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ABSTRACT 

Trends indicate that wildfires have become larger and more intense over 

the past few decades. Experts suggest this is due to multiple factors including 

long-term shifts in land use that disrupt the balance of fuels and fire regimes. 

Research predicts that climate change will exacerbate this trend but will do so in 

spatially variable ways across the globe, causing increases in fire activity for 
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some regions and decreases for others. In the United States, increased wildfire 

activity combined with the rapid expansion of residential development in fire-

prone land necessitate billions of dollars in suppression efforts every year to 

protect human lives and property. The confluence of these issues has catalyzed 

momentum for communities to actively participate in mitigation at the local 

level. Yet, the precursor to developing effective solutions is to understand the 

unique environmental and social components of wildfire hazards at local and 

regional scales and how these components influence the deleterious impact of 

fire.   

This thesis takes a case study approach to understanding and 

communicating wildfire hazard potential in the Edwards Plateau ecoregion of 

central Texas. Wildfire simulations were conducted at the regional scale to 

quantify the magnitude of predicted fire behaviors under various spatial and 

temporal conditions. Simulations were also conducted within two focal 

communities to illuminate how patterns of wildfire susceptibility overlap with 

residential development. Finally, an investigation was made into the emergency 

response infrastructure and mitigation strategies adopted by each of the focal 

communities.  
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As a result of simulations under drought conditions, forty-four percent of 

the study area exhibited flame lengths over eleven feet and ninety-six percent of 

the tree canopy exhibited crown fire activity. Simulations also revealed an 

increased potential for crown fire activity and extreme flame lengths along the 

heavily-populated Balcones Escarpment. Third, physical forms of communities 

appeared to influence the spatial distribution of burn susceptibility. Finally, the 

infrastructure and practices of the surrounding region impacted community 

resilience to wildfire hazards. While these findings are specific to the eastern 

Edwards Plateau, they showcase how mixed methods can be used to build a 

comprehensive wildfire hazard assessment for a community. 
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GLOSSARY OF TERMS 

 

          

 

ADAPTATION: The process or action undertaken by a 

system in order to better cope with 

future hazards resulting from global 

change. 

 

BIOPHYSICAL VULNERABILITY: A system that physically occupies a 

hazard zone.     

   

COMMUNITY:  Groups of individuals that share some 

jurisdictional boundary as well as a set 

of resources and infrastructure. 

 

HAZARD:      A disturbance that has the potential to 

      cause harm or damage to a system. 

 

RESILIENCE: The ability of a system to respond and 

recover from a hazard. 

 

SOCIAL VULNERABILITY: The sensitivity of a community to loss or 

damage from a hazard, tempered by the 

characteristics, infrastructure, and 

practices within that community. 
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VULNERABILITY: The condition of a system that is 

susceptible to loss or damage measured 

at a static point in time or produced 

through many mechanisms as material 

conditions of being vulnerable are 

translated through a recursive process. 

 

WILDFIRE: Unplanned fires that burn in natural 

areas such as forests, shrub lands, 

grasslands, or prairies. 
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CHAPTER 1: INTRODUCTION 

 

 

1.1: STATEMENT OF THE PROBLEM 

Images of residential neighborhoods pinned behind a backdrop of 

catastrophic wildfires have been all too common in the United States media since 

the beginning of the twenty-first century. Many sources confirm that this 

publicity is the result of a veritable trend toward larger, more intense wildfires 

occurring in areas where residential development and fire-adapted landscapes 

merge. Moreover, numerous federal, private, and academic institutions are 

predicting that this trend will continue as a consequence of human-altered fire 

regimes, climate change, and the continued expansion of communities into areas 

prone to wildfire activity. Practical solutions are critical to saving lives and 

property from future harm. Yet the complex interaction of ecological and social 

factors that make communities susceptible to harm is not universal. Instead, the 
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heterogeneity of fire-adapted ecosystems and the diverse character and practices 

of each community require the development of unique solutions to meet their 

needs. 

Reports from the National Interagency Fire Center (NIFC) indicate that the 

area of land that burns every year during wildfire events has been increasing 

since 1980 (Figure 1.1). Simultaneously, NIFC reports show that the number of 

fires per year has not increased indicating that the increased burned area is a 

result of larger fires rather than more frequent fires (NIFC 2009). Of equal 

concern is that these larger fires are materializing despite increased federal, state, 

and local funding to suppress them (Stephens and Ruth 2005, NIFC 2009). The 

suppression cost in 2012 of federal agencies alone was just under two billion 

dollars, over double the amount spent in 1994, and almost four times the cost in 

1990 (Figure 1.2) (NIFC 2013a). 
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Figure 1.1: The annual 

area burned during 

wildfire events (NIFC 

2013). 

Figure 1.2: 

Annual dollars 

spent to suppress 

wildfire events 

(NIFC 2013). 

 

Figure 1.1: The 

annual area burned 

during wildfire 

events (NIFC 2013). 
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Considerable research conducted by government, academic, and private 

institutions has been dedicated to investigating the larger fires of the twenty-first 

century. The general consensus across disciplines is that the occurrence of larger 

wildfires is due to an inextricable partnership between fire exclusion, climate 

change, and fuel abundance, which results in drastically variable outcomes 

across geographies (Stephens and Ruth 2005, Westerling et al. 2006, Headwaters 

Economics 2009, NIFC 2009, Moritz et al. 2012, USDA Forest Service 2013). 

Natural fire regimes, the cycle of fire to which plant and animal species have 

evolved in concert and which have shaped and sustained ecosystems since the 

origin of terrestrial plants on the earth, are being altered dramatically by humans 

(Bowman et al. 2009). This is mostly through the suppression of fire and changes 

in land use, but fire regimes are also altered through invasive species and shifts 

in temperature and precipitation (USDA Forest Service 2013). The accumulation 

and increased flammability of fuels create the dangerous conditions that we face 

today, but the degree to which a region experiences increased wildfire activity is 

geographically-specific. Studies on the relationship between fuel and climate are 

required at regional or local scales in order to better predict how fire will behave 

in the future for a given location (Moritz et al. 2012). 
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Although it is widely accepted that the suppression of fire leads to 

increased fuel abundance, fire suppression continues to be the dominant practice 

in order to protect human lives and property, which is the primary federal fire 

policy agenda (Stephens and Ruth 2005). This necessity is linked to the increase 

of local residential development in areas that are prone to wildfire activity. These 

areas, coined the wildland urban interface (WUI) were calculated to contain 

thirty-nine percent of the housing units in the United States in 2000 and are 

continuing to grow (Radeloff et al. 2005, Stewart and Radeloff 2012). Increased 

funding for suppression, a concern of federal agencies and taxpayers alike, has 

been insufficient in reducing the size of wildfires and the damages that residents 

in the WUI incur. The National Oceanic and Atmospheric Administration 

(NOAA) publishes a list of weather and climate related disasters that result in 

over one billion dollars in damages, a rough metric of extreme national disasters, 

dating back to 1980. The first wildfire event to show up on that list was in 1991. 

Since then wildfires have made an increasing appearance (Table 1.1), with six of 

the past seven years making the list (NOAA 2013). The calculations made by 

NOAA do not include federal, state, and local suppression costs. 
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YEARS WILDFIRES MADE THE NOAA BILLION DOLLAR DISASTER LIST 

Decade 
Years Listed as a NOAA 

Billion Dollar Disaster 

Number of Years in 

the Decade 

1980 – 1989  0 

1990 – 1999 1991, 1993, 1994 3 

2000 – 2009 2000, 2002, 2003, 2006, 2007, 2008, 2009 7 

2010 – Present Day 2011, 2012 2... and counting 

Table 1.1: Years wildfires appeared on the NOAA Billion Dollar Disaster List 

(NOAA 2103). 

 

A review of the NIFC's list of wildfires that burned over one hundred 

thousand acres in the United States between the years 1997 and 2012 (NIFC 

2013b) reveals that large fires typically occur west of the Great Plains. Due to 

this, the public generally perceives wildfires to be a problem only in western 

states (Cohen 2008, USDA Forest Service 2013). However a much smaller fire can 

cause devastating damage to a community. A map published by the USDA 

Forest Service in 2013 displaying the location of structures lost during wildfire 

events between 1999 and 2011 confirms that fires are not just a problem in 

western states (Figure 1.3). Only a few states on the map were free from damage, 

while other states such as Texas, Oklahoma, Minnesota, and Florida all suffered 

losses of more than one hundred structures during one wildfire event.  
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Given these facts, that wildfires are bigger and more costly, causing more 

damage in the expanding WUI and affecting much of the United States, there has 

been a push by policy makers for local governments and citizens to participate in 

Figure 1.3: Structures lost to wildfire between 1999 and 2011. Published by 

the USDA Forest Service in 2013. 
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deriving solutions. Partially this is to address the strained federal budget by 

making local governments shoulder more financial responsibility in suppressing 

fires and thus incentivizing changes to local development that aim to protect 

citizens (Stephens and Ruth 2005). However involving local governments and 

citizens in decision making has additional merits. A nation-wide, or even state-

wide, approach to mitigating wildfire cannot realistically meet the needs of the 

diverse communities it intends to serve. Finding a solution that will help protect 

a community from damage caused by wildfire events relies foremost on 

understanding a complex and dynamic interaction of ecological and social 

elements specific to each locality then developing place-specific strategies to 

meet the challenge (Cutter and Finch 2008).  

 

1.2: RESEARCH OBJECTIVES  

This thesis takes a case study approach to investigating both the ecological 

and social elements of wildfire hazards in the fire-prone eastern Edwards Plateau 

ecoregion of central Texas. For the purposes if this thesis, a hazard is defined as a 

disturbance that has the potential to cause harm or damage to a system. Not all 
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wildfires, as will be discussed in Chapter 2, are considered hazards, for they 

typically play an essential role in supporting healthy ecosystems.  

The primary research objectives are to understand the potential for 

wildfire hazards in the eastern Edwards Plateau as well as how communities, i.e. 

groups of individuals within some jurisdictional boundary that share resources 

and infrastructure, are responding to the potential. Specifically, the research 

seeks to: i) quantify the expected magnitude of wildfire behavior under various 

spatial and temporal conditions using simulation modeling, ii) map the 

susceptibility to wildfire in areas where residential development co-occurs with 

fire-prone land, and iii) investigate the ways in which communities adopt 

strategies and develop infrastructure to mitigate potential wildfire hazards.  

The results of these objectives are intended to communicate wildfire 

hazard potential in a way that is meaningful at multiple scales. If solutions are to 

be derived through the cooperation of local governments and residents, then 

both entities need to understand how wildfire hazards affect the community as a 

whole as well as how wildfire hazards affect single neighborhoods. While the 

outcome of this thesis is specific to the eastern Edwards Plateau, the methods can 

be easily applied to any community. 
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1.3: ROADMAP TO THE FOLLOWING CHAPTERS  

Chapter 2 begins by outlining the socio-ecological framework for studying 

environmental hazards that was used to structure this thesis. The framework 

contains three main components: the hazard, systems occupying the hazard 

zone, and the resilience and adaptive strategies of systems exposed to the 

hazard. A background of the environmental controls of wildfire, the WUI, and 

mitigation tactics are provided. The chapter then concludes with a description of 

the study area, its landscape, population, and summary of wildfire events in 

2011, which was an active fire season for the region. 

Chapter 3, the research design chapter, details the three methods used to 

meet the research objectives. First, the potential for wildfire hazards in the region 

is explored through fire simulation modeling. Variation in fire behavior that 

results from moderate and extreme summer weather conditions is tested and the 

vegetation and topographic characteristics that correlate with more extreme fire 

behavior are identified. Following this, the investigation continues at a smaller 

scale by looking at two communities of approximately equal populations: one 
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unincorporated community bordering the Austin city limits; and one 

incorporated community in the middle of rural Kendall County, the city of 

Boerne, Texas. The boundaries of these communities are defined by the fire 

department jurisdictions that serve them. Simulation modeling is used at this 

scale to determine the spatial distribution of areas susceptible to burning as well 

as the potential for extreme fire behavior within the jurisdictions. Finally data on 

how these communities respond to wildfire hazards now as well as the actions 

they are taking to respond to wildfire hazards in the future are compared.  

The results of these three methods are supplied in Chapter 4 and 

discussed in Chapter 5. Under moderate weather and climate conditions, the 

predicted fire behavior for the region was mild. However, periods of drought, a 

gust of twenty mile per hour winds, or a two week interval of dry, hot days all 

led to substantial increases in the predicted surface and crown fire activity in the 

simulations. Furthermore, the highest concentrations of crown fire activity and 

most extreme flame lengths occurred closer to areas inhabited by people along 

the IH 35 corridor linking the cities of Austin and San Antonio.  

Mapping susceptibility to burning in the two focal communities 

highlighted the importance of urban form in wildfire susceptibility patterns. 
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Boerne had a smaller, but denser, urban form than the unincorporated 

community outside Austin. This form correlated with lower burn susceptibilities 

and lower occurrences of extreme fire behavior. In direct contrast, the 

community outside Austin had a greater response capacity and greater access to 

external resources than those available to Boerne. 

Overall, this project shows that simulation modeling can be an effective 

tool in understanding wildfire hazard potential in WUI communities and 

communicating that potential hazard in metrics that are easy to interpret. Further 

research into the ignitibility and spread of fires among residential structures as 

well as the efficacy of property-level fuel management are important future steps 

in deriving successful mitigation strategies. 
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CHAPTER 2: BACKGROUND 

 

 

2.1: INTRODUCTION TO CHAPTER 2 

Wildfires, defined by the USDA Forest Service as unplanned fires that 

burn in natural areas such as forests, shrub lands, grasslands, or prairies (2013), 

are invaluable to the health of many ecosystems yet simultaneously constitute a 

threat to the lives and property of people living in the wildland urban interface 

(WUI). This is the consequence of a two part problem: i) wildfires are larger and 

more severe due to dramatic human-induced changes in fire regimes, fuel 

accumulation, and climate change (Bowman et al. 2009, Miller et al. 2009); and ii) 

a large percentage of housing units are located in the WUI, which necessitates 

immense budgets for suppression and drains potential funds for preventative 

mitigation (Stephens and Ruth 2005). The two part problem is best described as a 

socio-ecological system in which human actions and environmental processes are 
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inextricably linked. Solutions aimed at mitigating these threats require attention 

to both the ecological and social aspects (Gallopin 2006). 

 

2.2: A FRAMEWORK FOR HAZARDS IN SOCIO-ECOLOGICAL SYSTEMS 

Investigations of environmental hazards are common in the research 

fields of vulnerability, global change, and sustainability and provide useful 

frameworks for illuminating complex relationships in socio-ecological systems. 

While scholars from various disciplines tend to disagree on technical definitions 

and the specific relationship of concepts within the socio-ecological framework, 

there is general agreement on some basic principles (Brooks 2003, Adger 2006). 

First there is a hazard to which a system is exposed, which could be a sudden 

event or gradual environmental degradation. Second there are biophysical 

elements (people, infrastructure, ecosystem functions, etc.) that are vulnerable to 

damage or loss as a result of being exposed to the hazard. Third, there is a 

societal response that tempers sensitivity to the hazard, which can be described 

as either the ability to cope with hazards, i.e. resilience, or the ability to evolve in 
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the face of rapidly changing natural and human environment that brings about 

hazards, i.e. adaptation (Adger 2006).  

A hazard, defined broadly as a threat to a system (Turner et al. 2003), is 

viewed as the onset of an event and measured in physical terms such as duration 

or magnitude. Deeper focus into hazards, though, includes delineating the 

conditions, both ecological and social, that lead to the hazard onset. These 

conditions can develop gradually through time as a result of anthropogenic 

activity or natural processes or come about quickly, such as in shifting weather 

patterns (Brooks 2003). Deriving meaningful solutions to environmental hazards, 

especially hazards aggravated by climate change such as wildfire, relies on 

understanding the conditions that lead to hazards and predicting how those 

conditions will change in the future. 

Vulnerability has been defined in many ways, but the most harmonious 

definition in terms of wildfire hazards separates vulnerability into two parts. The 

first part of vulnerability is a measure of what physically occupies the hazard 

zone (Cutter 1996), in other words, what is in the path of the hazard and will 

likely result in damage. This can be seen as the biophysical vulnerability (Brooks 

2003), and can include anything susceptible to damage such as humans, 
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structures, habitat, livestock, water bodies, bridges, communication networks, 

etc. 

However the proximity to the hazard is not the sole determinant of loss as 

a result of the hazard (Cutter et al. 2000, Turner et al. 2003), which leads us to the 

second type of vulnerability, social vulnerability. How sensitive a community is 

to loss or damage from a hazard is tempered by the characteristics, 

infrastructure, and practices within that community (Brooks 2003, Adger 2006). 

This indicates that attributes such as the use of poor building materials, the lack 

of emergency infrastructure, inadequate access to information and assistance 

programs, etc. can dramatically alter how vulnerable a system is to hazards 

(Brooks 2003).  

A related but slight variant on social vulnerability is the concept of 

resilience. Resilience is the ability to of a system to respond and recover from 

hazards (Cutter et al. 2008). Simply stated, it is the erosion of resilience that leads 

to greater vulnerability and the buildup of resilience that minimizes vulnerability 

(Adger et al. 2005). Like vulnerability, resilience can be measured in terms of 

infrastructure or access to services and support systems, to name only a few 

factors. Others use demographic characteristics as broad proxies for vulnerability 
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and resilience, indicating that income, age, gender, or ethnicity may correlate 

with the ability for a community to cope with hazards (Cutter et al. 2000, Cutter 

et al. 2003). Metrics of vulnerability and resilience are not easily quantifiable or 

standardized among fields. The appropriate method for measuring these 

attributes depends on the context of the socio-ecological system of interest 

(Adger 2006). 

The final concept in this socio-ecological framework is the idea of 

adaptation. Adaptation is the process or action undertaken by a system in order 

to better cope with the constant metamorphosis of environmental hazards 

resulting from global change (Smit and Wandel 2006). Like resilience, more 

adaptation reduces vulnerability. Unlike resilience, it reflects the ability of a 

system to evolve in conjunction with hazards (Adger 2006). While resilience can 

be seen as ways of reducing vulnerability to hazards in the present, adaptation 

reflects the capacity of a community to reduce vulnerability both in the present 

as well as the future (Smit and Wandel 2006).  

Unfortunately, many scholars have observed that strategies aimed at 

reducing vulnerability to environmental hazards are often neglected until a 

community is faced with an event. It is not until after a hazard occurs that 



18 
 

mitigation is attempted (Adger et al. 2005, Smit and Wandel 2006, Cutter et al. 

2008). Yet protecting communities from the increase in wildfire activity as a 

result of climate change require that adaptive strategies be put in place well 

before a wildfire occurs. It is critical that communities understand the 

environmental hazards they face and that mitigation strategies employed 

address the specific needs of the people and the environment that is affected 

(Cutter 1996, Cross 2001, Cutter and Finch 2008). The following sections of this 

chapter discuss current research on wildfire hazards borrowing the three part 

framework described above: the first section is a synthesis of the causes of 

wildfire hazards; the second section delineates what is susceptible to damage 

from wildfire; and the third section outlines mitigation strategies that are known 

to bolster resilience and adaptation to wildfire hazards. 

 

2.3: WILDFIRE AS HAZARD 

Wildfire has existed on earth since the origin of terrestrial plants over four 

hundred million years ago. Along with climate, fire has been a major force in 

shaping the ecological communities that persist today (Bowman et al. 2009, 
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Pausas and Keeley 2009). These communities have evolved in conjunction with 

fire and rely on the essential functions fire provides, such as nutrient cycling, soil 

conservation, foraging opportunities, and new habitat (USDA Forest Service 

2000a, USDA Forest Service 2005). Thus classifying wildfire as only a hazard 

would be remiss of its merits. Within the boundaries of this thesis, wildfire is 

only defined as a hazard when it threatens human lives and property or when 

damage to a natural system outweighs the environmental benefits it receives. 

Fire is a component of a dynamic system made up of its interactions with 

climate and vegetation (USDA Forest Service 2000b, Parisien and Moritz 2009). 

Climate is widely recognized as a dominant factor in the range and distribution 

of vegetation that have gradually shifted through time in response to climatic 

variation (Pearson and Dawson 2003). Weather patterns, interspecies 

interactions, and the presence of fire have shaped the composition and 

abundance of vegetation, which then affect how fire behaves. Climate also affects 

fire behavior by controlling the moisture content of vegetation, influencing its 

flammability, and contributing to the spread of fire through wind speed and 

direction. In return, vegetation and fire impact climate through the detention or 

release of carbon into the atmosphere (USDA Forest Service 2000b). 
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Fire behavior is typically characterized by metrics of an active fire. Basic 

descriptions include spread rates, flame lengths, how much energy was released, 

or whether the fire remained on the surface or spread to tree canopies, resulting 

in crown fire activity. Crown fire activity is further characterized by passive 

versus active fire behavior. According to the USDA Forest Service, an active 

crown fire includes a wall of flames from surface to crown that seem to engulf an 

entire fuel complex rather than individual trees or small clusters, which is 

indicative of passive crown fires.  

Fire severity, on the other hand, is a measure of how much organic matter 

was consumed once a fire event is complete. While severity is a culmination of 

fire behavior and vegetation, it reflects the results rather than the characteristics 

of a fire (Keeley 2009). Fire regimes are commonly described in terms of return 

frequency and severity. While it is understood that fire regimes vary as result of 

fluctuations in climate, vegetation, fire system, broad fire regime classifications 

have been made that help elucidate how fire is spatially distributed (Figure 2.1). 

Once anthropogenic activity reached a level that greatly altered vegetation 

communities and excluded fire from occurring naturally, humans became a 

major force in modifying fire regimes (Pausas and Keeley 2009). Combined with 
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the prediction that climate change will rapidly bring about new temperature and 

precipitation patterns as a result of human activity (IPCC 2007), the natural 

variability of fire regimes will be replaced with even greater uncertainty about 

global fire patterns (Krawchuk et al. 2009, Bowman et al. 2011). 

 

 

Figure 2.1: Map of fire regimes in the United States. Map obtained from the 

USDA Forest Service (2013). 
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How future climate change will impact fire regimes is a subject that has 

received a lot of attention in the past ten years due to the uncertainty that it 

brings to our understanding of global fire patterns. Marlon et al. (2009) looked at 

evidence of fire regime changes in the paleorecord and found that periods of 

rapid climate change correlated with rapid shifts in fire activity. Research on tree 

mortality has shown that recent fluctuations in climate have caused increased 

tree mortality and susceptibility to burning through physiologic stress (Van 

Mantgem et al. 2009, Allen et al. 2010). Recent climate change, within the past 

few decades, has also been linked to longer fire seasons (Brown et al. 2004, 

Westerling et al. 2006), larger fires (Westerling et al. 2006, Flannigan et al. 2009), 

and higher resulting fire severity (Miller et al. 2009).  

These studies all agree that climate change has an impact on fire activity, 

which promotes the idea that future fire activity as a result of the rapid changes 

in climate predicted to occur in this century should be a major policy concern 

(Schroter et al. 2007). What these studies also agree on is that climate-impacted 

fire activity varies considerably across the globe. A study by Moritz et al. (2012) 

that predicted future global fire activity using multiple climate change models 
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illustrates this spatial variability. In any given climate model, some areas are 

predicted to see significant increases in fire activity while others are expected to 

see decreases in fire activity. This is likely due to climate change impacts on 

species ranges and distributions over time. However, there is little agreement 

among the models regarding where these changes will occur. Thus we have 

evidence that fire activity will change drastically, but no direct indication of 

where. To ensure that each region understands the range of possible outcomes as 

a result of climate change, regional studies are required (Moritz et al. 2012). 

It is unrealistic to assume that we can ever return to the fire regimes that 

existed a century ago given the massive amounts of land use change, fire 

exclusion, and invading species that have occurred. However, we do have the 

ability to influence fire behavior and severity through managing fuels. Restoring 

landscapes to reduce fuel loads is widely accepted as a proactive strategy to 

address future fire uncertainty (Agee and Skinner 2005, Stephens and Ruth 2005, 

USDA Forest Service 2013). Practices such as mechanical, chemical, or biological 

(grazing) reduction of vegetation, as well as prescribed burning have been 

proven to mitigate hazards through reducing surface fuel, increasing the height 

of live tree crowns, and weeding out highly flammable species while retaining 
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fire-resistant species (Agee and Skinner 2005). Studies have shown that these 

methods reduce overall tree mortality during unplanned fires (Stephens et al. 

2009). They also ameliorate fire behavior, including flame lengths and ignition 

susceptibility near structures (Finney 2001, Ager et al. 2010).  

It has also been shown that the pattern of fuel reduction carried out 

influences its effectiveness. Optimized patterns of fuel reduction have been 

proven to protect ecosystems and minimize overall fuel reduction needs (Finney 

2008), yet direction for optimizing fuel patterns is highly dependent on place-

specific attributes and goals and practical guides for land managers are lacking. 

Furthermore, fuel management that successfully protects residents in the WUI 

relies on cooperation among multiple private property owners, which can create 

barriers to fulfilling fuel management objectives (Fernandez and Botelho 2003). 

In fact, a study in 2009 by Schoennagel et al. showed that, of the fuel treatments 

conducted by federal agencies between the years of 2004 and 2008, only three 

percent were carried out in the WUI. Considering that reducing fuels in the WUI 

is one the major objectives in the National Fire Plan, three percent appears low. 

The authors point out that this is due to much of the WUI being under private 

ownership, which is beyond federal control.  



25 
 

 

2.4: BIOPHYSICAL VULNERABILITY TO WILDFIRE HAZARDS  

Biophysical vulnerability to wildfire hazards is an account of systems 

physically within the wildfire hazard zone that are susceptible to damage or loss 

from a fire. In some instances highly severe wildfires can actually cause more 

harm than help to an ecosystem, especially when the system is undergoing 

another stress, such as drought or species endangerment. Severe fires can destroy 

critical species habitat (Miller et al. 2009) or expose large areas of soil to erosion 

(Benavides-Solorio and MacDonald 2001). Riparian areas typically provide 

buffers against fire and refuge for animals waiting out the event, however when 

riparian conditions are overly dry, they can instead act as conduits to spread fire 

farther (Pettit and Naiman 2007). Ecosystem damage can also affect human 

infrastructure. For example, the 1996 Buffalo Creek fire in Colorado resulted in 

two million dollars in flood damage and twenty million dollars in damage to 

Denver's water supply from large amounts of eroded sediment (USDA Forest 

Service 2013).  
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The biophysical vulnerability of greatest policy concern, though, is that of 

human life and property (Stephens and Ruth 2005). Much of the United States 

population today is living within the WUI. In 2005, Radeloff et al. mapped the 

WUI for the United States using US Census housing data from the year 2000 and 

the definition of what constitutes the WUI as recorded in the Federal Register. 

According to the Federal Register, WUI contains at least one housing unit per 

forty acres with no maximum density and is either dominated by wildland 

vegetation (intermix communities) or is within the vicinity of wildland 

vegetation (interface communities). Radeloff et al. interpreted this definition to 

include all census blocks with at least one housing unit per forty acres that are 

more than fifty percent vegetated or within 2.4 km of a block that is more than 

seventy-five percent vegetated. The 2.4 km length represents the distance that an 

ember can travel from a wildfire (Radeloff et al. 2005). Given this definition, the 

team found that thirty-nine percent of housing units in 2000 were in the WUI, 

which was found to be a significant increase since 1970 (Figure 2.2) (Radeloff et 

al. 2005, Theobald and Romme 2007).  
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Figure 2.2: Map of the WUI in the United States. Map obtained from the USDA 

Forest Service (2013). 

 

 

The reasons for the expansion of the WUI are not well documented, but 

researchers have attributed it to an affinity that Americans have for rural 

settings, particularly ones rich in natural amenities (Radeloff et al. 2005). Others 
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suggest that local codes and regulations fail to steer private development away 

from highly hazardous areas of the WUI (Headwaters Economics 2013). An 

econometric analysis from 1970 to 2000 conducted by Olmstead et al. in 2012 

showed that increases in federal efforts to suppress wildfire in specific federally-

managed lands correlated with subsequent increases in development near those 

lands, which indicates, according to the authors, that federal actions to mitigate 

hazards inadvertently promoted growth in hazardous areas. 

No matter how development patterns change, there will always be some 

portion of the housing units in the United States that are situated in the WUI. 

What is important is that each community understands how much of their 

housing stock overlaps with areas susceptible to wildfire activity so that they can 

derive solutions that work for them (Paveglio et al. 2009). 

 

2.5: RESILIENCE AND ADAPTATION TO WILDFIRE HAZARDS  

Research on how and to what extent communities prepare for potential 

wildfire hazards shows substantial variation among the communities studied. 

This variation is attributed to the diversity of residents based on experiences, 
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demographic characteristics, and access to information and resources (Jarrett et 

al. 2009, Paveglio et al. 2009, Eriksen and Prior 2011). For instance, residents in 

longer-established communities may have more experience with wildfires and 

thus been inspired to adapt to future threats, whereas residents of newer 

communities may not understand the threats they potentially face (Eriksen and 

Prior 2011). Attitudes, beliefs, and experiences have also been shown to affect the 

level of community cooperation in carrying out a fuel management plan (Fischer 

and Charnley 2012). The degree to which a community is organized has been 

shown to impact how they approach mitigation. Communities with well-defined 

organization, or communities that organize for the sole purpose of addressing 

potential wildfire hazards, have shown to be effective in implementing 

mitigation. Understanding that there is not a one size fits all solution to wildfire 

hazards is an important concept in designing adaptive strategies that will lead to 

real benefits in a community (Paveglio et al. 2009). 

Based on the growing expense of wildfire suppression, and the fact that 

many communities are ill-prepared for wildfire hazards, several government 

agencies have been promoting community awareness and community planning 

as a way to mitigate future harm. Part of the federal Healthy Forests Restoration 
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Act of 2003 included the promotion of community wildfire protection plans 

(CWPP), a planning process that incentivizes communities to assess their risk 

and establish priorities for mitigation in return for possible grants and fuel 

management assistance (USDA Forest Service 2013). Research has shown that the 

process improves the ways that residents communicate within a network and 

solve problems beyond wildfire protection (Jakes et al. 2007a, Jakes et al 2007b, 

Paveglio et al. 2009). However, CWPP's have been criticized for not requiring 

public participation. A CWPP that is conducted without public input fails to 

encourage communication among residents or measures toward taking personal 

responsibility (Brummel et al. 2010).  

The Firewise program is another strategy that encourages communities to 

engage in wildfire protection planning but with a focus on informing residents 

on best practices for their property. Initiated by the National Fire Protection 

Association in the 1990's, this program certifies communities as “Firewise” based 

on a set of criteria the community must carry out including an official hazard 

assessment, a plan that addresses the assessment, an annual public outreach 

event, and a two dollar per capita annual investment to fund local Firewise 

initiatives (www.firewise.org). Standards for creating fuel-free buffers around 

http://www.firewise.org/
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structures, coined defensible space, and using fire-resistant building materials 

are key tools promoted by the program (USDA Forest Service 2013). Yet, 

researchers have argued that while property-level mitigation tactics, such as 

defensible space and fire-resistant building materials, are recognized for their 

benefit to hazard reduction, they are in great need of more in depth testing 

(Cohen 2008, Gill and Stephens 2009, Mell et al. 2010). 

In 2011, the International Association of Fire Chiefs released 

recommendations for a wildfire hazard strategy that is intended to blend with 

CWPP's, Firewise programs, as well as any other local strategies already in place. 

The program is called Ready, Set, Go! (RSG) and comprises a more 

comprehensive set of wildfire hazard strategies than the CWPP or Firewise 

programs alone. It includes multi-level planning, from fire departments to 

neighborhoods to families, and focuses on both preventative strategies like the 

Firewise program as well as improved emergency management during a wildfire 

event (www.wildlandfirersg.org). It is the only program of its kind that 

emphasizes the need for emergency planning at both the household and 

community-wide scales. 
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Resilience to wildfire hazards necessitates incorporating RSG principles. 

First and foremost, strategies for protecting human life once a wildfire occurs are 

critical. Notifying residents, having access to adequate emergency staff, and 

having access to evacuation routes are all ways of building resilience to wildfire 

hazards. Second, implementing strategies that minimize fire behavior around 

structures greatly increases the chances that property can be saved. Both of these 

principles require that the public understands the potential wildfire hazards in 

their area and how wildfire hazards vary with climate.  

Overall, this broad body of wildfire literature highlights an understanding 

that wildfire hazards will increase as the climate changes and that each year 

more people will be affected as the WUI expands. The literature also strongly 

indicate that the degree to which wildfire hazards change will vary dramatically 

among regions and that taking a regional or community-level perspective on 

wildfire hazards is the best way to derive effective solutions.  

This thesis takes a multi-scaled, case study approach to understanding 

potential wildfire hazards for a region in central Texas. The eastern Edwards 

Plateau is known to be prone to wildfire activity, is simultaneously experiencing 

rapid population growth, and is predicted to experience increased average 
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temperatures and periods of drought as a result of climate change. Through the 

use of simulation modeling, this thesis looks at the variation in wildfire hazards 

under mild to extreme weather and climate conditions. This process helps 

predict the magnitude and location of wildfire hazards for the region as climate 

change proceeds. The thesis also examines two WUI communities within the 

region that are each experiencing population growth and are indicative of two 

types of development that take place in central Texas: regulated growth in 

incorporated cities, and unregulated growth in unincorporated suburbs. In doing 

so, the thesis highlights the wildfire hazard potential at the community and 

neighborhood scales. 

 

2.5: STUDY AREAS 

The Edwards Plateau ecoregion is located in central Texas and contains 

two of Texas’ largest cities linked by the IH 35 corridor, Austin and San Antonio 

(Figure 2.3). Synonymous with the Texas Hill Country, the region is noted for its 

distinctive hydrologic features created by a karst aquifer system and is 

prominently delineated by the Balcones Escarpment on the eastern and southern 
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edges.  Figure 2.4 shows two maps of the eastern portion of the ecoregion 

containing the Balcones Escarpment. The shaded relief map, which spans in 

elevation from three hundred feet above sea level to two thousand feet above sea 

level, highlights the curved edge of the escarpment at approximately eight 

hundred feet. Likewise, the tree canopy map shows a denser canopy of juniper-

oak woodlands that have established themselves along the highly eroded 

canyons and separate the region from the Coastal Plains to the east. Moving 

west, the ecoregion shifts into a savanna that has been experiencing woody 

species encroachment as a result of overgrazing and fire exclusion. Unlike this 

eastern portion, the northern and western delineation of the Edwards Plateau 

ecoregion are not well-defined and have been interpreted differently by multiple 

sources (Johnson 2013). 
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Figure 2.3: Edwards Plateau ecoregion and study extent. 

 

 

 

 

 

 

 

Figure 2.4: Eastern Edwards Plateau elevation (ft) and canopy cover (percentage). 
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Just as the landscape shifts from east to west, so does the population 

density west of the IH 35 corridor. The eastern portion of the Edwards Plateau 

contains the majority of the population in the region due to the growth of Austin, 

San Antonio, and the cities in between. According to the Texas County Profiles 

website, the four counties along the IH 35 corridor grew between twenty-three 

and sixty-one percent from the year 2000 to 2010 (http://www.txcip.org/tac/ 

census/CountyProfiles.php) and are predicted to continue growing between 

twenty and sixty-four percent between 2010 and 2020 (http://txsdc.utsa.edu/). 

According to WUI data made available by Radeloff through the Spatial Analysis 

for Conservation and Sustainability lab at the University of Wisconsin, 

approximately seventy-seven percent of this region's housing units in 2010 were 

in the WUI (http://silvis.forest.wisc.edu/) (Figure 2.5). 

 

 

 

 

http://www.txcip.org/tac/%20census/CountyProfiles.php
http://www.txcip.org/tac/%20census/CountyProfiles.php
http://txsdc.utsa.edu/
http://silvis.forest.wisc.edu/
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Figure 2.5: WUI of the eastern Edwards Plateau. Data from 2010 US Census and 

University of Wisconsin. 
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The year 2011 was an active fire season for Texas. The eastern Edwards 

Plateau ecoregion experienced numerous fires, most notably the Pedernales fire 

that burned sixty-five thousand acres (Lee 2012). On the same day as the 

Pedernales fire, September 4, 2011, a fire in the Steiner Ranch neighborhood west 

of Austin burned over one hundred and sixty acres and destroyed or damaged 

over fifty homes (Travis County Fire Marshal’s Office 2011). Earlier in the year, 

the Oak Hill neighborhood in southwest Austin experienced an urban wildfire 

that burned approximately one hundred acres and destroyed ten homes while 

damaging another eleven (Lee 2011). 

The magnitude of fire behavior during the 2011 fire season is largely 

attributed to the most severe one-year drought on record for Texas. This fact 

raises concerns about the potential for wildfire hazards in the near future as 

predictions indicate that average temperatures and the frequency of drought will 

increase (Texas A&M Forest Service 2011). According to a Texas climate change 

study in 2012, average summer temperatures could increase between 2.2 and 4.8 

degrees Celsius in central Texas by 2100 and precipitation patterns will be 

variable but likely lead to more arid conditions (Jiang and Yang 2012). 
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The recent occurrence of wildfire events, a growing population, and the 

climate change predictions make the eastern Edwards Plateau an ideal case study 

for assessing wildfire hazards through a socio-ecological framework. The first 

objective of this thesis is to quantify the expected magnitude of wildfire behavior 

under various spatial and temporal conditions using simulation modeling. The 

spatial variation tested is the gradient of vegetation and topography that exists 

across the eastern Edwards Plateau extent. The temporal variation tested is a set 

of eight weather and climate scenarios that range from mild summer conditions 

to the extreme conditions of September 4, 2011.  

The second and third objectives of this thesis require focus on 

communities within the eastern Edwards Plateau extent. In order to map wildfire 

susceptibility in WUI areas and investigate mitigation strategies adopted by 

communities, two smaller extents were selected (Figure 2.6). The first is an area 

just beyond the Austin city boundary in Travis County, Texas. Outside the city 

limits emergency protection is provided by emergency service districts, which 

are authorized by the state to form and collect taxes from their district for the 

purpose of protecting health and wellbeing of the community (Jarrett and 

Anchondo 2012). The Travis County emergency service district number three 
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(ESD #3) forms the boundary of this extent. The Travis County ESD #3 is also 

called the Oak Hill Fire Department because it used to serve the entire 

unincorporated Oak Hill community before half of Oak Hill was annexed by 

Austin in 2000. Now the Oak Hill Fire Department serves the remaining 

unincorporated neighborhoods of West Oak Hill as well as the unincorporated 

Barton Creek neighborhood directly north with a total population of almost 

fifteen thousand individuals in 2010 and a land area of over twenty-six thousand 

acres. In Texas, county governments have limited authority over growth and 

development. Thus growth that occurs in unincorporated areas is largely 

unregulated beyond protecting basic health and safety (Capital Area Council of 

Governments 2009). 

The second study extent is located fifteen miles northwest of the city limits 

of San Antonio in the small city of Boerne, Texas. Boerne is the county seat of 

rural Kendall County, Texas and had a population of almost fourteen thousand 

people in 2010. The Boerne Fire Department provides fire protection services to 

this population as well as a large land area outside the city limits. For the 

purposes of this study, the municipal jurisdiction serves as the study area 

boundary, which is roughly sixty-five hundred acres. 
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Figure 2.6: Location and population density of Travis County ESD #3 and Boerne 

study extents. 
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CHAPTER 3: RESEARCH DESIGN 

 

 

3.1: INTRODUCTION TO CHAPTER 3 

Chapter 3 details the data collection and data analysis used in this thesis. 

Three methods were employed to investigate wildfire hazards in the eastern 

Edwards Plateau. Each method is tailored to answer one of three research 

questions beginning with an examination of fire behavior at the regional scale 

before narrowing the focus to wildfire hazard susceptibility and mitigation at the 

scale of the communities served by two fire department jurisdictions, the Travis 

County ESD #3 and the Boerne City Fire Department. This integrated approach 

addresses both the ecological and social dimensions of wildfire hazards to not 

only identify the magnitude and location of potential hazards but also how 

communities in the eastern Edwards Plateau confront wildfire risk as the 

regional population continues to expand. 
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The first research method employs fire simulation software developed by 

the USDA Forest Service, FlamMap Fire Behavior (FB), to analyze the region's 

expected wildfire behavior under eight weather scenarios ranging from a mild, 

calm September day to an overly hot, dry, and windy September day. The 

second method also uses simulation software developed by the USDA Forest 

Service but instead focuses on recreating the September 4, 2011 weather 

conditions at the community scale. The same FlamMap FB software is used with 

the addition of FlamMap's Minimum Travel Time (MTT) application, which 

explores the susceptibility to wildfire spread in areas that co-occur with 

residential development. The third research method compiles and synthesizes 

information obtained from public records and personal communications on the 

wildfire response capacity in each of the focal communities as well as any 

measures instituted by the communities to reduce wildfire hazard potential.  

The succeeding sections state the research questions, describe the data 

collection methods, describe the data analysis methods, and provide a discussion 

of the assumptions and limitations of each approach.  
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3.2: RESEARCH QUESTIONS 

QUESTION 1:  What is the expected range of wildfire behavior in the 

eastern Edwards Plateau during conditions that range from 

an average September day to an overly hot, dry, and windy 

September day and what are the influences of weather, 

climate, topography, and vegetation in the observed 

variation of wildfire behavior? 

Sub-question 1a:  What are the expected flame lengths, rates of spread, and 

crown fire activity levels that result from simulated wildfires 

in eight weather scenarios ranging from an average 

September day to an overly hot, dry, and windy September 

day in the eastern Edwards Plateau?  

Sub-question 1b: How much do three fire-inducing conditions, increased 

wind speed, decreased fuel moisture, and hotter, dryer days, 

increase the magnitude of flame lengths, rates of spread, and 

crown fire activity under simulated wildfire events in the 

eastern Edwards Plateau? 
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Sub-question 1c:  What is the correlation between landscape structure, i.e. 

topography and vegetation characteristics, and the variation 

of flame lengths, rates of spread, and crown fire activity 

observed across eastern Edwards Plateau under simulated 

fire events? 

 

QUESTION 2:  What are the expected spatial distributions of wildfire 

susceptibility and wildfire behaviors and the in two WUI 

communities in the eastern Edwards Plateau under 

September 4, 2011 weather conditions? 

Sub-question 2a: What is the spatial distribution of areas susceptible to 

burning under September 4, 2011 wind speeds, fuel 

moisture, and temperature and precipitation conditions for 

the Travis County ESD #3 and Boerne study areas?  
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Sub-question 2b: What areas are predicted to experience flame heights over 

eleven feet and active crown fire activity from simulated 

wildfire events that mimic the September 4, 2011 wind 

speeds, fuel moisture, and temperature and precipitation 

conditions for the Travis County ESD #3 and Boerne study 

areas? 

 

QUESTION 3:  What is the current capacity of the Travis County ESD #3 

and Boerne City Fire Department to respond to wildfire 

hazards in order to protect the lives and property of 

residents and what plans, programs, or strategies have the 

communities within each fire department jurisdiction 

adopted for mitigating wildfire hazards now an in the 

future? 

Sub-question 3a:  What is the emergency response capacity of the Travis 

County ESD #3 and the Boerne City Fire Department in 

terms of notifying and evacuating residents during wildfire 
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emergencies, responding to wildfire events, and 

coordinating with surrounding fire departments?  

Sub-question 3b:  What plans, programs, or strategies, such as those promoted 

by the CWPP or Firewise programs, have the communities 

within each fire department jurisdiction adopted for the 

purpose of building resilience to wildfire hazards and what, 

if any, actions indicate that plans, programs, and strategies 

may be adopted in the future? 

 

3.3: DATA COLLECTION 

Data collection for the thesis falls into three broad categories. Data was 

either obtained from using wildfire simulation software, compiled from publicly 

available documents or data warehouses, or collected from personal 

communication with representatives of state, county, and local agencies. In order 

to perform the wildfire simulations, input data from multiple sources is also 

required. The following three subsections describe the FlamMap wildfire 

simulations, mapping the FlamMap results within the two WUI communities, 
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and the collection of fire department response capacity and local mitigation 

plans, programs, and strategies. 

 

3.3.1: FLAMMAP WILDFIRE SIMULATIONS 

FlamMap is a free fire behavior modeling program developed by the 

USDA Forest Service, Rocky Mountain Research Station, and Systems for 

Environmental Management. FlamMap simulates fire events over a digital 

replication of a real landscape, made up of a grid of cells with values for 

elevation, slope, canopy height, etc. The user defines weather and climatic 

conditions to be tested, which remain constant through the duration of the 

simulation. The program has two functions that are used in the present thesis, 

the Fire Behavior (FB) function and the Minimum Travel Time (MTT) function.  

FlamMap FB measures the expected fire behavior, such as flame lengths, 

for each grid cell in the landscape under a given set of weather and climate 

conditions. It assumes that each cell has been ignited and calculates how the cell 

responds. To collect the necessary simulation data to answer Question 1, I input 

data files that describe the study extent's landscape and designed eight weather 



49 
 

and climate scenarios to be tested. To collect the necessary simulation data to 

answer Question 2, I input landscape data files corresponding to the smaller 

extents and designed one weather scenario mimicking September 4, 2011 

conditions. The completed simulations produce three output data files for each 

simulation with measures of flame length, rate of spread, and crown fire activity. 

The chances of a real fire behaving exactly how it has been predicted by 

MTT are slim given the shifts in wind and temperature in a real fire event. 

However the MTT simulations are capable of highlighting areas that are more 

susceptible to wildfire events. The benefit of the MTT software is not to track 

how one fire might move across the landscape, but instead to predict how 

susceptible the landscape is to burning. This is a subtle but important difference 

from fire behavior prediction. The predicted fire behavior in given cell assumes 

that the cell is already ablaze, but it does not predict if the cell would ignite given 

that its neighbor is ablaze, which is what MTT seeks to address.  
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3.3.1.1: FlamMap Landscape Inputs  

Raster input data files required by FlamMap include: three topographic 

layers, four canopy structure files, and one fuel model layer. Table 3.1 lists the 

data files input into FlamMap and their descriptions. Each raster is made up of a 

grid of thirty meter by thirty meter cells, simply called thirty meter resolution, 

which each measure approximately one quarter of an acre. Each cell contains the 

average value for that cell, for example, the average elevation or slope over nine 

hundred square meters. For an example of the quantity of data contained in each 

raster, the eastern Edwards Plateau study extent contains 19,071,324 grid cells. 
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FLAMMAP LANDSCAPE INPUT DATA 

File Name Description Units Resolution 
Created 

By 
Accessed From 

Aspect 
Azimuth of sloped 

surfaces 

Azimuth 

degrees 
30 m USGS www.landfire.gov 

Elevation 
Distance above sea 

level 
Meters 30 m USGS www.landfire.gov 

Slope 
Percent change in 

elevation 
Percent 30 m USGS www.landfire.gov 

Fuel Model 

40 Scott and 

Burgan Fire 

Behavior Fuel 

Models 

Categorical 30 m LANDFIRE www.landfire.gov 

Canopy Bulk 

Density 

Density of available 

canopy fuel 

Kg per 

cubic meter 

* 100 

30 m LANDFIRE www.landfire.gov 

Canopy Base 

Height 

Average height 

from ground to 

bottom of canopy 

Meters * 10 30 m LANDFIRE www.landfire.gov 

Canopy 

Cover 

Percent of cell 

covered by canopy 
Percent 30 m LANDFIRE www.landfire.gov 

Canopy 

Height 

Average height of 

top of canopy 
Meters * 10 30 m LANDFIRE www.landfire.gov 

Table 3.1: Input raster data files required for FlamMap modeling. 

 

3.3.1.2: FlamMap Weather and Climate Settings  

The following weather and climate conditions need to be set by the user 

for all FlamMap simulations: wind direction, wind speed, fuel moisture, foliar 

moisture, and the fuel conditioning period. Determining appropriate settings for 

simulations is a lengthy process requiring multiple sources of climate and 
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weather data for the area. The weather data were obtained by using Remote 

Automatic Weather Stations (RAWS) for stations within the extent. This 

information is available through the website: www.raws.dri.edu. The data 

obtained from the RAWS stations were then confirmed using local weather 

station reports on WeatherSpark (weatherspark.com).  

Based on historic average wind direction for the extent, all FlamMap FB 

simulations used the south-southeast wind trajectory. The effect of wind 

direction was not tested as a variable influencing fire behavior. Wind direction is, 

however, a critical component to how fire spreads from a cell to its neighboring 

cells and was varied in the MTT simulations. In order to increase the accuracy of 

susceptibility for each cell, eight directions were tested in the simulations: north, 

northeast, east, southeast, south, southwest, west, and northwest. For the set of 

eight climate scenarios I tested a mild and extreme wind speed. Based on historic 

average wind speeds across the extent, the scenarios tested five miles per hour as 

the mild speed and twenty miles per hour as the extreme speed. 

FlamMap defines fuel moisture, the moisture content of surface fuels, as a 

set of five total measurements of percent moisture. Scott and Burgan (2005) 

derived a set of four states (Table 3.2), from high to very low fuel moisture 
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content to be used in various fire behavior simulators including FlamMap. For 

the set of eight climate scenarios I tested a mild and extreme fuel moisture state: 

the moderate state, which represents a ninety percent fuel moisture content of 

live herbaceous fuels; and the very low state, which represents a thirty percent 

fuel moisture content of live herbaceous fuels.  

 

SCOTT AND BURGAN FUEL MOISTURE STATES 

  Very Low Low Moderate High 

Dead fuel 1-hour 3 6 9 12 

Dead fuel 10-hour 4 7 10 13 

Dead fuel 100-hour 5 8 11 14 

Live Fuel Herbaceous 30 60 90 120 

Live Fuel Woody 60 90 120 150 

Table 3.2: Scott and Burgan's (2005) fuel moisture content (percent moisture) 

recommendations. The very low and moderate states were tested in the 

scenarios. 

 

Scott and Burgan (2005) also recommend maintaining a foliar moisture 

setting, the moisture content of tree canopies, of one hundred percent for all 

simulations, which they claim to be a conservative calculation. However, the 
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USDA Forest Service's National Fuel Moisture Database (http://www.wfas .net/ 

index.php/national-fuel-moisture-database-moisture-drought-103) reports that 

average foliar moisture for Ashe Juniper and Live Oak measured within this 

extent ranges from fifty-nine percent to ninety-four percent moisture in August 

and September. Thus, for the FlamMap simulations, when a scenario has 

moderate fuel moisture content, the foliar moisture was set to one hundred 

percent, and when the fuel moisture is very low, the foliar moisture is set to sixty 

percent. 

The fuel and foliar moisture settings describe the general state of fuels as a 

result of long-term temperature and precipitation patterns. If an area is 

undergoing a period of extended drought, it is presumed to resemble the very 

low fuel moisture state described by Scott and Burgan (2005). If an area is 

undergoing a rainy season, then the high fuel moisture state is presumed. Thus 

fuel and foliar moisture are a reflection of long term trends. In contrast, the fuel 

conditioning period setting in FlamMap effects fuel moisture in a shorter time 

scale. By inputting local RAWS data for a given period of time, FlamMap will 

“condition” fuels with precise daily temperature and precipitation 

measurements as well as hourly wind speeds. This process recreates more 
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realistic fuel conditions than can be achieved by setting fuel moisture levels 

alone. Like the fuel moisture, I tested one mild and one extreme state of fuel 

conditioning. 

As mentioned in Chapter 2, the year 2011 was an active fire year for Texas, 

and specifically September 4, 2011 for this extent. The Balcones RAWS is located 

within close proximity to the location of the Pedernales fire. Thus I used the 

Balcones RAWS data for the two weeks leading up to September 4, 2011 (August 

22 to September 4, 2011) as the more extreme fuel conditioning period. Average 

daytime highs recorded at Balcones during this period were 103 degrees 

Fahrenheit (ninetieth percentile temperature for August) and there was no 

precipitation. For the less extreme case, I chose the same two week period for 

2010. In contrast, the average daytime highs recorded at Balcones for this period 

were 97 degrees Fahrenheit (approximately the median August temperature) and 

there was over an inch of rainfall on September 3, 2010 (Table 3.3). 
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FUEL CONDITIONING PERIODS 

RAWS Year Dates 
Average 

Temperature 
Rain Events 

Balcones 2010 
August 11 – 

September 4 
97 degrees 

Fahrenheit 
1.2 inches on 

September 3 

Balcones 2011 
August 11 – 

September 4 
103 degrees 

Fahrenheit 
None 

Table 3.3: Fuel conditioning periods tested in the scenarios. 

 

3.3.1.3: MTT Ignitions and Simulation Duration 

In order to determine the correct number of ignitions and appropriate 

duration to use in the MTT simulations, a set of exploratory runs were 

conducted. For each simulation, FlamMap MTT calculates the number of times a 

cell has ignited and divides it by the total number of ignitions to give what they 

define as the burn probability. This calculation can be easily misinterpreted. Take 

an example where the user sets four ignitions that each burn for only one minute. 

Under normal conditions, these fires will be very small in size and are unlikely to 

spread to neighboring cells even of the neighboring cell is susceptible to burning. 

Yet, FlamMap will calculate a value of 0.25 for each of the cells that had the 

initial ignition and zero for all other cells. Thus the burn probability calculation is 
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relative to the number of ignitions and the area burned by each ignition. The 

greater the number of ignitions and the longer the duration, the more accurate 

the burn probability calculations will be. 

I conducted multiple test simulations to set these parameters. Comparing 

test simulations with one hundred, two hundred, three hundred, four hundred, 

and five hundred ignitions running for two hours showed that results converge 

above three hundred ignitions. Based on this I chose five hundred random 

ignitions, at two hours, to be run for each of the eight wind speeds.  The result 

was a total of four thousand random ignitions. 

 

3.3.1.4: Simulation Trials 

For the FlamMap FB simulations, I designed eight scenarios combining 

the two wind speeds, two fuel moisture states, and two conditioning periods 

(Table 3.4). In order to assess the level of stochastic error between identical 

simulations, each unique scenario was run three times. If FlamMap FB gets a 

different measurement for a given cell between two identical runs, then that 
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amount of variation needs to be taken into account when measuring differences 

between non-identical runs. 

 

EIGHT WEATHER AND CLIMATE SCENARIOS 

Scenario 
Number of 

Repeats 
Wind Speed 

Fuel Moisture / 

Foliar Moisture  

Fuel Conditioning 

Period 

1 3 5 Moderate / 100 8/22 to 9/4 2010 

2 3 20 Moderate / 100 8/22 to 9/4 2010 

3 3 5 Very Low / 60 8/22 to 9/4 2010 

4 3 20 Very Low / 60 8/22 to 9/4 2010 

5 3 5 Moderate / 100 8/22 to 9/4 2011 

6 3 20 Moderate / 100 8/22 to 9/4 2011 

7 3 5 Very Low / 60 8/22 to 9/4 2011 

8 3 20 Very Low / 60 8/22 to 9/4 2011 

Table 3.4: Eight scenarios tested in FlamMap Fire Behavior simulations. 

 

The outputs for each run included: one raster with the predicted flame 

lengths (in feet); one raster with the predicted rates of spread (in chains per hour, 

one chain equals sixty-six feet); and one raster with the predicted crown fire 

activity. Crown fire activity is given an integer score from zero to three, with zero 
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being no fire activity, one being surface fire activity only, two being passive 

crown fire activity, and three being active crown fire activity. Table 3.5 lists the 

final set of explanatory variables input into FlamMap FB and response variables 

derived from FlamMap FB.  

 

EXPLANATORY AND RESPONSE VARIABLES 

Explanatory Variables 
Response Variables 

Topography Vegetation Weather/Climate 

Aspect Fuel Model Wind Speed Flame Length (feet) 

Elevation 
Canopy Bulk 

Density  
Fuel/Foliar Moisture  Rate of Spread (chains per hour) 

Slope Canopy Base Height 
Fuel Conditioning 

Period  Crown Fire Activity  
0 = no fire activity 
1 = surface fire activity  
2 = passive crown fire activity  
3 = active crown fire activity 
 

 Canopy Cover  

 Canopy Height  

Table 3.5: FlamMap FB simulation explanatory and response variables. 
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Table 3.5 describes two main types of variables used in the FlamMap FB 

modeling. The topography and vegetation, i.e. landscape, variables vary across 

space but remain constant between runs (spatially dynamic but temporally 

static). The opposite is true for the weather conditions. Weather remains constant 

across space for each run but varies between runs (spatially static but temporally 

dynamic). This distinction is important for Sub-questions 1b and 1c. While Sub-

question 1b questions the temporal effect of weather and climate between runs, 

Sub-question 1c questions the spatial effect of landscape structure within runs. 

The final resulting data collected from the FlamMap FB simulations is 

over 152,000,000 measurements for each response variable for a total of over 

457,000,000 data points. 

For the MTT simulations, only one set of weather conditions were applied 

with the exception of the eight wind directions. The simulation was deigned to 

mimic the September 4, 2011 weather conditions. To do so, the fuel moisture 

state was set to very low and the fuel conditioning period spanned from August 

22, 2011 to September 4, 2011. The wind speeds on September 4, 2011 did reach 

seventeen to twenty-four miles per hour according to the Travis County Fire 

Marshal (Lee 2012). However it is unlikely that these wind speeds were 
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sustained for two hours straight. Balcones RAWS recorded a wind speed or 

fourteen to sixteen miles per hour for several consecutive hours on September 4, 

2011. Thus, for the sake of making conservative predictions, fourteen miles per 

hour was chosen for the two hour simulations.  

Table 3.6 summarizes the parameters of the MTT simulations. The results 

include burn probability raster data files indicating the number of times each cell 

burned and vector files of burn perimeters from the four thousand ignitions. 

FlamMap FB simulations for these two study extents were simultaneously run 

with the MTT simulations. The results of the FlamMap FB do not change with 

wind direction. One flame length raster and one crown fire activity raster was 

stored for each of the two WUI communities. 
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FLAMMAP MINIMUM TRAVEL TIME SIMULATION PARAMETERS 

Fuel / Foliar Moisture Very Low / 60 

Fuel Conditioning Period August 22 to September 4, 2011 

Wind Speed 14 miles per hour 

Wind Direction 
North, northeast, east, southeast, south, 

southwest, west, northwest 

Number of Simulations 8 

Number of Ignitions/Simulation 500 

Duration of Each Simulation  6 hours 

Table 3.6: Parameters used in the FlamMap MTT simulations. 

 

3.3.2 DATA ON RESPONSE CAPACITY AND HAZARD MITIGATION 

Multiple sources were consulted to obtain data on the response capacity 

and adopted mitigation measures of each focal community. When possible, 

published data from public records and agency websites were used. For 

unpublished information, semi-structured interviews were conducted. Table 3.7 

lists the published data compiled and Table 3.8 lists the organizations and 

interviewees that participated in the semi-structured interviews. 
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PUBLISHED DATA ON RESPONSE CAPACITY AND MITIGATION 

Data Source 
Date 

Accessed 
Web Address 

Fire Department 

Budgets, Staff, 

Ratings and 

Response Statistics 

Travis County ESD 

#3 
July 2013 http://www.oakhillfire.org/ 

Boerne Fire 

Department 
July 2013 http://www.ci.boerne.tx.us/index.aspx?nid=85 

STARFlight Rescue 

Service 

Travis County 

STARFlight 
July 2013 https://starflight.traviscountytx.gov/ 

Emergency 

Notification 

Systems 

Capital Area 

Council of 

Governments 

July 2013 http://www.capcog.org/ 

Alamo Area Council 

of Governments 
July 2013 http://www.aacog.com/ 

Emergency 

Management Plans 

and Assessments 

Travis County 

Emergency 

Management 

July 2013 
http://www.co.travis.tx.us/emergency_servic

es/emergency_management.asp 

Kendall County 

Office of Emergency 

Management 

July 2013 
http://www.co.kendall.tx.us/default.aspx?Ken

dall_County/Emergency%20Management 

Participation in 

Firewise Programs 

Firewise 

Communities 
July 2013 http://www.firewise.org/ 

Table 3.7: Data types and sources on response capacity and hazard mitigation in 

the two WUI study regions. 

 

http://www.oakhillfire.org/
http://www.ci.boerne.tx.us/index.aspx?nid=85
https://starflight.traviscountytx.gov/
http://www.capcog.org/
http://www.aacog.com/
http://www.co.travis.tx.us/emergency_services/emergency_management.asp
http://www.co.travis.tx.us/emergency_services/emergency_management.asp
http://www.co.kendall.tx.us/default.aspx?Kendall_County/Emergency%20Management
http://www.co.kendall.tx.us/default.aspx?Kendall_County/Emergency%20Management
http://www.firewise.org/
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PARTICIPANTS OF SEMI-STRUCTURED INTERVIEWS 

Level of 

Organization 
Organization Name, Title Date(s) of Contact 

Fire Department 
Travis County ESD 

#3 
Kurstin Bluemel, Office 

Administrator 
July 12, 2013 

Fire Department 
Boerne Fire 

Department 

April Bueno, Administrative 

Assistant 

Ray Hacker, Assistant Fire 

Chief 

July 12, 2013 

August 2, 2013 

County 
Travis County 

Emergency 

Management 

Stacy Moore, Assistant 

Emergency Management 

Coordinator 

July 15, 2013 

July 22, 2013 

County 

Kendall County 

Office of 

Emergency 

Management 

Jeffery Fincke, Kendall 

County Fire Marshal 
July 15, 2013 

State 
Texas Forest 

Service 
William Boettner, WUI 

Specialist 
July 12, 2013 

Table 3.8: Organizations and individuals that participated in the semi-structured 

interviews. 

 

The questions asked of interviewees depended upon the level of 

organization they represented. The two fire departments, upon which the study 
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areas were defined, were consulted on three broad categories. First they were 

asked about the protocol for cooperating with surrounding fire departments. 

Second they were asked about methods employed to notify and evacuate 

residents, if necessary. Third they were asked about the existence of any fuel 

management practices in the jurisdiction. 

Interviewees from county organizations were asked questions based on 

two broad categories: whether they have in the past or plan to in the future 

develop a CWPP; and the types of fuel management programs that exist at the 

county level, if any. The final interviewee, a WUI specialist from the Texas Forest 

Service, the organization that facilitates the Firewise process in Texas, was asked 

about the participation of Texas communities in the Firewise program, the 

protocol for doing so, and how communities are informed about it. 

 

3.4: DATA ANALYSIS 

The data analyses used in this thesis are explained in the three sections 

below. Each section specifically addresses one of the three research questions 

posed at the beginning of the chapter. The first section describes the suite of 
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analytical methods used to predict wildfire behavior in the full eastern Edwards 

Plateau extent. The second section describes the analysis of predicted fire 

behavior and susceptibility in the two focal WUI communities. The third section 

describes how the response capacity and mitigation data were synthesized. 

 

3.4.1: FLAMMAP SIMULATIONS: EASTERN EDWARDS PLATEAU 

One of the benefits of studying simulated data that were obtained in a 

fixed, user-controlled environment is that analytical methods can be 

straightforward. All variables used by FlamMap FB to measure fire behavior are 

known to the user and explanatory variables can be easily isolated to test their 

individual effect.  

 

3.4.1.1: Data Preparation  

Before data could be analyzed, the output data files from FlamMap FB 

were assigned the spatial reference North American Datum 1983 Albers equal-

area conic projection, using ArcGIS 10.0. Statistical modeling, which was 
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performed using R statistical software, was not possible on such a large dataset. 

Thus a subset of one thousand cells was randomly selected using ArcGIS and the 

data within the one thousand cells were transferred to a spreadsheet in order to 

perform analysis of covariance (ANCOVA) in R. Of these one thousand data 

points, 118 represented cells that were defined as non-burnable (roads, water, 

bare ground, etc.) by the fuel models and were ignored by FlamMap FB. These 

118 points were omitted from analysis. The remainder was a subset of 882 data 

points. 

For analysis of changes in crown fire activity, the dataset was reduced 

again. Crown fire activity is only possible on data points with tree canopies. Of 

the 882 data point subset, 421 data points had zero percent canopy cover and 

were omitted from analysis on changes in crown fire activity. The remainder was 

a 461 data point subset that is used for ANCOVA on crown fire activity only. 

 

3.4.1.2: Measuring Stochastic Error  

ArcGIS 10.0 was used to calculate the change between repeated runs. Each 

original raster was subtracted from its repeat to calculate differences between 
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runs. Any stochastic error detected would alter the interpretation of further 

simulations. In other words, if there is an increase in flame length for a given cell 

between Scenario 1 and Scenario 2, is it due to the increase in wind speed or just 

stochastic error made by the instrument? It is important to state now (to 

legitimize the methods used below) that there was no stochastic error in any of 

the repeated runs. Every cell in every repeat had identical measurements. This 

indicates that any change measured in a cell between scenarios must be 

attributed to the change in scenario, not due to variation between measurements. 

 

3.4.1.3: Expected Fire Behavior of the Eight Scenarios  

To determine the range of expected flame lengths, rates of spread, and 

crown fire activity resulting from the eight scenarios, the results of each scenario 

were displayed in a series of maps and charts for each of the three response 

variables. Flame lengths were symbolized based on the divisions described in the 

NWCG Incident Response Pocket Guide for tactical interpretations of flame 

lengths. Rate of spread was symbolized based on divisions that easily translate to 

miles per hour: eighty chains per hour is one mile per hour, forty is one half, 
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twenty is one quarter, and ten chains per hour is one eighth of one mile per hour. 

Crown fire activity was symbolized based on no fire activity, surface activity 

only, passive crown fire activity, and active crown fire activity. 

 

3.4.1.4: Effect of Weather and Climate Variables  

To measure the impact of each weather and climate condition, the 

scenarios were paired in ways that held two variables constant while the variable 

of interest changed. For example, Scenarios 1 and 2 only differ in wind speed, all 

other settings are fixed. Thus any differences detected between the two scenarios 

would be due to the change in wind speed alone. The weather and climate 

conditions were tested using two combinations each, one combination represents 

mild fixed conditions and the other combination represents extreme fixed 

conditions. Table 3.9 lists the comparisons. 
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SCENARIO COMPARISONS TO TEST THE EFFECT OF WEATHER 

To Test the Effect of Wind 

Wind = 5 Wind = 20 Fixed Conditions 

Scenario 1 Scenario 2 
Moderate Fuel Moisture 

2010 Fuel Conditioning Period 

Scenario 7 Scenario 8 
Very Low Fuel Moisture 

2011 Fuel Conditioning Period 

To Test the Effect of Fuel Moisture 

Fuel Moisture = 

Moderate 

Fuel Moisture = Very 

Low 
Fixed Conditions 

Scenario 1 Scenario 3 
5 mph Wind Speed 

2010 Fuel Conditioning Period 

Scenario 6 Scenario 8 
20 mph Wind Speed 

2011 Fuel Conditioning Period 

To Test the Effect of Fuel Conditioning 

Fuel Conditioning Year 

= 2010 

Fuel Conditioning 

Year = 2011 
Fixed Conditions 

Scenario 1 Scenario 5 
5 mph Wind Speed 

 Moderate Fuel Moisture 

Scenario 4 Scenario 8 
20 mph Wind Speed 

Very Low Fuel Moisture 

Table 3.9: Scenario comparisons testing the effect of weather and climate.  

 

Differences between scenarios were calculated using ArcGIS 10.0. As 

mentioned above, since i) simulations are conducted in a controlled 



71 
 

environment, ii) the weather conditions are static across space for each run, and 

iii) there is no stochastic error made by the instrument, any difference between 

runs based on a single variable is due to that variable alone. In return, no 

additional measures are necessary to measure statistical significance of the 

impact of weather conditions on flame length, rate of spread, or crown fire 

activity. 

 

3.4.1.5: Effect of Landscape Variables  

ANCOVA multiple linear regression modeling was used to evaluate the 

correlation between landscape structure and flame length, rate of spread, and 

crown fire activity across the spatial extent. Explanatory variables included the 

same set of eight landscape variables used in FlamMap FB. The response 

variables included flame length, rates of spread, and crown fire activity observed 

in Scenario 8. A separate ANCOVA regression model was built for each response 

variable. Models including interaction terms between all explanatory variables 

were built and fitted manually through stepwise model selection using F-tests to 

measure goodness of fit and compare nested models. The fitted models were 
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then interpreted to identify the landscape variables, or their interactions, that 

correlate with high flame lengths, high rates of spread, and active crown fire 

activity.  

 

3.4.2: FLAMMAP SIMULATIONS: TRAVIS COUNTY ESD #3 AND BOERNE 

Analysis of the FlamMap FB and MTT simulations within the two WUI 

community extents was performed entirely in ArcGIS 10.0. Output data files 

from FlamMap were assigned with the North American Datum 1983 Albers 

equal-area conic projection. The vector files containing the burn perimeters were 

combined to show the total area that burned at least once during all of the 

simulations. The number of times each cell burned for each of the eight 

simulations were summed and divided by four thousand to derive the total 

number of times each cell burned per ignition. The resulting data range was then 

divided into quintiles, giving five categories from lowest to highest number of 

burns per ignition. New rasters symbolized by quintile were then produced to 

show the spatial distribution of the ranked data.  
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Raster data files containing flame lengths were symbolized by showing 

only flame lengths over eleven feet to show the areas exhibiting the most extreme 

category of flame lengths. Similarly, raster data files of crown fire activity were 

symbolized to show only the areas with exhibiting active crown fires. 

 

3.4.3: RESPONSE CAPACITY AND MITGATION: TRAVIS COUNTY ESD #3 

AND BOERNE 

The data on community wildfire response capacity and measures to 

reduce wildfire hazards compiled for the two focal WUI study areas were 

synthesized into two categories and then compared and interpreted. The first 

category contains indicators of how well-equipped each jurisdiction is to 

responding to a wildfire hazards that materialize. These indicators include: how 

residents are informed about the hazard; fire department statistics including the 

number of paid and volunteer firefighters on staff, annual budgets, Insurance 

Services Office (ISO) ratings, and average response times; the cooperation of each 

fire department with outside suppression resources; and the distance of those 

resources from the jurisdiction. 
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The second category contains indicators that local governments and 

residents have adopted, or are considering adopting, plans, programs, or 

strategies aimed at reducing wildfire hazards before they materialize. These 

indicators include: participation in the CWPP program; participation in Firewise 

programs; and the organization of fuel management programs. 

 

3.5: ASSUMPTION AND LIMITATIONS 

While there are many benefits to using FlamMap simulation software, 

there are also many assumptions and limitations that need to be understood 

before interpreting simulation results. First, the landscape input data acquired 

from the LANDFIRE database may incorrectly describe some of the data cells. 

LANDFIRE is an interagency mapping program sponsored by the Department of 

the Interior to create digital files of fuel and vegetation characteristics for the 

United States (www.landfire.gov). Data products created by LANDFIRE utilize 

spatial prediction models along with expert knowledge to create data layers on 

vegetation and fuels, yet there is no guarantee that the landscape measurements 

are correct for every cell. Due to the unavailability of superior data sets for this 
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region that are compatible with FlamMap, LANDFIRE data sets are the only 

option for this study. 

Second, the resolution of any raster calculates an average of actual values 

within one grid cell. The resolution used for this study, thirty meters, means that 

all the existing spatial variation within a thirty by thirty meter grid cell is 

deduced to a single value. This leads to potential problems with predicting fire 

behavior at very small extents, such a one acre. 

Fire behavior predictions are specific measurements of how a fire would 

behave for a static moment in time, when the actual conditions exactly match the 

simulated settings. A wildfire in real time is constantly fluctuating due to 

changes in wind speed, wind direction, and temperature, as well as how fire is 

behaving around it. Furthermore, the burn probabilities calculations are difficult 

to interpret as discussed above. The process of MTT simulations highlights 

common pathways that hypothetical fires would take under given conditions. 

More common pathways receive higher scores. This does not mean that areas 

with low scores are not going to burn; it means that they are less likely to burn in 

relation to the surrounding conditions. 
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Finally, the results of the MTT simulations cannot predict structure 

ignitability. How close a structure is to the WUI is only a broad indication of how 

likely it is to burn in the event of a fire. In actuality, the ignitability of a structure 

is influenced by building materials and combustible material around the 

structure (Cohen 2000). 
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CHAPTER 4: RESULTS 

 

 

4.1: INTRODUCTION TO CHAPTER 4 

Chapter 4 provides results from the methods described in Chapter 3. The 

three succeeding sections directly refer to each of the main research questions. 

The first section presents the results of the FlamMap simulations under eight 

scenarios for the eastern Edwards Plateau extent. This includes: simulation 

outputs, assessments of how weather and climate variables influenced the 

response variables, and the ANCOVA results highlighting the relationship 

between response and landscape variables. 

The second section presents the results of the FlamMap simulations for 

the two WUI communities within the eastern Edwards Plateau extent delineated 

by the Travis County ESD #3 and Boerne City Fire Department jurisdictions. 

Simulation modeling took place under one set of conditions designed to mimic 
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the September 4, 2011, which is known to have been conducive to wildfire 

activity. These results include both a spatial evaluation of the susceptibility to 

burning and extreme fire behavior of each study area. 

The third section presents the results of the investigation into the response 

capacity and mitigation measures of the two WUI communities. Data were 

gathered from multiple sources, including public records, published information, 

and personal communication with representatives of local and state 

organizations. The results were then compiled and synthesized to show the 

current state of response capacity in each fire department jurisdiction as well as 

any participation of the communities in programs such as CWPP or Firewise that 

aim to prevent wildfire hazards. 

 

4.2: FLAMMAP SIMULATIONS: EASTERN EDWARDS PLATEAU 

4.2.1: RANGE OF FIRE BEHAVIORS PREDICTED 

As anticipated from literature indicating a strong relationship between 

climate and fire behavior, the results from the FlamMap FB simulations across 
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the eastern Edwards Plateau varied significantly between conditions mimicking 

an average September day to an overly hot, dry, and windy September day. As a 

refresher, Table 4.1 lists the specific conditions that were tested in the eight 

scenarios.  

 

EIGHT WEATHER AND CLIMATE SCENARIOS 

Scenario Wind Speed (mph) 
Fuel Moisture / 

Foliar Moisture  

Fuel Conditioning 

Period 

1 5 Moderate / 100 8/22 to 9/4 2010 

2 20 Moderate / 100 8/22 to 9/4 2010 

3 5 Very Low / 60 8/22 to 9/4 2010 

4 20 Very Low / 60 8/22 to 9/4 2010 

5 5 Moderate / 100 8/22 to 9/4 2011 

6 20 Moderate / 100 8/22 to 9/4 2011 

7 5 Very Low / 60 8/22 to 9/4 2011 

8 20 Very Low / 60 8/22 to 9/4 2011 

Table 4.1: Eight scenarios tested in FlamMap Fire Behavior simulations for the 

eastern Edwards Plateau extent. 

 

Figures 4.1, 4.2, and 4.3 display the simulation outputs of flame lengths 

across the extent in the eight scenarios. Ninety-three percent of the extent 
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exhibited flame lengths under one foot in height in Scenario 1. In contrast, forty-

four percent of the extent exhibited flame lengths over eleven feet tall and 

another forty-four percent were between four and eight feet tall in Scenario 8 

(Figure 4.1). The maps provided in Figures  4.2 and 4.3 show that as weather and 

climate conditions became more conducive to extreme fire behavior, the areas 

along the Balcones Escarpment exhibited the highest concentration of flame 

lengths over eleven feet. 

 

 

Figure 4.1: Proportion of data in each flame length category per scenario. 
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Figure 4.2: FlamMap results for flame length, Scenario 1 through Scenario 4. 
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Figure 4.3: FlamMap results for flame length, Scenario 5 through Scenario 8. 
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Figures 4.4, 4.5, and 4.6 display the simulation outputs of rates of spread 

across the extent in the eight scenarios. The unit for describing rates of fire 

spread is chains per hour, which is sixty-six feet per hour. The symbology used 

in the maps is conveniently translated into miles per hour: ten chains equals one 

eighth of one mile, twenty chains is one quarter, forty is one half, and eighty 

chains equals one mile. One hundred percent of the extent in Scenario 1 exhibited 

rates of spread under ten chains per hour. In contrast thirty-eight percent of the 

extent exhibited rates of spread over eighty chains per hour and another fifty 

percent exhibited rates between forty and eighty chain per hour in Scenario 8. As 

weather and climate conditions became more conducive to increased fire 

behavior, the northwest portion of the extent, farther from the dense canopies 

along the escarpment, exhibited the highest rates of spread. 
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Figure 4.4: Proportion of data in rate of spread category per scenario. 
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Figure 4.5: FlamMap results for rate of spread, Scenario 1 through Scenario 4. 
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Figure 4.6: FlamMap results for rate of spread, Scenario 5 through Scenario 8. 
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Figures 4.7, 4.8, and 4.9 display the simulation outputs of crown fire 

activity across the extent in the eight scenarios. Crown fire activity is categorized 

in three levels: level one is surface fire only, level two is passive crown fire, and 

level three is active crown fire. In Scenario 1, sixty-three percent of the extent 

with canopy cover exhibited surface fires only and the remaining extent with 

canopy cover exhibited passive crown fires. In contrast, fifty-six percent of the 

extent with canopy cover exhibited active crown fires and an additional forty 

percent exhibited passive crown fires, for a total of ninety-six percent of the 

extent with canopy experiencing some form of crown fire activity in Scenario 8. 

Similar to the results for flame length, a concentration of active crown fires took 

place along the Balcones Escarpment as the weather and climate conditions 

became more conducive to fire. 
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Figure 4.7: Proportion of data in crown fire activity category per scenario. 

 

 

 

 

 

 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

1 2 3 4 5 6 7 8

 

PROPORTION OF CROWN FIRE ACTIVITY PER SCENARIO 

 

Level = 3

Level = 2

Level = 1



89 
 

 
 

Figure 4.8: FlamMap results for crown fire activity, Scenario 1 through Scenario 

4. 
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Figure 4.9: FlamMap results for crown fire activity, Scenario 5 through Scenario 

8. 



91 
 

4.2.2 EFFECT OF WEATHER AND CLIMATE ON FIRE BEHAVIOR 

The three explanatory variables, fuel moisture, wind speed, and fuel 

conditioning were evaluated for their independent contribution to increasing 

flame lengths, rates of spread, and crown fire activity. The effect of each 

explanatory variable was measured by comparing scenarios where the variable 

of interest changed while all other variables remained constant.  

Figure 4.10 displays how a change in each explanatory variable increased 

flame lengths. When fuel moisture was decreased from the moderate state to the 

very low state and wind speed and fuel conditioning were held at mild constants 

(five miles per hour, 2010 fuel conditioning), flame lengths increased 1.2 feet on 

average. When the fuel moisture decreased and wind speed and fuel 

conditioning were held at extreme constants the increase in flame height was 14.3 

feet on average. When wind speed was increased from five to twenty miles per 

hour the average increase was 4.1 feet under mild conditions and 19.6 feet under 

extreme constants. When fuel conditioning was changed from 2010 conditions to 

2011 conditions, the average increase was 0.6 feet under mild constants and 10.1 

feet under extreme constants. 
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Figure 4.10: Frequency distribution of increased flame lengths in feet. 
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These six results for the increase in flame lengths as a result of a change in 

weather conditions shows that while each variable has the ability to increase 

flame heights alone, it also has an interactive effect with the other two 

conditions. The same was true for rates of spread. Figure 4.11 displays the 

frequency distributions of increases in rates of spread that resulted from 

changing the three explanatory variables. A decrease in fuel moisture when wind 

speed and fuel conditioning were at mild states resulted in an average increase of 

4.4 chains per hour, while an average increase of 42.9 chains per hour occurred 

under extreme constants. When wind speed was increased, the average rate of 

spread increased 7.2 chain per hour under mild constants and 56.4 chains per 

hour under extreme constants. When fuel conditioning period was changed from 

2010 to 2011, the average increase in rate of spread was 1.5 chains per hour under 

mild constants and 21.4 chains per hour under extreme constants. 
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Figure 4.11: Frequency distribution of increased rates of spread in chains/ hour. 
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Level three crown fire activity showed similar trends as flame lengths and 

rates of spread when evaluated for the impact of weather. Because crown fire 

activity is not a continuous variable, the increase in activity can only be 

expressed in terms of percentage change between scenarios. Table 4.2 shows the 

change in level two, level three, and total crown fire activity as a result of 

decreased fuel moisture, increased wind speed and a change in fuel 

conditioning. 

 

INCREASED CROWN FIRE ACTIVITY AS A FUNCTION OF WEATHER 

Explanatory 

Variable 
Constants Level 2 Level 3 

Total Increase in Crown 

Fire Activity 

Fuel Moisture 
Mild 31% 0% 31% 

Extreme -13% 42% 29% 

Wind Speed 
Mild 20% 10% 30% 

Extreme -33% 56% 23% 

Fuel Conditioning 
Mild 31% 0% 31% 

Extreme -3% 20% 17% 

Table 4.2: The change in level two, level three, and total crown fire activity. 
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Crown fire activity increased in each test with total crown fire activity 

increasing between seventeen and thirty-one percent.  When constants are held 

at their extreme values, the passive crown fires decrease and active crown fires 

increase forty-two percent, fifty-six percent, and twenty percent when fuel 

moisture is decreased, wind speed is increased, and fuel conditioning is changed 

from 2010 to 2011, respectively. 

 

4.2.3 EFFECT OF VEGETATION AND TOPOGRAPHY ON FIRE BEHAVIOR 

In addition to the variation in fire behavior across weather and climate 

scenarios, the FlamMap FB outputs displayed variation in fire behavior across 

the landscape within each scenario. Analysis of Covariance was used to identify 

the landscape variables that correlated with the observed variation in Scenario 8. 

Explanatory variables in the linear models included four continuous variables 

measuring canopy characteristics, one categorical variable of fuel models, and 

three continuous variables measuring topography (Refer to Table 3.1 in the 

Research Design chapter for more detail). Results of the ANCOVA linear models 

indicated that fuel model and percent canopy cover explained the most variation 
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in response variables across the eastern Edwards Plateau extent. Table 4.3 lists 

the nine fuel model categories and their descriptions as defined by Scott and 

Burgan (2005). 

 

FUEL MODELS PRESENT IN THE EASTERN EDWARDS PLATEAU 

Model Fuel Type Fuel Description 

GR1 Grass 
Grass is short, patchy, and possibly heavily grazed. Spread rate 

moderate; flame length low. 

GR2 Grass 
Moderately coarse continuous grass, average depth about 1 foot. 

Spread rate high; flame length moderate. 

GS1 Grass-Shrub 
Shrubs are about 1 foot high, low grass load. Spread rate 

moderate; flame length low. 

GS2 Grass-Shrub 
Shrubs are 1 to 3 feet high, moderate grass load. Spread rate 

high; flame length moderate. 

TU1 Timber-Understory 
Fuel bed is low load of grass and/or shrub with litter. Spread rate 

low; flame length low. 

TL2 Timber Litter Low load, compact. Spread rate very low; flame length very low. 

TL3 Timber Litter 
Moderate load, less compact. Spread rate moderate; flame length 

low. 

TL5 Timber Litter 
Moderate load conifer litter. Spread rate very low; flame length 

low. 

TL6 Timber Litter 
High load conifer litter; light slash or mortality fuel. Spread rate 

low; flame length low. 

Table 4.3: Scott and Burgan (2005) fuel model descriptions. Only fuel models 

present in the eastern Edwards Plateau study extent are listed. 
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Table 4.4 lists the fitted ANCOVA model results for the effect of landscape 

variables on flame lengths. The variables that explained the most variation in 

flame lengths were fuel model, canopy cover, slope, and the interaction between 

fuel model and canopy cover (adjusted R-squared = 0.97). The coefficients 

indicate the following: grass and grass-shrub fuel models resulted in higher 

surface flame lengths, while the timber and timber-understory variables had 

lower surface flame lengths; increased slopes corresponded to increased fuel 

lengths; and the impact of canopy cover increased or decreased flame lengths 

depending on the fuel model with which it was interacting. For instance, the fuel 

model GS1 had a predicted flame length of approximately six feet minus 0.064 

feet for every percentage point of canopy cover present (e.g. subtract 2.24 feet for 

thirty-five percent canopy cover). In contrast the fuel model TL6 had a predicted 

flame length of approximately two feet plus 0.0013 feet for every percentage 

point of canopy cover present (e.g. add 0.1 feet for seventy-five percent canopy 

cover). 
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ANCOVA RESULTS: FLAME LENGTH 

Variable Coefficient Significance 

(Intercept) 2.5273 0.01 *** 

GR2 5.6041 0.01 *** 

GS1 3.5069 0.01 *** 

GS2 6.8441 0.01 *** 

TL3 -7.9222 0.01 *** 

TL5 -9.1346 0.01 *** 

TL6 -0.7138 0.10 * 

TU1 -1.2520 0.05 ** 

Canopy Cover 0.1189 0.05 ** 

Slope 0.1034 0.01 *** 

Aspect 0.0008 0.05 ** 

GS1 * Canopy Cover -0.1828 0.01 *** 

GS2 * Canopy Cover -0.1009 0.05 ** 

TL6 * Canopy Cover -0.1176 0.05 ** 

TU1 * Canopy Cover -0.1232 0.05 ** 

Canopy Cover * Slope -0.0005 0.05 ** 

Elevation * Slope -0.0002 0.01 *** 

Slope * Aspect -0.0001 0.05 ** 

Table 4.4: ANCOVA results predicting Scenario 8 flame lengths. 

 

 



100 
 

Given these results, simple univariate plots of flame lengths as a function 

of fuel model (Figure 4.12) and flame lengths as a function of canopy cover 

(Figure 4.13) were produced to better illustrate these relationships. Figure 4.12 

shows that the GS2 fuel model resulted in the highest median flame heights 

(approximately nine feet) but that GR1 had the highest 1.5 interquartile range, 

reaching over sixteen feet. Of the timber fuel models, TL6 had the highest 

predicted flame heights of two to three feet. 

Figure 4.13 shows that canopy covers of fifteen percent to forty-five 

percent corresponded with higher flame lengths, up to fourteen feet. Areas with 

no canopy cover corresponded to higher flame lengths than those with fifty-five 

to eighty-five percent canopy cover, which did not surpass three feet. Two of the 

four data points with fifteen percent cover revealed the highest recorded flame 

lengths for this data set.  
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Figure 4.12: ANCOVA 

results of flame lengths 

as a function of fuel 

model for Scenario 8 

data. 

Figure 4.13: 

ANCOVA results 

of flame lengths 

as a function of 

percent canopy 

cover for Scenario 

8 data. 
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Similar to the ANCOVA results for flame lengths, the variables that 

explained the most variation in rates of spread were fuel model, canopy cover, 

and the interaction between fuel model and canopy cover (adjusted R-squared = 

0.99). The grass and grass-shrub fuel models corresponded with higher rates of 

spread while timber fuel models did not. Slope and canopy cover are both 

individually influential in the model, and the interaction between fuel models 

and canopy cover could either increase or decrease the rate of spread depending 

on the interacting fuel model. Table 4.5 lists the ANCOVA coefficients that 

resulted from the fitted model. 

Figures 4.14 and 4.15 illustrate the univariate relationships between rate of 

spread and fuel model and rate of spread and canopy cover, respectively. Fuel 

Model GR2 corresponded to the highest rates of spread (> 120 chains/hour), with 

all grass and grass-shrub fuel models resulting in higher rates of spread than the 

timber fuel models, which stayed below ten chains per hour. In contrast to the 

relationship between canopy cover and flame heights, the highest rates of spread 

correlate with a zero percent canopy cover. As canopy cover increased, rate of 

spread decreased. Canopy cover over fifty-five stayed below ten chains per hour.  

 



103 
 

ANCOVA RESULTS: RATE OF SPREAD 

Variable Coefficient Significance 

(Intercept) 30.0559 0.01 *** 

GR2 85.1464 0.01 *** 

GS1 17.1471 0.01 *** 

GS2 44.3127 0.01 *** 

TL2 -29.2534 0.01 *** 

TL6 -24.3811 0.01 *** 

TU1 -28.3001 0.01 *** 

Canopy Cover -0.4158  

Slope 0.3395 0.05 ** 

Aspect 0.0129 0.01 *** 

GR2 * Canopy Cover -1.7608 0.01 *** 

GS1 * Canopy Cover -0.5189 0.10 * 

GS2 * Canopy Cover -1.0613 0.01 *** 

TL2 * Canopy Cover 0.3823  

TL6 * Canopy Cover 0.3317  

TU1 * Canopy Cover 0.3927  

Canopy Cover * Elevation 0.0001 0.10 * 

Canopy Cover * Aspect -0.0001 0.01 *** 

Elevation * Slope -0.0007 0.05 ** 

Slope * Aspect -0.0007 0.10 * 

Table 4.5: ANCOVA results predicting Scenario 8 rates of spread. 
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Figure 4.14: ANCOVA 

results of rates of spread 

as a function of fuel 

model for Scenario 8 

data. 

 

Figure 4.15: ANCOVA 

results of rates of spread 

as a function of percent 

canopy cover for 

Scenario 8 data. 
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Table 4.6 displays the results of the ANCOVA model for the effect of 

landscape variables on crown fire behavior. As stated in Chapter 3, since crown 

fire activity cannot occur within cells with zero percent canopy cover, cells 

without canopy cover were omitted from the analysis. The fitted model included 

multiple explanatory variables with poor significance values. However the 

model performed significantly better by retaining them. 

In Scenario 8, sixty-two percent of the grid cells with canopy cover 

exhibited active crown fire activity and thirty-five percent exhibited passive 

crown fire activity. Only three percent of the grid cells with canopy cover 

resulted in surface fire only. With that in mind, this ANCOVA detected the 

landscape variables that led to active versus passive crown fires. Fuel model, 

slope, and canopy cover were influential in crown fire activity. Unlike the 

previous models, elevation and aspect were also influential in crown fire activity 

(adjusted R-squared = 0.77). The large number of interactions complicates the 

model's interpretation. However the coefficients indicate that fuel model, slope, 

fuel model-canopy cover interactions, and the fuel model-slope interactions had 

the greatest correlation with active crown fire activity.  
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ANCOVA RESULTS: CROWN FIRE ACTIVITY 

Variable Coefficient Significance 

(Intercept) 0.5528  

GR2 -0.8653 0.10 * 

GS1 0.8082 0.05 ** 

GS2 -2.8166  

TL2 0.6139  

TL5 1.5324 0.01 *** 

TL6 -0.2682  

TU1 0.8003 0.05 ** 

Canopy Cover -0.0082 0.05 ** 

Elevation 0.0028 0.01 *** 

Slope 0.2545 0.01 *** 

Aspect -0.0021 0.05 ** 

GR2 * Canopy Cover 0.0745 0.01 *** 

GS2 * Canopy Cover 0.1231 0.01 *** 

TL2 * Canopy Cover 0.0279 0.01 *** 

TL6 * Canopy Cover 0.0477 0.01 *** 

GR2 * Elevation -0.0023 0.01 *** 

GS2 * Elevation -0.0023 0.10 * 

TL2 * Elevation -0.0025 0.01 *** 

TL6 * Elevation -0.0019 0.01 *** 

GR2 * Slope -0.1662 0.01 *** 

GS2 * Slope -0.1109 0.05 ** 

TL6 * Slope -0.0926 0.01 *** 

GR2 * Aspect 0.0023 0.01 *** 

TL2 * Aspect 0.0026 0.01 *** 

TL6 * Aspect 0.0024 0.01 *** 

Canopy Cover * Slope -0.0028 0.01 *** 

Slope * Aspect 0.0001 0.05 ** 

Table 4.6: ANCOVA results predicting Scenario 8 crown fire activity. 
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Figures 4.16 and 4.17 provide a closer look at the univariate relationship 

between crown fire activity and fuel model as well as between crown fire activity 

and canopy cover, respectively. Since crown fire activity is one of only three 

ordered, categorical variables, the box plots tended to collapse into one value. 

Nonetheless, the plots illustrate trends. The grass and grass-shrub fuel models in 

Figure 4.17 predominantly resulted in passive crown fire activity (with the 

exception of GR2) while the timber fuel models TL2, TL5, and TL6 corresponded 

with active crown fire activity. Figure 4.18 illustrates a correlation between 

canopy cover of fifteen percent to thirty-five percent and passive crown fires. 

Canopy cover of forty-five percent to eighty-five percent correlated with active 

crown fires. 
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Figure 4.16: ANCOVA 

results of crown fire 

activity as a function of 

fuel model for Scenario 8 

data. 

Figure 4.17: ANCOVA 

results of crown fire 

activity as a function of 

percent canopy cover for 

Scenario 8 data. 
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4.3: FLAMMAP SIMULATIONS: TRAVIS COUNTY ESD #3 AND BOERNE 

4.3.1: BURN SUSCEPTIBILITY 

 FlamMap MTT simulations mimicking September 4, 2011 weather 

conditions revealed patterns within the landscape of low to high susceptibility to 

fire as a result of four thousand ignitions that ran for two hours each. Ninety-

nine percent of area within the Travis County ESD #3 study extent burned at 

least once during the MTT simulations. Twenty-two percent of the study area 

burned in the highest quintile (the top twenty percent of the data), while seven 

percent burned in the lowest quintile (the bottom twenty percent of the data). 

Overall, sixty-nine percent of the Travis County ESD #3 study area burned in the 

top three quintiles. 

Within the Boerne City Fire Department study area, eighty-eight percent 

burned at least once during the simulations. Seven percent burned in the highest 

quintile, and forty-nine percent burned in the lowest quintile. In contrast to the 

Travis County ESD #3 study area, only twenty-eight percent of the Boerne study 

extent burned in the top three quintiles. Table 4.7 provides a comparison of these 

data.  Figures 4.18 and 4.19 provide maps of the spatial distribution of burn 
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susceptibility in the Travis County ESD #3 extent and the Boerne extent, 

respectively. 

 

PERCENTAGE OF STUDY AREA SUSCEPTIBLE TO BURNING 

 Travis County ESD #3 Boerne 

Percentage of 

Area that Burned 

At Least Once 

99% 88% 

 
Percentage of 

Study Area 
Cumulative Percentage 

Percentage of 

Study Area 
Cumulative Percentage 

Fifth Quintile 22% 22% 7% 7% 

Fourth Quintile 21% 43% 8% 15% 

Third Quintile 26% 69% 13% 28% 

Second Quintile 24% 93% 23% 51% 

First Quintile 7% 100% 49% 100% 

Table 4.7: Percentage of area in the two focal WUI communities susceptible to 

burning in the MTT simulations. 
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Figure 4.18: Spatial Distribution of Burn Susceptibility in Travis County ESD #3. 
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Figure 4.19: Spatial Distribution of Burn Susceptibility in Boerne. 
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4.3.2: FIRE BEHAVIOR 

Flame lengths and crown fire activity were also measured during the 

FlamMap MTT simulations. Sixty percent of the Travis County ESD #3 study 

area exhibited the potential for flame lengths surpassing eleven feet in height 

under weather conditions mimicking September 4, 2011 (Figure 4.20). Forty-one 

percent of the study area also exhibited the potential for active crown fires.  In 

contrast thirty-four percent of the Boerne study area exhibited the potential for 

flames lengths over eleven feet, while fifteen percent exhibited the potential for 

active crown fires (Figure 4.21). 
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Figure 4.20: Spatial distribution of fire behavior in Travis County ESD #3. 
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Figure 4.21: Spatial distribution of fire behavior in Boerne. 
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4.4 RESPONSE CAPACITY AND MITIGATION: TRAVIS COUNTY ESD #3 

AND BOERNE 

4.4.1: EMERGENCY RESPONSE CAPACITY 

A summary of the emergency response capacity indicators obtained for 

each study area is provided in Table 4.8.  

 

EMERGENCY RESPONSE CAPACITY INDICATORS 

 Travis County ESD #3 Boerne Fire Department 

Emergency Notification Reverse 911 Reverse 911 

Fire Department Paid Firefighters 27 14 

Fire Department Volunteer 

Firefighters 
21 19 

Current Fire Department Budget $3,961,537.00 $1,291,178.00 

Average Response Time 5.4 to 6.4 minutes Less than 6 minutes 

ISO Rating 2/8b 4/8b 

Distance to Closest Assisting 

Department 
1.4 miles 12 miles 

Cooperation with Surrounding 

Departments 

Mutual assistance between all 

Travis County and City of Austin 

fire departments 

Mutual assistance between all 

County fire departments 

STARFlight Firefighting 

Helicopter Response Time 
Less than 10 minutes 40 minutes or more 

Table 4.8: Summary of emergency response capacity indicators. 
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Based on information gathered from the Capital Area Council of 

Governments, the Alamo Area Council of Governments, the Travis County 

Emergency Management Department and the Boerne Fire Department, both 

study areas participate in reverse 911 systems for notifying the public in case of 

an emergency. In the case of an emergency, response teams inform the reverse 

911 system of the neighborhoods that need to be notified.  The reverse 911 

system then contacts residents that are registered to live in those neighborhoods 

by telephone. Residents are not automatically signed up for the service; reverse 

911 calling is a voluntary service that requires initiation from households or 

individuals. 

Travis County ESD #3 reported to have twenty-seven paid firefighters and 

twenty-one volunteer firefighters on staff with an annual budget of 3.96 million 

dollars. The Boerne Fire Department reported a team of fourteen paid firefighters 

and nineteen volunteer firefighters with an annual budget of 1.29 million dollars. 

The response times are similar between fire departments. Based on 

monthly averages, the Travis County ESD #3 reported an average of 5.4 to 6.4 
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minutes in response times. The Boerne Fire Department reported a response time 

of less than six minutes for calls within city limits.  

According to the Texas Department of Insurance, the ISO rating is a 

widely used public protection classification system derived by the Insurance 

Services Office for the purposes of rating the capacity of fire departments based 

on comprehensive attributes of the department (http://www.tdi.texas.gov/fire/ 

fmppcfaq.html). The rates range from ten to one.  A score of ten corresponds to the 

lowest capacity and a score of one corresponds to the highest. The Travis County 

ESD #3 was upgraded to a split 2/8b classification in 2009. This split classification 

means that any housing unit that is within one thousand feet of a fire hydrant 

and within five road miles of a fire department receives services at level two and 

any housing unit that is more than one thousand feet of a fire hydrant but within 

five road miles of a fire department receives services at level eight. Any housing 

unit beyond five road miles of a fire department receives services at level ten. 

The Boerne Fire Department reported a split 4/8b classification. According to the 

Texas Department of Insurance, fire departments of large Texas cities typically 

score three or four and small towns typically score between four and seven.  

Only a few Texas cities have been rated with an ISO of two. 
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Figures 4.22 and 4.23 show the location of the fire departments within the 

Travis County ESD #3 and Boerne study extents, respectively, and buffers to 

represent portions that lie within the five road mile distance. Figures 4.22 and 

4.23 also show the locations of neighboring fire stations. Both the Travis County 

ESD #3 and the Boerne Fire Department have assistance agreements with other 

fire departments within their respective counties as well as neighboring county 

fire departments. The Travis County ESD #3 also has an assistance agreement 

with the City of Austin. The closest coordinating fire department is 1.4 miles 

from the Travis County ESD #3 fire department headquarters, while the closest 

coordinating fire department for the City of Boerne is located twelve miles away. 

Central Texas also has a new firefighting helicopter, as of 2013, under the 

STARFlight system. This helicopter holds 325 gallons of water and refills quickly 

from open water bodies. STARFlight is operated by Travis County, and is based 

out of Austin, but it is tailored to serve the five county Austin MSA, of which 

Kendall County is not a member. However, counties outside of the Austin MSA 

can also request STARFlight services. The estimated time it takes STARFlight to 

respond to the Travis County ESD #3 jurisdiction is under 10 minutes and over 

40 minutes for Kendall County (https://starflight.traviscountytx.gov/). 

https://starflight.traviscountytx.gov/
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Figure 4.22: Fire Stations and four mile buffers within Travis County ESD #3. 
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Figure 4.23: Fire Stations and four mile buffers within the Boerne study extent. 
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4.4.2: PLANS AND PROGRAMS TO MITIGATE WILDFIRE HAZARDS 

Each study areas was surveyed for participation in CWPP, Firewise, or 

any other program aimed at increasing community awareness and encouraging 

property-level mitigation such as defensible space or fire-resistant building 

materials. No CWPP process has yet taken place within Travis County, Kendall 

County, or the city of Boerne. However, according to the Travis County 

Emergency Management Department, Travis County and the City of Austin, 

have recently (2013) hired a planning consulting firm to complete a CWPP for the 

county. A public information session was held in May of 2013 to begin recording 

public comments. 

The Firewise process in Texas can be done at any scale but is commonly 

performed at the neighborhood or subdivision scale, according to a WUI 

specialist with the Texas Forest Service. No neighborhoods in either the Travis 

County ESD #3 jurisdiction or the Boerne Fire Department jurisdiction have been 

certified as Firewise communities. However, of the communities that have 

already obtained Firewise certification in Texas, many are neighborhoods in 

western Travis County. Figure 4.24 shows the location of certified Firewise 

communities within the eastern Edwards Plateau extent.  Eleven of the 
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communities are in Travis County west of Austin.  In fact, according to a WUI 

specialist with the Texas Forest Service, Travis County emergency service 

districts have been actively promoting the Firewise program to small cities and 

unincorporated neighborhoods in the county, which has led to their greater 

participation in the program than other counties in Texas.  

Upon searching for other mitigation plans, programs, and strategies 

outside of the CWPP and Firewise programs that also aim to mitigate wildfire 

hazards at the property-level, it was determined that neither study area is 

participating in any such program. 
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Figure 4.24: FIREWISE communities currently registered in the eastern Edwards 

Plateau study extent. 
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CHAPTER 5: DISCUSSION 

 

 

5.1: INTRODUCTION TO CHAPTER 5 

The results provided in Chapter 4 address several questions about 

wildfire hazards in the eastern Edwards Plateau, first at the regional scale of over 

six thousand square miles, then down to the community scale of roughly fifteen 

thousand individuals. Chapter 5 partitions the interpretations of the findings into 

sections referring directly to the three research questions detailed in Chapter 3. 

The first section contains a summary of the results from simulation modeling at 

the regional extent. The second section contains a summary of the simulation 

modeling performed for the two focal communities within the extent. The third 

section discusses the findings on response capacity and mitigation for the two 

focal communities within the extent. Finally the fourth section synthesizes these 
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results and provides a discussion on future work that could improve 

comprehensive community and regional wildfire hazard assessments. 

 

5.2: WILDFIRE HAZARDS IN THE EASTERN EDWARDS PLATEAU 

Dramatic variation in surface and crown fire behavior was witnessed 

among the eight weather scenarios simulated in FlamMap. Under the mildest 

scenario only seven percent of the study extent exhibited flame lengths over one 

foot, one hundred percent of the study extent had rates of spread under ten 

chains per hour, and no active crown fires occurred. In contrast, the most 

extreme scenario caused flame lengths in forty-four percent of the study extent to 

surpass eleven feet in height. Thirty-eight percent of the extent experienced rates 

of spread over eighty chains per hour. Similarly, fifty-six percent of the study 

area with canopy cover experienced active crown fires.   

The weather and climate parameters that led to these results are all 

conditions that are known to occur in the region. However, the extreme summer 

conditions of 2011 are indicative of how climate conditions may change as 

average daily temperatures increase and long periods of time pass between rain 

events. In non-drought periods, a burst of wind during a two-week stint of dry, 
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hot days can also cause substantial increases in wildfire behavior.  Overall, these 

results indicate that extreme wildfire behavior is not limited to the summer of 

2011. Fire conditions leading to extreme fire behavior are predicted to present 

themselves more frequently in the future. 

The area of greatest concern is the Balcones Escarpment. Not only is this 

area undergoing the most population growth, it is also the portion of the extent 

that is the most susceptible to active crown fires. The areas with fifteen to forty-

five percent canopy cover that were concentrated within and directly to the west 

of the Balcones Escarpment were susceptible to the highest surface flame lengths. 

This should be a concern as woody species encroachment continues in the 

Edwards Plateau.  

 

5.3: WILDFIRE HAZARDS IN TRAVIS COUNTY ESD #3 AND BOERNE 

The wildfire simulations of the two focal communities showed how the 

extreme fire behavior under September 4, 2011 weather conditions impacted 

neighborhoods in the WUI. The communities had similar population totals in the 

year 2010, yet the Travis County ESD #3 spans a much larger area than does the 
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city of Boerne. Likewise, the city of Boerne has a compact urban form when 

compared to Travis County ESD #3, which is largely made up of properties with 

greater than one acre of land. The burn susceptibility results showed that more of 

the Travis County ESD #3 is susceptible to burning while the highest burn 

susceptibilities of Boerne remained outside its borders. This still puts the edges 

of Boerne at risk for wildfire activity, yet a smaller proportion of the total 

population is threatened. The fire behavior results also showed that more of the 

area within the Travis County ESD #3 jurisdiction has the potential for extreme 

fire behavior than Boerne. For example, forty-one percent of the Travis County 

ESD #3 jurisdiction exhibited active crown fires versus only fifteen percent of 

Boerne under the same test parameters. 

The compact urban form of Boerne is also beneficial for providing 

superior evacuation routes. Boerne contains mostly gridded streets that provide 

multiple exits from subdivisions (Figure 5.1). According to the Assistant Fire 

Chief for the Boerne Fire Department, city ordinances require adequate egress for 

subdivisions developed within the city limits (personal communication). In 

contrast, the Travis County ESD #3 has many long and winding streets, often 

with only one distant exit from the subdivision (Figure 5.2). 
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Figure 5.1: Compact street configuration in Boerne, Texas. 

 

 

 

 

 

 

 

Figure 5.2: Long, winding street configuration on Travis County ESD #3. 
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5.4: RESILIENCE AND ADAPTATION IN TRAVIS COUNTY ESD #3 AND 

BOERNE 

Based on fire department capacity and coordination with outside 

agencies, the communities in the Travis County ESD #3 jurisdiction have access 

to more response capacity. The Travis County ESD #3 not only has over twice the 

budget (to serve the same number of people), more firefighters, and a higher ISO 

rating, it also has the benefit of several nearby coordinating fire stations as well 

as the STARFlight firefighting helicopter only a few miles away. Some research 

suggests that hazards can impact smaller communities more substantially than 

larger communities due to their reduced access to infrastructure, emergency 

services, etc. (Cross 2001). The difference between these two study areas supports 

this theory. 

The Travis County ESD #3 has also shown more potential to adopt 

strategies that aim to prevent or minimize wildfire hazards. No programs are 

currently completed for either study area, yet Travis County is making progress 

toward adopting a CWPP and has inspired eleven neighborhoods in western 

Travis County to participate in the Firewise program. The difference between 

these communities’ receptiveness to carrying out wildfire mitigation through 
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programs such as CWPP and Firewise is not clear. It could be due to the 2011 

fires that occurred within Travis County, which have awakened a sense of 

urgency in the Travis County population, or it could be based on differences in 

attitudes or demographics between the populations. 

 

5.5: CONCLUSION 

Taken together, these three methods have shown that wildfire hazards 

exhibiting extreme fire behavior are a real possibility for the eastern Edwards 

Plateau. The study does not predict how vegetation communities will adapt to 

shifts in climate, but while the vegetation resembles what we see today, hot, dry 

summers will pose significant threats to communities. Certain areas are 

exhibiting signs of adaptation by bolstering response capacity and promoting 

prevention measures. Yet, other areas are not exhibiting this trend.  

Through the process of discovering how the two study areas approached 

wildfire mitigation, it became evident that even though fuel mitigation is widely 

understood to be the most effective tool for minimizing wildfire hazards, 

programs devoted to fuel mitigation around the WUI are not common in the 
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eastern Edwards Plateau. The CWPP and Firewise programs do incorporate 

some degree of fuel mitigation recommendations, yet it is up to private property 

owners to coordinate actions that will make meaningful differences at the 

neighborhood scale. Future analysis into effective fuel management strategies, 

including cooperation among private property owners would be a valuable 

contribution to wildfire hazard and mitigation assessments for the region.  

Simulation modeling proved to be a beneficial tool for assessing as well as 

communicating potential wildfire hazards at the regional and community scale. 

Most of the land area within the eastern Edwards Plateau is susceptible to 

extreme surface or crown fire behavior under the right conditions, and those 

conditions are expected to become more frequent. The region is showing some 

signs of adapting wildfire hazards through the development of a CWPP in Travis 

County and the voluntary participation of many neighborhoods in the Firewise 

Program. Yet, mitigating through fuel management was not evident in the study 

areas. Furthermore, the efficacy of participating in wildfire prevention planning 

will not be clear until another wildfire incident occurs. More research into the 

pattern of fuel management that optimize hazard reduction as well as research 
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into structure ignitibility in relation to property-level fuel reductions would 

greatly enhance this wildfire hazard assessment. 
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