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ABSTRACT 

P. J. Davis. A Spatial Model of National Forest Human-Caused Fire Ignitions. 86 pages, 12 

tables, 3 figures, 2012. 

 
Humans are responsible for most wildfires in the United States. This thesis 

examined the spatial relationships of fire ignition crimes on National Forests to other 

crimes and physical features. The distribution and location of fire ignition crime clusters on 

nine National Forests were determined using spatial pattern analysis. Results from the 

spatial pattern analysis indicate that fire ignition crimes were clustered. Spatial models 

were created, predicting the density of fire ignition crimes, based on a set of crime and 

physical feature variables. Models suggest that crime variables are better predictors of fire 

ignition crime location than physical feature variables. Creation of generalized regional and 

national prediction models was found to be inappropriate. The results from this research 

can be used by Forest Service law enforcement during times of high fire risk to locate areas 

that are more prone to fire ignition crime. 
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I. Introduction 

With the introduction of Geographic Information Systems (GIS) technology, researchers 

are now able to examine the spatial distribution of crime in ways that they never could before. 

Spatial analytical tools such as kernel density surfacing, nearest neighbor, and hot spot analyses 

make it possible to identify patterns in crime data more efficiently than with a traditional pin map. 

The majority of the research involving crime distributions has focused on crime in urban settings. 

Work by Chainey and Reid (2002) established a set of criteria for the application of nearest 

neighbor and hot spot analyses on crime distributions in urban areas. Research on the spatial 

distributions of crime on National Forests is fairly limited (Tynon and Chavez 2006). Wing and 

Tynon (2006; 2008) were the first to use spatial analytical tools and procedures established by 

Chainey and Reid (2002) to examine the distribution of National Forest crime. As part of a 

decision support system, having knowledge of where crimes occur most frequently, and what 

physical features they are associated with, can assist Forest Service law enforcement in directing 

their crime prevention efforts (Wing and Tynon 2006). 

Statement of Problem 

Humans cause the majority of wildfires in the United States. In 2010, there were 64,807 

human caused wildfires, compared to the 7,164 wildfires caused by lightning. These same human 

caused wildfires burned more than one million acres, much of which was on public land (NIFC 

2010). The United States Code and Federal Regulations define when and where fires can be 

ignited in National Forests (e.g., campfires in certain locations and times). Persons who violate 

these laws commit a crime (felony, misdemeanor, or violation). It is the responsibility of the Law 

Enforcement and Investigation (LEI) division of the Forest Service to enforce these rules, and 

ultimately reduce the amount of human-caused wildfires on National Forest land. 
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Forest Service Law Enforcement Officers (LEO) are often confronted with a myriad of 

management challenges. Tynon et al. (2001) reported that officers perceived an increase in the 

amount of urban-associated crime, as well as total crime, on National Forests. The increase in 

crime has impacts on the total cost of management, as well as how funding is allocated on these 

forests. Due to budgetary constraints, LEOs are often required to patrol large geographically 

isolated areas alone (Tynon et al. 2001). Crimes are more likely to go unnoticed or underreported 

because of this geographic isolation (Chavez and Tynon 2000). 

 The Forest Service Law Enforcement and Investigations Management Attainment 

Reporting System (LEIMARS) database provides a complete record of crimes that have occurred 

on National Forests from 2003 to the present. This database was created to provide an efficient 

method for law enforcement to record and analyze incidents that occur on the National Forest 

System (US Forest Service 2009). When an arrest or citation is made on a National Forest, a 

Forest Service LEO issues a violation notice to the perpetrator. An incident report (Appendix I) 

accompanies a violation notice to document the law violation. Each incident report that is 

entered into the LEIMARS database contains information about the date, type, severity, and 

location of the crime. 

Purpose of Study 

 This thesis examines the connection between human-caused fires, National Forest 

physical features and other criminal activity. It utilizes coordinate information found in the 

LEIMARS database to establish spatial relationships between fire ignition crimes, other crime 

types, and physical features found on National Forests. This thesis incorporates the criteria for 

establishing statistically significant hot spot analyses, developed by Chainey and Reid (2002), 

and builds on the work by Wing and Tynon (2006; 2008). While Wing and Tynon’s analysis 
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relied on visual interpretation of crime clustering to establish spatial relationships with 

environmental elements, this thesis takes the analysis one step further, by creating a predictive 

spatial regression model. If successful, this model will predict the likelihood of fire ignition 

crime occurrence on a National Forest, based on the presence of other crimes and physical 

features. 

Research Objectives 

This thesis seeks to achieve the following objectives: 

 Determine the distribution and location of fire ignition crime clusters across a sample of 

nine National Forests. 

 Develop spatial regression models for each sampled National Forest, predicting the 

likelihood of fire ignition crimes, based on a set of crime and physical feature variables. 

 Determine if the results from the individual forest models can be generalized at a regional 

and national level. 
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II. Review of Literature 

Forest Service Law Enforcement 

 The Law Enforcement and Investigations (LEI) division of the Forest Service was created 

to enforce the laws and regulations that govern the National Forest System, as well as protecting 

the public, employees, and natural resources that fall under the jurisdiction of the Forest Service 

(US Forest Service 2001). It works in conjunction with all levels of the Forest Service and the 

general public to accomplish this mission. 

 Since the establishment of the National Forest System in 1905, a form of law 

enforcement has always been needed to protect the land from degradation and to the enforce 

rules and regulations set forth by the agency. Originally this task was given to the forest rangers 

that patrolled the National Forests, but later a separate law enforcement division was created (US 

Forest Service 2001). Initially, the law enforcement program fell under the supervision of the 

head of each National Forest. This structure proved to be difficult as investigations could often 

lead inward to the very programs and people who were responsible to allocate the enforcement 

programs funding (Melle 2001). In 1994, the organizational problem was remedied by moving 

the law enforcement division out of the individual National Forest supervision. The LEI is now 

under the direct supervision of the Chief of the Forest Service, which allows the division to have 

a separate agency budget (Melle 2001). 

Today, the Forest Service LEI program consists of approximately 700 employees, whose 

task it is to enforce the laws that govern the National Forests. They have two major divisions, the 

uniformed patrol unit and the investigations unit. The uniformed patrol unit works directly on the 

day-to-day enforcement of the National Forest laws, while the investigations unit works on cases 
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related to major violations, such as timber theft, arson, and assault on government employees 

(US Forest Service 2001).  

The source of the Forest Service law enforcement division’s authority to issue regulations 

pertaining to the National Forest System is derived from Title 36, Part 261 of the Code of 

Federal Regulations (CFR), titled “Prohibitions.” The CFR is a listing of federal administrative 

law that is published in the Federal Register by agencies and executive departments of the 

United States government (NARA 2010).  

The process of publishing statutory law into the Federal Register is authorized by the 

Administrative Procedures Act (APA) of 1946. The APA creates a process that federal agencies 

can use to create regulations based upon their interpretation of congressional statutes and 

technical expertise (U.S. Department of Justice 1947). Title 16 of the U.S. Code allows the 

Department of Agriculture to create the laws used to protect and manage the National Forests, 

including their resources, employees, and visitors.  

Crime on National Forests 

 Despite the large amount of research that has been done regarding crime in urban settings, 

there has been relatively little research done on crime in rural areas and on public lands. A 

perception exists in the general public that natural settings, such as National Forests and Parks, 

are crime-free (Pendleton 1996). This perception, and up until recently a lack of available data, 

has contributed to the absence of research on this subject. The inadequate amount of knowledge 

about the nature and extent of crimes on public lands can make it difficult for Forest Service 

officials to prepare for and manage potential conflicts (Tynon and Chavez 2001). 
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 Historically, research about crime on public lands has focused mainly on offenses such as 

graffiti and other forms of vandalism (Christensen and Clark 1978). Through this research, 

managers were able to implement strategies such as site planning, user education, and increased 

surveillance to help mitigate this growing problem (Christensen and Clark 1983). In addition to 

vandalism, Munson (1995) found that crimes, such as dumping of garbage and toxic waste, 

growing and harvesting marijuana, and timber thefts, were common to both public and private 

forestland.  

Vandalism and dumping are not the only types of crimes that occur on National Forests. 

Following a series of interviews with Forest Service LEOs, Pendleton (1996) found 

environmental crimes, such as timber theft, taking of wildlife out of season and poaching of 

endangered natural resources, were commonly occurring crimes on National Forests. Chavez and 

Tynon (2000) found that crimes, such as arson, domestic violence, theft, murder, gang activity, 

assault, production of methamphetamine, and eco-terrorism, were also commonly occurring on 

National Forest lands. 

 Pendleton (1996) also uncovered an alarming trend. Interviews with Forest Service LEOs 

at an undisclosed western National Forest reported a perceived increase in both urban-associated 

crime, as well as common forest crimes. Examination of the crime records showed that crime in 

that National Forest had actually doubled between the years of 1989 and 1992. Tynon et al. 

(2001) reported that LEOs commonly reported that their jobs were decreasingly about natural 

resource law enforcement, and more about “city law enforcement.” Chavez and Tynon (2000) 

reported that growth in urban-associated crime (e.g., arson, domestic violence, theft, gang 

activity) is more common to urban proximate than rural National Forests, but is increasing in 

both areas.  
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Fire Ignition Crime 

Fire ignition crimes on National Forests, the focus of this thesis, are composed of minor 

violations (e.g. leaving a campfire unattended) to more serious crimes, such as arson. Urban 

associated crimes, such as arson, have been a continual problem for National Forest managers 

(Chavez and Tynon 2000). A study administered by the Government Accountability Office 

(2011) found that fires ignited by illegal border crossers in the Arizona border region (Forest 

Service Region 3) are a significant source of wildland fires. These fires are often used to divert 

law enforcement to a particular area, but can also be caused accidentally by illegal border 

crossers.  

Prestemon and Butry (2005) found that wildland arson ignitions showed strong temporal 

clustering. These findings indicated that arson crimes are more likely to occur as a series of 

clustered events, during the dry months of the year, rather than randomly throughout the year. 

The findings that wildland arson crimes are not random occurrences over time and space makes 

it possible for law enforcement to implement effective strategies to help mitigate these crimes on 

National Forests. While traditional arson is a significant source of wildfires on both National 

Forests and public land, it is not the only type of fire related crime that can cause wildfires. 

Chavez and Tynon (2000) reported that gang associated and drug related crimes were also 

significant problems for managers. One LEO cited an example of a fire starting from a torched 

vehicle that was stolen and abandoned in a remote area of the National Forest. 

Methamphetamine production on National Forest lands is not only dangerous to the recreationist 

or employee who encounters the lab, but is also a significant threat to cause wildfires (Tynon et 

al. 2001). The extremely volatile and flammable chemicals that are used during the production of 

methamphetamine have also caused wildfires (US Department of Justice 1999). Violations 
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pertaining to campfire size and placement, while not always malicious in intent, are also a 

common cause of wildfires.  

Spatial Analysis of Crime on National Forests 

 In the past, spatial analysis of crime, in both urban and rural settings, involved pin maps 

showing the locations of crime occurrences. With the advent of GIS technology, managers now 

have the ability to analyze crime data using technologically integrated techniques, such as hot-

spot and cluster analysis, to better address management challenges (Wing and Tynon 2006). 

Techniques such as nearest neighbor analysis and the Kolmogorov-Smirnov statistic provide 

managers the ability to apply statistical significance tests to spatial patterns. New techniques, 

such as kernel density estimation, create surfaces that allow for easier visual interpretation of 

crime hot spots. Unfortunately, very few guidelines are in place to address the question of what 

is, and what is not, a hot spot. The symbology of a kernel density surface can often be 

manipulated by a map designer to show any amount of hot spots that they wish (Chainey and 

Reid 2002). 

 Chainey and Reid (2002) attempted to address the lack of objectivity inherent in hot spot 

analysis by establishing a set of standardized procedures for creating statistically robust spatial 

pattern analysis results. This procedure involved the application of cluster tests, such as nearest 

neighbor analysis, as well as the creation of a continuous density surface map that is generated 

based on a predefined set of parameters.  

The choice of the search radius, or bandwidth parameter has perhaps the most influence 

on the output of the kernel density surface. Its selection determines how large of a search radius 

is used when calculating the kernel densities for each cell (Silverman 1986). To determine this 

parameter, Chainey and Reid (2002) adopted the strategy of Williamson et al. (1999), where 
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bandwidth equals the mean distance of a selected variable to its K nearest neighbors. This 

strategy is preferable to other methods, since it incorporates the distribution of the variable, 

whereas other available strategies do not (Williamson et al. 1999).  

To define the hot spot thresholds, Chainey and Reid (2002) implemented an incremental 

mean approach to symbolizing a kernel density surface map. This approach created a 

standardized method of symbolization upon which the relative levels of crime density can be 

located and compared to one another. When this approach is applied to the thematic legend of a 

kernel density surface map, Chainey and Reid (2002) suggested defining a hot spot as three 

multiples of the mean density and above. 

Research involving spatial analysis of crime on National Forests is limited. However, 

studies by Wing and Tynon (2006; 2008) have proved to be helpful sources of knowledge for 

this thesis. For their research, Wing and Tynon (2006) used incident data from the LEIMARS 

database to determine the spatial distribution of crime on National Forests within Region 6.  

Their initial study from 2006 used kernel density and nearest neighbor analysis at different 

spatial scales in order to determine areas of high crime occurrences. The nearest neighbor 

analysis test was completed to confirm that the distribution of crimes over Region 6 was 

clustered. The kernel density estimation was used to visually determine where the areas of high 

crime density, or “hot spots”, were occurring. Wing and Tynon (2006) then created kernel 

density surfaces at both the National Forest and the administrative unit level to determine if these 

crime hot spots were spatially correlated with any man-made or geographic feature. This analysis 

showed that the crime hot spots were commonly located in the forests that were near population 

centers, transportation networks, and established recreation sites (Wing and Tynon 2006). 
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 In their follow-up study Wing and Tynon (2008) built upon the foundation that was 

established in the preliminary study. While the initial study relied on visual examination of hot 

spots and the adjacent features, this study supplemented the visual examinations with statistical 

significance tests. These analytical tests included quadrat and nearest neighbor hierarchical 

analysis, along with Kolmogorov-Smirnov and variance-mean ratio tests to examine the 

statistical significance of crime hot spots. The results validated the preliminary findings from the 

initial study with significant statistical evidence. While this research does not relate specifically 

to fire ignition crime on National Forests, it established that crimes on National Forests are 

spatially clustered and do not occur randomly. 

 This thesis builds upon Wing and Tynon’s (2006; 2008) pioneering use of spatial 

analytical tools to examine the spatial patterning of crime on National Forests.  The focus of this 

thesis is fire ignition crime on National Forests and the spatial relationships that it shares with 

other types of crimes and physical features. We utilized research by Tynon and Chavez (2000), 

Tynon et al. (2001), Munson (1995), and Pendleton (1996) to group all National Forest crimes 

into categories and to investigate the spatial relationships between different crime types and fire 

ignition crimes.  

While this thesis addresses the spatial patterning of fire ignition crimes using methods 

derived from Chainey and Reid (2002) and Williamson et al. (1999), the analysis goes one step 

further and creates a predictive spatial model for the National Forests that can be utilized by 

Forest Service law enforcement to help mitigate human-caused wildfires during times of high 

fire risk. 
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III. Methods 

Crime Type Categories 

Crime records from the years 2003 to 2010 for all National Forests were obtained from 

the LEIMARS database for this thesis.  Prior to any analysis, the data had to be cleaned up to 

meet the objectives of the thesis. Specifically, duplicate entries that were a result of a group of 

people being arrested for the same crime at the same location and time were thrown out, to 

remove the spatial bias of having multiple entries in the same exact location. In addition, crimes 

that shared the same location and incident date as a fire crime were removed. This was done in 

an attempt to eliminate the bias from crimes where multiple citations were often written for the 

same offense. This method was later discarded; as it was determined that it did not influence the 

selection of predictor variables in the thesis. 

To simplify the spatial modeling of criminal activity, the twenty-nine most commonly 

occurring crimes on National Forests were grouped into seven categories based on the type and 

severity of the infraction (Table 1). A description of each of the crime categories is given below. 

A detailed listing of the infractions that comprise each crime type category can be found in 

Appendix II. 
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Table 1. Crime variable categories. 

Crime Categories Included Crime Types 

Model 

Development 

Symbol 

Fire Fire Crime Y 

Alcohol & Drug 

Alcohol 

X1 Drug possession / Use 

Drug Production / Distribution 

Misconduct 

Assault 

X2 

Interfering with Government Officials 

Threat Intimidation 

Misconduct 

Fraud 

Civil  

Motor Vehicle Use 

Forest Roads / Trails 

X3 
OHV 

Violation of State Law 

Other Snow Vehicle 

Property 

Fish and Wildlife 

X5 

Timber 

Real Property 

Government Property 

General Forest Products 

Personal Property 

Cultural 

Livestock 

Paleo 

Visitor Use 

Occupancy Use 

X6 
Special Uses 

Wilderness 

Sanitation 

Other 

Other 

X4 
Unknown 

Terrorism 

Mismanagement 
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Fire Ignition Crimes 

   Prohibitions related to fire are defined in Title 36 of the Code of Federal Regulations 

(CFR), section 261, part 5. These violations pertain to any purposeful or negligent act which has 

the potential to cause fire related damage to National Forest property. This category includes 

crimes such as arson, restrictions on campfire size and placement, negligence that may result in a 

fire, the accidental or deliberate burning of slash without a permit, and neglecting to control a 

prescribed fire on Non-National Forest System land that damages the National Forest System. 

Alcohol & Drug Crimes 

 Violations included in the alcohol & drug category are found in Title 21 of the United 

States Code, section 841(a). This crime category refers to the buying, selling, possessing or 

manufacturing of illegal narcotics within the National Forest boundary. Crimes related to illegal 

alcohol use, such as state DWI and open container laws, are also included. 

Misconduct Crimes 

This category refers improper, unlawful, and often intentional acts that are committed on 

a National Forest against other people. These crimes include resisting arrest, disorderly conduct, 

fraud, and threatening or intimidating users, or Forest Service employees. The crimes found 

within this category are found in Title 36 of the CFR, section 261, parts 3 and 4. 

Motor Vehicle Use Crimes 

The Forest Service excludes the use of motor vehicles on any part of the National Forest 

system that is not designated for motor-vehicle use. Violations from this crime category are 

designated in Title 36 of the CFR, section 261, parts 12 through 15. This category also includes 



 

14 
 

moving and parking violations, weight violations, and violations pertaining to damaging roads on 

a National Forest. 

Property Crimes 

 Prohibitions that are included in the property crime category are designated in Title 36 of 

the CFR, section 261, parts 6 through 9. These violations pertain to stealing, damaging or 

removing natural features, personal property, archeological sites, endangered or threatened plants, 

or any Forest Service building. Also included in this category are crimes related timber theft, 

harming grazing livestock, and hunting or taking wildlife in a manner that is in violation of state 

law. 

Visitor Use Crimes 

The violations that are found within the visitor use crime category are taken from Title 36 

of the CFR, section 261, parts 10, 11, 16, and 18. These violations pertain to restricting visitor 

activities that are considered illegal on part or all of a National Forest. They include creating a 

road or structure on Forest Service land without a permit, discharging firearms within 150 yards 

of a recreation site or building, dumping garbage, abandoning property, noise restrictions, and 

taking part in activities in designated wilderness areas that are restricted through the Wilderness 

Act of 1964. 

Other Crimes 

This category refers to uncommon crimes listed in the LEIMARS database as “other”, or 

violations that did not relate to use of the National Forest, such as Terrorism and 

Mismanagement. These crimes were eliminated from the analysis because knowing the spatial 

relationship of these crimes was not viewed to be beneficial to the study. 
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Physical Feature Data 

In addition to the crime incident data, physical feature layers, such as roads, trails and 

recreation sites, were also acquired from the Forest Service (Table 2). Recreation sites were 

broken into three categories based on the amount and type of use they receive. Trailheads were 

given their own category because while they often are adjacent to a road, they are frequently 

found in geographically isolated areas. Camping and day use areas often share an overlap of 

users, but serve a very distinct difference in purpose. Camping areas are purposed for overnight 

use, while day use areas are used for daytime recreation activities. 

 

Table 2. Spatial Layer Variables. 

Spatial Layer Physical Features Included Data Type 
Model Development 

Symbol 

Camping Areas Campgrounds, Group sites, Lean-to sites Point X7 

Day Use Areas Picnic sites, Lookouts, Recreation areas Point X8 

Roads U.S, State, Local, Forest Roads Line X9 

Trails Active hiking trails Line X10 

Trailheads Active trailheads Point X11 

 

National Forest Selection 

For this study, National Forests were selected from Forest Service Regions 3, 5 and 8, 

since the majority of National Forest fire ignition crimes were found in these regions. Due to 

their climate and vegetation, the regions which make up the southern and western border of the 

United States are more prone to wildfires (Figure 1). Within each region, three National Forests 

were chosen based on two criteria: a large number of fire ignition crimes and acreage. The fire 
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ignition criteria was based on a National Forest being in the 50
th

 percentile or greater in fire 

ignition crimes within the region. Among the National Forests that were found to be in the 50
th

 

percentile or greater, the second criteria of stratifying by acreage was achieved by selecting a 

forest with the largest, smallest and median acreage (Table 3).
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                Figure 1. Selected National Forests. 
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Table 3. Selected National Forests from Regions 3, 5, & 8. 

Region National Forest 
Forest Service 

Managed Acreage 

Fire Ignition Crimes 

2003 - 2010 
Size Class 

3 Tonto 2,872,876 1158 Large 

3 Coconino 1,855,955 1395 Median 

3 Prescott 1,239,791 1484 Small 

5 Shasta-Trinity 2,210,485 755 Large 

5 Stanislaus 898,400 939 Median 

5 Angeles 669,366 1090 Small 

8 GW-Jefferson 1,789,057 203 Large 

8 Chattahoochee-Oconee 867,195 413 Median 

8 Daniel Boone 706,626 475 Small 

 

Spatial Pattern Analysis 

The first step of the analysis determined the spatial distribution of fire ignition crimes 

across the selected National Forests. The spatial pattern analysis was a two-phase process 

consisting of an average nearest neighbor analysis followed by a hot spot analysis. The average 

nearest neighbor analysis of fire ignition crimes was completed to determine if the distribution of 

the crimes was clustered, uniform, or dispersed. The analysis is based on comparing the average 

Euclidian distance between observed points with the distance that would result from a randomly 

distributed set of features (Wing and Tynon 2008). A nearest neighbor index value of below 1 

indicated clustering, while values near 1 and above indicated a uniform, or dispersed distribution. 

We completed this analysis using the “average nearest neighbor” tool, within the spatial statistics 

toolbox in ArcGIS version 9.3 (ESRI 2008). 

Analysis of hot spots is an important component to the larger spatial pattern analysis 

because it shows the locations of the fire ignition crime clusters on a National Forest. Using 

ArcGIS software (ESRI 2008), we created fire ignition crime kernel density surfaces for each 

National Forest. A kernel density surface consists of a raster output that shows a density value at 
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each raster cell, which reflects the concentration of point or line data for a given area.  The 

density of each raster cell is determined by measuring the distance from the center of each grid 

cell in the study area to each observation within a given radius (i.e., bandwidth). Observations 

that occur closer to cell are given more weight than those occurring further away (Williamson et 

al. 1999). The result is a smooth curved surface, which radiates out from areas of high to low 

density. 

  The kernel density tool requires users to provide three parameters to complete the 

analysis: output extent, cell size and bandwidth (search radius). Each plays an important role in 

determining the output of the surface. We chose an extent of 2 miles outside of the National 

Forest boundary to pick up the crimes that physically occurred outside of a National Forest but 

were included in the LEIMARS database. Forest Service LEOs have the right to write citations, 

or make arrests outside of a National Forest, if a crime occurs that “affects, threatens or 

endangers property of the United States, administered by the Forest Service” (36 C.F.R. § 

261.1(a)). 

 A larger raster cell size will produce a smoother, but more generalized output, while a 

smaller cell size is often ideal for larger map scales, but will leave out larger patterns in smaller 

map scales (Chainey and Reid 2002). A common raster cell size was required for the modeling 

step of this study to develop regional and national models from the individual National Forest 

models. For this parameter, the ESRI default option is to take the length from the shortest side of 

the extent and divide that length by 250. This method was attempted on several National Forests 

with mixed results.  A cell size of 5000 square-feet was ultimately chosen after comparing the 

output of kernel density estimations with the input point data on several National Forests. This 
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value was chosen because it produced a smooth output that showed both the large and small 

patterns in the data across all of the National Forests in the thesis. 

The use of the bandwidth parameter in kernel density estimations determines how large 

of a search radius is used when calculating cell densities, as well as how generalized the output 

becomes (Silverman 1986). The chosen method of bandwidth selection for this thesis was 

adopted from Williamson et al. (1999), where the bandwidth was equal to the mean distance of a 

given variable to their ten nearest neighbors. This approach was preferable to other methods 

because it took into account the clustering or dispersion among variables. Other methods, 

including the ESRI default method for the tool, only take into account the extent of the output 

(Williamson et al. 1999). 

A consistent, standardized methodology for symbolizing raster surfaces is required to 

identify and compare areas of high crime concentration across multiple National Forests 

(Chainey and Reid 2002). We used Chainey and Reid’s (2002) incremental mean approach to 

define the legend thresholds for this analysis. This approach uses the mean grid cell value of the 

raster surface, excluding grid cells with a value of 0, as the defining increment for the thematic 

thresholds – i.e., mean, twice mean, three times mean, etc. A graduated color scale that 

corresponds to these thematic thresholds was an effective strategy for symbolizing the areas with 

the largest fire ignition crime density. 

Variable Creation 

Following the spatial pattern analysis of fire ignition crime, we developed a predictive 

spatial model for each National Forest (Appendix V). The models, which incorporated both 

crime categories and physical feature variables, were created to predict areas with a high density 

for fire ignition crimes based upon the density of the other spatial variables. 
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 The crime incident records from the LEIMARS database, along with the physical feature 

layers obtained from the Forest Service, were brought into ArcGIS software (ESRI 2008) for 

analysis. These layers were all set to a common spatial projection, to insure consistency when 

comparing different spatial layers. Using this software, kernel density surfaces were created for 

each variable on each National Forest included in the study. The same procedure that was used 

during the creation of the kernel density surfaces for the hot spot analysis was used to generate 

the density surfaces for the variable creation.  

 Following the creation of kernel density surfaces for each variable, the “raster to point” 

tool was used to create a point feature for every raster cell within the extent of an individual 

variable’s kernel density surface. By transforming the raster surface to point data, an attribute 

table was created featuring rows of density values for each cell within the extent. Using the “join 

field” tool, the attribute tables from each of the National Forest variables were joined into one 

final table.  This attribute table contained rows of kernel density values for each cell within the 

National Forest extent, with the density values from each variable listed in sequential columns. 

This table was then exported as a spreadsheet file and imported into SAS (SAS Institute, Inc. 

2008), a statistical analysis program, for further analysis. 

Individual National Forest Model Development 

In SAS, the PROC CORR procedure was used to develop Pearson correlation coefficients 

between the dependent variable, fire ignition crime, and the independent variables included in 

the thesis. The Pearson correlation coefficient (r) is used to measure the strength and direction of 

a linear relationship between two variables (Bluman 2008).  

Utilizing the PROC REG procedure in SAS, the variables generated in previous steps 

were used to create a multiple linear regression model for each National Forest. Multiple linear 
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regression models are used to quantify the relationship between the dependent variable “Y”, and 

two or more independent variables “X”. The models follow the form of the equation  

[1] Y = β0 + β1(X1) + β2(X2) +... + βi(Xi) + ε.  

For this linear equation, β0 represents the Y intercept, βi represents the regression coefficients, 

and ε represents the error term (or the variability in the dependent variable that is not explained 

by the independent variables) (Draper and Smith 1981). The regression coefficients were 

determined using ordinary least squares, a commonly used method in linear regression modeling. 

Stepwise model selection determined the independent variables included in the individual 

forest models.  This method is a combination of both forward and backward selection methods. It 

selects independent variables one at a time, starting with the independent variable that accounts 

for the largest amount of variation in the dependent variable. As variables are added to the model, 

the previously included variables are checked to see if their partial sum of squares no longer 

meets the minimum criteria. If one or more variables no longer meet the minimum criteria for 

entry, they are removed one at a time until all variables meet the minimum criteria (Draper and 

Smith 1981).  

The choice of which independent variables are ultimately kept in the model was 

determined by the significance level to stay (SLS) and to enter (SLE) criteria. We chose an SLE 

of 0.01 and a SLS of 0.05. This indicates that a variable required their “F-test” for the partial sum 

of squares value to be 0.01 or below to enter the model, and an “F-test” of 0.05 or below, 

following other variable additions, to stay in the model (Draper and Smith 1981). 

Regional and National Model Development 

Following the creation of the predictive spatial models for the individual forests, regional 

and national predictive models were created. Data from the three National Forests per region, 
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and the nine total National Forests were used for the regional and national models, respectively. 

Stepwise model selection, using the same procedure as the individual forest models, was used on 

the grouped data for these models.  

The two most significant variables from the stepwise selection models were used to 

create corresponding regional and national linear regression models using dummy variables. 

Dummy, or indicator variables, are used in regression modeling to account for categorical 

distribution in the data. If this categorical variable is not included in the regression model, a large 

portion of the variation in the dependent variable may not be accounted for (Draper and Smith 

1981). SAS provided tests of intercept, slope, and coincidence to determine whether a grouped 

model was appropriate for the given data. These tests were administered on each grouped model 

using a significance level of 95%. 
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IV. Results 

Crime Incidents 

The crime incidents occurring in Region 3 represented the second highest amount among 

the three regions included in the thesis (Table 4). Visitor use was the most prevalent crime 

category, representing 57% of total crime in the Region 3. Misconduct was the least prevalent, 

representing less than 2% of total crime. While the total amount of crime in Region 3 was not the 

highest, the greatest number of fire related crimes were found within this region. The Prescott 

National Forest had the greatest number of fire ignition crimes (1,484) among the studied 

National Forests in this region, as well as the greatest proportion of fire ignition crime to total 

crime (29%).  

Table 4. Region 3 crime incidents by category. 

Crime 

Categories 
Coconino Prescott Tonto Total 

Fire 1,395 1,484 1,158 4,037 

Alcohol & Drug 827 113 994 1,934 

Misconduct 195 46 306 547 

Property 960 583 1,124 2,667 

Visitor Use 4,256 1,858 13,908 20,022 

Vehicle Use 2,791 1,005 1,997 5,793 

Other 2 2 3 7 

Total 10,426 5,091 19,490 35,007 

 

 Region 5 contained the lowest number of crimes among the three regions, with only 19% 

of the total incidents (20,134) being found in this region (Table 5). Visitor use was the most 

commonly occurring crime (7,067) in the Region, representing 35% of the total crime. 

Misconduct (827) was once again the least commonly occurring crime within the region, making 

up 4% of the total crime. The second highest amount of fire related crimes were found in this 

region, representing 35% of total fire incidents. The proportion of fire ignition crimes to total 
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crime was found to be the greatest within this region (14%). Among the studied forests within 

Region 5, the Stanislaus had the largest proportion of fire ignition crimes to total crimes (20%). 

The Angeles National Forest had the greatest number of fire ignition crimes (1,090), but the 

lowest proportion of fire crimes to total crime (11%). 

Table 5. Region 5 crime incidents by category. 

Crime 

Categories 
Angeles 

Shasta-

Trinity 
Stanislaus Total 

Fire 1,090 754 939 2,783 

Alcohol & Drug 232 691 405 1,328 

Misconduct 568 168 91 827 

Property 522 780 273 1,575 

Visitor Use 3,367 2,010 1,690 7,067 

Vehicle Use 3,927 1,425 1,202 6,554 

Other 3 1 3 7 

Total 9,709 5,829 4,603 20,141 

 

Region 8 contained the largest number of total crimes among these three regions, with 

49,059 total incidents, making up 47% of the total crimes in the region (Table 6). Vehicle use 

was the most commonly occurring crime in this region, representing 32% of the total crime. 

While the region contained the largest amount of total crime, it also had the lowest amount of 

fire ignition crime (986), making up 13% of total fire crimes. Among the forests within Region 8, 

the Daniel Boone National Forest had the greatest number of fire ignition crimes (476). Each of 

the studied forests in this region had a proportion of fire crime to total crime of 3% or less. 
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Table 6. Region 8 crime incidents by category. 

Crime 

Categories 

Chattahoochee-

Oconee 

Daniel 

Boone 

GW-

Jefferson 
Total 

Fire 307 476 203 986 

Alcohol & Drug 1,407 6,596 3,669 11,672 

Misconduct 186 233 246 665 

Property 1,649 2,045 1818 5,512 

Visitor Use 4,154 7,585 2785 14,524 

Vehicle Use 2,916 8,749 4035 15,700 

Other 2 1 1 4 

Total 10,621 25,685 12,757 49,063 

 

Fire Ignition Crime Distributions 

 The nature and severity of a fire ignition crime can impact the locations of where the 

crime might occur and also the type of independent variable that it forms a statistical relationship 

with. It has been suggested that felony fire ignition crimes, such as wildland arson, are likely to 

occur in remote areas (Prestemon and Butry 2008). This may increase a prospective arsonists’ 

chance of success, while reducing the chances that they will be caught setting the fire (Prestemon 

and Butry 2008). Misdemeanor fire ignition crimes, such as neglecting or having illegal 

campfires, are more likely to occur in areas of a National Forest that are less isolated and 

commonly have visitors. 

 The proportions of felony fire ignition crime were found to be considerably lower than 

minor offenses across all regions in the study area (Table 7). Region 3 had the lowest number of 

felony crimes among the three regions, with only 71 incidences (1%). The Prescott National 

Forest, which had the greatest number of fire ignition crimes, had only one felony fire ignition 

crime. Region 8 had the greatest number of felony fire ignition crimes with 560 incidences 

(16.1%). The Chattahoochee-Oconee National Forest had the greatest amount of felony fire 

ignition crimes with 64 representing 15.5% of their total fire ignition crimes. 
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Table 7. Felony fire ignition crime distributions within selected National Forests. 

Region National Forest Felony 
Minor 

Offenses 

Proportion of 

Felony to Total Fire 

Crime 

3 Coconino NF 10 1,385 0.70% 

3 Prescott NF 1 1,483 0.10% 

3 Tonto NF 16 1,142 1.40% 

Region 3 Total 71 7,244 1.00% 

5 Angeles NF 29 1,061 2.70% 

5 Shasta-Trinity NF 13 742 1.70% 

5 Stanislaus NF 8 931 0.90% 

Region 5 Total 278 12,178 2.20% 

8 Daniel Boone NF 16 459 3.40% 

8 Chattahoochee-Oconee NF 64 349 15.50% 

8 GW-Jefferson NF 26 177 12.80% 

Region 8 Total 560 2,829 16.10% 

 

Nearest Neighbor Analysis 

 An average nearest neighbor analysis was conducted to learn more about the spatial 

distribution of fire related crimes on the National Forests (Table 8). All of the National Forests in 

the study had significantly clustered fire ignition crimes (p < 0.0001). National Forests within 

Region 3 had the most significant clustering, with the Prescott National Forest having the lowest 

index value. The Daniel Boone National Forest had the least significant amount of clustering 

among the selected National Forests. 
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Table 8. Spatial pattern analysis of fire-related crimes based on average distance to 

nearest neighbor (indices less than 1 indicate clustered patterns). 

National Forest Region Nearest Neighbor Index 

Prescott 3 0.06 

Coconino 3 0.12 

Tonto 3 0.17 

Chattahoochee-Oconee 8 0.26 

Angeles 5 0.28 

Shasta-Trinity 5 0.29 

GW-Jefferson 8 0.35 

Stanislaus 5 0.35 

Daniel Boone 8 0.64 

 

Hot Spot Analysis 

Chainey and Reid (2002) define a crime hot spot as an area with a distinctly higher 

concentration of crime, relative to the overall distribution, across a specified area. Researchers 

study these areas of high crime occurrences to determine the underlying causes of the hot spots. 

To supplement the nearest neighbor analysis, we conducted a hot spot analysis of fire ignition 

crime distribution for each National Forest in the study. While the clustering analysis told us the 

level of distribution of fire ignition crimes across a National Forest, it did not explain where on 

the forest the clustering occurred. 

The guidelines adopted from Chainey and Reid (2002) for defining hot spots requires a 

crime hot spot on a kernel density surface to be three increments of the mean or greater. Results 

from the Daniel Boone National Forest (Figure 2) showed the presence of two hot spots, one 

major hot spot in the northern portion of the forest, and another smaller hot spot, just north of the 

first. The rest of the forest showed a relatively uniform distribution of fire ignition crimes, 

confirming the findings from the nearest neighbor analysis. Hot spot analysis results from the 

other National Forests can be found in Appendix III. The Chattahoochee-Oconee National Forest 

showed four major areas where fire ignition crimes were occurring more frequently than others. 



 

29 
 

These areas showed distinct clustering in the crime distribution relative to the rest of the National 

Forest, confirming the nearest neighbor results. The George Washington-Jefferson National 

Forest was found to have hot spots in three distinct areas of the National Forest. There were few 

fire ignition crimes found to be distributed outside of these areas. 

 
Figure 2. Fire ignition crime kernel density analysis results for the Daniel Boone 

National Forest. 
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 Region 3 forests showed a significant amount of clustering, as well as the presence of hot 

spots. Because of the relatively large number of fire ignition crime occurrences in Region 3, it is 

hard to distinguish, using a point map alone, the areas with proportionally larger amounts of 

occurrences. The Coconino National Forest showed two distinct areas of fire ignition crime 

clustering in the northern portion of the forest and an additional belt of high crime occurrences 

along its southern border. The Prescott National Forest showed only one major area where fire 

ignition crimes are occurring, with a relatively few amount of crimes occurring anywhere else on 

the forest. This confirmed the results from the nearest neighbor analysis, which found the 

Prescott to be the most clustered on the nine National Forests.  The Tonto National Forest 

showed fire ignition crimes distributed in two major areas of the forest. The pocket in the 

southern portion of the forest has several small areas within it that could be classified as hot 

spots. The northern portion of the forest showed a relatively lower density of fire ignition crimes 

and did not possess any hot spots. 

 The Angeles National Forest showed many smaller areas with high fire density, all 

occurring near the boundary of the forest. This may be an indication of the inaccessibility of 

some of the areas on the National Forest. The Shasta-Trinity National Forest showed four major 

pockets of high fire ignition crime density, where each area was relatively distinct from one 

another. On the Stanislaus National Forest, the majority of fire ignition crimes were distributed 

into four distinct hot spot areas. Apart from these areas, there were relatively few occurrences. 

Correlation Analysis 

We utilized kernel density surfaces to model the spatial relationships between fire 

ignition crimes and the other independent variables. A common way to determine the linear 

relationships between two variables is through the use of Pearson correlation coefficients. This 
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overlayed the fire ignition crime kernel density surface onto an independent variables density 

surface. The relationship among cell values on both density surfaces is computed using Pearson’s 

correlation coefficient (Table 9). 

The results from Table 9 can be visualized using the example shown in Figure 3. This 

example displays the Angeles National Forest, with the kernel density surfaces of the fire 

variable and the three most highly correlated independent variables. By visually comparing the 

surfaces, it is evident that fire ignition crime shared a strong relationship with each independent 

variable. The results from the Pearson correlation tests confirmed the visual comparison, 

returning relatively strong correlations for each variable. 

Overall, the results from the Pearson correlation analysis revealed strong positive 

relationships between fire ignition crimes and several of the other crime types. Visitor use, 

alcohol and drug, misconduct, and property crime were shown to have the strongest correlations, 

overall. The analysis also showed a relatively lower correlation between fire ignition crimes and 

the physical feature variables, most notably road and trail density.  
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Table 9. Correlation coefficients between fire ignition crime density and independent variable densities, within individual National Forests. 

Independent 

Variables 
Coconino Prescott Tonto Angeles 

Shasta 

Trinity 
Stanislaus 

GW - 

Jefferson 

Daniel 

Boone 

Chattahoochee - 

Oconee 

Visitor Use Crime 0.334 0.662 0.080 0.593 0.675 0.086 0.309 0.307 0.727 

Vehicle Use Crime N.S. N.S. N.S. 0.022 N.S. 0.018 0.006 N.S. 0.615 

Alcohol & Drug 

Crime 
0.396 0.202 0.460 0.548 0.801 0.331 0.546 0.563 0.603 

Property Crime 0.322 0.545 0.710 0.293 0.729 0.375 0.262 0.254 0.314 

Misconduct 0.227 0.212 0.400 0.623 0.814 0.181 0.400 0.413 0.217 

Trailheads 0.060 0.201 0.010 0.190 0.042 0.055 0.697 0.699 0.548 

Day Use Areas 0.120 0.191 0.170 0.047 0.110 0.142 0.293 0.375 0.260 

Camping Areas 0.144 0.205 0.130 N.S. 0.292 0.188 0.054 0.163 0.372 

Roads 0.161 0.212 0.120 0.041 0.029 0.119 0.028 0.122 0.237 

Trails 0.076 0.191 N.S. 0.107 N.S. 0.180 0.089 0.285 0.370 

N.S. indicates a non-significant correlation (p > 0.05). 
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            Figure 3. Comparison of kernel density surfaces on the Angeles National Forest.



 

34 
 

Predictive Spatial Models 

 Individual multiple linear regression models, using stepwise model selection, were 

completed for each National Forests in the study. The estimates of the coefficient for each 

significant independent variable included in each individual model are shown in Table 10. The 

coefficients act as a measure of statistical sensitivity of the dependent variable (fire ignition 

crime) to the independent variables included in the model (Draper and Smith 1981). The sign of 

the regression coefficients indicate that the variable is either negatively or positively correlated 

to the dependent variable. All but three of the coefficient estimates were positively correlated to 

the fire ignition crime variable across the individual forest models. The exception was the day 

use area variable on the Angeles and Chattahoochee-Oconee National Forests, and the 

misconduct crime variable on the Prescott National Forest. 

Table 10. Coefficient summaries for National Forest predictive spatial models. 

National Forest Model 

Coefficient 

Estimate 

Standard 

Error t-statistic 

Probability 

Level 

Daniel Boone 

    Intercept -0.022 0.005 -3.960 < .0001 

Trailheads 11.790 0.225 52.430 < .0001 

Alcohol & Drug Crime 0.016 0.001 32.270 < .0001 

Misconduct Crime 0.419 0.033 12.780 < .0001 

Trails -0.114 0.018 -6.190 < .0001 

Chattahoochee-Oconee 

    Intercept 0.010 0.004 2.440 0.015 

Visitor Use Crime 0.033 0.001 52.720 < .0001 

Trails 0.046 0.003 15.140 < .0001 

Trailheads 3.409 0.188 18.120 < .0001 

Day Use Areas -15.149 1.990 -7.610 < .0001 

Roads 0.017 0.002 7.570 < .0001 

GW-Jefferson 

    Intercept 0.010 0.000 25.930 < .0001 

Trailheads 11.250 0.123 91.590 < .0001 

Alcohol & Drug Crime 0.013 0.000 54.400 < .0001 

Misconduct Crime 0.296 0.018 16.610 < .0001 

    (Continued) 
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 Table 10. Coefficient summaries for National Forest predictive spatial models. 

National Forest Model 

Coefficient 

Estimate 

Standard 

Error t-statistic 

Probability 

Level 

Angeles 

    Intercept 0.196 0.045 4.390 < .0001 

Misconduct Crime 0.675 0.059 11.430 < .0001 

Visitor Use Crime 0.041 0.002 16.610 < .0001 

Alcohol & Drug Crime 1.750 0.117 14.970 < .0001 

Trailheads 2.220 0.211 10.520 < .0001 

Day Use Areas -6.420 0.928 -6.920 < .0001 

Shasta-Trinity 

    Intercept -0.017 0.006 -2.890 0.0039 

Misconduct Crime 0.886 0.018 48.120 < .0001 

Visitor Use Crime 0.054 0.002 26.290 < .0001 

Property Crime 0.351 0.014 24.380 < .0001 

Camping Areas 2.200 0.199 11.040 < .0001 

Stanislaus 

    Intercept -0.128 0.061 -2.110 0.0348 

Property Crime 2.314 0.200 11.540 < .0001 

Alcohol & Drug Crime 0.461 0.058 7.950 < .0001 

Camping Areas 5.494 1.321 4.160 < .0001 

Coconino 

    Intercept -0.128 0.038 -3.420 0.0006 

Alcohol & Drug Crime 0.280 0.018 15.820 < .0001 

Visitor Use Crime 0.033 0.003 10.660 < .0001 

Property Crime 0.327 0.042 7.800 < .0001 

Camping Areas 20.491 2.840 7.220 < .0001 

Roads 0.082 0.012 6.540 < .0001 

Prescott 

    Intercept -0.199 0.080 -2.500 0.0126 

Visitor Use Crime 0.654 0.019 33.610 < .0001 

Property Crime 2.059 0.140 14.720 < .0001 

Misconduct Crime -10.341 1.636 -6.320 < .0001 

Tonto 

    Intercept 0.006 0.021 0.310 0.7603 

Property Crime 0.959 0.015 63.710 < .0001 

Alcohol & Drug Crime 0.306 0.017 17.520 < .0001 

Day Use Areas -13.381 1.333 -10.040 < .0001 
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Table 11 displays the adjusted R-squared value and selected independent variables for 

each National Forest model. Adjusted R-squared is used as a standardized measure of a model’s 

predictive power. This statistic is an adaptation of the R-squared coefficient, adjusted for the 

number of variables included in the model (Draper and Smith 1981). Overall, the adjusted R-

squared values differed between the individual National Forest models and regional models. 

Unlike the forest models in Regions 3 and 5, the models in Region 8 showed a consistent 

adjusted R-squared value of approximately 0.60. The Shasta-Trinity National Forest model had 

the greatest predictive power, with an adjusted R-squared of 0.74. The Stanislaus National Forest 

model had the least amount of predictive power, with an adjusted R-squared value of 0.23. 

 The significant predictor variables selected for the individual National Forest models 

differed between National Forests and regions. Like the results from the correlation analysis, the 

crime variables were better indicators of fire related crimes than the physical feature variables. 

All National Forest models excluded vehicle use crime and roads as variables. When examining 

the individual forest models on a regional scale, some common themes stood out. In Region 3, 

visitor use and alcohol & drug crime were strongly correlated in two of three National Forests, 

while property crime was correlated in all three forests. In Region 5, misconduct and visitor use 

crime were highly correlated variables in two of the three National Forests. In Region 8, 

trailheads were the most highly correlated in two of the three National Forests and were included 

in all three models. 
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Table 11. Results for spatial stepwise regression models predicting density of fire ignition crimes based on density of independent 

variables (other crimes and physical features) within individual National Forests and combined at regional and national levels. 

National 

Forest 
Region 

Adj R-

Squared 
Variables Included (Partial R-Square) X1 X2 X3 X5 X6 X7 X8 X9 X10 X11 

Coconino 3 0.23 
X1 (0.157), X6 (0.029), X5 (0.021), X7 (0.012), X9 

(0.008) 
1     3 2 4   5     

Prescott 3 0.47 X6 (0.44), X5 (0.03), X2 (0.006),   3   2 1           

Tonto 3 0.53 X5 (0.54), X1 (0.017), X8 (0.008) 2     1     3       

Region 3 Model 0.3 X5 (0.275), X6 (0.016), X10 (0.005)       1 2       3   

  

Angeles 5 0.55 
X2 (0.388), X6 (0.076), X1 (0.047), X11 (0.029), 

X8 (0.012) 
3 1     2   5     4 

Shasta-Trinity 5 0.74 X2 (0.663), X6 (0.047), X5 (0.023), X7 (0.005)   1   3 2 4         

Stanislaus 5 0.17 X5 (0.14), X1 (0.02), X7 (0.006), 2     1   3         

Region 5 Model 0.26 X2 (0.175), X1 (0.055), X6 (0.015), X11 (0.014) 2 1     3         4 

  

Chattahoochee

-Oconee 
8 0.6 

X6 (0.53), X10 (0.04), X11 (0.02), X8 (0.005), X9 

(0.005) 
        1   4 5 2 3 

Daniel Boone 8 0.61 X11 (0.49), X1 (0.100), X2 (0.009), X10 (0.005) 2 3             4 1 

GW-Jefferson 8 0.59 X11 (0.485), X1 (0.100), X2(0.008)   3   2           1 

Region 8 Model 0.58 X11 (0.462), X1 (0.106) 2                 1 

  

National Model 0.13 X6 (0.066), X5 (0.034), X2 (0.016)   3   2 1           

Variable Codes: X1 - Alcohol & Drug Crime, X2 - Misconduct Crime, X3 - Motor Vehicle Crime, X5 - Property Crime, X6 - Visitor Use Crime, X7 - Camping 

Areas, X8 - Day use Areas,  X9 - Roads, X10 - Trails, X11 - Trailheads. 
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Regional & National Model Analysis 

 Regional and national multiple linear regression models, using stepwise model selection, 

were created by combining data from the three selected National Forests for each region (Table 

9). Adjusted R-squared values for the regional models were relatively low compared to the 

individual National Forest models. The exception was the Region 8 model, which had an 

adjusted R-squared value of 0.58. The variables that were included in the regional and national 

models mirrored the common themes from each region. In Region 3, the regional model included 

the visitor use and property crime variables but did not include alcohol and drug crime. In 

Region 5, misconduct, visitor use, and alcohol and drug crime were significant in the regional 

model, which mirrored the variables that were included in the individual forest models. In 

Region 8, trailheads and alcohol and drug crime were the significant variables. Trailheads were 

included in all the individual models, but alcohol and drug crimes were only included in two of 

the models. 

The purpose of creating stepwise selection models for the regional and national data was 

to determine the most influential variables from each data set. These variables could then be used 

in the application of regression models using dummy variables. Dummy, or indicator variables, 

are used in linear regression modeling to account for the categorical distribution of a data set 

(Draper and Smith 1981). With a data set such as this, where samples are taken from three 

distinctly different geographic areas, dummy variables are needed to accurately depict variable 

relationships. 

 The ultimate purpose of the dummy variable models was to determine if grouped models 

were appropriate for the given data. The tests for coincidence, slope, and intercept were used to 

determine if the data from the individual forests shared these features. The results from these 
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tests were found to be significant for all models (p < 0.0001). The test results indicated that 

regional and national models were not appropriate for this data. 

Table 12. Regional and national dummy variable model results. 

  

Model 

Adj R-

Square 

Variables 

Included 

Test for 

Coincidence 

Test for 

Slope 

Test for 

Intercept 

Is grouped 

model 

Appropriate? 

Region 3 0.52 

Property 

Crime, Visitor 

Use Crime 

Significant Significant Significant 
Not 

Appropriate 

Region 5 0.26 

Misconduct 

Crime, Alcohol 

& Drug Crime 

Significant Significant Significant 
Not 

Appropriate 

Region 8 0.59 

Trailheads,        

Alcohol & 

Drug Crime 

Significant Significant Significant 
Not 

Appropriate 

National 0.26 

Visitor Use 

Crime, 

Property Crime 

Significant Significant Significant 
Not 

Appropriate 
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V. Discussion 

This thesis builds of the research of Wing and Tynon (2006; 2008), who were the first to 

examine the spatial distribution of crime occurrences on National Forests. While this thesis also 

examined the spatial distribution of crime on National Forests, it went one step further and 

created predictive spatial models for fire ignition crime. The goal of these models was to predict 

the likely areas where fire ignition crimes would occur based on a set of crime and physical 

feature predictor variables. Ideally, the proposed models could be used on a forest, regional and 

national scale. 

Spatial Pattern Analysis of Fire Ignition Crime  

 Nearest neighbor analysis revealed that fire related crimes were significantly clustered on 

all of the National Forests in the study. These results confirmed the visually observed patterns 

from the hot spot analysis, and also justified further investigation into what caused this clustering. 

The reason for the variation in levels of clustering of fire ignition crimes among the individual 

National Forests is unclear, as none of the independent variables demonstrated consistent 

association with fire crime densities.  

Geographic isolation, proximity to population centers, and available fuels are possible 

contributing factors to the difference in the level and location of clustering between these 

National Forests, and regions. Tynon et al. (2001) found that Forest Service law enforcement 

officers in western regions often patrol up to 378,000 acres of National Forest on their own, with 

backup often one to two hours away. The geographic isolation of law enforcement could indicate 

that while violations are occurring in other areas of the National Forest, they are just being 

underreported. Relative geographic isolation could also have the same effect on National Forest 

users. Documented fire ignition crimes may occur in specific areas because users can easily 
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access those areas and not the more isolated sections of National Forest. The results from the hot 

spot analysis could be used to defend this argument, as the majority of fire ignition crime clusters 

within western National Forests were found to be located near the boundary of the forest. This 

contrasted with eastern National Forests, whose fire ignition crime clusters did not show an 

association to the boundary of the forests. 

The location of fire ignition crime clusters could also be indicative of their proximity to 

urban centers. Wing and Tynon (2006) found that crime hot spots were more likely to occur on 

National Forests that are adjacent to population centers. For example, the majority of fire ignition 

crime clusters on the Tonto National Forest occurred near the south-western boundary of the 

forest, adjacent to the city of Scottsdale, Arizona. 

Available fuels may also play a role in the level of clustering when comparing 

southwestern and southeastern regions. Prestemon and Butry (2005) found that wildland arson 

crimes are much less likely to occur in areas with low fuel levels. Eastern National Forests often 

contain abundant vegetation, which allows users to start fires in virtually any part of the National 

Forest, whether or not it is in a lawful location and manner. National Forests in the southwest 

regularly feature areas of rugged terrain and desert, where the lack of available fuels would make 

an area unsuitable for starting a fire.  

Individual Forest Model Variables 

 The results from the individual National Forest models showed that crime variables were 

a much better predictor of fire ignition crime density than the physical feature variables. The 

most commonly occurring crime variables, across the individual forest models, were found to be 

visitor use, alcohol and drug, and property crime. While these variables occurred the most 
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frequently, there was not a variable that was found consistently across the individual forest 

models. 

 The strong correlation that was found between fire ignition crime and the visitor use and 

property crime variables could be attributed to the larger proportion of minor fire violations in 

the National Forests where these variables were found to be a significant. Minor violations, such 

as illegal campfires, are more common to areas that visitors will frequent and where other non-

fire, minor violations might occur. The Shasta-Trinity, Coconino and Prescott National Forests 

all showed a significant correlation to these variables, while having a relatively low proportion of 

felony fire ignition crimes. 

 The higher proportion of minor fire violations can also help explain the correlation of 

alcohol and drug crime to fire ignition crime on the Tonto National Forest. Like the visitor use 

and property crime variables, alcohol and drug crime on the Tonto consists of mostly minor 

violations, such as misdemeanor drug possession and open-container laws, which are more likely 

to occur in areas where visitors frequent. On National Forests such as the Daniel Boone, 

Chattahoochee-Oconee, Angeles and the Shasta-Trinity, the opposite effect may be happening. 

Felony drug crimes, such as production of narcotics, were much more common to the National 

Forests in Regions 5 and 8. The correlation between fire and alcohol and drug crimes may be 

occurring on these forests because both variables share a larger proportion of felony crimes, 

which are more likely to occur in isolated areas. 

Vehicle Use Crime & Roads  

 The motor vehicle use crime and road variables were unexpectedly found to be poor 

predictors of fire ignition crimes on the National Forest models. Not surprisingly, these two 

variables seemed to share the same relationship to fire ignition crime on almost all of the selected 
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National Forests. By their nature, the majority of vehicle use violations should occur on a 

roadway. Following the logic from the economic model for wildland arson crime developed by 

Prestemon and Butry (2005), one might expect that on a National Forest with a greater 

proportion of felony fire ignition crimes, there would be a negative correlation to roads. On a 

National Forest with few felony fire ignition crimes, one would expect a strong correlation to the 

road and vehicle variables, due to the crimes being in closer proximity to more highly used areas. 

The absence of correlation with the road density variable may be due to the data lacking on some 

of the forest roads that are found on the National Forests. This would certainly impact the 

relationship between these two variables, as one would expect both minor and felony fire 

ignition crimes to occur closer to forest roads, and further from main routes.  

 The reason that vehicle use crime was not found to correlate with fire ignition crime may 

be an indication that there is just no pattern in the spatial distribution of the crimes. While a large 

portion of these crimes may be occurring near roads, crimes such as off-highway vehicle use, 

may be causing the spread of the crime category to cover more isolated areas. The product of this 

would be a kernel density surface that is spread relatively even across a National Forest. 

Physical Feature Variables  

 The physical feature variable results were found to be relatively poorly correlated with 

fire crime density and had little bearing on the individual forest models. The exception to this 

was Region 8, where the trailhead variable was found to be significant on all three National 

Forests. The lack of physical features within a National Forest from which to derive density 

estimates may be contributing to the lack of a significant statistical relationship between these 

variables and fire ignition crime. The reason for this being, if a National Forest has too few 

physical features relative to the extent of the study area and number of records in the dependent 
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variable, there will be little variation in density values. For example, there were 1,090 reported 

fire ignition crimes on Angeles National Forest from the years 2003 to 2010. During that same 

time, 3,367 visitor use crimes and 568 misconduct crimes were also reported a National Forest 

that contains 59 camping areas. Fire ignition crimes on the Angeles were found to have a strong 

correlation to visitor use and misconduct crime, but showed almost no correlation to camping 

areas.  

 The opposite effect may have been seen in the National Forests of Region 8, where 

trailheads were found to be significant variables on all three forests. While the difference in area 

between the three regions is marginal, Region 8 has a proportionally smaller amount of fire 

ignition crimes. The relatively small number of records for both the fire ignition crimes and 

trailhead variables may produce similar kernel density surfaces. 

Questions arise about how and why the crime variables were featured so prominently in 

the individual forest models. A possible reason for this may be due to a person or group 

receiving multiple citations for different violations during the same incident. While duplicate 

entries pertaining to a group of people receiving the same citation at the same time and location 

were removed from our data, instances where the same perpetrator received multiple citations for 

the same incident were not removed. This brings up the problem of multicollinearity, or 

interdependence, among the independent variables. While it is common for additional citations 

for other crimes to occur during a fire ignition crime incident, multicollinearity was not 

determined to be a problem in this study. When using stepwise model selection, variables are 

chosen for the model based on their ability to explain the variance of the dependent variable. If 

an independent variable cannot contribute to the explained variance in the model, it will not be 

selected. This process essentially removes the redundant variables from the model (Keller 2009). 
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In a more practical sense, multiple citations are not a problem for this study, as the ultimate goal 

of the model is to reduce the amount of fire ignition crimes. Knowledge of the types of crimes 

that are occurring at the same time as fire ignition crimes are just as important as crimes 

occurring independently. 

 There is also a concern that the crime variables may be overwhelming the models by 

accounting for the same variability in the dependent variable as the physical feature variables, 

and more. When examining the Pearson correlation values for all of the variables (Table 9), it is 

apparent that this is not what is occurring in the models. Table 9 shows that the physical feature 

variables that are not included in the forest models do not have strong correlations to fire ignition 

crime. 

Regional & National Models 

 The results indicated that grouped regional and national models were not appropriate for 

the data. These findings suggest that the variability between individual forest models was too 

great to be able to group the data by region. The implications of this are that National Forests 

should not be managed on a regional or national scale to reduce fire ignition crime. These 

findings tend to agree with the results of Wing and Tynon (2006) who found that crime 

clustering on a National Forest was more likely to occur near urban centers, and transportation 

corridors. Each forest contains its own unique characteristics, which influences where and why 

fire ignition crimes are occurring.  

Opportunities for Future Research 

 The results from this thesis can be useful to Forest Service law enforcement in a limited 

capacity. Having knowledge of the types of crimes that are more commonly associated with fire 
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ignition crime can be a helpful tool for law enforcement officers, however a temporal aspect 

would significantly improve predictive capabilities of the model. Research by Prestemon and 

Butry (2005) found that wildland arson crimes were temporally clustered by season and day of 

the week. While not all fire ignition crimes that occur on National Forests are arson, it is likely 

that the other types of fire ignition crime share a temporal relationship. The addition of other 

independent variables, such as vegetation, available fuels, buildings or structures, and deterrence 

factors, may be able to improve the predictive capacity of the forest models. 

 The physical feature variables in this study were found to be poorly correlated to fire 

crime occurrences relative to the other crime type variables. This may be because there are too 

few records among these variables to establish significant statistical relationships at a National 

Forest scale. Using different techniques, such as “distance to the feature”, to model the 

relationships with these variables may produce better results. Another option may be to model 

some of the physical feature variables at different spatial scales. Using the small-scale National 

Forest model to determine the parts of the forest where crimes are occurring, then using the 

large-scale model to determine the types of features that they are commonly occurring near. 

 Wing and Tynon (2008) expressed concern about the quality of the data from the 

LEIMARS database. Their concerns pertained to the accuracy of the crime incident locations, 

which are solely dependent on the abilities of the individual law enforcement officers to record 

in an accurate and uniform manner. The reason for concern was confirmed personally during a 

ride along with a Forest Service LEO. During the ride along, I was shown the “cheat sheet” 

containing the coordinates of the more prominent locations for criminal activity on the National 

Forest. The officer had a handheld GPS receiver to record coordinate information for unique 

locations, but generally did not use it. Due to time and convenience issues, the officer would 
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partially fill out an incident report in the field. Later in the week, the officer would complete the 

incident reports from previous days in his office. It is at this point the officer would enter the 

coordinate data from the incident into the LEIMARS database. The use of this location 

coordinate “cheat sheet” may have contributed to some of the clustering that was found in the 

crime records throughout the study. The problem with the LEIMARS crime database as the 

officer saw it, was that it could only be accessed and have incidents added to it with an Internet 

connection. A real-time, web-based incident reporting database sounds great; however the 

majority of National Forests are located in remote areas with little to no wireless Internet access. 

If the LEIMARS database were modified to allow officers access to incident records and the 

ability to enter new records into the database, it would give officers an invaluable tool to use in 

the field, and greatly improve the spatial accuracy of the records.  
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VI. Conclusion 

  Human caused wildfires represent a continual management problem for Forest Service 

law enforcement, particularly in the regions of the Southern United States. This thesis examined 

the spatial relationship of fire ignition crimes to other crime types, as well as physical features, 

on National Forests. Nine National Forests were chosen for the study from Forest Service 

Regions 3, 5, and 8. These three regions make up the southern boundary of the United States, 

and predictably, the largest proportion of fire ignition crimes were found on the National Forests 

in these regions.  

Each National Forest in the study underwent a spatial pattern analysis which determined 

the distribution and location of fire ignition crime clusters using nearest neighbor and hot spot 

analyses. Results from the nearest neighbor analysis indicated that fire ignition crimes were 

significantly clustered on each National Forest, with western forests showing a greater amount of 

clustering. The hot spot analysis successfully identified areas of high fire ignition crime density, 

which were useful in the interpretation of the nearest neighbor analysis, as well as future results.  

This thesis builds on previous research by Wing and Tynon (2006; 2008), who were the 

first to use spatial analytical tools to study the distribution of crime on National Forests. While 

Wing and Tynon (2006; 2008) used visual interpretation of crime clusters to establish spatial 

relationships with physical features, this study took the analysis one step further. A predictive 

spatial model, using kernel density surfaces, was created for each National Forest. These models 

could be used to predict the likely locations of fire ignition crime, based on a set of crime and 

physical feature variables. Crime incidents, from the years 2003 to 2010, were obtained from the 

Forest Service LEIMARS database to be used for these models. 
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Results from the forest models indicate that areas of high fire ignition crime density can 

be successfully predicted on National Forests using these variables. The results also suggest that 

crime variables are a better predictor of fire ignition crime than physical feature variables, as 

seven of the nine National Forest models had crime variables as the most highly correlated. 

Following the creation of individual forest models, the dataset was grouped to create regional 

and national models. This was done in order to determine if areas of high fire ignition crime 

density could be predicted on a larger scale, using these variables. Results from the analysis 

indicate that grouped regional and national models are not appropriate for the given dataset. 

This thesis has practical implications for Forest Service law enforcement officers. In 

times of high fire risk, a fire ignition model can help law enforcement deploy officers to areas 

that are more prone to fire risk. The results from this thesis suggest that fire ignition crimes can 

only be managed effectively on a National Forest level. This indicates that each National Forest 

has a unique set of properties, which determines where crimes are occurring, and how they relate 

to fire ignition crimes. It is important to note that the results from this study can be useful to 

Forest Service law enforcement but only as part of a larger decision support system. If utilized 

on National Forests, an officer can supplement the knowledge gained from their own experience 

with the fire ignition crime model, to better understand where and why these crimes are 

occurring. As part of the decision support system, this study has the potential to assist officers in 

mitigating fire ignition crimes, and in turn, reduce human caused wildfires on National Forests. 

The spatial accuracy of some of the data may be called into question because of the unrefined 

manner upon which crime records are entered into the LEIMARS database. While the spatial 

accuracy of the data may not be perfect, it is the only dataset available that can provide any 

insight into where fire ignition crimes are occurring on National Forests.  
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Appendices 

Appendix I: Example incident report from the Green Mountain National Forest. 
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Appendix II: Listing of National Forest Violations by Crime Category 

(a) Fire ignition crime 

36 CFR § 261.5 Fire. 

(a) Carelessly or negligently throwing or placing any ignited substance or other substance 

that may cause a fire. 

(b) Firing any tracer bullet or incendiary ammunition. 

(c) Causing timber, trees, slash, brush or grass to burn except as authorized by permit. 

(d) Leaving a fire without completely extinguishing it. 

(e) Causing and failing to maintain control of a fire that is not a prescribed fire that 

damages the National Forest System. 

(f) Building, attending, maintaining, or using a campfire without removing all flammable 

material from around the campfire adequate to prevent its escape. 

(g) Negligently failing to maintain control of a prescribed fire on Non-National Forest 

System lands that damages the National Forest System. 

(b) Visitor Use Crime 

36 CFR § 261.10 Occupancy and use. 

(a) Constructing, placing, or maintaining any kind of road, trail, structure, fence, enclosure, 

communication equipment, significant surface disturbance, or other improvement on 

National Forest System lands or facilities without a special-use authorization, contract, or 

approved operating plan when such authorization is required. 

(b) Construction, reconstructing, improving, maintaining, occupying or using a residence 

on National Forest System lands unless authorized by a special-use authorization or 

approved operating plan when such authorization is required. 

(c) Selling or offering for sale any merchandise or conducting any kind of work activity or 

service unless authorized by Federal law, regulation, or special-use authorization. 

(d) Discharging a firearm or any other implement capable of taking human life, causing 

injury, or damaging property as follows: 

(1) In or within 150 yards of a residence, building, campsite, developed recreation site or 

occupied area, or 

(2) Across or on a National Forest System road or a body of water adjacent thereto, or in 

any manner or place whereby any person or property is exposed to injury or damage as a 

result in such discharge. 

(3) Into or within any cave. 

(e) Abandoning any personal property. 

(f) Placing a vehicle or other object in such a manner that it is an impediment or hazard to 

the safety or convenience of any person. 
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(g) Commercial distribution of printed material without a special use authorization. 

(h) When commercially distributing printed material, delaying, halting, or preventing 

administrative use of an area by the Forest Service or other scheduled or existing uses or 

activities on National Forest System lands; misrepresenting the purposes or affiliations of 

those selling or distributing the material; or misrepresenting the availability of the material 

without cost. 

(i) Operating or using in or near a campsite, developed recreation site, or over an adjacent 

body of water without a permit, any device which produces noise, such as a radio, 

television, musical instrument, motor or engine in such a manner and at such a time so as 

to unreasonably disturb any person. 

(j) Operating or using a public address system, whether fixed, portable or vehicle mounted, 

in or near a campsite or developed recreation site or over an adjacent body of water 

without a special-use authorization. 

(k) Use or occupancy of National Forest System land or facilities without special-use 

authorization when such authorization is required. 

(l) Violating any term or condition of a special-use authorization, contract or approved 

operating plan. 

(m) Failing to stop a vehicle when directed to do so by a Forest Officer. 

(n) Failing to pay any special use fee or other charges as required. 

(o) Discharging or igniting a firecracker, rocket or other firework, or explosive into or 

within any cave. 

(p) Use or occupancy of National Forest System lands or facilities without an approved 

operating plan when such authorization is required. 

36 CFR § 261.11 Sanitation. 

(a) Depositing in any toilet, toilet vault, or plumbing fixture any substance which could 

damage or interfere with the operation or maintenance of the fixture. 

(b) Possessing or leaving refuse, debris, or litter in an exposed or unsanitary condition. 

(c) Placing in or near a stream, lake, or other water any substance which does or may 

pollute a stream, lake, or other water. 

(d) Failing to dispose of all garbage, including any paper, can, bottle, sewage, waste water 

or material, or rubbish either by removal from the site or area, or by depositing it into 

receptacles or at places provided for such purposes. 

(e) Dumping of any refuse, debris, trash or litter brought as such from private property or 

from land occupied under permit, except, where a container, dump or similar facility has 

been provided and is identified as such, to receive trash generated from private lands or 

lands occupied under permit. 

36 CFR § 261.16 Developed recreation sites. 

(a) Occupying any portion of the site for other than recreation purposes. 

(b) Building, attending, maintaining, or using a fire outside of a fire ring provided by the 
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Forest Service for such purpose or outside of a stove, grill or fireplace. 

(c) Cleaning or washing any personal property, fish, animal, or food, or bathing or 

washing at a hydrant or water faucet not provided for that purpose. 

(d) Discharging or igniting a firecracker, rocket or other firework, or explosive. 

(e) Occupying between 10 p.m. and 6 a.m. a place designated for day use only. 

(f) Failing to remove all camping equipment or personal property when vacating the area 

or site. 

(g) Placing, maintaining, or using camping equipment except in a place specifically 

designated or provided for such equipment. 

(h) Without permission, failing to have at least one person occupy a camping area during 

the first night after camping equipment has been set up. 

(i) Leaving camping equipment unattended for more than 24 hours without permission. 

(j) Bringing in or possessing an animal, other than a service animal, unless it is crated, 

caged, or upon a leash not longer than six feet, or otherwise under physical restrictive 

control. 

(k) Bringing in or possessing in a swimming area an animal, other than a service animal. 

(l) Bringing in or possessing a saddle, pack, or draft animal except as authorized by posted 

instructions. 

(m) Operating or parking a motor vehicle or trailer except in places developed or 

designated for this purpose. 

(n) Operating a bicycle, motorbike, or motorcycle on a trail unless designated for this use. 

(o) Operating a motorbike, motorcycle, or other motor vehicle for any purpose other than 

entering or leaving the site. 

(p) Depositing any body waste except into receptacles provided for that purpose. 

36 CFR § 261.18 National Forest Wilderness. 

(a) Possessing or using a motor vehicle, motorboat or motorized equipment except as 

authorized by Federal Law or regulation. 

(b) Possessing or using a hang glider or bicycle. 

(c) Landing of aircraft, or dropping or picking up of any material, supplies, or person by 

means of aircraft, including a helicopter. 

(c) Motor Vehicle Use Crime 

36 CFR § 261.12 National Forest System roads and trails. 

(a) Violating the load, weight, height, length, or width limitations prescribed by State law 

except by special-use authorization or written agreement or by order issued under §261.54 

of this Chapter. 

(b) Failing to have a vehicle weighed at a Forest Service weighing station, if required by a 

sign. 
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(c) Damaging and leaving in a damaged condition any such road, trail, or segment thereof. 

(d) Blocking, restricting, or otherwise interfering with the use of a road, trail, or gate. 

36 CFR § 261.13 Motor vehicle use. 

After National Forest System roads, National Forest System trails, and areas on 

National Forest System lands have been designated pursuant to 36 CFR 212.51 on an 

administrative unit or a Ranger District of the National Forest System, and these 

designations have been identified on a motor vehicle use map, it is prohibited to possess or 

operate a motor vehicle on National Forest System lands in that administrative unit or 

Ranger District other than in accordance with those designations, provided that the 

following vehicles and uses are exempted from this prohibition: 

(a) Aircraft; 

(b) Watercraft; 

(c) Over-snow vehicles; 

(d) Limited administrative use by the Forest Service; 

(e) Use of any fire, military, emergency, or law enforcement vehicle for emergency 

purposes; 

(f) Authorized use of any combat or combat support vehicle for national defense purposes; 

(g) Law enforcement response to violations of law, including pursuit; 

(h) Motor vehicle use that is specifically authorized under a written authorization issued 

under Federal law or regulations; and 

(i) Use of a road or trail that is authorized by a legally documented right-of-way held by a 

State, county, or other local public road authority. 

36 CFR § 261.14 Use by over-snow vehicles. 

It is prohibited to possess or operate an over-snow vehicle on National Forest 

System lands in violation of a restriction or prohibition established pursuant to 36 CFR 

part 212, subpart C, provided that the following uses are exempted from this section: 

(a) Limited administrative use by the Forest Service; 

(b) Use of any fire, military, emergency, or law enforcement vehicle for emergency 

purposes; 

(c) Authorized use of any combat or combat support vehicle for national defense purposes; 

(d) Law enforcement response to violations of law, including pursuit; 

(e) Use by over-snow vehicles that is specifically authorized under a written authorization 

issued under Federal law or regulations; and 

(f) Use of a road or trail that is authorized by a legally documented right-of-way held by a 

State, county, or other local public road authority. 

36 CFR § 261.15 Use of vehicles off roads. 

It is prohibited to operate any vehicle off National Forest System, State or County roads: 



 

58 
 

(a) Without a valid license as required by State law. 

(b) Without an operable braking system. 

(c) From one-half hour after sunset to one-half hour before sunrise unless equipped with 

working head and tail lights. 

(d) In violation of any applicable noise emission standard established by any Federal or 

State agency. 

(e) While under the influence of alcohol or other drug; 

(f) Creating excessive or unusual smoke; 

(g) Carelessly, recklessly, or without regard for the safety of any person, or in a manner 

that endangers, or is likely to endanger, any person or property. 

(h) In a manner which damages or unreasonably disturbs the land, wildlife, or vegetative 

resources. 

(i) In violation of State law established for vehicles used off roads. 

(d) Alcohol & Drug Crime 

21 U.S.C. § 841(a) Unlawful acts. 

Except as authorized by this subchapter, it shall be unlawful for any person knowingly 

or intentionally-- 

(1) To manufacture, distribute, or dispense, or possess with intent to manufacture, 

distribute, or dispense, a controlled substance; or 

(2) To create, distribute, or dispense, or possess with intent to distribute or dispense, a 

counterfeit substance. 

(e) Property Crime 

36 CFR § 261.6 Timber and other forest products. 

(a) Cutting or otherwise damaging any timber, tree, or other forest product, except as 

authorized by a special-use authorization, timber sale contract, or Federal law or 

regulation. 

(b) Cutting any standing tree, under permit or timber sale contract, before a Forest Officer 

has marked it or has otherwise designated it for cutting. 

(c) Removing any timber or other forest product cut under permit or timber sale contract, 

except to a place designated for scaling, or removing it from that place before it is scaled, 

measured, counted, or otherwise accounted for by a forest officer. 

(d) Stamping, marking with paint, or otherwise identifying any tree or other forest product 

in a manner similar to that employed by forest officers to mark or designate a tree or any 

other forest product for cutting or removal. 

(e) Loading, removing or hauling timber or other forest product acquired under any permit 

or timber sale contract unless such product is identified as required in such permit or 

contract. 
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(f) Selling or exchanging any timber or other forest product obtained under free use 

pursuant to §§223.5 through 223.11. 

(g) Violating any timber export or substitution restriction in §§223.160 through 223.164. 

(h) Removing any timber, tree or other forest product, except as authorized by a special-

use authorization, timber sale contract, or Federal law or regulation. 

(i) Violating the Forest Resources Conservation and Shortage Relief Act of 1990 (16 

U.S.C. 620, et seq .), or its implementing regulations at 36 CFR 223.185–223.203. 

36 CFR § 261.7 Livestock. 

(a) Placing or allowing unauthorized livestock to enter or be in the National Forest System 

or other lands under Forest Service control. 

(b) Not removing unauthorized livestock from the National Forest System or other lands 

under Forest Service control when requested by a forest officer. 

(c) Failing to reclose any gate or other entry. 

(d) Molesting, injuring, removing, or releasing any livestock impounded under §262.10 

while in the custody of the Forest Service or its authorized agents. 

36 CFR § 261.8 Fish and wildlife. 

(a) Hunting, trapping, fishing, catching, molesting, killing or having in possession any 

kind of wild animal, bird, or fish, or taking the eggs of any such bird. 

(b) Possessing a firearm or other implement designed to discharge a missile capable of 

destroying animal life. 

(c) Possessing equipment which could be used for hunting, fishing, or trapping. 

(d) Possessing a dog not on a leash or otherwise confined. 

(e) Curtail the free movement of any animal or plant life into or out of a cave, except as 

authorized to protect a cave resource. 

36 CFR § 261.9 Property. 

(a) Damaging any natural feature or other property of the United States. 

(b) Removing any natural feature or other property of the United States. 

(c) Damaging any plant that is classified as a threatened, endangered, sensitive, rare, or 

unique species. 

(d) Removing any plant that is classified as a threatened, endangered, sensitive, rare, or 

unique species. 

(e) Entering any building, structure, or enclosed area owned or controlled by the United 

States when such building, structure, or enclosed area is not open to the public. 

(f) Using any pesticide except for personal use as an insect repellent or as provided by 

special-use authorization for other minor uses. 

(g) Digging in, excavating, disturbing, injuring, destroying, or in any way damaging any 

prehistoric, historic, or archaeological resource, structure, site, artifact, or property. 
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(h) Removing any prehistoric, historic, or archaeological resource, structure, site, artifact, 

property. 

(i) Excavating, damaging, or removing any vertebrate fossil or removing any 

paleontological resource for commercial purposes without a special use authorization. 

(j) Excavating, damaging, or removing any cave resource from a cave without a special 

use authorization, or removing any cave resource for commercial purposes. 

(f) Misconduct Crime 

36 CFR § 261.3 Interfering with a Forest officer, volunteer, or human resource 

program enrollee or giving false report to a Forest officer. 

(a) Threatening, resisting, intimidating, or interfering with any forest officer engaged in or 

on account of the performance of his official duties in the protection, improvement, or 

administration of the National Forest System is prohibited. 

(b) Giving any false, fictitious or fraudulent report or other information to any Forest 

Officer engaged in or on account of the performance of his official duties knowing that 

such report or other information contains false, fictitious or fraudulent statement or entry. 

(c) Threatening, intimidating, or intentionally interfering with any Forest officer, volunteer, 

or human resource program enrollee while engaged in, or on account of, the performance 

of duties for the protection, improvement, or administration of the National Forest System 

or other duties assigned by the Forest Service. 

36 CFR § 261.4 Disorderly conduct. 

(a) Engaging in fighting. 

(b) Addressing any offensive, derisive, or annoying communication to any other person 

who is lawfully present when such communication has a direct tendency to cause acts of 

violence by the person to whom, individually, the remark is addressed. 

(c) Make statements or other actions directed toward inciting or producing imminent 

lawless action and likely to incite or produce such action. 

(d) Causing public inconvenience, annoyance, or alarm by making unreasonably loud 

noise. 
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Appendix III: Hot spot analysis results 

 
    Figure: Appendix III-1: Fire crime kernel density analysis results for the Coconino National 

Forest. 
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Figure: Appendix III-2: Fire crime kernel density results for the Prescott National Forest.
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            Figure: Appendix III-3: Fire crime kernel density analysis results for the Tonto National Forest. 



 

64 
 

 
             Figure: Appendix III-4: Fire crime kernel density analysis results for the Angeles National Forest. 



 

65 
 

 
            Figure: Appendix III-5: Fire crime kernel density analysis results for the Shasta Trinity National Forest.
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 Figure: Appendix III-6: Fire crime kernel density analysis results for the Stanislaus National 

Forest. 
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Figure: Appendix III-7: Fire crime kernel density analysis results for the Chattahoochee-

Oconee National Forest.
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Figure: Appendix III-8: Fire crime kernel density analysis results for the GW-Jefferson National Forest. 
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Appendix IV. Spatial Regression Model 
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Appendix V. National Forest model summary 

Table. Variable Codes. 

Crime Variables 
Physical Feature 

Variables 

A - Fire Crime H - Trailheads 

B - Visitor Use Crime I - Day use Areas 

C - Vehicle Use Crime J - Camping Areas 

D - Alcohol Drug Crime K - Roads 

E- Property Crime L - Trails 

G - Misconduct   
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Angeles National Forest 
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Shasta-Trinity National Forest 
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Stanislaus National Forest 
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Chattahoochee-Oconee National Forest 
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Daniel Boone National Forest 
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George Washington-Jefferson National Forest 
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Appendix VI. Regional & National Model Summary 

(a) Stepwise Selection Model Summary 

Region 3 Model 
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Region 5 Model 
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Region 8 Model 
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National Model 
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(b) Dummy Variable Model Summary 

Region 3 Model 
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Region 5 Model 
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Region 8 Model 
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National Model 
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