Fire Risk and Climate Change in the Colorado Front Range
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Introduction

Wildfires are natural disturbances that are fundamental in many ecosystems of

the United States. However, when they burn intensely in places where human
infrastructure exists, wildfires can cause catastrophic damage. The Colorado

Front Range exemplifies this tension between fire-adapted ecosystems and human
development. The native vegetation throughout most of the Front Range evolved
over millennia with fire as an important process driving vegetation composition and
structure (Romme et al. 2003). But the Front Range has also been a highly desirable
place to live since European-American settlers first arrived in the mid-1800s (Veblen
and Lorenz 1986), and the area has experienced rapid expansion of urban, suburban,
and exurban development in the last century (Liu et al. 2015; Theobald and Romme
2007; Veblen and Lorenz 1986). Since 1989, the Front Range has experienced several
wildfires that have become urban fire disasters (table 1).

The gravity of wildfire risk on the Colorado Front Range is underscored by the 2020 and
2021 fire seasons. The 2020 Cameron Peak Fire, now the largest wildfire in Colorado’s
recorded history, burned over 200,000 acres and destroyed 444 structures near the
Canyon Lakes Ranger District on the Arapaho-Roosevelt (AR) National Forests. Also

in 2020, the Calwood and Lefthand Fires together burned over 13,000 acres, with

the Calwood destroying 26 homes near the Boulder Ranger District, and the East
Troublesome Fire destroyed 580 structures mostly in the Grand Lake community, while
burning almost 200,000 acres within the AR and surrounding lands before moving into
Rocky Mountain National Park and jumping the divide. The weather that contributed
to the 2020 fires was unusually hot, dry, and windy, and extended much further into
the fall than is typical historically. Then, in late December of 2021, dry and very windy
(some gusts strong enough to rate as hurricane speed) conditions drove the Marshall
Fire in the span of hours, from grass wildlands into subdivisions where homes quickly
became the fuel that carried the fire, resulting in two fatalities and the loss of 1,058
structures. Such conditions may become more common in the future. As climate
change, insects and disease, human ignitions, and wildland-urban interface (WUI)
expansion coalesce to exacerbate wildfire risk on the Colorado Front Range, agencies,
organizations, communities, and individuals must work collaboratively and share the
investment responsibility for preventive mitigation and planning.
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Table 1—Fires that have caused substantial property loss or damage in the Colorado Front Range in recent decades.

Year

1989
2002

2010

2012

2012

2013

2020

2020

2021

Fire name

Black Tiger

Hayman

Fourmile
Canyon

High Park

Waldo Canyon

Black Forest

Cameron Peak

East
Troublesome

Marshall

Location

Near Boulder

Between
Denver and
Colorado
Springs

Near Boulder
Larimer
County

Colorado
Springs

Near Colorado
Springs

East of Walden

Near Granby

Near Superior

Final size

(acres)

2,100°

138,114»

6,181¢

87,284¢

18,947¢

14,280¢

208,913¢

193,812¢

6,080¢

Number of
structures lost

442
600”

172¢

371¢

347¢

533¢

444

580¢

1,058¢

Approximate
suppression
cost (millions)

$10°
$42°

$10¢

$38¢

$2¢

$10¢

$133¢

$16¢

$2c

Approximate
insured losses
(millions, except
as noted)

$10
$39°

$2174

$114¢

$454¢

$4214

$714

$543¢

$2 billion?

#Black Tiger Fire Case Study

PHayman Fire Case Study

<ICS-209 reports
9Rocky Mountain Insurance (http://www.rmiia.org/catastrophes_and_statistics/Wildfire.asp, accessed 10 November

2022)

As indicated in Front Range Forest Service land and resource management plans, fire
managers recognize the potential benefit of allowing wildfire to play a natural role in
ecosystem dynamics when and where fire does not threaten human life and property.
Managers also recognize the importance of managing fuel conditions by removing fuel
mechanically or by applying prescribed fire within and around the WUI, near homes
and infrastructure. They take initiative to propose and secure funding to prepare and
implement fuel treatments with diverse partners across land ownership boundaries
(see, for example: https://www.fs.usda.gov/Internet/FSE DOCUMENTS/fseprd680611.pdf,
a report that describes a collaborative prescribed fire implementation effort designed
to foster resilient landscapes and reduce wildfire risk to communities in the northern
Front Range). To satisfy desired conditions of reduced fire hazard, lands adjacent to
private property and infrastructure would have dispersed patterns of fuel types and
arrangements (redundant natural and human-made barriers) designed to moderate
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wildfire behavior, reduce the rate of fire spread in and around communities, and
provide safe locations for firefighter suppression efforts should a wildfire move into the
WUI Under these conditions, wildfire, should it occur, would be constrained to surface
fuels, resulting in short flame lengths, and reducing the potential for fire behavior

that lofts fire brands onto nearby structures and limits suppression effectiveness. Fire
and natural resource managers, however, face many complex challenges in realizing
these conditions in the WUI. For example, although wildfire plays an important role

in ecosystem dynamics and reduces fuel loads, a summary of fire occurrence from
Short (2022) reveals that from 1992 to 2020, 99 percent of fires in the Front Range were
suppressed before growing to 300 acres. Additionally, varying levels of wildfire risk
awareness and diverse private landowner privacy and aesthetic preferences complicate
the challenge of implementing fuels mitigation work. And while wildfire hazard can

be reduced through well-planned and targeted fuels treatments, the vulnerability of
structures is highly dependent upon the condition of the area directly surrounding
them, making homeowner responsibility another critical factor in efforts to reduce
overall WUI wildfire risk.

In this chapter, we address wildfire risk on the Colorado Front Range and investigate
ways in which risk is developing due to changes in vegetation, fuel, climate, and the
expansion of the WUI. We begin with a definition of wildfire risk, followed by an
examination of the factors contributing to each component of risk, and an evaluation
of how each component may change in the future. We then summarize current wildfire
exposure and risk using several available spatial data resources. Finally, we discuss
mitigation strategies that target different components of wildfire risk.

Quantifying and mapping wildfire risk in the WUI is an important step that can help
managers, local leaders, and the public understand potential wildfire scenarios and
take actions to avoid detrimental outcomes. We structure our discussion around the
quantitative wildfire risk assessment framework following concepts first outlined by
Finney (2005). This framework couples probabilistic fire behavior outputs, calculated
using stochastic fire behavior modeling systems, with a characterization of potential fire
impacts on specific resources and assets to produce a robust wildfire risk metric. The
national cohesive strategy science report (Calkin et al. 2011) identified this framework
as the best available science-based decision tool for fire and fuel management across
spatial scales. We follow terminology aligned with the established quantitative wildfire
risk assessment framework as articulated by Scott et al. (2013) and Thompson et al.
(2016) to explore how wildfires potentially impact life, property, and valued resources
in the Colorado Front Range.
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Wildfire Risk Defined

Thompson et al. (2016) define risk as: “A measure of the probability and consequence
of uncertain future events.” In the context of wildfire, the uncertain future events are
fires. Adapting terms from Scott et al. (2013), we define wildfire risk as the combination
of wildfire hazard and vulnerability (fig. 1).

Wildfire risk = Wildfire Hazard * Vulnerability

Wildfire Risk
= ey

Hazard Vulnerability
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Figure 1—Components of wildfire risk.

Wildfire hazard is the potential for wildfires to cause damage, loss or harm to people,
infrastructure, equipment, natural resources, or property. It incorporates both the
likelihood of wildfire exposure and the energy released by the fire (or the fire intensity).
Vulnerability is a measure of how an asset or resource might be impacted by a fire,
based on its exposure to the hazard and how susceptible it is to damage at different
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intensities. For example, consider a home located in a forest that has a high likelihood of
burning in a high-intensity fire, but the homeowner has worked to make improvements
to the structure and surrounding property (i.e., building with fire-resistant roofing

and siding, installing screening on home vents, removing burnable material directly
surrounding structures) that make the home less susceptible to the impact of direct
flame impingement or lofted embers. This home is exposed to wildfire because of its
location, and the wildfire hazard is high. The home’s wildfire risk, however, may be

only moderate because its susceptibility to damage is low.

Note that in this chapter we focus on risk to specific resources and assets on the
landscape that are important to communities and land management agencies.
Operational risk, which addresses the health and safety of responders, is also very
important, but is not explicitly addressed here.

Wildfire Hazard in the Front Range and How It May Change

Wildfire hazard is determined by topography, fuels, and weather. Topography describes
the shape of landscape features (including elevation, aspect, and slope of the land
surface) and is a relatively static factor. Fuels are the components of vegetation that can
burn, from the ground to the highest treetops. They include both dead material, such as
litter, duff, and branches, and living vegetation, such as grasses, shrubs, and trees. Fuels
are described by type, amount, and configuration. Finally, weather is important in the
dynamics of how fires ignite and spread; temperature, precipitation, cloudiness, and
humidity affect fuel moisture, while atmospheric stability and wind impact rate and
direction of fire spread. The interaction between topography, fuels, and weather drives
ignition and spread patterns of a wildfire, ultimately determining wildfire likelihood
and intensity. Over long time periods, there are feedbacks between fuels and climate;
these have shaped Front Range forests historically (Addington et al. 2018; Battaglia et al.
2018; Brown et al. 2015; Sherriff et al. 2014). How these components each change in the
future, separately and in conjunction, will dictate future wildfire hazard.

Decades of land use and vegetation management have altered the configuration of
fuels across Front Range landscapes. The practice of active wildfire exclusion via
suppression by land management agencies throughout the 20th century has changed
fuel loads and vegetation characteristics of forests (Battaglia et al. 2018; Hessburg et al.
2019), affecting some forest types more than others (Schoennagel et al. 2004). Especially
in lower-elevation ponderosa pine and dry mixed-conifer forests in the Front Range,
fire exclusion has caused ecological changes, with ramifications for wildfire hazard:
increased forest density, fewer forest openings, reduced stand heterogeneity (structure
diversity and patchiness), and an increase in shade-tolerant species creates more
uniform fuel conditions conducive for fire to spread horizontally (across the landscape)
and vertically (from surface into tree crowns) (Addington et al. 2018).
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The changes in vegetation and fuel conditions have led to consequential shifts in

fire regimes. The term “severity” is typically used when describing effects of fire
retrospectively or conceptually defining fire regimes (Morgan et al. 2014). Severity is

an ecological concept closely linked to fire intensity, and we can make inferences about
shifts in intensity, and therefore hazard, by considering shifts in the severity component
of fire regimes. Historically in Front Range forests, low- and moderate-severity fires
occurred more frequently than today (Addington et al. 2018). Less frequent, mixed- or
high-severity fires occurred in high-elevation subalpine forests (Buechling and Baker
2004; Schoennagel et al. 2004), and a mixed-severity fire regime was dominant in the
northern Colorado Front Range (McKinney 2019; Sherriff et al. 2014). Predicted fire
behavior continues to indicate a mixed-severity fire regime in some places, but with
climate-driven changes that could have important ecological consequences. In some
respects, recent fires in the Front Range are not fundamentally different from historical
events under extreme weather conditions (Sherriff et al. 2014), but there is evidence
that Front Range fires in recent decades have had an increasing proportion of high
severity (Dillon et al. 2011) and that high-severity patch sizes are larger (Davis et al.
2019; Fornwalt et al. 2016; Stevens-Rumann and Morgan 2019). In lower-elevation
ponderosa pine and mixed-conifer forests that have gone a century or more without
fire, this can mean that fires burning under extreme weather conditions today result in
large areas of tree mortality that do not regenerate into new forests after fire (Chambers
et al. 2016; Davis et al. 2019; Rodman et al. 2020; Stevens-Rumann and Morgan 2019;
Walker et al. 2018).

The changes to wildfire hazard with changing climate and land management practices
will likely not be unidirectional. Where shifts toward higher-severity fire regimes occur,
we can expect the potential for high-intensity wildfire to increase for a period, leading
to increased hazard. Where high-severity fire leads to complete shifts in vegetation
type, however, expected fire intensity in subsequent fires will depend on characteristics
of the newly established vegetation. In some cases, this may mean decreased potential
for high-intensity fire and decreased hazard. We explore some specific considerations
around wildfire intensity and probability related to climate change, insects and disease,
and human influences in the sections that follow.

Climate Change and Fire

Across the western United States, climate change in recent decades has altered the
weather patterns that influence how wildfires burn and the type of vegetation capable
of growing back after a fire. Increased fire size and fire severity may largely be
explained by extreme weather conditions (98-99" percentile wind speed and relative
humidity), when suppression efforts are often unsuccessful (Finney 2020; Sherriff et
al. 2014). Increased temperatures, decreased precipitation, and earlier snowmelt have
all contributed to drier fuel conditions conducive to longer fire seasons and larger
fires (Abatzoglou and Williams 2016; Flannigan et al. 2013; Jolly et al. 2015; Litschert
et al. 2012; Littell et al. 2009; Spracklen et al. 2009; Vose et al. 2018). Wildfire activity is
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expected to increase in frequency (Westerling et al. 2006) and severity (Flannigan et al.
2013) due to climate warming. By the middle of this century, the annual area burned

in the western United States could increase two to six times (Vose et al. 2018). From

the perspective of wildfire hazard, this means that many places may experience an
increase in the likelihood of wildfire and more days annually above critical fire weather
thresholds that can produce higher intensity fire behavior (Riley and Loehman 2016).

Changes in climate will very likely influence wildfire activity and wildfire hazard in
the southern Rocky Mountains, including the Colorado Front Range. Similar to other
areas in the western United States, increasing temperatures and changing precipitation
patterns are expected to cause drier fuel conditions (Addington et al. 2018; Liu et al.
2013; Lukas et al. 2014; Rocca et al. 2014), likely leading to longer fire seasons and
increases in fire frequency and burned area (Litschert et al. 2012; Littell et al. 2009; Liu
et al. 2015; Stavros et al. 2014). Fire activity may vary by vegetation type (Littell et al.
2009), with a greater impact expected in ponderosa pine and dry mixed-conifer forests
(Rocca et al. 2014). However, Schoennagel et al. (2004) suggest that moisture conditions
are an important influence on fire frequency and severity in spruce-fir forests, implying
that drier conditions due to a changing climate may increase fire activity in those

areas as well. Climate change may generate more frequent or widespread extreme fire
weather events, increasing high fire danger days by several days or weeks (see Chapter
3 in this report).

Wildfire hazard in a changing climate will likely also be impacted by landscape-scale
changes in vegetation. In most forests across the western United States, the climate
under which mature trees established was different from the current conditions
(Rodman et al. 2020). Disturbance events like wildfires become catalysts for change,
and the vegetation that grows after a fire is often different from what existed prefire
(Davis et al. 2020; Parks et al. 2019). Particularly in forests like lower-elevation
ponderosa pine and mixed-conifer forests in the Front Range that are at the edge of
their environmental tolerance, evidence already exists for decreased tree regeneration
following fires in recent decades (Davis et al. 2019; Stevens-Rumann and Morgan 2019;
Stevens-Rumann et al. 2018). This is due to climate conditions such as vapor pressure
deficit, soil moisture, and soil surface temperature that influence the success of tree
seedling establishment (Davis et al. 2019). According to climate change projections for
the mid-21%t century, 18-61 percent of these “trailing-edge forests” in the intermountain
western United States, including the Front Range, are at risk of conversion to nonforest,
and 6-30 percent of all forests in this region are at risk of conversion (Parks et al. 2019).
As vegetation composition on the landscape changes, so too will the components of
wildfire hazard.
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Insects and Disease

Insects and disease, which are sometimes tied to climate change (Kolb et al. 2016),

will play a role in changing wildfire hazard in Colorado. Insects with the most notable
impact on Front Range forests are mountain pine beetle (Dendroctonus ponderosae)

and spruce beetle (Dendroctonus rufipennis). Since 1996, extensive mountain pine
beetle outbreaks have affected lodgepole pine and ponderosa pine forests in Colorado
(Negron and Cain 2019). A later outbreak of spruce beetle is continuing to progress
across the State; 2021 was the tenth consecutive year that spruce beetle caused the most
widespread destruction among insect agents (CSFS 2021). Early after an outbreak of
either beetle, needle flammability (and thus crown fire potential) is expected to increase
(Jolly et al. 2012; Page and Jenkins 2007; Page et al. 2014; Schoennagel et al. 2012).

Years after initial outbreak, fuel accumulation (fallen needles, branches, and trees)

and increased wind speeds may increase surface fire intensity due to changes in stand
structure and canopy fuels (Klutsch et al. 2009; Page and Jenkins 2007), but specific
effects on crown fire potential are uncertain (see Negron et al. 2018).

Another important ramification of beetle outbreaks is that standing and downed
dead trees can jeopardize firefighter safety and complicate wildfire suppression
efforts. Firefighters report unexpected intense fire behavior in forests in all phases
of mountain pine beetle attacks during Colorado wildfire events, prompting changes
in fire suppression tactics (Moriarty et al. 2019). Weak, dead trees threaten to fall on
firefighters, and downed trees impede travel, increasing firefighter exposure, and
slowing fire operations (Page et al. 2013).

With climate change anticipated to increase mountain pine beetle and spruce beetle
activity (Bentz et al. 2010; Raffa et al. 2013), the potential for increased tree mortality
has implications for future wildfire behavior and hazard. Though uncertainty exists
around the specifics of how climate change may interact with insect and disease
outbreaks to affect wildfire, land managers can investigate potential local climate
effects to estimate a range of possible futures and to guide mitigation strategies. A
variety of tools are available for such efforts, including downscaled climate scenarios
(Lukas et al. 2014), bioclimate envelope models (Worrall et al. 2016 ), ecosystem process
models (Loehman et al. 2020), and state and transition models (Daniel and Frid 2012).

Fire Occurrence and Human Ignitions

Ignitions and ignition sources critically influence wildfire likelihood and therefore
represent another important component of wildfire hazard. Across the United States,
human-caused ignitions have expanded the fire season to triple the length of the
lightning-caused fire season, and account for 84 percent of all wildfires and 44 percent
of total area burned (Balch et al. 2017).

Historically, both human and lightning-caused ignitions have shaped fire regimes of
the Front Range. Native Americans are known to have intentionally used fire for land
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management purposes (Simmons 2000), but the arrival of Euro-American settlers in the
late 1800s brought increased wildfire activity due to ignitions associated with settlement
activity (Rodman et al. 2019). Successful fire prevention and suppression, combined
with less favorable climate conditions for ignition, led to a drop in fire activity through
much of the 20" century, but the number of ignitions and area burned have been on the
rise again since the mid-1980s (Rodman et al. 2019). Human-caused ignitions, along with
expanding human population and climate change, have been major factors in this rise.
Summary of fire occurrence data from Short (2022) reveals that within the 16 counties
encompassing the Front Range urban corridor, humans caused 73 percent of fires

that occurred from 1992 to 2020, accounting for 71 percent of the area burned. Also,
ignitions are more likely in areas with more human activity, and fires that start closer

to where people live have a higher likelihood to impact communities. Humans caused
97 percent of wildfires in the WUI between 1992 and 2015 (Mietkiewicz et al. 2020),

and simulated fires starting from ignitions on private land were more likely to result in
fires that impact people than ignitions on Federal land (Haas et al. 2015). Human-caused
fire plays a significant role in fire hazard in the Front Range, and regional analyses of
spatial and temporal human ignition patterns could inform fire-safe public education
strategies.

Wildfire Vulnerability in the Front Range and How It May Change

Assessing the vulnerability of resources and assets to wildfire is just as critical to any
evaluation of wildfire risk as the characterization of hazard. From the perspective

of a land management agency, the resources or assets of interest for a quantitative
wildfire risk assessment may include resource areas identified in land and resource
management plans (i.e., timber stands, threatened and endangered species, historically
significant structures, or populated areas). However, a State, county or municipal
entity may focus primarily on human life and property. For example, Boulder County
Fire Management’s mission is to “provide efficient, effective public safety services

to the residents and visitors of Boulder County.” Just as hazard is made up of the

two subcomponents of wildfire likelihood and intensity, vulnerability too, has two
subcomponents: exposure and susceptibility. Unlike hazard, however, where driving
factors are biophysically based and linked to climate conditions, the drivers of
vulnerability are primarily social. In the case of wildfire risk in the Front Range WUI,
exposure has to do with where homes and other assets associated with human life and
property overlap with areas of wildfire hazard. Susceptibility, then, refers to how easily
those homes and other assets will ignite and incur damage.

Where Homes Are Exposed to Wildfire: The Wildland-Urban Interface

Homes, property, and other susceptible assets in the built environment are exposed
to wildfire in the wildland-urban interface (WUI). Ultimately, human lives are at

risk when the places where people live are exposed to wildfire. The Federal Register
defines the WUI as “the area where humans and their development meet or intermix
with wildland fuel” (USDA and USDOI 2001). The WUI contains 1 housing unit per 0.3
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to 40 acres; about 10 percent of the land area and about one-third of all housing units
in the conterminous United States are located in the WUI (Radeloff et al. 2018). The
WUI includes both places where homes are directly embedded in a matrix of wildland
vegetation, known as “intermix,” and where homes may not be immediately adjacent
to wildland fuels but are within a distance where embers from wildfire can still be a
threat, known as “interface” (Martinuzzi et al. 2015). Houses located anywhere in the
WUI will be exposed to wildfire, given sufficient vegetation to carry fire, resulting in

a tension between periodic fire that occurs in ecosystems and the need to minimize
negative impacts to people and their homes from wildfire. Total WUI area in the United
States increased by 33 percent from 1990 to 2010 and 50 percent between 1970 and
2000 (Radeloff et al. 2018; Theobald and Romme 2007). Projections of the future WUI
require information about migration rates, which will be affected by climate change,
and different socioeconomic and demographic factors, resulting in uncertainty (EPA
2010); however if land-use regulations do not change, development in the Front Range
is expected to occur in areas of high wildfire hazard (Platt et al. 2011).

Colorado is one of the States with greatest recent population expansion and expected
future expansion into the WUIL The number of WUI homes increased by 70 percent
or more in Colorado during 1990 to 2010 (Radeloff et al. 2018). As of 2017, 2.9 million
people, or half of the State’s total population, live in Colorado’s WUI, compared to 2
million people during 2013 (some increase may be due to changed source data; CSFS
2018). A 20 percent increase in Colorado’s population is expected between 2000 and
2030; Theobald and Romme (2007).

Susceptibility of Structures to Wildfire

If a wildfire occurs in the WUI, a structure will have a certain level of exposure, based
on its proximity to varying levels of fire intensity, but the degree of damage it incurs
will also greatly depend on its susceptibility to fire. Contrary to the common expectation
that most home destruction results from direct flame impingement from high-intensity
crown fires, wildfire damage to most homes and structures is actually due either to
low-intensity surface fires creeping through vegetation in contact with the structure,
or to wind-borne embers igniting after landing on a roof or wooden deck or blowing

in through vents (Cohen 2000). Investigations of several Front Range fires (Fourmile
Canyon, Graham et al. 2012; Hayman, Graham 2003; Waldo Canyon, Quarles et al. 2013)
indicate that home destruction is commonly driven by local flammability conditions,
including the type, structure, and configuration of vegetation surrounding the home,
along with the building materials used in home construction.

Given these lessons learned from previous WUI “disasters,” homeowner mitigation
activities recommended to reduce home susceptibility to wildfire include reducing
flammable vegetation and other wildfire hazards in the zone directly surrounding
individual structures (“home ignition zone”; HIZ [Cohen 2010; Cohen and Stratton
2008), and using fire-resistant building materials and techniques. Recommended
actions include routine home and yard maintenance: clearing trees and brush around
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homes; cleaning roofs and gutters; stacking firewood away from structures; and moving
propane tanks at least 30 feet from away from structure, and “home-hardening”
improvements: installing double paned, tempered glass windows; screening entry

holes (e.g., roof vents); and using nonflammable building materials for decks, roofs, and
siding.

Wildfire Risk in Front Range Landscapes: Risk Analysis Reveals Areas of Concern
Wildfire risk assessment and associated risk analytics are recognized as tools to aid
land managers with their responsibility of addressing wildfire hazard within their
jurisdictions, and to enable collaboration among multiple agencies to reduce risk across
ownership boundaries. The U.S. Government Accountability Office advised that Federal
agencies use risk analysis for making “fully informed” decisions about wildfire risk-
reduction projects (US GAO 2004). A risk-based approach forms the spatial framework
for the National Cohesive Wildland Fire Management Strategy (Calkin et al. 2011). The
risk assessment framework is scalable, meaning the same methodology can be applied
to analysis areas ranging from small to large (e.g., from ranger districts to regions, or
even national extents), with the finest resolution input data available for the area of
interest producing the most reliable results (Calkin et al. 2011; Scott et al. 2013). Because
wildfire risk maps depict areas that are more likely to incur damage from wildfire,
managers can use them to identify and prioritize hazardous fuel reduction activities
(Addington et al. 2020; Scott et al. 2016; Thompson et al. 2013; Thompson et al. 2016),
measure the effects of fuel treatment on WUI and other resources (Ager et al. 2010), or
compare management strategies in fire prone landscapes (Ager et al. 2012).

Given current levels of wildfire hazard and vulnerability, there is potential for fire to
cause substantial damage to people and communities in the Front Range, where 85
percent of Colorado’s population lives. Researchers and fire management professionals
at both the Federal and State level have leveraged advancements in analytical tools

to evaluate wildfire exposure and risk to Front Range communities in recent years.
Haas et al. (2015) used fire behavior modeling to simulate wildfire ignition and spread
under severe, but not uncommon, weather events in the 11 Front Range counties that
contain large areas of USDA Forest Service lands. Their goal was to assess the potential
for exposure to human populations from wildfires igniting in different locations
within these 11 counties. The resultant product depicts the absolute population (aPOP)
directly exposed to wildfire. Their analysis highlighted that even though fire sizes are
often smaller near places with higher population density, those fires can still result in
considerable exposure to populated areas. Also, their findings suggest that communities
in El Paso, Douglas, and Jefferson Counties have relatively more wildfire risk than
elsewhere in the Front Range (Haas et al. 2015).

Ager et al. (2019) evaluated wildfire exposure and transmission across ownership
boundaries for the entire western United States. Their methods built upon fire behavior
modeling conducted in a consistent manner across the United States that simulates fire
ignition and spread across a full range of statistically possible weather scenarios (not
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just severe weather) (Finney et al. 2011; Short et al. 2020). Similar to Haas et al. (2015),
they found that in Colorado most wildfire exposure to human populations is from

fires igniting on private lands or local community jurisdictions, and only a minority of
exposure comes from fires starting on Federal lands. Relative to other western states
like California and Arizona with very high levels of community wildfire exposure,
relatively few (only two) Colorado communities were ranked by Ager et al. (2019) in the
top 100 communities exposed to wildfire in the western United States; both were in the
Front Range: Evergreen (rank = 90) and Colorado Springs (rank = 99).

Spatial datasets depicting wildfire risk in Colorado have also been produced for the
U.S. Forest Service Rocky Mountain Region (Vogler et al. 2022) and the Colorado State
Forest Service (CSFS 2018). These datasets integrate components of wildfire hazard
and vulnerability in a spatial quantitative wildfire risk assessment framework. The
CSFS products are available to the public online through the Colorado Wildfire Risk
Assessment Portal (COWRAP; https://csfs.colostate.edu/wildfire-mitigation/colorado-
forest-atlas/).

Another suite of online wildfire risk products is part of a national Forest Service project
called Wildfire Risk to Communities (WRC; http://wildfirerisk.org/, downloadable
datasets also available [Scott et al. 2020]). One of the WRC products, Risk to Homes,

is a map that combines wildfire likelihood and intensity from the same fire behavior
modeling (Short et al. 2020) used by Ager et al. (2019), with home vulnerability
described by a generalized estimation of fire impact to homes. The Risk to Homes map
characterizes the relative risk to a home, if one existed at every 30-meter pixel on the
landscape, and generally depicts where WUI fire risk concentrates within the Front
Range (fig. 2).

Each wildfire hazard and risk product available in Colorado was developed for a
specific purpose and could thus explain a different part of the overall wildfire risk
picture. The COWRAP Wildfire Risk Map is a composite metric, combining wildfire
hazard with a suite of highly valued resources and assets including: WUI, drinking
water importance areas, riparian areas, and forest assets (fig. 3). This map could be
useful for land management agencies who must consider the relative contribution

of different assets (beyond homes and structures) to a comprehensive risk profile.
COWRAP also provides a WUI Wildfire Risk Index map (fig. 4) intended to specifically
portray risk to homes and people as a single value, akin to the aPOP (mapped in fig. 5)
and Risk to Homes metrics, and in contrast to the Wildfire Risk Map which integrates
multiple values. Some difference in percent area of risk and exposure as measured by
the different metrics is expected; each metric was calculated using different source
data, objectives, and underlying assumptions. The COWRAP Wildfire Risk covers much
more of the total forest (and buffered) areas because it is mapped across all areas
(populated and uninhabited), whereas the WUI Wildfire Risk Index and aPOP metrics
are constrained to populated areas. The Risk to Homes product is mapped across all
areas but only considers risk to one type of asset (homes) at every pixel.
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Figure 2—Wildfire Risk to Communities Risk to Homes (Scott et al. 2020) mapped where housing unit density is greater
than zero in the Colorado Front Range.
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Figure 5—Absolute population directly exposed to wildfire (aPOP; Haas et al. 2015) mapped in the Colorado Front
Range.

Concern about hazardous fuels conditions across Front Range landscapes can prompt
managers to target specific areas for hazard reduction treatments. The COWRAP Fire
Intensity Scale (FIS) map (fig. 6) is a spatial data product that maps potential wildfire
intensity to indicate where fuel conditions could contribute to destructive fire behavior.
Natively, the COWRAP FIS includes five intensity classes, from class 1 representing

very low intensity where fires are easy to suppress, to class 5 representing very high
intensity where fires are very difficult/dangerous to suppress and likely to cause
damage. For consistency with other metrics in our tabular summary, we binned the
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original five COWRAP FIS values into three classes: “low” (flames less than 2 feet;
includes COWRAP FIS classes 1 and 2); “moderate” (flames up to 8 feet with short-range
spotting possible; includes COWRAP FIS class 3); and “high” (flames up to 150 feet with
short-range spotting common or profuse, and possibly frequent long-range spotting;
includes COWRAP FIS classes 4 and 5). According to the COWRAP FIS data as classified
(table 2), much of the Front Range exceeds the desired condition of low-intensity
surface fire behavior as indicated in land and resource management plans, as 40 to

50 percent of area in and around the AR and PSI NFs could experience high wildfire
intensity, with flame lengths between 8 and 150 feet and medium to long range spotting.
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Figure 6—Colorado Risk Assessment Fire Intensity Scale (CSFS 2018; 2024) mapped in the Colorado Front Range.
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Table 2—Percent area of each wildfire exposure and risk metric in low, moderate, and high categories for PSI-AR
National Forests and the area within 0.5 and 1 miles of national forest boundaries. Data layer sources: Wildfire risk, Fire
Intensity Scale, and Wildfire WUI Risk from Colorado State Forest Service (2018), Risk to Homes from Wildfire Risk to
Communities (WRC 2020), and aPOP from Haas et al. (2014).

Exposure and ; Low (%) Moderate (%) High (%)
Risk Metric Location
AR PSI AR PSI AR PSI
Inside forest boundary 74.5 60.7 11.6 19.2 3.2 111
Wildfire risk Within 0.5 mile 69.5 60.3 14.4 17.3 5.7 9.8
Within 1 mile 69.9 62.2 14.1 17.6 5.9 9.4
Inside forest boundary 38.8 22.2 7.7 121 42.8 56.7
Fire intensity scale =~ Within 0.5 mile 33.7 20.6 16.5 16.2 39.4 50.6
Within 1 mile 33.3 20.6 18.4 16.9 38.3 51.6
Inside forest boundary 3.8 1.7 1.3 0.7 0.5 0.4
WUI wildfire risk Within 0.5 mile 9.9 6.3 3.5 34 3.2 2.4
Within 1 mile 10.1 6.7 3.6 3.5 3.3 2.5
Inside forest boundary 0.8 1.2 2.6 0.8 2.9 2.2
Risk to homes Within 0.5 mile 4.2 4.5 5.7 4.6 7.1 6.4
Within 1 mile 4.4 4.4 5.8 5.3 7.4 6.1
Inside forest boundary 0.1 0.2 1.9 0.9 0.6 0.3
aPOP Within 0.5 mile 0.6 0.6 5.3 3.5 3.1 2.5
Within 1 mile 0.6 0.6 5.2 3.7 34 24

Analysis of fire and risk metrics such as those described above help Federal, State, or
local managers compare and contrast wildfire risk within and across jurisdictions. As
an example, we consider an analysis of wildfire risk or exposure within and around
(within 1 mile) all of the Ranger Districts in the Arapaho-Roosevelt (AR) and Pike-San
Isabel (PSI) National Forests (tables 2 and 3). If a Forest Service regional fire manager
wanted to prioritize resources among Forests, they may consider that 27 percent of
the 1-mile area surrounding PSI Forest boundaries is in moderate and high COWRAP
Wildfire Risk categories and note that the same figure calculated for the AR is lower
(20 percent). This result is likely due to a combination of factors: modeled flame
lengths are greater in the PSI National Forests, and vulnerable resources (e.g., critical
water supply for Denver and Aurora) cover more area. However, the percentage

of area in and around the AR mapped as low, moderate, or high WUI Risk (classes
were aggregated from the original nine classes) is double that of the same categories
around the PSI, indicating that the COWRAP WUI Risk Index is sensitive to the greater
extent of developed area (WUI) near the AR. As expected for risk metrics tuned to
populated areas, the percentage of area in moderate to high categories (class thresholds
determined by 40" and 90™ percentile values) of aPOP and WRC Risk to Homes metrics
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is also higher around the AR. Depending on objectives, managers could consider
information from both single value risk metrics (i.e. COWRAP WUI Risk Index, WRC
Risk to Homes, and aPOP), along with those that incorporate multiple values at risk
(COWRAP Wildfire Risk Index) to make nuanced prioritization and allocation decisions.

Similar comparisons are possible among ranger districts within national forests. For
example, within the AR, the percentage of the Boulder Ranger District in low, moderate,
or high classes of all three single value metrics (COWRAP WUI Risk, WRC Risk to Homes,
and aPOP) is more than three times that of any other district on the AR (table 3). This is
a result of the relatively high population and number of structures within the district
boundary. For the multiple value COWRAP Wildfire Risk Index and the Fire Intensity
Scale, a higher percentage of the Sulphur and Canyon Lakes Ranger Districts are in low
and moderate classes, while the Boulder Ranger District has the highest percent area

in the high risk/high-intensity classes; 18 percent of the Boulder Ranger District is at
high risk and 50 percent consists of fuels that could result in high-intensity fires. These
results indicate that the Boulder Ranger District has more WUI exposed to wildfire,

and more area with high-intensity fuels than other ranger districts within the AR.
When new fire behavior is simulated with fuels input layers that have been updated to
reflect landscape conditions following more recent fire seasons, risk metrics will likely
decrease within and around the footprints of the large fires that burned on the AR
National Forests reflecting reduced hazard due to fuel reductions in the burned areas.

Table 3—Percent area of each wildfire exposure and risk metric in low, moderate, and high categories within PSI-AR
Ranger Districts. Data layer sources: Wildfire risk, Fire Intensity Scale, and Wildfire WUI Risk from Colorado State Forest
Service (2018), Risk to Homes from Wildfire Risk to Communities (WRC 2020), and aPOP from Haas et al. (2014). L = Low,
M = Moderate, H = High.

Fire intensity WUI wildfire

Wildfire risk

National  Ranger scale risk
Forest District
M H M H M H
Sulphur 838 00 00 436 65 337 06 01 041 10 02 00 01 03 0.0
AR Canyon Lakes 743 184 11 388 97 453 38 12 03 03 28 38 00 18 06
Clear Creek 792 46 02 370 43 427 29 13 06 04 33 12 00 1.7 03
Boulder 548 149 184 320 59 502 104 35 18 26 55 6.7 03 53 21
San Carlos 595 282 74 134 90 728 06 04 02 00 06 15 0.0 04 041
South Park 717 143 79 289 179 471 20 05 02 26 14 19 05 12 041
P South Platte 421 274 271 201 77 687 19 08 04 01 09 36 00 09 05
Leadville 739 07 00 304 84 357 16 04 02 19 00 00 03 05 0.0
Salida 745 128 05 218 149 509 15 06 02 17 11 00 01 09 00

Pikes Peak 325 336 285 180 119 648 29 18 16 00 06 74 00 12 1.9
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Risk assessments conducted for smaller spatial extents (i.e., county, watershed, or
smaller) offer finer spatial resolution map products targeted to specific objectives. Front
Range communities with community wildfire protection plans sometimes generate
wildfire risk maps for those plans (e.g., Boulder County Community Wildfire Protection
Plan 2011) and some communities involved in the Community Planning Assistance for
Wildfire program (https://cpaw.headwaterseconomics.org/) receive hazard maps based
on locally customized fire behavior modeling, and a suite of maps specifically relevant
to community land-use planning (Karau and Noonan-Wright 2018).

At the time of this publication, some of the wildfire hazard and risk metrics mentioned
will be outdated, and new products will be available. Our discussion of the products
that were available at the time of this writing is intended to illustrate the types of maps
and analytics that may exist and provide examples of how they may be used. We advise
managers to ensure that wildfire risk products match the timeframes and spatial scales
appropriate for management objectives within the extent of the landscape under their
jurisdiction.

Risk Mitigation Opportunities and Efforts

Front Range communities already face significant wildfire risk today. As the effects of
climate change and WUI expansion combine to escalate that risk into the future (Liu et
al. 2015), a robust mitigation strategy is critical. Schoennagel et al. (2017) propose policy
and management measures that promote ecosystem and community resilience through
a set of approaches, including: suppressing fewer fires, prescribing more fire, focusing
fuel treatments where they will be most effective at reducing hazard near structures,
fostering fire-adapted communities through incentives that decrease risk (homeowner
mitigation work in the area directly around structures), and encouraging adoption of
fire-safe land-use planning codes and regulations. Further, Calkin et al. (2014) suggest
that we frame the WUI fire risk problem primarily as a home ignition problem; in the
situation of a fire that overwhelms suppression capacity, home survival will depend
upon the vulnerability of the structure, so mitigation responsibility should lie with the
homeowner, rather than a land management agency. Ultimately, the most successful
strategies for mitigating wildfire risk will be multi-pronged, with property owners,
community leaders, and public agencies working together.

Because wildfire risk integrates the two components of hazard and vulnerability, we
can consider mitigation challenges and opportunities for each component individually.
Reducing wildfire hazard typically requires making changes to vegetation such that fuel
characteristics are altered enough to reduce expected intensity of subsequent wildfires.
This can be accomplished through landscape-scale fuels treatments, prescribed fire,
and managed wildfire. Programs that reduce human ignitions can also address hazard
by decreasing wildfire likelihood. Reducing wildfire vulnerability requires a focus

on the particular resources or assets of concern in the risk equation. Where natural
resources are the concern, fuels treatments that aim to reduce fire intensity may
address vulnerability of the resource in addition to reducing hazard. Where assets
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and infrastructure in the built environment are the concern, mitigation opportunities
(and challenges) will be more focused on social behavior and land-use policies. The
risk mitigation opportunities we outline here should be considered a baseline for the
adaptable solutions agencies and communities will need to develop in order to become
and remain fire resilient in the face of a changing climate.

Hazardous Fuels Management Efforts by Land Management Agencies

The Forest Service, Colorado State Forest Service, and several collaboratives (e.g.,
Front Range Fuels Treatment Partnership Roundtable https://frontrangeroundtable.
org/) already collaborate to improve forest resilience and prioritize fuel treatment and
prescribed burning efforts across public and private boundaries. These partnerships
follow the ethos embodied in the National Cohesive Wildland Fire Management
Strategy (USDA 2011) that robust communication and collaboration across levels of
government (Federal, State, local) and among organizations and communities boosts
fire management success. The cohesive strategy lays out three fundamental goals that
should underpin any successful cross-boundary fire management strategy. These are:
(1) creating and maintaining fire-resilient landscapes; (2) creating and maintaining fire-
adapted communities; and (3) providing for safe and effective wildfire response (USDA
2011). Hazardous fuels management can help to address all these goals, and it will be
most effective at reducing wildfire hazard when undertaken in a collaborative and
strategic manner.

Successful risk-based decision-making requires a well-crafted problem statement and
clear objectives (Calkin et al. 2014). Without clear objective statements or problem
framing, well-intended mitigation actions will fail to reduce risk. For example, fuel
treatments within the Fourmile Canyon wildfire perimeter failed to moderate fire
intensity or slow fire spread during the incident, likely because the treatments were
not specifically targeted to mitigate conditions of a “problem fire” scenario as could
occur under very windy and dry conditions (Graham et al. 2012). As the climate
changes, today’s “problem fire” conditions may become much more common, requiring
managers to not only carefully consider wildfire risk metrics relevant to the spatial
extent of their jurisdiction and their management goals, but also to the likelihood that
treatment configurations that successfully mitigated wildfire impacts in the past may no
longer be effective.

When appropriately parameterized, wildfire risk assessments can highlight landscape
conditions that if mitigated, will reduce expected fire behavior, and therefore likely
reduce negative effects to resources and assets. The variety of currently available risk
maps and metrics affords managers choices, but they are also faced with the challenge
of sorting through the options and selecting, or developing, a product that appropriately
addresses their concerns. A risk assessment developed for a natural resource land
management agency to prioritize fuels treatments may not be directly applicable for
wildfire-aware municipal land-use planning.
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One tool that can help with strategic placement of fuel treatments to protect specific
resources and assets is risk transmission analysis. Transmission analysis employs
standard risk assessment components, along with simulated wildfire ignitions and
perimeters derived from fire behavior modeling, to highlight areas that are more likely
to be the source of wildfires that reach communities or assets. This type of analysis
reveals how different land tenures (or ownership types and management categories)
contribute to wildfire exposure on other land tenures (Ager et al. 2018; Ager et al. 2019;
Haas et al. 2015; Palaiologou et al. 2019). As such, it allows managers to locate and
prioritize fuels treatments and mitigation efforts within their jurisdiction aimed at
reducing exposure on other jurisdictions (Ager et al. 2014; Scott et al. 2016).

During wildfire incidents, fire managers strive to make informed decisions about how
best to engage fire or use fire as a vegetation management tool. Ideally, a risk-based
decision framework is in place before fire season (Taber et al. 2013), so agency officials
and incident management teams can avoid contributing to the “wildfire paradox”
wherein excessive fire suppression perpetuates hazardous fuel accumulation (Calkin
et al. 2014). Some managers have begun to use Potential Operational Delineations
(PODs); (Dunn et al. 2017; O’Connor et al. 2016; Thompson et al. 2016; Wei et al. 2019) to
inform their prefire planning and incident management frameworks. PODs are areas
whose boundaries are physical features that may successfully contain wildfire under
the right conditions (roads, ridges, streams, fuel breaks/treatments, natural barriers,
etc.). Wildfire risk metrics can be summarized within each POD, and PODs can then be
classified into strategic response categories. During the prefire season, fire managers,
land managers, resource specialists, and planners can review the relative wildfire risk
within each POD and transmitted from each POD to nearby areas. Incident response
strategies can be assigned that maximize safe and effective response, protection of
community assets, and alignment with land and resource management plan objectives
(Greiner et al. 2020). After PODs are initially created and classified, the framework

can inform strategic decision-making during wildfire incidents (O’Connor and Calkin
2019) and in planning and prioritizing future hazardous fuels treatments that will most
effectively reduce wildfire risk (Thompson et al. 2016). As climate and fuel conditions
change, PODs and their associated strategies can be continually reassessed.

Homeowner Responsibility and Risk Perception

While strategic fuels mitigation work can help to reduce WUI wildfire hazard, it is
important to note that fuels reduction on Federal lands alone will not prevent WUI
fire disasters (Calkin et al. 2014). Communities may be best protected by placing fuel
treatments close to homes and modifying ignitability of structures (Cohen 2000).

Addressing the vulnerability component in the wildfire risk equation is a critical aspect
of making communities truly fire adapted. Homeowner awareness and motivation are
paramount in WUI wildfire mitigation success, and cognizance and acceptance of the
need to prepare for wildland fire has grown along with WUI expansion. Nonetheless,
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homeowners exhibit varying levels of willingness or ability to take action to reduce
their wildfire risk. This is due to differing levels of motivation, familiarity with the
issues and solutions, availability of resources, education, and existence and acceptance
of community outreach efforts (Kent et al. 2003; Stein et al. 2013). For example, although
most survey respondents (96 percent) within the Fourmile Canyon Fire evacuation

zone had performed some mitigation within the 30-foot home perimeter, installing
screens over roof vents was a measure with one of the lowest reported frequencies (29
percent; Brenkert-Smith and Champ 2011), despite it being one of the most effective
ways to prevent home ignition from embers. Perceptions of risk vary, along with
misinformation about risk and belief in the ability to control fire damage. Threats
anticipated in the distant future may not outweigh immediate concerns, such as desired
landscaping and siding, or motivate outlays of resources to prepare for future risk,
particularly when residents question the magnitude of risk and doubt the effectiveness
of preparatory measures (McCaffrey 2009). A survey of WUI residents in Colorado
indicated that some people were attached to the current landscape and did not intend to
alter it until threatened by wildfire (Brenkert-Smith et al. 2006). Homeowners may also
perceive that the cost of fire-resistant building materials is significantly greater than
standard materials; however, Quarles and Pohl (2018) found that though a homeowner
who retrofits certain elements of existing structures may incur significant expense,

a new home built with wildfire resistant materials would cost roughly the same as a
typical home, and those materials may be more durable. Barriers to mitigation action
often include limited time, money, assistance, and technical knowledge, and perception
of the required costs compared to the benefits. Additionally, the number of houses

built within perimeters of past fires (occurring between 1990 and 2015) increased at

a greater rate than houses built outside of past fire boundaries, indicating that many
homeowners are either unaware of local wildfire risk, or they are willing to accept the
risk (Alexandre et al. 2015).

Proximity to a national forest can also reduce perceptions of risk. Property owners
adjacent to large areas of public land often are reliant on the government to protect
them from natural disasters by covering losses and providing wildfire suppression
services. This mindset removes the incentive for landowners in the WUI to take
responsibility for reducing their own wildfire risk through their decisions about
construction materials and landscaping (OIG 2006). Busby and Albers (2010) theorized
that certain fire management policies foster a sense of complacency among private
WUI landowners who benefit from fuels treatments on nearby public lands, but fail to
conduct treatments on their own property, while also encouraging further settlement
into undeveloped areas due to a perceived security that adjacent fuels are already
mitigated.
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Community Responsibility

While individual homeowner actions are essential to reduce the potential for wildfire
damage to property, entire communities ideally would be adapted to fire such that

fire could pass through a community without causing extensive damage. Fire-adapted
communities are “knowledgeable, engaged communities where actions of residents
and agencies in relation to infrastructure, buildings, landscaping and the surrounding
ecosystem lessen the need for extensive protection actions and enable the communities
to safely accept fire as part of the surrounding landscape” (Fire Adapted Communities
Learning Network; https:/fireadapted.org/). Thus, communities do not rely solely on
suppression for protection. The entire community, including government agencies and
emergency responders, works together to remove fuels, reduce human-caused ignitions,
harden structures, prepare for emergency response, provide prevention education, and
form partnerships to address barriers that deter people from participating in fire risk-
reduction activities (Stein et al. 2013).

Front Range communities have access to information and organizations that assist with
wildfire mitigation. Since 2002, the Firewise program of the National Fire Protection
Association (https:/www.nfpa.org/, https://www.nfpa.org/Education-and-Research/
Wildfire/Firewise-USA) has enlisted communities to develop community-wide wildfire
hazard mitigation plans and encourage homeowners to create defensible space on
individual properties. In addition to educational tools, communities benefit through
access to organizational help and expert guidance, community-building, and funding
and assistance. Both the USDA Forest Service and the Colorado State Forest Service
facilitate various grant programs that support individual and community mitigation
efforts, often where a focused investment at all levels produces projects that have

a cumulative effect on mitigating the risk across landscapes. Colorado also has an
active Community Wildfire Protection Plan (CWPP; Healthy Forests Restoration Act

of 2003; https://csfs.colostate.edu/wildfire-mitigation/community-wildfire-protection-
plans/) program, with more than 250 locally supported plans that aim to reduce

each community’s exposure to wildfire damage by identifying and prioritizing

fuels treatment opportunities and providing guidance to reduce the ignitability of
structures. The Ready, Set, Go! Program offered by fire departments encourages
improved coordination and communication between emergency response agencies
and communities: “ready” is the defensible space message promoted by Firewise; “set”
encourages situational awareness during a fire; and “go” prepares people for a safe and
speedy evacuation (https://www.wildlandfirersg.org/). Additionally, Boulder County’s
Wildfire Partners (https://www.wildfirepartners.org/) assists county homeowners to
identify, fund, and complete necessary mitigation work on their properties.

Incentive and education programs could be useful in changing homeowner risk
perception and motivation for mitigation. Disclosure of wildfire risk, similarly to flood
risk, may reduce willingness of people to move into fire-prone areas in the first place,
affecting spread of future housing development. In Colorado Springs, home price and
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wildfire risk were positively correlated (that is, most desirable housing locations had
greatest home prices and greatest risk) until the Colorado Springs Fire Department
posted the wildfire risk of housing parcels within the WUI (Donovan et al. 2007).

To encourage mitigation to existing homes, financial assistance for homeowners is
often available through grants, low-interest loans, and tax rebates, of up to $2,500

per taxpayer per year (Colorado Department of Revenue; https://www.colorado.gov/
pacific/sites/default/files/Income65.pdf; Boulder County Community Wildfire Protection
Plan 2011). This type of incentive program promotes homeowner mitigation action,
while the specter of insurance premium increases or termination of coverage along
with education about the problem of underinsurance are effective disincentives to
inaction (see Boulder County Community Wildfire Protection Plan 2011) for an example
highlighting the Fourmile Canyon Fire).

Although voluntary educational and community programs often are preferred over
mandatory regulations, efforts that integrate wildfire mitigation into the land-use
planning and building codes will decrease community vulnerability. Zoning and
planning authority for WUI development rests with State, county, and municipal
governments (OIG 2006). Community Planning Assistance for Wildfire (https://cpaw.
headwaterseconomics.org/) is a program that surveys a community’s existing codes and
regulations, then helps planners address wildfire risk to incorporate improved land-
use planning strategies. If home ignition zone guidelines are fair and part of a larger
community effort of fire-safe building codes and planning to discourage development
in high-risk areas, then homeowners are likely to be compliant (Stein et al. 2013).
Conversely, conflicts with homeowner association restrictions or best management
practices for soil and water protection or energy conservation may reduce compliance.
Codes and standards are available from the National Fire Protection Association
(http://www.nfpa.org/catalog)).

As communities expand into previously undeveloped areas, the safest strategy is

to avoid building in areas with potential for wildfire hazard. Ridge tops, saddles,
canyons, and tops of steep slopes are high risk locations; steeper slopes will result

in faster moving fire, with longer flame lengths, and thus, may be a better location

for other land uses than housing. For example, parks and golf courses provide both
defensible space and safety zones for firefighters to be successful with suppression
efforts. However, without changes to land-use planning policies and regulations, Front
Range development is more likely to occur in areas of more frequent and intense fire
behavior (Platt et al. 2011). Planning guidelines that reduce WUI sprawl and design
transportation routes for easy ingress and egress will result in safer, more effective
wildfire defense and efficient evacuation of people from Front Range WUI communities
where topography is often steep and dissected.
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summary

In this chapter, we described the current and potential future dynamics of wildfire
hazard and vulnerability within Colorado Front Range forests and communities.
Wildfire hazard, determined by topography, fuels and weather, has been shaped by past
land-use management practices and will continue to evolve due to interactions among a
changing climate, insect and disease impacts, and human ignition patterns. The level of
wildfire vulnerability within the Front Range depends upon whether resources or assets
are located where wildfire is likely and the degree of damage that would result should

a wildfire occur. Wildfire risk mitigation will be most successful if both components of
risk are addressed. For example, forest managers could reduce hazard through strategic
placement of hazardous fuels reduction efforts while communities and homeowners
adopt initiatives that promote fire-resistant construction materials and vegetation
management in the home ignition zone.

Wildfire risk assessment tools and analytics may support wildfire mitigation planning
decisions. The value of any assessment will depend upon the clarity of project objectives
and the suitability of tools and metrics selected to support the effort. We presented a
summary of a suite of wildfire risk metrics mapped in the Front Range primarily to
demonstrate a few ways that managers might critically evaluate and select appropriate
tools to address different wildfire risk management questions. Though the metrics that
we analyzed may benefit from an update (where fuel conditions represent those prior
to more recent wildfires), and new products will be available at the time this chapter is
published, results to date reveal that:

* Much of the Front Range is modeled to have the potential for surface fire
behavior with flame lengths greater than 8 feet.

* WUI wildfire risk is higher in and around AR National Forests as compared
to PSI National Forests, whereas moderate and high integrated wildfire risk
(where multiple values and assets are considered) is more prevalent on the PSI
National Forests.

» WUI wildfire risk is highest in the Boulder Ranger District of the AR National
Forests and the Pikes Peak Ranger District on the PSI National Forests.

In the context of the risk assessment framework, these results indicate that wildfire
hazard is elevated in the PSI National Forests, while structure exposure and
vulnerability are elevated in and around the AR National Forests. This information
could help customize mitigation efforts to address specific local risk conditions. For
example, in areas with elevated wildfire hazard, fuels reduction activities may be most
appropriate, whereas in areas with relatively high structure vulnerability, the priority
might be to foster fire-adapted communities.
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Our summary of risk metrics also indicates that moderate and high wildfire risk is

not constrained within the AR and PSI National Forests boundaries. Collaboration

and communication among all Federal, State, and local stakeholders will be essential
to effectively manage wildfire risk in the Front Range WUI. We encourage land
management and fire management officials at all levels of government, along with
community collaboratives and private citizens, to leverage risk analytics and mapping
tools relevant to specific project objectives, and thereby make informed strategic
decisions that reduce hazard and risk.

Wildfire risk is in the Colorado Front Range is likely to increase with climate change due
to increases in warmer, drier, and potentially windier weather conditions, regardless
of fuel conditions. Concurrently, an expansion of the WUI will compound risk by
increasing the area of the landscape that includes human resources and assets, while
also increasing the likelihood of human-caused fire. Land management agencies and
local collaboratives can provide fuel and vegetation management, fire preparedness
and fire suppression, particularly by sharing limited resources among Federal and
State agencies, counties, and fire protection districts. Nonetheless, Federal agencies do
not have the power to prevent all fires, control the location of development on non-
Federal lands, or create defensible space for private residences. Due to increasing
likelihood of intense wildfires that will be difficult to suppress, fire mitigation efforts
focused on structures and their immediate surroundings will be most effective at
allowing communities to co-exist with wild areas and natural processes, thus freeing
land management agencies to realign actions with their missions to sustain the health,
diversity, and productivity of public lands.
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