and small farms. 
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Although the Chiricahua Mountains remain quite rural, with primary activities 

being ranching and recreation, development is increasing.  It is unlikely that this rural 

landscape will persist in its current form.  An example of this transformation is the town 

of Portal, AZ.  Portal is already experiencing a rapid growth in the number of lots being 

sold for retirement and vacation homes. 

The Chiricahua Mountains are particularly important to this study because they 

provide a baseline against which the other areas can be compared. These mountains are 

located in a primarily rural and agricultural area. They will serve as a source of data on 

how people impact the ignition and size of wildland fires before urbanization of the 

surrounding area. 

1.2 Santa Fe National Forest 

Recorded fire information in the Jemez Mountains of New Mexico dates back to 

the 1600s and reflects ground fires occurring every 5-15 years until the 1890s. In the late 

1890s, as cattle grazing began to have a devasting impact on vegetation, natural fire 

incidents lessened to the point of cessation (MacDonald 2001).  For the year 2002, the 

entire Santa Fe National Forest, including the Jemez Mountains, has reported 157 

wildland fires that consumed 23,245 acres. Of the 157 fires, 36 (23% of all fires) were 

caused by humans and destroyed 23,094 (99% of the total acres burned) acres of 

forestland (Service 2005).   
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1.2.1 Jemez Mountains 

The Jemez Mountains of New Mexico are located in the western section of the 

Santa Fe National Forest, immediately west of the city of Los Alamos, and about 40 km 

northwest of Santa Fe. The Jemez sit on the Pajarito Plateau, marked by mesas and steep 

canyons, with the Rio Grande River on the eastern side. The mountains vary in elevation 

from about 1,583 meters to a maximum of 3,525 meters at the top of Redondo Peak. Due 

to the higher elevations in this region, compared with three in Arizona, there is little 

desert vegetation present. Vegetation in the forests consists of grasses, piñon, juniper, fir, 

and ponderosa pine. Land ownership in the Jemez Mountains is split among five groups:  

the USDA Forest Service (50%); Native American reservations (15%); the Bureau of 

Land Management (6%); and then 23% is private property, largely consisting of the 

Valles Caldera National Perserve.  The remaining 6% is mainly state lands.  There are 

relatively few urban areas, with only Los Alamos (population 11,909) and Whiterock 

(population 6,045) having more than 1,000 people. 
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Figure 5 – The Jemez Mountains in north-central New Mexico are located near the cities of Santa Fe 
and Los Alamos.  The Los Alamos Nuclear Laboratory and the Valles Caldera National Preserve are 
also major landholders in these mountains. 

The Jemez Mountains were included in this project for three reasons: (1) A large 

amount of data on wildland fires has been collected; (2) The only relatively large urban 

center found within a WALTER study area is the city of Los Alamos; (3) Los Alamos is 

home to Los Alamos National Laboratory (LANL), a facility that works with nuclear and 

other hazardous materials.  The grounds maintained by LANL also had the unique 

distiction of having undergone a substantial forest-thinning program before the large 
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Cerro Grande fire.  It also has the most active interagency fire management coordination 

group of any of the study areas. 

2 The Analytic Hierarchy Process: an overview 

Decision-making often requires preferential selection among a finite set of 

alternative objects, events, or courses of action.  For a land manager, the list of alternative 

priorities might contain projected timber harvest levels, inventory and monitoring 

activities, watershed analysis, or fire management.  In the best situations, there would be 

a measurement scale that could be used for comparison and the best choice among the 

available alternatives would be based on that scale.  At present, however, there is not a 

single, simple scale for measuring all competing alternatives.  More often, there are 

several scales that must be used and often these scales are related to one another in 

complex ways.  Further, in broad-scale, participatory decision-making, alternative 

courses of action arise from different stakeholders with different value systems.  

Integrating this diversity of values can be very difficult.  The Analytic Hierarchy Process 

is intended to help with these types of decisions. 

Two important components of the AHP that facilitate analysis of complex 

problems are: (1) the structuring of a problem into a hierarchy consisting of a goal and 

subordinate features of the problem and (2) pairwise comparisons between elements at 

each level.  Subordinate features are arranged into different levels of the hierarchy and 

may include such things as objectives, scenarios, events, actors, outcomes, and 

alternatives.  The alternatives to be considered are placed at the lowest level in the 
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hierarchy.  Pairwise comparisons are made among all elements at a particular level with 

respect to each element in the level above it.  Comparisons can be made according to 

preference, importance, or likelihood-whichever is most appropriate for the elements 

considered.  A rating scale of 1-9 is used for each comparison.  A value of 1 indicates 

equal preference while a value of nine would mean that a rater feels one criteria is nine 

times more important than the other.  The 1-9 rating scale is based on research by George 

Miller’s (Miller 1956) work on digital span recall tasks.  He found that people were 

generally able to recall between 5 and 9 “chunks” of information.  Saaty then (Saaty 

1980) developed the mathematics necessary to combine the results of the pairwise 

comparisons made at different levels in order to produce a final priority value for each of 

the alternatives at the bottom of the hierarchy.  

 
Figure 6 – This is a generic AHP hierarchy showing how criteria relate to a goal and then how 
alternatives relate to each criterion. 
 
 

Saaty (1980) outlines five important and distinct benefits of the AHP in setting 

priorities.  By repeating the comparison process, the AHP enables stakeholders to refine 

their definition of a problem and to improve their judgment and understanding through 

iteration.  The AHP distills complex problems into a series of pairwise comparisons.  By 

comparing criteria pairwise, the stakeholder is better able to formulate consistent 

responses.  For example, if criterion A is more important than B and criterion B is more 
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important than C, then to be consistent, A must be more important than C.  The process 

of making pairwise comparisons between the criteria makes it simple for the stakeholder 

to remember previous responses and if they chose, rate A as more important than C.  

While this is the consistent response, the AHP doesn’t require it.  Sometimes C is more 

important than A.  In the FCS-1 model consistency was not a requirement of the for th 

participants. 

The AHP leads to an overall estimate of the desirability of each alternative, 

enabling stakeholders to select the best alternative based on their goals.  Stakeholders can 

choose the alternative that has the highest weight as well as see how each individual 

alternative scored with respect to each criterion. 

With the capability of combining group preferences, the AHP does not insist on 

consensus but synthesizes a representative outcome from diverse judgments. While most 

certainly the overall results of a group modeling process will not mirror exactly those of 

any individual, they represent them.  Stakeholders are typically more willing to accept the 

results of the modeling process when they know their voice has been accounted for. 

By employing a hierarchical structure, the AHP reflects the natural tendency of 

the mind to sort elements of a system into different levels and to group like elements in 

each level.  The very process of working through the hierarchy assists stakeholders in 

having a better understanding of the problem the AHP is attempting to resolve.  While 

considering the criteria that are best able to represent the goal and also how each 
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alternative represents each criteria forces stakeholders to consider the very nature of the 

goal the best way to achieve it. 

3 FCS-1 Variables 

FCS-1 is a spatial model that uses a variety of variables to model both natural and 

social factors important to wildland fire management.  The variables were developed in 

Workstation Arc/INFO 8.2.  Processing occurred in a mixed vector/raster environment, 

with the end products being a regular array of polygons.  In this array, each polygon was 

1 kilometer by 1 kilometer.  One kilometer squares were used to match climate data. The 

Fuel Moisture Stress Index was created from the Advanced Very High Resolution 

Radiometer (AVHRR) that samples at 1 kilometer.  This array of polygons was used 

instead of a raster primarily for reasons of efficiency in the database and for performance 

in mapping over the internet.  The values in the polygons varied from 0 to 1.  A value of 

zero would indicate that the polygon had the lowest recreation or lightning probability in 

the study area.  While a value of one would specify that the polygon has the highest 

recreation or lightning probability in the study area. 

As noted above, FCS-1 is divided into two sub-models loosely following the AHP 

hierarchy in figure 6.  In the case of FCS-1 (Figure 7), the goal is a spatially explicit map 

of wildland fire management priorities.  The criteria are the Fire Probability Sub Model 

and the Values at Risk Sub Model.  FCS-1 has an additional layer of sub-criteria, the 

individual model variables.  What are not depicted in Figure 7 are the alternatives.  

Usually the alternatives are the different locations that people would have to make 
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pairwise comparisons between.  In the case of FCS-1 the alternatives are the 1 kilometer 

grid cells of each study area.  Asking the user of FCS-1 to rate the various alternatives 

would result in thousands of pairwise comparisons.  This is obviously too great a burden 

to place on the user.  Instead, rankings of the alternatives are precalculated based on 

spatial data related to each sub-criteria.  As an example the property value sub-criteria 

have alternatives that are ranked on the value of the property within each grid cell. 

We present in the following paragraphs a brief description of the variables that 

make each sub-model.  More complete description of these variables can be found at the 

project website (http://walter.arizona.edu). 

 

Figure 7 - FCS - 1 Model showing how two sets of unique criteria, Fire Probability and Values at 
Risk are created and then combined to produce a unified model. 

http://walter.arizona.edu/
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3.1 Fire Probability Sub-Model 

The fire probability sub-model contains variables that measure the probability a 

wildland fire will occur in a given area.  Although there are a multitude of potential 

variables, the following five were selected at most important. 

4.1.1 Fuel Moisture Stress Index 

Fuel condition was measured using a fuel moisture stress index (FMSI) that was 

developed from satellite imagery spanning 1989 to 2003.  The more stressed a fuel type 

is, the lower its ability to resist combustion when confronted with a wildland fire.  Fuel 

Moisture Stress is included in the FCS-1 model to capture those areas that have lower 

than normal moisture levels and thus present a higher than normal risk of being 

consumed in a fire event. 

The FMSI is a relative index of moisture stress based on each pixel’s variation 

from year to year.  Positive values of FMSI indicate above average moisture stress; 

negative values indicate below average moisture stress.  By relating each pixel to its own 

variation over the fifteen year span, the FMSI produces a value that is comparable across 

pixels that may be populated by very different vegetation types (Taunton 2005).  The 

AVHRR satellite used for this variable produces a dataset that is the Normalized 

Difference Vegetation Index (NDVI), which is a measure of healthy biomass.  As 

vegetation cures, red light is absorbed decreasingly by photosynthetic processes and near 

infrared radiation (NIR) is reflected less by desiccating internal structures.  The NDVI 
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quantifies the range of stressed to healthy biomass by the following formula:  (NIR – 

Red) / (NIR + Red). 

The value of the NDVI ranges from -1 to +1, but has been rescaled in the 

AVHRR NDVI dataset to range from 0 to 200.  A value of 200 indicates maximum 

healthy biomass whereas a value of 0 indicates minimum healthy biomass.  A simple 

negative NDVI might be considered a measure of the absence of healthy biomass or, 

conversely, the presence of moisture stress (Dessay, Laurent et al. 2004). 

In the context of highly diverse settings such as the rapidly varying terrain of 

southwestern sky islands, an NDVI rating can however have very different meaning from 

one pixel to the next.  Consider a pixel located at a high elevation on a north-facing slope 

populated predominately by Douglas fir and White fir.  Consider a second pixel located 

at a low elevation and populated with Sonoran desertscrub.  The ‘fir’ pixel may have an 

NDVI of 125 when it is severely moisture stressed, while the ‘scrub’ pixel may have an 

NDVI of 125 when it is in low moisture stress, due chiefly to physiological differences in 

vegetation.  To measure the stress that is distinctive for a given location, we transformed 

‘raw’ NDVI values into negative z scores (Taunton 2005).  The negative z score is 

calculated by:  -(xi - µ)/σ, where xi is the NDVI value of a pixel for a given date, µ is the 

mean value for the pixel’s NDVI time series and σ is the standard deviation for the 

pixel’s NDVI time series.  The difference between the current pixel value and the time 

series mean divided by the time series standard deviation provides us with a value that is 
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comparable between pixels, the FMSI.  The FMSI quantifies moisture stress based on 

each pixel’s own variation in time. 

 

Figure 8 - Fuel Moisture Stress Index of the Santa Catalina-Rincon Mountains.   In this figure light 
colors represent areas where fuel moisture is above normal and dark colors are for areas with a fuel 
moisture below normal. 
 

3.1.1 Fire Return Interval Departure (FRID) 

FRID is an index of the historical interval between fires for each vegetation type, 

and the years that have elapsed since the last fire.  This technique uses historic fire data to 

determine areas that have gone longer than normal without a fire and, therefore, are more 
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likely to be overloaded with fuels.  These areas, with their heavy fuel loads, provide 

plenty of vegetation (fuel) to quickly spread a fire both horizontally across a landscape an 

d vertically into forest canopies (Caprio, Conover et al. 1997; Keifer, Caprio et al. 1999).  

This variable monitors if an area continues to experience wildland fires at historic 

intervals.  If an area is within it historic range of fire interval, it is presumed not to be 

more at risk for future wildland fires.  On the other hand if an area is outside it’s historic 

interval of wildland fire, it is at a greater risk of wildland fires in the future.  In Figure 9 

for the Catalina-Rincon mountains around Tucson, AZ FRID scores are depicted.  Areas 

within their historical averages for wildland fires are depicted in dark colors while areas 

outside their averages are a lighter shade of gray.  The Bullock fire, labeled in the figure 

below, occurred in 2002 and brought a large portion of the forest back within its 

historical interval for a wildland fire.  The area of the Bullock fire appears as a dark shade 

of gray. 
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Figure 9 - Fire Return Interval Departure for the Santa Catalina-Rincon Mountains.   Because fire 
perimeter data was unavailable for areas outside the Coronado National Forest and Saguaro 
National Park East this variable only describes FRID values inside those areas. 

3.1.2 Large Fire Ignition Probability 

Fires that grow to more than 250 acres in size, though few in number, account for 

most of the acreage burned (95%).  In addition, once a fire reaches 250 acres in size, 

there is a higher likelihood that it will grow much larger.  This component of the model 

uses modified GAP vegetation data, along with Brown, Lowe and Pace vegetation and 

fire ignition data to create an index of the likelihood a fire will reach the 250 acre 

threshold.  A GAP vegetation type is assigned to each large fire ignition, and then the 
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total ignitions for each vegetation type are standardized into a density index based on the 

total amount of area in each class (Neuenschwander and Manakis 2000). 

 

Figure 10 - Large Fire Ignition Probability for the Santa Catalina-Rincon Mountains.   Dark shades 
of gray indicate areas with a higher probability of  producing a large fire than lighter shades.  

3.1.3 Lightning Probability 

Lightning is the major ignition source for non-anthropogenic fires.  To 

incorporate this factor into the FCS-1 model, lightning occurrence data between 1989 and 

1999 was obtained from the National Lightning Detection Network, and the probability 

of lightning strikes was calculated from the spatially explicit density of lightning strikes 
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per 100 ha per year in each research venue.  Each lightning strike was assigned a 

geographic coordinate and a date, and these data were then converted through several 

steps to a normalized probability (between 0 and 1) of lightning strikes per 100ha per 

year (Rollins 2003). 

 

Figure 11 - Lightning Probability for the Santa Catalina-Rincon Mountains.   Dark shades of gray 
are locations with a higher probability of lightning strikes than lighter shades. 

3.1.4 Human Factors of Fire Ignition 

As humans increase their interaction with wildlands, the number of human caused 

wildland fires continues to rise (Cardille, Ventura et al. 2001).  A study by Vigilante 
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(Vigilante, Bowman et al. 2004) has shown that areas situated near roads and urban areas 

are at higher probability of future fire ignition.  Through a logistic regression analysis it 

was revealed that human ignitions were spatially associated with several factors.  For 

example, because people usually access areas by way of roads and spend more time close 

to them than far away, proximity to roads was a positive factor in human wildland fire 

probability.  For similar reasons these kinds of fires also tend to be located near 

campgrounds and picnic areas.  Distance from urban areas also a affects to the probability 

of human caused wildland fires, as there are more people in urban areas, and less time is 

spent the further they have to go from where they live.  Finally, there was also a positive 

correlation between the location of non-forested areas and human fire ignitions.   
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Figure 12 - Human Factors of Fire Ignition for the Santa Catalina-Rincon Mountains.   Areas with 
darker shades of gray typically near campsites, hiking trails and roads have a higher probability of a 
human fire ignition.  Lighter shades of gray in more remote locations have a lower probability of a 
human fire ignition. 
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3.2 Values at Risk Sub-Model 

The values at risk sub-model contains variables that measure the values that 

humans place on particular landscapes. Although these variables are less concrete than 

the fire probability variables, values at risk to wildland fire are often what drive 

discussions about fire management.   

3.2.1 Recreation Value 

In historical perspective, wildlands have often been viewed as places to conquer 

in the name of King and country, a source of untapped riches, or as large science 

experiments.  This view has changed radically in the American Southwest and wildlands 

are now most likely to be viewed in terms of recreation.  In order to capture this shift, a 

variable that maps recreation and recreation value was created. 

This variable was constructed from maps of known recreation areas and an 

understanding of the types of recreation most likely to occur in each venue.  A Forest 

Service recreation survey provided the proportion of people participating in each 

recreation type (Kocis, English et al. 2002).  From this list, the top 10 recreation types in 

each venue were selected for the model.  Spatially explicit features representing locations 

for each of these recreation types were identified.  For example hiking trails were 

selected as the features to represent hiking. 

Once the features representing each recreation type were identified, distance and 

visibility were used to model recreation value.  Studies have demonstrated that both 
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distance and visibility are important factors in how humans value wildlands (Irland 1991; 

Miller 2001; Wing and Johnson 2001).  To model distance, Euclidean distance rasters 

were created from each object representing recreation.  Inverse distances from 0 – 2000 

meters were used to represent the relative importance of each cell in the raster.  For 

example, a cell 30 meters from a trail was considered more important than one 1000 

meters from that same trail, and a cell more than 2000 meters was considered 

unimportant.  To model visibility importance, cumulative viewsheds were created from 

the representative features. Cells in the resulting rasters that were visible 6 times were 

considered more important than those visible 2 times.  The Euclidean distance and 

cumulative visibility rasters were scaled between 0 and 1, and summed to create a model 

for each recreation type. These rasters were then scaled between 0 and 1, and weighted 

by the proportion of individuals participating in each recreation type.  The sum of these 

weighted rasters represented the relative value of each cell in the study region for 

recreation. 
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Figure 13 - Recreation Values for the Santa Catalina-Rincon Mountains.  Darker shades of gray are 
locations of high recreation activity compared to the lighter shades. 

3.2.2  Personal Landscape Values 

While GIS models of environmental risk and value have long taken into account 

“hard” data such as precipitation levels and property values, they have historically not 

included less tangible values placed on natural areas by concerned groups and individuals 

(Johnson, Perin et al. 2003).  In an effort to redress this imbalance in the FCS-1 model, 

project researchers conducted map-based interviews in each of the four study areas. 

Interviewees answered a series of questions from a 5 page questionnaire.  The key 
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questions involved having the interviewees mark on a map the locations of perceived fire 

risk, areas of personal recreation use, travel routes, areas that they valued but had never 

traveled to and the area that they valued the most and believed should be protected from 

wildland fire (Perin, Morehouse et al. 2003).   

The polygons marked on the maps were digitized and summed to create rasters of 

varying value.  Cells with higher values were in areas selected more often by the 

interviewees as important, those with low values were selected less often, or not at all. 
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Figure 14 - Personal Landscape Values for the Santa Catalina-Rincon Mountains.   Darker shades of 
gray indicate locations stakeholders have marked as being more important than lighter shades of 
gray. 
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3.2.3 Property Value 

Nothing spices up a wildland fire more than threat to private property.  This 

variable sought to identify property value across a landscape (Fried, Winter et al. 1999; 

Winter and Fried 2001; Perin, Morehouse et al. 2003). Although this sounds 

straightforward, it turned out to be the most problematic of the variables.  Determining 

property value in urban settings is easily determined, but on public lands it is always 

difficult and sometimes impossible.  Traditionally land value on Forest Service lands was 

a function of the value of the timber.  Since no logging takes place in any of the venues 

for this project, land values could not be determined in this way.  Over the course of the 

project, a number of different approaches were tried, but in the end housing value from 

the 2000 Census was used.  Collected at the block level, total housing values were 

assigned proportionally based on area of intersection with the 1-km project grid.  

Although not perfect, it was available across all four venues, and does give a limited idea 

of property value.  
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Figure 15 - Property Values for the Santa Catalina-Rincon Mountains.  Dark shades of gray are 
areas of higher property values compared to lighter shades that indicate lower property values. 
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3.2.4 Species Habitat Richness 

This variable mapped species habitat diversity as a proxy for species diversity in 

an attempt to determine those areas with potentially large wild animal populations and 

therefore a high environmental value (Bengtsson, Jones et al. 1997; Pimentel, Wilson et 

al. 1997; Bulte and Van Kooten 2000; Fromm 2000; Gatto and De Leo 2000; Vivien 

2000).  This variable was based on Arizona and New Mexico GAP data.  Information on 

habitat for birds, mammals, reptiles and amphibians was obtained and combined to form 

a single map that details species habitat diversity for each of these four classes. 

 

Figure 16 - Species Habitat Richness for the Santa Catalina-Rincon Mountains.   Areas with 
relatively dark shades of gray represent relatively higher species habitat richness compared to areas 
with lighter shades. 
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4 Creating the Model 

The first step in the modeling process was the structuring of the hierarchy.  The 

hierarchy used here is modeled after the generic hierarchy shown in Figure 6.  At the top 

of the hierarchy is the goal, an Overal Risk Assessment of the danger of a wildfire.  This 

goal has two subordinate criteria or variables, Fire Probability Assessment and Values at 

Risk Assessment.  As discussed above, the Fire Probability Assessment has five sub-

criteria and the Values at Risk Assessment has four.  Traditional AHP hierachies then 

have competing alternatives that would be evaluated for each criterium.  In this model the 

alternatives are the individual 1 km by 1 km areas each variable is broken down into.  

This is thousand of alternatives for each study area and would require a user to evaluate 

an enormous number of pairwise comparisons.  In order to avoid this, each alternative 

(1km x 1km areas), has already been evaluated with respect to each sub-criteria.  That 

was the point of developing each of the surfaces into ratio scale data described above.  

Figure 17 demonstrates how the hierarchy is structured in Expert Choice, an AHP 

software package. 

 

A process of pairwise comparisons between individual criteria and sub-criteria 

reduces a complex set of variables into a manageable hierarchy.  The relative-importance 

of each sub-criteria with regards to all the other ones is scored on an integer scale of 1-9 

by each individual stakeholder.  This same process is also used to compare the relative 

importance of the two sub-models.  These comparisons are essentially a ratio of relative 
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importance or preference.  The set of preference scores or weights are integrated through 

a matrix averaging (eigenvector) method (Saaty 1980) to generate weights for the sub-

criteria. 

 
Figure 17 – An example of WALTER criteria weights for the Values at Risk Sub-Model of FCS-1 
derived by the AHP with Expert Choice. 

Once these processing steps for creating the model were established and tested, 

meetings were held in each of the venues.  At these meetings, experts and lay-people 

were involved in creating models specific to their area and to their values.    At each 

meeting, in-depth descriptions of the model’s structure variables were given to the 

participants.  Stakeholders were then asked to make pairwise comparisons among the 

variables within each sub-model and then between the sub-models themselves.   For 

example, “Which do you think is more important to fire probability, lightning or human 

ignitions?” Or, “With regards to setting management priorities, which is more important, 

fire probability or values at risk?”  These comparisons were recorded using wireless 
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keypads that transmitted each individual’s choices to a laptop running Expert Choice 

software (Figure 18). 

 

Figure 18 - Pairwise comparisons in Expert Choice.  This particular example is comparing Human 
factors of fire ignition and personal landscape values. 

These comparisons were combined using the geometric mean to produce group 

based comparisons.  This group-set of comparisons is then assembled into a matrix 

(Figure 19). 

 
Property 
Values 

Species Habitat 
Richness 

Personal 
Landscape Values 

Recreation 
Values 

Property Value 1.00000 1.00000 0.50000 0.33333 
Species Habitat Richness 1.00000 1.00000 0.25000 0.20000 
Personal Landscape Values 2.00000 4.00000 1.00000 0.16667 
Recreation Values 3.00000 5.00000 6.00000 1.00000 
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Figure 19 – Matrix of pairwise comparisons.  This figure and following three are an example of the 
mathematics behind the AHP. 

The matrix is then squared and the eigenvector calculated by dividing each row 

total with the sum of the row totals. (Figure 20). 

    
Row 
Total Eigenvector 

4.00000 5.66667 3.25000 0.95000 13.86667 0.108481648 
3.10000 4.00000 2.20000 0.77500 10.07500 0.078818697 
8.50000 10.83333 4.00000 1.80000 25.13333 0.196622987 

23.00000 37.00000 14.75000 4.00000 78.75000 0.616076667 
    127.82500  

Figure 20 – The first matrix squared and the eigenvector calculated. 

This new matrix is then squared again and new eigenvectors calculated.  The 

difference between the two eigenvectors of each criterion is then determined (Figure 21). 

REPEAT 1    Row Total Eigenvector 

Difference 
from 
previous 

83.04167 115.69167 52.47917 17.84167 269.05417 0.117659878 -0.00917823 
61.32500 86.07500 39.10625 13.10500 199.61125 0.087291848 -0.00847315 

142.98333 201.43333 94.00833 30.87083 469.29583 0.205227413 -0.008604426 
424.07500 586.12500 274.15000 64.40000 1348.75000 0.589820862 0.026255806 

Figure 21 – The second matrix squared and the eigenvector calculated.  The difference between the 
eigenvectors for each row is used to determine stability in the weights. 

This process is repeated until the difference in the eigenvectors is zero out to four 

decimal places.  In this example matrix-squaring was repeated three more times until the 

result shown in Figure 22 is arrived at. 

REPEAT 4    Row Total Eigenvector 
Difference 
from previous 

4.92E+19 6.88E+19 3.17E+19 9.82E+18 1.60E+20 0.12124939 0.0000007488 
3.65E+19 5.09E+19 2.35E+19 7.27E+18 1.18E+20 0.089803969 0.0000005230 
8.60E+19 1.20E+20 5.54E+19 1.72E+19 2.79E+20 0.211840544 0.0000012254 
2.34E+20 3.27E+20 1.51E+20 4.67E+19 7.59E+20 0.577106097 -0.0000024972 

    1.32E+21   
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Figure 22 – The third matrix squared three more times until the difference between eigenvectors was 
0 out to at least four decimal places. 

These eigenvectors were then used as input in an Arc Macro Language (AML) 

that did the calculations to create three models: a Fire Probability sub-model, a Values at 

Risk sub-model, and the combined Fire Climate Society model.  The Fire Probability 

model highlights areas with a high probability for wildland fire.  The Values at Risk 

model captures those areas most valued by humans.  The combined model provides the 

manager with a map of higher and lower priority areas, with the priority established by a 

combination of both fire probability and values at risk. 

 

Figure 23 – Summary graphic of the modeling process (from http://walter.arizona.edu). 

An important feature of AHP and FCS-1 is the ability to produce unique models 

for either groups or individuals.  Individual users’ choices are combined into a single 

model using the geometric mean of their respective models.  Users of FCS-1 come with a 

set of values and a range of understanding on wildland fires in the southwestern United 

States.  The result of these different backgrounds and values was seen in the models 

created at each venue.  To highlight this point, it is interesting to compare the models 

made by a Fire Management Officer (FMO) from a National Forest and a Ranger from a 

National Park at an early stage in the development of FCS-1.  The FMO produced a map 

where heavily forested areas with ideal conditions for wildland fire were his top priority.  
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Using the same data, but different values, the park ranger’s map highlighted areas of 

historic and recreational value as her top priority.  These results reflect the mandates that 

these two individuals have for the lands that they manage.  In this case FCS-1 was able to 

reflect the different priorities of these land managers had in a spatially explicit map. 

5 Limitations 

There are several aspects of FCS-1 that need to be taken into consideration before 

applying it.  While considerable effort was made to use variables that are available 

throughout the country.  It was not possible in all instances.  For example, the Fire Return 

Interval Depature (FRID) requires information on the fire history of an area which may 

be difficult to obtain.  Another limitation in the method described in this paper was the 

property value variable.  This variable has great potential in quantifying one aspect of a 

stakeholders’ attachment to areas.  However, detailed property value information is not 

available in a digital format in all areas.  Therefore, a relatively coarser dataset from the 

U.S. Census Bureau was used.  This limited the resolution to which property values could 

be assigned.  Furthermore the recreation survey data from the U.S. Forest Service only 

applies to Forest Service lands, limiting the ability to apply the results to other lands. 

There is also the chance where identical results in priority values for any given 

area could be obtained for two stakeholders despite making unique pairwise comparisons.  

For example this would occur if sub-criterion 1 and sub-criterion 2 have values of 0.25 

and 0.75 respectively and the weights determined by the stakeholders are 0.75 and 0.25, 

opposite the sub-criteria values.  This is important because it might lead to a user 
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generating the wrong conclusions as to why the model produced the results it did.  They 

might interpret the results to show that one variable in particular is dominating the values 

while in reality it might be another.  However, it is felt by most on the development team 

of FCS-1 that the prospects of this happening are remote. 

6 Conclusions and Recommendations 

The natural extension of this project is to expand the number of study areas 

beyond the southwestern United States.  Field-tests of FCS-1 in the four study areas, 

anecdotally demonstrated a strong ability to locate areas of concern for individual 

stakeholders.  FCS-1 appears to be useful in mountain forests of the southwestern United 

States.  It would be interesting to observe how the model performs in a different region of 

the country. 

An expansion of the number of stakeholders used in developing the Personal 

Landscape Values criteria would also serve to strengthen the model by capturing a wider 

range of opinions.  A greater number of participants in making the pairwise comparisons 

between all the criteria would have a similar effect and provide a strong statisical sample.  

Adding a smoke visibility component to FCS-1 would provide stakeholders an additional 

choice in the model building process.  It would all stakeholders to determine how much a 

factor smoke or even the visibility of smoke is in determining landscape preferences. 

FCS-1 was developed for the WALTER project to improve our ability to integrate 

traditional fire science with climate and human factors in a strategic model.  Built using 

the Analytic Hierarchy Process, FCS-1 is a tool that allows decision-makers to set 
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priorities in landscape management for wildland fires.  The methodology involves the 

development of a spatial decision support system that utilizes the analytic hierarchy 

process and a geographic information system.  The resulting tool allows for either 

individual or group based models, and allows the creation of models that reflect either 

group or individual values.  This method also has the important ability to incorporate 

variables that are difficult to quantify, such as stakeholders’ perceptions and combine 

them with property values.  It also creates a single, spatially explicit map that 

incorporates two distinctive aspects of wildland fire management, the climate and 

biophysical drivers of wildland fires and human value based considerations. 
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THE USE OF GIS TO SPATIALLY DETERMINE RECREATION PREFERENCE IN 
NATIONAL FORESTS 
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Introduction 

Opportunities to participate in outdoor recreation are an important component in the 

quality of life for the residents of the southwestern United States.  Outdoor recreation-

much of it directly dependent on natural resources, is a component of local economies 

that has been growing rapidly in recent years.  Spending by visitors to the Coronado 

National Forest in southern Arizona total annually about $95.6 million (Kocis, English et 

al. 2002).  This is 6.4% of the 1.5 billion tourism economy of southern Arizona 

(Hammond 1998).  It is not surprising, therefore, that recreation is now an important 

consideration in forest policy.  As such, natural resource managers are asked increasingly 

to accommodate the values of society at large, which include recreation, in the 

management of forests and the prevention of wildland fires in recreational areas.  

Traditional wildland fire management models used in this capacity have focused almost 

exclusively on physical science as a means to reproduce fire spread probabilities and 

behavior. Such methods use information on elevation, slope, aspect, surface fuel models, 

and percent canopy cover, but ignore the impact of humans and climate.  The pervasive 

influence of humans on wildland fire occurrences across the country is summarized best 

by Heinselman (1981), who said that human impacts of all kinds “so greatly lengthened 

and modified natural fire cycles, that they” (natural fire cycles) “are no longer relevant.”  

Whereas wildland fire origin points may once have been determined largely by 

environmental factors, ample evidence indicates fire occurrence and size are strongly 

influenced today by human settlement and activity (Main & Haines, 1974) (Stocks, Lee, 
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& Martell, 1996).  It is now evident that new methods are needed to integrate both 

environmental and human factors of wildland fire ignition locations into single 

comprehensive model. 

Progress toward this integration is one of the goals of the Wildfire Alternatives 

(WALTER) project.  It is a broad-based approach to the management of wildland fire that 

bridges the gap between what managers know and what they need to know.  WALTER 

combines biophysical and social science variables with advanced geospatial, decision-

support, and interactive web technologies to build decision-making tools for use by 

experts and the public.  WALTER moves beyond traditional fire models to include 

variable societal values such as recreation, protection of the environment, property worth 

and a less tangible aspect, landscape perception.  One of the decision-support tools 

developed under the WALTER project was the Fire-Climate-Society-1 (FCS-1) model.  

FCS-1 is an online, spatially explicit strategic wildfire planning model with an embedded 

multi-criteria decision process which facilitates construction of user-designed risk 

assessment maps under alternative climate scenarios and variable perspectives of fire 

probability and risk values. 

An important consideration for wildland managers when managing for wildfires is 

the protection of recreation and recreation areas.  Recreation constitutes an increasingly 

important source of revenue within local and state economies.  Recreation in nearby 

mountains is a popular activity for local residents and visitors alike. Destructive wildfires 

can disrupt recreational activities for decades and may permanently destroy the very 

things that made particular recreation areas highly valued. The ability to evaluate 
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wildland fire risk under different scenarios may assure that valued areas, such as 

recreation features, species habitat, and ecosystems are protected. 

One of the principal variables of the FCS-1 model is recreation preference, the 

focus of this paper.  To map recreation trends wildland managers must be knowledgeable 

about recreation use levels and basic user characteristics such as, demographic 

information, user origin, and destination, all essential components of effective 

management (Watson, 1989).  Wildland managers can monitor recreation conditions and 

solicit feedback and opinions from users of national forests as a useful method to 

determine recreation preferences with respect to wildland fire planning. 

The recreation component of the FCS-1 model uses landscape visibility, 

recreation infrastructure and recreation use survey data to produce a broad-scale, spatially 

explicit recreation preference model applicable to any national forest.  The method has 

additional benefit in that it requires only limited field work to collect information about 

perceived recreation values.  The remainder of the data required for this model can be 

obtained from the Forest Service on the Internet. 

This paper summarizes the concept of distance decay and reviews the use of 

geographic information systems (GIS) in recreation modeling.  A description of the four 

study areas follows, including a discussion of the unique opportunities within each area 

for testing the strength and flexibility of this recreation model.  There is an explanation of 

the two principal data sets used in the model:  1) National Forest visitor survey results on 

recreation practices; and 2) traditional GIS datasets which show the locations of 

recreation opportunities in National Forests and Parks.  The paper then describes the 
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modeling process which combines visitor survey results and geographic features.  This 

section is followed by a discussion of modeling results in each study area.  The final 

section is a summary of the recreation models’ limitations and the conclusions drawn 

from the process. 

Distance Decay and Recreation Preference 

Various approaches have been used to predict outdoor recreation preference.  

Traditional approaches consider socio-economic variables (gender, age, income, 

education, race, occupation, family composition, and party composition).  Some studies 

have also considered geographic variables such as distance and urbaneness, and 

determined that they play a greater role than socio-economic variables in explaining 

recreation behavior (Young and Smith 1979; Smith 1985; Moutinho and Trimble 1991). 

Few concepts are more central to the discipline of geography than distance decay.  

Among the geographic variables, distance was the most powerful variable as explained in 

the gravity model. 

Distance plays a role in the distribution of ideas, technology, population, and 

interaction of various types; underpins a host of empirical regularities and constitutes the 

basis for Tobler’s (Tobler 1970) “first law of geography.”  The first law of geography 

was Tobler’s idea that “everything is related to everything else, but near things are more 

related to each other”.  The formalization of distance decay as a measurable entity can be 

traced to the “social physics” school of Stewart, Warntz, and Zipf (Stewart 1945; Wartz 

1984; Eldridge and Jones III 1991), whose work laid the foundation for a host of studies 

on spatial interaction by geographers in the 1960s and beyond. 
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Previous research shows distance is an important variable for the prediction of 

recreational area visitors’ behavior and for market segmentation.  Debbage (Debbage 

1991) hypothesized distance could be a good predictor of recreation behavior.  The 

longer the distance someone has to travel to reach a recreation destination, the more 

expensive the trip becomes, the longer they tend to stay, and the more they want to see 

and do.  Moutinho and Trimble (Moutinho and Trimble 1991) found that those who 

travel farther to a recreation area are more likely to be first-time visitors.  Destination 

distance of a recreation opportunity is considered an important travelers’ decision making 

criterion [R.L., 1983 #878](Ankomah, Crompton et al. 1996).  The relationships between 

distance and other variables, however, are not linear (Moutinho and Trimble 1991).  

Within a comfortable day’s drive a family can travel by a car at a given cost per mile for 

example.  Beyond the limit of a comfortable day’s drive, an increase in miles is less 

important for the family traveling by air than for traveling by car.  Distance from a 

recreation amenity is shown to impact the number of people who participate (Stedman, 

Diefenbach et al. 2004).  A recreation resource that is more accessible, due to proximity, 

is valued more than a similar resource farther away. 

GIS and Recreation Modeling 

Modeling spatial recreation patterns on public lands is a complex task that 

requires sophisticated methods to manage and store information.  Geographic information 

systems (GIS) technology is a useful tool for many forestry-related analyses and has been 

used extensively in traditional biophysical-based wildland fire management [Franklin, 

1987 #37; Chou, 1993 #515; Close, 1995 #55; Hay, 1998 #212; Huang, 2000 #190; 
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Gimblett, 2001 #848; Keane, 2001 #535].  Other aspects of forest management use GIS 

frequently to capture and analyze spatial phenomena.  Application of GIS to forest 

resource management, for example, has increased dramatically in the past 10 years.  One 

field that could benefit from additional GIS analysis is recreation research (Cole, 1989; 

Confer, Graefe, & Falk, 1992; Meighen & Volger, 1997).  Those applications of GIS for 

recreation that do exist have been diverse, including the systematic inventory and audit of 

recreation resources and conditions (Bruehler and Sondergaard 2004); identification of 

potential development locations (Gunn 1994; Boyd and Butler 1996; Starr, Gratzer et al. 

1999); simulating and modeling spatial outcomes of proposed developments through 

visibility analysis (Selman, Davidson et al. 1991); and simulation modeling to facilitate 

monitoring and management of visitor flows (Wing and Shelby 1999; Itami, Raulings et 

al. 2002; Lawson, Manning et al. 2002). 

Determination of recreational travel patterns has proven difficult for forest 

researchers and managers.  Although many national and state organizations involved in 

multiple-use management collect recreation-use data, few follow monitoring protocols 

that would allow encapsulation of the spatial nature of use patterns and user statistics.  

This failure is due often to the daunting challenges posed in efforts to track and record the 

movement of recreational users.  Although a handful of studies have addressed this issue 

directly (Confer et al., 1992; Gimblett, Durnota, & Itami, 1996; Harris et al., 1995), there 

remains a need for additional work  (Wang & Manning, 1999; Wing & Shelby, 1999).  

This need is especially great for recreation models applicable broadly to most national 

forests and which can be created and utilized without a great deal of field work. 
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An additional component of outdoor recreation research is visibility of the 

landscape features.  Visitor preferences for aesthetic qualities are relatively well known.  

Nearly all national and state managed public forests in the United States require scenic 

values be taken into account in management planning and activities (McCool, Benson, & 

Ashor, 1986).  Most research in this area has focused on the aesthetic quality of a 

landscape rather than the pure visibility.  Research has shown the quality of outdoor 

recreation is influenced in part by the visual quality of the forest landscape (Magill, 1992; 

Ruddel, Gramann, Rudis, & Westphal, 1989).  Timber harvesting and its associated 

activities can alter dramatically the visual appearance of forested ecosystems.  Changes in 

visual appearance of forests as a result of timber harvesting include fewer trees, eroded 

soils, destruction of groundcover, creation of roads, opening of vistas, and increases in 

dead and downed wood, also known as slash.  Visitor preference studies indicate some 

common trends:  older forests are preferred over younger ones; natural-looking or only 

slightly disturbed stands are preferred over obviously disturbed ones; and partial cutting 

methods are preferred over clear-cuts (Brunson & Shelby, 1992; Ribe, 1989). 

The present project assumes all features in the wilderness have some scenic 

beauty and therefore, the more visible a feature, the more valuable it is.  This idea is 

supported in the research of Dan Van Der Horst (2006), who used the visibility of 

woodland features in Scotland to aide in determination of reforestation preferences. 

The Fire-Climate-Society-1 (FCS-1) model utilizes both landscape visibility, 

recreation infrastructure and recreation use survey data to produce a broad-scale spatially 

explicit recreation-use model applicable to any national forest.  The method requires only 
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limited field work to collect data about perceived recreation values.  The remaining data 

required for use of this model are available from the Forest Service on the Internet at their 

FSGeodata Clearinghouse (Service 2007). 

Study Areas 

This project examines four study areas: the Catalina-Rincon Mountains, the 

Huachuca Mountains, the Chiricahua Mountains in Arizona, and the Jemez Mountains in 

New Mexico. These study areas were selected because each has specific human-wildland 

intermix challenges; one or more of the investigators had already accumulated crucial 

data and knowledge about the areas; and each offered particular opportunities for 

integration of local fire experts and community members into the development and 

implementation of biophysical and social science based wildland fire models, such as 

FCS-1 (Morehouse et al., 2001). 

The study areas are characterized by elevated wildland fire hazard, and 

encompass a wide range of urban-wildland intermix conditions. The wildland-urban 

intermix is defined as the line, area, or zone where structures and other human 

development meet or intermingle with undeveloped wildland or vegetative fuels (NWCG 

2005).  The study areas include a large metropolitan area (Catalinas), a small, rapidly 

growing urban center (Huachucas), a rural location (Chiricahuas), and an area of national 

prominence (the Jemez Mountains include the Los Alamos National Laboratory). The 

study areas are also the sites of previous research activities which have produced 

considerable information relevant to this project.  These distinctive forests serve as an 

extensive test of the recreation model ensuring its adaptability for use in other areas 

http://gis.esri.com/library/userconf/proc02/pap0285/p0285.htm#Huachuca Mountains AZ#Huachuca Mountains AZ
http://gis.esri.com/library/userconf/proc02/pap0285/p0285.htm#Chiricahua Mountains AZ#Chiricahua Mountains AZ
http://gis.esri.com/library/userconf/proc02/pap0285/p0285.htm#Jemez Mountains NM#Jemez Mountains NM


 128

where fire in the urban-wildland intermix constitutes an important factor in ecosystem 

sustainability. 

Coronado National Forest 

The fire season in the Coronado National Forest lasts from April through 

November. The entire Coronado National Forest averages 150 fires a year, burning a total 

of 9,000 acres. Sixty-nine percent of the total fires each year are caused by lightning, 

which consumed on average 74% of the acreage burned (Forest, 2005).  In the 2005 fire 

season, 1,041 wildland fires burned 419,617 acres of National Forest in Arizona.  Of this 

total, 26.6% were human-started, which consumed 55.1 % of the total acreage burned 

(Service, 2005). These statistics are noteworthy because the Coronado National Forest is 

situated next to rapidly expanding urban areas (Tucson and Sierra Vista). Approximately 

34,000 acres of the Forest are in urban intermix areas.  In the Tucson region alone there 

are nearly 60 miles of intermix (Forest, 2005). 

Santa Catalina-Rincon Mountains 

The Santa Catalina-Rincon complex is located to the north and east of the Tucson, 

Arizona metropolitan area (Figure 1), and ranges in elevation from 670 meters on the 

valley floor to 2,789 meters at the top of Mount Lemmon in the Catalinas. Vegetation in 

the complex varies from Sonoran-Paloverde-Mixed Cacti at the lower elevations through 

semi-desert mixed grasses and chaparral, to Ponderosa Pine and Douglas Fir forests at the 

higher elevations. Land ownership or management is divided principally between State 

Trust (37.1%), Private (33.2%) and USDA Forest Service land (22%).  
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The Santa Catalina-Rincon Mountains were included in this study because of the 

intermix between wildlands and a large urban area. The Tucson metropolitan area has a 

population of 843,746, surrounds a significant portion of these mountains (Bureau, 2000).  

This includes about 100 year round residents of the forested mountain top community of 

Summerhaven. 

Two devastating fires have occurred in Santa Catalina Mountains in recent years.  

In May and June of 2002, the Bullock fire burned more than 30,000 acres on the 

northeastern slope of Mount Lemmon.  This was followed in the susequent year by the 

watershed fire event that started on June 17, 2003.  The Aspen fire swept through 

Summerhaven two days later and before it was over on July 15, the fire had scorched 

84,750 acres, destroyed more than 322 homes and cabins, leaving only 129 intact along 

with just two of nine stores or businesses.  Fighting the fire cost the federal government 

more than $16 million and involved hundreds of seasoned firefighters and two major fire 

management teams (Rothstein 2005). 
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Figure 1 – The Catalina-Rincon Mountains are part of the Coronado National Forest and Saguaro 
National Park in southeastern Arizona and are adjacent to the Tucson metropolitan area with a 
population of approximately 900,000. 

Huachuca Mountains 

The Huachuca Mountains are located approximately 60 km south-southeast of 

Tucson, Arizona and directly west of the city of Sierra Vista, Arizona and the U.S. Army 

base, Fort Huachuca (Figure 2). These mountains range in elevation from 1,199 meters at 

the base to 2,882 meters at the top of Miller Peak. Vegetation in the Huachucas varies 

from Chihuahua Whitethorn Scrub and Semi-desert Mixed Grass/Mixed Scrub at the 

lower elevations, to Encinal Mixed Oak, which transitions to Ponderosa Pine at the 

highest elevations. Like the Catalinas, the Huachuca Mountains are divided into three 
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categories of ownership or management:  the USDA Forest Service (41%), private land 

(32%), and the U.S. Army (20%). Sierra Vista is the main population center (37,775 

inhabitants), but there are a number of smaller communities, including Fort Huachuca, in 

the region as well. 

The Huachuca Mountains are experiencing rapid population growth in a formerly 

rural area. Sierra Vista’s expansion includes areas adjacent to the eastern base of the 

mountains. Compared to Tucson, where most population growth occurs in areas away 

from the mountains, Sierra Vista provides an opportunity to study how growth along the 

urban-wildland intermix affects wildland fires. 
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Figure 2 – The Huachuca Mountains in southeastern Arizona are located near the city of Sierra Vista 
and the U.S. Army’s Fort Huachuca. 

Chiricahua Mountains 

The Chiricahua Mountains (Figure 3) are located in southeastern Arizona along 

the border with New Mexico, about 30 km north of Mexico. The Chiricahuas range in 

elevation from 1,096 meters in the valley and rise to 2,975 meters at the summit of Flys 

Peak. Vegetation in the Chiricahua Mountains is similar to both the Catalina and 

Huachuca Mountains. At lower elevations, Semi-desert Mixed Grass-Mixed Scrub and 

Chihuahuan Creosote bush dominate. The Semi-desert Mixed Grasses give way to mixed 

oak and pine chaparral type vegetation as elevation increases.  Ponderosa pine and 

Douglas Fir communities exist at higher elevations. The U.S. Forest Service manages 

about 24% of the land, the Bureau of Land Management (BLM) manages 7%, and 

another 21% is in private hands.  Willcox (population 3,733), as well as a few other small 

communities are the only population centers near the Chiricahuas and none of these 

communities contact the forest directly. 

The Chiricahua Mountains are particularly important to this study because they 

provide a baseline of unpopulated forest against which the other areas can be compared. 

These mountains are located in a primarily rural and agricultural area. The Chiricahuas 

will serve as a source of data about how people impact the ignition and size of wildland 

fires before urbanization of the surrounding area. 
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Figure 3 – The Chiricahua Mountains located in southeastern Arizona are an isolated range far away 
from any large population center, surrounded by ranchland and small farms. 

Santa Fe National Forest and the Jemez Mountains 

Recorded fire information in the Jemez Mountains of New Mexico dates back to 

the 1600s and reflects ground fires which occurred every 5-15 years until the 1890’s. In 

the late 1890s, overgrazing was the rule, and natural fire incidents lessened to the point of 

cessation (MacDonald, 2001).  In 2005, the entire Santa Fe National Forest, including the 

Jemez Mountains, reported 168 wildland fires consuming 998 acres.  Of the 168 fires, 55 

(33%) were caused by humans and destroyed 848 acres of forestland (Service, 2005).  
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That corresponds to 85% of the total acres burned in the Santa Fe National Forest had 

human ignition sources. 

The Jemez Mountains (Figure 4) of New Mexico are located in the western 

section of the Santa Fe National Forest, immediately west of the city of Los Alamos, and 

about 20 km northwest of Santa Fe. The Jemez sit on the Pajarito Plateau, marked by 

mesas and steep canyons, with the Rio Grande River on the eastern side. The mountains 

vary in elevation from about 1,583 meters to a maximum of 3,525 meters at the top of 

Redondo Peak. Due to the higher elevations in this region compared to the three in 

Arizona, there is little desert vegetation present. Vegetation in the forests consists of 

grasses, piñon, juniper, fir, and ponderosa pine. Land ownership and management in the 

Jemez Mountains is divided between five groups:  the USDA Forest Service (50%); 

Native American reservations (15%); the Bureau of Land Management (6%); and  23% is 

private property, largely the Valles Caldera National Preserve.  There are few urban 

areas, with only Los Alamos (population 11,909) and Whiterock (population 6,045) 

having more than 1,000 people. 

The Jemez Mountains suffered what some have termed the “worst wildfire in 

New Mexico history” when the Cerro Grande fire began as a prescribe burn ignited by 

the National Park Service in Bandelier National Monument on May 4, 2000 grew out of 

control.  Fueled by a dense woodland, high winds and drought, it consumed some 43,000 

acres of forest.  It was a traumatic event for the community, which lost hundreds of 

homes and buildings, and a “national wake-up call” for federal fire policy makers (Banish 

2005). 
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Figure 4 – The Jemez Mountains in north-central New Mexico are located near the cities of Santa Fe 
and Los Alamos.  The Los Alamos Nuclear Laboratory and the Valles Caldera National Preserve are 
also major landholders in these mountains. 
 

The Jemez Mountains were included in this project for four reasons: 1) A large 

amount of data about wildland fires has been collected; 2) The only relatively large urban 

center found within a WALTER study area is the city of Los Alamos; 3) Los Alamos is 

home to Los Alamos National Laboratory (LANL), a facility that works with nuclear and 

other hazardous materials; and 4) it sits in a contrasting ecoregion.  The Jemez Mountains 

are in the Southern Rockies ecoregion while the other ranges are in the Madrean 

Archipelago. 
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Data 

It is the intent of this study to develop a GIS based method to map recreation 

preferences within the four study areas.  To accomplish this it is necessary to use two 

distinct types of data, survey and geospatial.  Data was sought from the Bureau of Land 

Management, the National Park Service and the National Forest Service.  Only data from 

the National Forest Service was available throughout the study areas and in a format that 

was easily incorporated into the recreation model.   

Surveys collected by the Forest Service have determined visitor preferences 

among different recreation activities.  The Forest Service also has GIS based data on 

forest features (roads, trails, lakes).  Both types of data are needed to provide information 

about recreation use and location. 

Recreation usage from the National Visitor Usage Monitoring program 

The National Visitor Use Monitoring (NVUM) project was implemented in an 

effort to better understand visitors’ use and level of satisfaction with the system of 

recreational opportunities in national forests.  NVUM is designed to provide statistically 

reliable estimates of recreational visitation to the national forests and grasslands and 

designated wilderness areas within them (Kocis, English, Zarnoch, Arnold, & Warren, 

2002). 

NVUM began with a pilot study in 1998 which tested a statistically valid method 

for estimation of visitor use.  A team of research scientists and National Forest Service 

personnel built on this effort by developing a standard method to be utilized across the 

country.  This will ensure Forest Service-wide consistency in data collection and 
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establish a minimum standard of statistical accuracy.  As a part of these standards a 

foundational set of definitions and assumptions were formulated.  One of the most 

important is the definition of a recreation visit.  A national forest recreation visit is 

defined as “one person entering and exiting a national forest for the purpose of 

recreation”.  In a single visit, an individual may participate in any number of recreation 

activities.  Also, a single visit can last from 15 minutes to 15 or more days; it might be 

one individual visiting only one recreation site, or the same individual visiting every 

recreation site on a national forest.  Counts or estimates of recreation users exiting 

individual sites in a national forest are referred to as recreation site visits.   

NVUM sampled and developed estimates of recreation site visits as an 

intermediate step in estimation of national forest recreation visits.  Visitation estimates 

were generated for individual national forests, Forest Service regions, and for the 

National Forest System as a whole.  The primary reporting unit is the national forest or 

grassland.  Recreation visitation estimates are developed annually for about one-fourth of 

the reporting units in each region; once the cycle is established, each unit is re-surveyed 

every 5 years.  Regional and national visitation estimates are developed by summing 

estimates from forests and grasslands.  In the first 3 years, regional and national estimates 

are determined by extrapolation of data from reporting units surveyed.  In the fourth and 

subsequent years, regional and national figures are calculated as the sum of the most 

recent estimate for each reporting unit in the region.  Visitation estimates for every level 

of reporting are to be within 15 percent of actual visitation, at the 80 percent confidence 

level. 
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Opportunities for more detailed sampling of particular user groups or for special 

data collection for a national forest are limited within the NVUM framework.  A major 

goal of NVUM is to ensure the consistency of methods used to estimate recreation visits 

across reporting units.  More intensive sampling of particular user types could 

compromise methodological consistency and increase the difficulty of calculating 

statistical accuracy of visitation estimates. 

A description of visitor activity during a national forest visit was developed.  This 

basic information includes participation in various recreation activities, length of stay on 

the national forest and at recreation sites, visitor satisfaction with national forest facilities 

and services, and economic expenditures. 

Table 1 – The list of activities surveyed by the National Forest Service in the Coronado and Santa Fe 
National Forests.  Activities in bold were included in the FCS-1 model. 

Coronado National Forest Santa Fe National Forest 

Activity Percent 
participation 

Percent who said it 
was their primary 

activity 

Percent 
participation 

Percent who said it 
was their primary 

activity 

Camping in developed 
sites 5.9 3.7 7.46 4.68 

Primitive camping 2.3 0.9 5.70 1.67 
Backpacking 1.0 0.5 3.09 2.00 
Resorts, cabins 0.9 0.3 0.45 0.00 
Picnicking 10.7 3.7 14.46 12.00 
Viewing wildlife 36.4 3.7 51.27 1.41 
Viewing natural features 63.2 10.8 63.20 7.91 

Visiting historic and 
prehistoric sites/areas 

4.2 0.3 10.54 1.03 

Visiting a nature/visitors 
center 12.1 0.7 5.48 0.04 

Nature Study 8.6 0.9 11.40 0.66 
General/other relaxing 36.8 7.3 53.44 17.11 
Fishing 0.8 0.3 9.35 5.02 
Hunting 4.3 3.5 1.30 1.17 
Off-highway vehicle travel 4.2 3.6 3.54 0.42 
Driving for pleasure on 
roads 24.3 18.6 20.81 3.00 

Snowmobile travel 0.2 0.2 0.05 0.00 
Motorized water travel 0.0 0.0 0.17 0.00 

Other motorized land/air 
activities 

0.4 0.1 0.05 0.00 

Hiking or walking 50.9 38.0 62.89 33.90 
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Horseback riding 0.7 0.1 1.18 0.65 

Bicycling, including 
mountain bikes 

0.6 0.4 2.49 1.60 

Non-motorized water travel 0.2 0.0 0.23 0.10 
Downhill skiing 2.6 2.4 15.64 15.62 
Cross-country skiing 0.0 0.0 2.01 1.59 
Swimming 5.0 0.8 2.99 0.17 
Gathering natural products 1.5 0.0 5.63 1.41 

 

Table 1 lists 26 recreation activities surveyed by the U.S. Forest Service for both 

the Santa Fe and Coronado National Forests.  The NVUM survey estimates that 

2,903,000 people visited the Coronado National in 2001 and 1,405,000 people visited the 

Santa Fe National Forest in 2003.  The ‘percent participation’ column is the percentage of 

people visiting the forest who participated in a particular recreation activity during their 

visit to the forest.  Because people could participate in more than one activity during a 

single visit, the percentage total is more than 100%.  The ‘percent who said it was their 

primary activity’ column is the percentage of people who listed one activity as the 

primary focus of their visit.  This column will total 100% as the respondents could only 

select one activity. 

Activities selected for inclusion in the recreation component of FCS-1 were the 

top twelve activities most cited.  Activities beyond the top twelve tended to be cited by 

less than one percent of the respondents and were therefore dropped.  Another category, 

‘viewing natural features,’ was excluded because it encompassed the same spatial 

information as many of the other recreation activities. 

The biggest drawback to use of this data set is its representation of the 

percentages of activities across the entire Coronado National Forest rather than specific 

ranger districts or mountains. This representation thereby assumes the same participation 
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percentage for hiking from ranger district to ranger district.  Districts have unique 

characteristics that might have a large impact on use percentages.  The NVUM survey 

still provides however the best opportunity to determine recreation preferences in the 

national forests.  The activity percentages are useful to quantify model parameters; 

similar information is available for all the national forests, so that the creation of 

recreation preferences datasets is repeatable for any forest. 

U.S. Forest Service Cartographic Feature Files 

Cartographic Features Files (CFF) from the U.S. Forest Service are the primary 

GIS data layers used in this research to model visibility and Euclidean distance from 

recreation activities.  The trail network found in the CFF will be used to describe hiking, 

for example. 

CFF data were collected initially by digitalization of Forest Service Primary Base 

Series (PBS) maps. The CFF are revised periodically using standard topographic 

mapping techniques. This includes the addition of updated information provided by 

National Forests and Grasslands. The feature categories contained in the CFF are: 

transportation (roads and trails), streams and water bodies, political and administrative 

boundaries, land ownership, and cultural features.   

Cartographic Feature File data are digital representations, in vector format, of 

cartographic information. Map features are converted to digital form from maps, aerial 

photography, global positional systems and related sources. CFF data are used to publish 

1:24,000- scale 7.5 minute topographic quadrangle maps. CFF data contain feature 

attributes, can be structured topologically in a GIS, and have passed certain quality-
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control checks. The files are supplied on the Internet as two files in ARC/INFO export 

format: a line and a point file. 

GAP species habitat richness data 

Since CFF data from the Forest Service do not include recreational hunting, 

further processing of additional datasets was required.  Habitat suitability data for 

harvestable species can be found in the GAP species habitat richness data.  Areas of 

suitable habitat for harvestable species are used to locate recreational hunting grounds. 

Biologists have long used knowledge of an animal's habitat to predict its presence 

or absence. Traditional approaches to mapping animal distribution include:  1) dot 

distribution maps; 2) grid-based maps; 3) hybrid dot distribution and range maps; and 4) 

range maps (Scott et al., 1993).  Predictions rely on the location or observation of 

specimens and include no information about ecological conditions, such as vegetation 

that favors the presence of a given animal. Using vegetation as a surrogate to map 

presence or absence of animals has limitations but also provides enhancement over 

traditional mapping. Because the process does not rely on known locality records, 

unsampled areas can be included in predicted models.  The distributions can be mapped 

as a series of probability estimates, given sufficient information. 

Linkage of known ecological relationships with the vegetation map provides a 

spatial component to range mapping. Within Gap Analysis, two sets of information are 

needed to model animal distributions. These sets of information are the digital vegetation 

map and the wildlife habitat association data that link particular species to mapped 

vegetation classes. This simple linkage provides a description of the predicted spatial 
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location for each animal species in the database. Once the predicted spatial location for 

the species is identified, the maps go through an additional screening to further refine 

predicted distribution. This involves comparison of predicted distribution to more refined 

spatial data. One such source of information is county-of-occurrence maps, a frequently 

available data source, especially for birds. 

Methods 

From a historical perspective, wildlands have been places to conquer for King and 

Country, untapped riches, or in the name of science. The more contemporary woodlands 

visitor is interested usually in other qualities:  A place to escape from the pressures of 

everyday life, to test one’s personal mettle, and even to socialize, are now the 

characteristics sought by most wildland users. In order to capture the utilized and valued 

characteristics of wildlands, the locations of where people access particular recreation 

types are used. 

Table 2 
Recreation Activity GIS Data Used (feature type) 
Camping in developed 
sites Developed campgrounds (points) 

Picnicking 
Developed campgrounds and picnic areas 
(points) 

Viewing wildlife All roads and trails (lines) 
Visiting a visitors center Visitors centers (points) 
Nature study All roads and trails (lines) 
General recreation All roads and trails (lines) 
Driving All roads (lines) 
Hiking All trails (lines) 
Swimming Lakes (points) 
Visiting historic sites Historic sites (polygons) 
Off-highway vehicle travel OHV trails (lines) 
Hunting Species habitat (polygons) 
Downhill skiing Ski runs (polygons) 
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Information from the Forest Service provided the magnitude of the various 

recreation activities.  Viewshed and Euclidean distance modeling were used to determine 

the location these activities.  Viewsheds were constructed in ESRI’s ArcINFO Grid 

module (ver. 8.2.1).  The visibility function produced an output which recorded the 

number of times each grid-cell location was visible from observation points (Figure 5).  

Visibility was determined for each recreation activity.  If the activity was point based, 

such as picnicking, then the observation points were the picnic sites.  If the activity was 

linear, like hiking, then the observation points used in the visibility analysis were the 

vertices of the linear feature.  Table 2 provides information about GIS data used for each 

recreation activity. 

 

Figure 5 – (ESRI 2007).  A graphical depiction of how a viewshed is derived.  The observation point 
is on the mountain top to the left (at OF1 in the image).  The direction of the viewshed is within the 
cone to the right.  Visibility in FCS-1 was 360° around the observer. 

 
In addition to visibility, a Euclidean distance surface was also created for each 

activity.  This function calculates the Euclidean distance to the closest source for each 

cell.  Figure 6 describes this process.  As with visibility, a source is either the location of 

a point based activity or a node or vertex for a linear activity.  Distances were calculated 
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to a distance of 2,000 meters. It was decided arbitrarily that locations farther than this 

were unlikely to be of great recreational value due to distance decay [Hall, 2002 #975].  

Further processing resulted in a surface where locations near recreation features were 

assigned a value of 2,000, and locations farther than 2,000 meters, zero. 

 

Figure 6 – (ESRI 2007). Euclidean distance is calculated from the center of the source cells to the 
center of each of the surrounding cells.  The Euclidean algorithm works as follows:  For each cell, the 
distance is calculated to each source cell by calculating the hypotenuse, with the x-max and y-max as 
the other two legs of the triangle.  This calculation derives the true Euclidean distance, not cell 
distance. 
 

The visibility and the Euclidean distance surfaces were combined into a single 

recreation value raster.  This was accomplished by standardization of both surfaces to 

values between zero and one.  In this case zero indicates little or no recreation value and 

one represents the highest recreation value.  Once standardized, the values were summed.  

This resulted in recreation surfaces for each activity, with values ranging from zero 

(again low recreation value) to two (high recreation value).  These surfaces were then 

standardized to values between zero and one by dividing each one by two. 

The final step in generation of a total recreation value map was to apply the 

activity use percentages from the National Visitor Usage Monitoring program to each 

activity’s corresponding surface.  For example, if 3.7% of the survey participants said 

camping in a developed site was the primary purpose of their visit then 0.037 would be 
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multiplied by the camping surface.  This practice would be repeated for the other 

recreation activities.  When completed, all the surfaces were summed to produce a total 

recreation value map. 

The only deviation from this method was for the hunting recreation variable.  

Hunting was computed by determination of the spatial extent of each of the harvestable 

species in Arizona and New Mexico.  These areas were represented as rasters and 

assigned a value of one. Areas that did not contain harvestable species received a value of 

0.  The surfaces for each species were then summed.  This produced a new raster where 

high values indicated areas with the largest numbers of harvestable species habitats and 

low values indicated areas with a smaller number of harvestable species.  This summed 

raster was then rescaled to values between 0.0 and 1.0.  It was then combined with the 

other recreation layers by summation.  After it was multiplied by the corresponding 

visitor use percentages, a spatially explicit recreation value map for the individual study 

areas was produced.  This process is summarized in Figure 7.  The two grids on the left 

are potential habitats for two species.  Cells with values of one indicate potential habitat, 

empty cells indicate unsuitable habitat.  If the two grids are summed, the result is the 

middle grid.  The grid is then standardized by dividing the number of cells in the grid by 

the total number of species. 
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Figure 7 – Simplified example of how individual habitat layers are combined.  In this example, a 
“zero” in a cell represents a habitat that is unsuitable for a species while “one” indicates that the area 
is appropriate habitat.  The habitats for two species are summed and then divided by two (the 
number of layers summed).  This produces a unified potential habitat layer. 

Results and Discussion 

The output of this method is polygonal layers that identify the spatial location and 

recreational value of four national forest ranger districts in the southwestern United 

States.  These layers are the culmination of the data described in previous sections.  This 

method combines the results of the Forest Service NVUM survey and the CFF spatial 

data into single layer Figure 8.  It is important to note that the results for each study area 

are relative and useful only within the study area.  Comparisons between study areas 

would be difficult if not impossible. 
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Figure 8 – Twelve recreation layers are combined to produce a single weighed layer.  In this example 
for the Huachuca Mountains, the twelve most popular recreation activities are combined into a single 
layer. 

Catalina-Rincon Mountains 

Figure 9 shows the location of high priority recreation areas in the Catalina Mountains.  

High value areas are located along roads with high visibility such as the Catalina 

Highway.  The area along this highway is important not only because of the road but also 

because it is the location of a large number of trailheads and campgrounds/picnic areas.  

Thus the cells immediately adjacent to this feature receive points for driving, hiking, and 

camping/picnicking.  Other areas such as the Pusch Ridge receive a lower recreation 

score because the only recreation activity to occur there is hiking. 
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Figure 9 – In this figure darker gray areas represent higher recreation potential compared to the 
lighter gray areas.   Black lines are roads and municipal boundaries.  Black lines with a white outline 
are hiking trails.  High access areas such as the Catalina Highway tend to have a higher recreation 
potential than low access areas like the Pucsh Ridge. 

Huachuca Mountains 

Figure 10 displays the location of high and low recreation priority areas in the 

Huachuca Mountains.  One high priority area indicated by the model is along Carr 

Canyon, a principal access road into the mountains with a number of campgrounds.  

Another area important for recreation is along the spine of the mountains where the trail 

network is dense.  Ramsey Canyon, the location of a nature preserve run by the Nature 

Conservatory is also shown to be important for recreation visitors to the Huachucas.  One 

location in the mountains with low recreation usage is the area administered by the U.S. 

Army’s Fort Huachuca.  While this area does allow daytime access, the general lack of 

trails on this part of the mountain has contributed to low use by the public. 
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Figure 10 – In this figure, darker gray areas represent higher recreation potential compared to the 
lighter gray areas.   Black lines are roads and municipal boundaries.  Black lines with a white outline 
are hiking trails.  Access to forest resources again plays a large role in recreation potential. 

Chiricahua Mountains 

Recreation in the Chiricahua Mountains is found primarily in the Cave Creek 

Recreation Area and in the Chiricahua National Monument.  Figure 11 focuses on the 

eastern slope of the mountains and shows clearly a clustering of high priority areas in and 

along Cave Creek.  Cave Creek Canyon features a number of trails that break off from 

the main road into the canyon as well as several campsites and picnic areas.  This canyon 

is also the location of a Museum of Natural History research center.  Low priority areas 

include the eastern and southeastern fringes of the mountains where the density of roads 

and trails decreases.  Along the spine of the mountains the recreation value is relatively 

low when compared to the Cave Creek Canyon Recreation Area.  While this area has a 
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large number of trails it lacks roads along with camping and picnic areas that might 

increase its recreation diversity and value. 

 

Figure 11 – In this figure, darker gray areas represent higher recreation potential compared to 
lighter gray areas.   Black lines are roads and municipal boundaries.  Black lines with a white outline 
are hiking trails.  High access areas such as the Cave Creek Canyon Recreation Area and Portal tend 
to have a high recreation potential. 

Jemez Mountains 

Figure 12 shows the recreation value for the Jemez Mountains of north-central 

New Mexico.  High value areas include locations immediately to the north and west of 

the Los Alamos town site.  These locations include campsites, trails and a large number 

of roads.  Low recreation value areas include the Valles Caldera National Preserve which 
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has only a small number of roads and trails and limits the number of visitors.  Los 

Alamos National Laboratory and the Los Alamos town site also have low recreation 

values because there are few indicators of recreation possibilities in these areas.  There 

are no trails, visitor centers, or campgrounds in these locations.  Bandalier National Park, 

surprisingly, shows a low recreation value.  This is due probably to the lack of recreation 

data layers available for National Parks leaving hiking as the only recreation opportunity 

in the park. 

 

Figure 12 – In this figure darker gray areas represent higher recreation potential compared to the 
lighter gray areas.   Black lines are roads and municipal boundaries.  Black lines with a white outline 
are hiking trails.   This area of the southeastern Jemez Mountains provides contrast between high 
and low access areas.  The Valles Caldera National Preserve (low access) and the area around the 
Los Alamos (high access) town site graphically display this difference. 
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Discussion 

Much of the concern about contemporary land management planning can be 

characterized as the need to better understand the extent to which it is possible to 

simultaneously achieve social and natural resource policy objectives.  In the past decade, 

increasing attention has been given to the need to emphasize natural resource-based 

services, such as recreation.  Outdoor recreation has become a significant economic 

sector and a component of the quality of life for residents of southern Arizona, and others 

who are willing to spend time and money traveling to Arizona.  As outdoor recreation 

increases in importance, so too does the need to consider it in all aspects of natural 

resource management, including wildfire planning and management. 

The method described strives to map areas of high value to people using national 

forests for recreation and is included in a spatially explicit strategic wildfire planning 

tool, FCS-1.  The model’s intentional simplicity facilitates its use across the country, with 

a dataset available freely via the Internet from the U.S. Forest Service.  This method does 

correspond to known recreation areas based on discussions with individuals who live near 

the study areas.  The recreation component is built to show high importance recreation 

areas occur where the density of roads and trails is greatest.  Areas where visitors have 

easy access to recreation opportunities also show a high importance.  For example, 

campgrounds with several trailheads, a road on a mountain, and providing visibility, have 

high relative importance for a recreation area.  Areas difficult to access and have low 

density of roads and trails, conversely, show a decrease in importance.  A location in a 
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low-lying area, with low visibility, no trails, roads or a campground would have a low 

relative importance as a recreation area. 

This type information would be useful to natural resource managers when 

planning pre-fire mitigation efforts.  An example of this is areas of high recreational 

value. In these areas it may be more acceptable for forests to be thinned through 

mechanical means rather than prescribed burns that can scar a landscape and reduce the 

overall enjoyment of the recreational visit. 

Limitations and Assumptions 

While this system does appear to determine spatial areas with high recreation 

value, there is still room for improvement in the modeling methods.  As it stands now 

there is no accounting for the vehicle traffic on any of the roads.  The model treats all 

roads as equal, paved and unpaved roads are assumed to have the same amount of traffic.  

It is not able to weight roads based on their usage frequency.  A simple way to capture 

some of this information would be to make some distinction between paved and unpaved 

roads in the forests and assign a weight to them.  While this would not be a perfect 

solution it would enable the model to be used without detailed survey work in each study 

area.   

The current version of the model also assumes all trails are used with equal 

frequency.  This is clearly not the case and there could be some adjustment to the 

weightings of the trails to account for this.  One possible method would be to assign a 

weighting based on the trailhead’s distance to a road or actual usage – what about the 

sign-in sheets at trailheads, isn’t that data collected somewhere?  If not, I think the 
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distance to the road and the difficulty of the trail should be taken into account.  The closer 

it is to a road the higher the weight would be.  These deficiencies are indicative of the 

inability to model intra-activity differences; all fishing areas are equal, all skiing areas are 

weighted the same.  Modifications for roads and hiking would be fairly simple to 

implement and they would still maintain the general applicability of the model.  

Accounting for differences within the other activities would however be difficult to 

account for without more time and funding. 

It is also important to remember that the method outlined in this paper describes 

recreation importance as a function of visitor percent participation and recreation 

opportunity.  As such it is possible that an area in one forest with plentiful recreation 

oportunities (i.e., numerous trails and roads), but with a low percent participation, might 

score higher than an area in a differet forest with few recreation opportunities and a 

higher percent participation.  This makes comparisons between forest suspect and ill 

advised.  Within the same forest where participation values are the same, recreation 

importance becomes a function of recreation opportunity. 

As wildland managers are being tasked increasingly to account for the values of 

society at large when managing forests for wildland fires, the ability to plan for wildland 

fires must be aided by a better understanding of the location and intensity of recreation 

use.  One method mentioned in this article is the monitoring of recreation conditions by 

gathering feedback from interested users is a useful method for determining recreation 

preferences in wildland fire planning.  As a component of the larger WALTER project, 

the creation of a spatially explicit recreation dataset seeks to provide information about 
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how people who live near and use wildlands value them.  Information on societal values 

regarding wildlands fills a gap in traditional wildland fire models focusing typically on 

fire spread probabilities and behavior.  The construction of a recreation dataset is a 

beginning in the effort to fill in this gap. 
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