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Abstract: Wildfire has become a larger threat to human life and property with the proliferation of
homes into the wildland urban interface and warming climate. In this study we explored Alaskan
homeowner preferences for wildfire risk mitigation in the wildland urban interface using discrete
choice experiments to better understand the drivers of their risk mitigation actions. Estimates
of willingness-to-pay for private mitigation actions are increased with wildfire risk reduction for
all respondents. Willingness-to-pay for private mitigation is also positively associated with the
presence of thinned fuel treatments on nearby public lands, but is estimated to decrease if cleared
fuel treatments are present on public lands. Our study concludes that homeowners minimize wildfire
risk while maintaining neighborhood amenity values. Additionally, findings suggest that there is an
optimal amount of neighborhood participation to motivate individual risk mitigation actions, as well
as having a say in the mitigation actions on public lands.

Keywords: choice experiment; non-market valuation; willingness to pay; survey; wildfire economics;
hazardous fuels; subjective risk

1. Introduction

The Wildland Urban Interface (WUI) is where communities meet and intersperse
with undeveloped wildlands. WUI areas are particularly vulnerable to wildfire, yet de-
velopment in these zones is the fastest growing land use type in the contiguous U.S., up
1/3 from 1990 to 2010 [1]. Alaska’s WUI share similar vulnerabilities to WUI areas in
general [2]. Even though Alaskan boreal forest fuel buildup from suppression isn't as
impactful as other areas [3], excess fuels in the WUI can make fires burn hotter and more
severely. Anthropogenic climate change is also altering wildfire risk in the Alaskan WUL
Climate change has already begun to intensify wildfire activity in portions of the western
United States and is anticipated to continue increasing activity in the coming years [4].
Alaska’s forests are anticipated to burn more severely, be susceptible to more fire danger
days, and smoke from wildfires is expected to pose an increased risk to Alaskans under
potential future climate scenarios [5-8]. The Intergovernmental Panel on Climate Change
(IPCC) identifies how climate change affects wildfire regimes including increased risk
and severity [9]. Climate-related wildfire regime changes including longer fire seasons
will also compound challenges with excess fuel accumulation in WUI locations, posing a
larger threat to life and property [10]. Alaskans will not only be faced with increasing costs
associated with climate altered fire regimes, as virtually all projected climate scenarios will
increase wildfire suppression costs [11], but will be under more pressure to reduce their
home ignition risks by reducing fuels on their property. This study aims to enhance our
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understanding of factors which shape homeowner preferences for fuel reduction in the
Alaskan WUL

There have been a number of studies examining the effects of wildfire on residents
and the economic damage at the individual and community levels [12-14]. Wildfires
occurring in wildlands near WUI neighborhoods give residents little opportunity to react.
People in these communities have little control over wildfire spread beyond their prop-
erty boundaries. Even so, homeowners can still make a priori decisions to reduce their
individual risk that can affect wildfire risk and house ignition probabilities for their entire
neighborhood. Effort put into pre-suppression activities can lessen fire impacts, while also
lowering overall suppression costs [15]. Because risk mitigation actions are an essential
element to suppressing wildfire in WUI communities, programs such as Firewise [16] help
defend against wildfire by educating and building support networks. Because the success
of wildfire suppression can depend closely on pre-suppression activities of individual
homeowners, we seek to understand the factors which drive homeowners to invest in risk
mitigation actions on their property. We built a discrete choice experiment to estimate
Alaskan homeowners” Willingness-To-Pay (WTP) for wildfire risk reduction on their own
property in the presence of a number of factors including the level of neighborhood in-
volvement, the level of risk reduction to their property as well as that of their neighbors,
and the presence or absence of fuel treatments on nearby public lands.

A distinct set of complexities necessitate that the state of Alaska manage wildfire
in a unique fashion. Both the size of the state and a small, but clustered population
facilitate unique fire management strategies. For example, interagency planning prescribes
allowing wildfires to passively burn if there are no identified infrastructure or resource
values at risk from fire to protect [17]. A significant portion of the state’s population live
in small scattered, usually roadless, communities surrounded by forest or tundra. Private
property in these locations can be at substantially higher risk than others in more populated
areas due to proximity to hazardous wild vegetation, lack of local fire departments, and
their remote locations. Mitigation actions taken on private lands can offer benefits to
individual homeowners as well as entire WUI neighborhoods in the form of communal
risk reduction. If state and federal agencies want to incentivize homeowners to minimize
fuels on their property, they must recognize how homeowners value this wildfire risk
reduction. Specifically, they need to estimate the value homeowners put on their own risk
mitigation actions, the level of combined neighborhood mitigation activity, and the amount
of land management agency involvement. These values could support future discussion of
wildfire mitigation programs which incentivize individual homeowner action.

The number and costs of wildfires affecting human life and property in Alaska is
burdensome. For the period between 2007-2020, there were approximately 250 wildfires
that were larger than 50 acres in fire management areas identified as critical and full
protection zones (for a full definition of the zones, please see the 2019 Alaska Statewide
Master Agreement [17]). These fires destroyed approximately 305 structures. Most of this
structural damage occurred during four fires: The Caribou Hills Fire (2007), the Hastings
Fire (2011), the Sockeye Fire (2015), and the McKinley Fire (2019) [18]. In 2015, there
were over 5.1 million acres burned statewide. The fires caused widespread smoke and
poor visibility for many Alaskan residents. Suppression costs have reached new highs in
recent decades. The Funny River Fire in 2014 cost approximately $11.5 million dollars to
suppress. The Sockeye (2015) and Hastings (2011) fires had substantial suppression costs
of approximately $8 million and $18.5 million, respectively. The 2019 fire season saw seven
wildfires with estimated suppression costs greater than $10 million, with the Swan Lake
fire topping out at $43.6 million. Previous research estimates that future Alaskan wildfire
suppression costs will be over one billion dollars over the next 100 years [11]. While these
costs are considered small compared to those in other parts of the United States, they are
disproportionately large considering the population of the state.

Homeowners do not pursue sufficient wildfire risk mitigation activities [19]. Even
though risk mitigation actions have been shown to be equal to or more cost effective than
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direct wildfire suppression actions, WUI homeowners tend to under mitigate [15]. Within
the WUI, the range of land ownership, from public to private, makes pursuing wildfire risk
mitigation actions more difficult. Recent research suggests neighborhoods that reduce fuels
on property closer to public wildland boundaries slow the spread of wildfire through the
neighborhoods better than evenly distributed neighborhood fuel reductions [20]. In this
context, a buffer strategy is an arrangement of hazardous fuel reduction that prioritizes
the contact boundary separating wildlands and homes in the WUI neighborhood. This
neighborhood level risk reduction could have unintended consequences, as it could create
incentives for homeowners further away from this contact boundary to be satisfied with
indirect wildfire risk reductions provided by their neighbors without pursuing hazardous
fuels reduction on their own properties. There is also a link between the risk reducing
activities of homeowners living in WUI locations and the value of their homes [21].

Privacy and amenity values may discourage homeowner wildfire risk mitigation ac-
tions [22,23]. WUI residents may be reluctant to modify landscaping on their property until
a wildfire is imminent [19]. Homeowners also display this reluctance with a lower WTP for
risk mitigation activities on their own property when compared to risk mitigation activities
on nearby public lands [13]. In one experimental setting, fuel treatments on nearby public
lands produced a ‘crowding out’ effect as subjects responded to increased public risk mitiga-
tion activities by reducing spending on private risk mitigation actions. [24,25]. There is also
a common thought that homeowner protection from wildfire will come from local, state or
county/borough government suppression agencies. An analysis by Vogt et al. [26] found
that trust in these governmental agencies to defend homeowner property from wildfire
was significant. Additionally, the self-assessment of wildfire risk can predict homeowner
behavior more than objective wildfire risk. Private homeowners can underestimate the
objective risk levels in their community, as education programs were positively correlated
with higher levels of homeowner fuel mitigation [27]. This increased risk information
drove risk mitigation behavior more than previous wildfire experience [28]. Even while
acknowledging that education increases risk mitigation activities, government programs
have had inadequate financial support for education-based wildfire programs [29]. The
advantage of decreasing wildfire risk by increasing mitigation activities is intuitive, but
these reasons provide insight on why homeowners do not always maintain their fuel loads
in WUI communities.

So, what drives homeowners to invest in fire mitigation activities on their properties?
There is evidence that suggests social norms influence homeowners in WUI areas to
participate in these activities [30]. Specifically, non-expert and informal information from
other community members affects homeowner perceptions of wildfire risk. A 2013 study
identified both a “sense of community” and “community problem solving” as motivators
to increase mitigation actions on homeowner property [31]. Community engagement is
also positively associated with involvement in community wildfire programs [32]. Even
with adequate insurance, homeowners in WUI communities had large WTP for wildfire
risk reduction through pre-suppression actions [24]. While homeowner’s insurance can
mitigate loss, it rarely covers all loses [33]. There are several studies using a wide range of
methodologies and techniques that examining the non-market valuation of wildfire risk
reduction [13,33,34]. Many of these studies show positive and significant WTPs across
different wildfire risk areas and regions in the US, suggesting that we can attempt to
identify WTP estimates for wildfire risk reduction in Alaska.

2. Materials and Methods

In the context of this work, Table 1 defines terms as we have used them in the text.



Sustainability 2021, 13, 11754

40f11

Table 1. Terminology and definitions of key vocabulary used in the study.

Term Definition
Variable Categories in the choice experiment that have different attribute levels.
Attribute level Different options a variable can have in the choice experiment.
Utility Value that one receives from a choice or action.
Risk Probabilistic chance that a homeowner will encounter a hazard.
Hazard An act that causes damage to a home or property (wildfire).
Non-Market Services or benefits that are not directly sold in a market.

We used a discrete choice experiment, along with a prequestionnaire to assess home-
owner willingness-to-pay for fuel treatment actions on their property. Discrete choice
experiments are an important tool to assess nonmarket benefits by examining a type of
stated preference valuation. While there are significant short comings with this method-
ology in a hypothetical setting [35], it is a significant improvement on previous methods
of evaluating the nonmarket values of natural resources [36]. In a choice experiment,
respondents are presented with choice sets that are comprised of combinations of variable
attribute levels. Assuming that respondents will select the option that gives them the
greatest utility, their choices can be used to estimate WTP for each of the variable attribute
levels. The choice experiment asked homeowners to select their most preferred scenario
from a set of three alternatives. Each option was comprised of five variables with different
attribute levels (Table 2). The variables included the cost to the homeowner of reducing
fuels on their property, the number of neighbors reducing fuels on their property, and
the level of risk reduction to the homeowner and to their neighbors. Finally, scenarios
also included land management agency decisions reflected by the type of fuel treatment
pursued on nearby public lands. As seen in Figure 1, land management agency actions
included ‘none’, thinned (removal of hazardous fuels from forest floor and understory) and
cleared (near complete removal of all hazardous fuels). There are a number of variables
that drive homeowner behavior, so it is vital to identify the most important indicators
of this behavior and attempt to assess their utility. We vetted all variable levels through
multiple pilot surveys to evaluate their feasibility in a field setting.

Figure 1. From left to right: Images that were included in the survey to describe the land management agency actions for

fuel treatments as cleared, thinned and none.
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Table 2. Choice Experiment variables and corresponding attribute levels. The cost variable had five attribute levels from $0 to $2000. The other variables had three attribute levels.

Variable

Cost of Preparing Your
Property

Number of Nearby Neighbors
Preparing Their Property

Fuel Treatment Type on
Neighboring Public Lands

Reduction in Wildfire Risk to
Your Property

Reduction in Wildfire Risk to
Your Neighbors

Attribute level 1

Attribute level 2

Attribute level 3

Attribute level 4
Attribute level 5

No action on your
property

$500

$1000

$1500
$2000

No neighbors preparing their
property
1-4 neighbors preparing their
property
5 or more neighbors preparing
their property

none
none

No fuel treatment on nearby
public lands
Nearby public lands have been
thinned to create shaded fuel
breaks
Nearby public lands have cleared
fuel breaks where all trees have
been removed
none
none

No reduction in wildfire risk

25% reduction in risk over 10 years
(from a 20/1000 chance to a
15/1000 chance)

50% reduction in risk over 10 years
(from a 20/1000 chance to a
10/1000 chance)
none
none

No reduction in wildfire risk

25% reduction in risk over 10 years
(from a 20/1000 chance to a
15/1000 chance)

50% reduction in risk over 10 years
(from a 20/1000 chance to a
10/1000 chance)
none
none
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We implemented the discrete choice experiment as an online survey, with a significant
prequestionnaire. To be eligible for inclusion in the sample, a homeowner needed to live in
an area with significant wildfire risk and needed to have current contact information in
the local property tax database. Once we pooled the eligible homeowners into a sample
frame, we randomly selected 1000 homeowners from two Alaskan boroughs: The Kenai
Peninsula Borough and the Fairbanks-North Star Borough. Homeowners were initially
contacted by letter and asked to participate in the survey. After follow-up contact, a to-
tal of 388 homeowners participated in the survey (with a response rate of 19.4%). Each
respondent viewed approximately six choice sets comprised of three scenarios each (aver-
age of 18 total choice scenarios) which were differentiated by randomly selected variable
attributes levels. Respondents identified their most preferred option from each set of
scenarios. The prequestionnaire allows us to use responses in the context of WTP. Specifi-
cally, we included open ended questions to elucidate reasoning behind respondent choices.
The prequestionnaire spent significant time explaining various topics, definitions, and
considerations to increase a respondent’s understanding before answering questions. The
technical methodology employed for estimating WTP from survey responses includes
Random Utility Model (RUM) and Hierarchical Bayesian (HB) estimation [37,38]. A more
thorough discussion of these topics, including choice experiment design can be found in
Molina 2019 [39]. A copy of the survey instrument can be furnished upon request.

Our response rate allows us to make inferences at a confidence interval of 5% with a
95% confidence level for the entire state. While every effort was put into the random selec-
tion of homeowners for the survey, the distribution of respondent demographics did not
match up to the demographic picture of the state. Specifically, survey respondents between
the ages of 40-69 were overrepresented, as well as those with associates degrees or higher,
and households with gross annual household income from $50,000-$150,000. Although
our results aren’t generalizable to the state, our sample does reflect that homeowners in
the study regions are also more likely to have higher education, be older, and have more
income than non-home owning Alaskans.

3. Results

Respondents who completed the choice experiment portion of the survey (1 = 358)
had a greater willingness-to-pay for treating fuels on their own property when one to
four neighbors engaged in property mitigation than when no neighbors participated
or when five or more neighbors mitigated fire hazard on nearby properties (Table 3).
When neighboring land management agencies conducted hazardous fuel reduction actions,
homeowners clearly preferred fuel thinning over clear-cutting fuels (least preferred) and
taking no action. Private risk reduction spending increases with the level of wildfire risk
reduction but does so at a diminishing rate. Responses to reducing the wildfire risk to
neighbor’s property followed the same trends. In summary, homeowners were most
willing-to-pay for reducing fuels on their property when 1—4 neighbors also participated
in fuel reduction actions, fuels were reduced on public lands by thinning, and the risk to
themselves and the neighborhood was reduced by 50%.

Table 3. Willingness-to-Pay (WTP) estimates for all choice experiment respondents. Baseline (least
preferred) attribute levels are indicated by “-” WTP.

Variable Attribute Level WTP

Number of nearby neighbors preparing their property
No neighbors preparing their property -
1-4 neighbors preparing their property $319.24

5 or more neighbors preparing their property $14.78
Fuel treatment type on neighboring public lands
Cleared

Thinned $1456.56
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Table 3. Cont.
Variable Attribute Level WTP
None $764.58
Reduction in wildfire risk to your property
No reduction in wildfire risk -

25% reduction in risk over 10 years $1050.02
50% reduction in risk over 10 years $1179.36

Reduction in wildfire risk to your neighbors
No reduction in wildfire risk -
25% reduction in risk over 10 years $596.27
50% reduction in risk over 10 years $652.91

4. Discussion

The results are generally consistent with behaviors found in other studies [19]. Specifi-
cally, spending on private risk mitigation is tied to amenity values (privacy, shade, visual
appeal, wind abatement etc.) and the social norms of contribution. While homeowners saw
neighbor mitigation as beneficial, excessive amounts of this activity were less preferred,
as shown in the smaller WTP estimates for five or more neighbors mitigating. This level
of neighbor involvement may have been seen as removing too much vegetation in the
neighborhood. Homeowners preferred certain actions irrespective of other considerations
(cost, risk reduction, and land management agency mitigation), indicating that amenity
values drove homeowner choices. On the other hand, since WTP estimates were similar
for no neighbors mitigating and five or more neighbors mitigating, this middle ground
suggests that there is a balance between preserving amenity value and contributing to
the social good. Especially when we consider that respondents aren’t willing to pay for
wildfire risk reduction when at least a few neighbors aren’t pursuing the same activity.
These results suggest that surveyed homeowners wanted community level participation in
fuel reduction but did not want to change vegetation within the landscape to the point of
diminishing the aesthetic value of the neighborhood.

Land management decisions on public lands near WUI communities need to consider
the amenity values fuel loads can provide. Previous studies indicate that both thinned and
clear-cut fuel treatments reduce the severity and rate of spread of wildfire in modelling
settings [40]. If based solely on wildfire risk reduction, we would expect the dominant
attribute level choice to be clear-cutting, followed by thinning and finally no mitigation,
although lack of forest canopy does not guarantee zero fire risk. Homeowners, however,
had a clear preference for thinned fuel treatments over cleared fuel breaks. Likewise,
they also preferred no treatments on public lands over cleared fire breaks. The positive
WTP for no mitigation on public lands suggests that homeowners would rather pay for
fuel treatments through actions on their own property than for clear-cutting on nearby
public lands.

There are several factors that may influence Alaskan homeowners’ preferences for
fuel treatments. One factor may be the existence of permafrost soils. These soils are
always frozen and must remain so in order to provide stability for structures built on
top of them. When clear cutting reduces shading and thermal insulative properties of
the forest floor, thawing can destabilize infrastructure and induce erosional crack and
sinkholes (thermokarst) [41]. Homeowners can control the reduction of fuels on their own
land, and therefore the thawing effects of that fuel reduction. Another explanation is that
homeowners value the amenities provided by hazardous fuels more than the expected risk
reduction from fuel removal. The larger WTP estimates for no mitigation actions taken on
public lands over clear-cutting public lands also supports this view. Homeowners preferred
the thinned fuel treatments that provide both amenity value and wildfire risk reduction.
However, the higher WTP for thinned fuel treatments do not align with the increased costs
of these treatments, which can reach $8000 per acre in Alaska [42]. Some of these results
align with a Holmes et al. study [13] where WTP was larger for thinned fuel treatments
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on public lands than for direct homeowner risk reduction. A similar finding was seen in a
qualitative analysis from Paveglio et al. [23].

The WTP values on risk reduction are intuitive but highlight some key results. WTP
was higher for increased risk reduction for both the homeowner’s property, as well as
neighbors’ property. However, WTP was much larger for risk reduction to a respondent’s
own property than their neighbor’s. This suggests that choices are still driven primarily
from an individual utility maximization perspective. However, the WTP for neighbor risk
reduction also indicates that there is some level of altruism associated with respondent
choices. The small differences in WTP from the 25% to the 50% levels suggest that there
was only a marginal increase in value for that amount of increase and that the impact of
more risk reduction diminishes. This marginal increase was seen in similar amounts for
both risk reduction on the homeowner’s property, as well as neighbors’ property.

5. Conclusions

While it is intuitive that homeowners want to reduce the risk of wildfire damag-
ing their property, it is important to estimate how they value this reduction considering
increases in future projected wildfire frequency and severity and continuous fuel accu-
mulation. Alaskan homeowners in areas with significant wildfire risk had positive WIP
for neighborhood fuel reductions, as well as mechanical thinning of fuels on surrounding
public lands. The drastic differences in WTP for private mitigation when thinning is present
implies that the amenity values of wildlands were a significant driver of this type of fuel
reduction. There is evidence that suggests homeowners preferred shaded (thinned) treat-
ments in areas underlain by permafrost to avoid adverse consequences to infrastructure
and hydrology [43] and quantitative evidence suggests shaded vegetation breaks may be
appealing for other amenity values. The best way to leverage the WTP estimates from
this study is to use them when planning and incentivizing fuel reductions, both on public
and private lands. Land managing agencies can leverage the significant WTP for thinned
fuel treatments through vying for several payment mechanisms, including taxes and user
fees. Risk analyses, especially those under the most likely climate scenarios, should target
areas with the highest wildfire risk, and fuel treatment plans should be well-publicized
with community involvement encouraged to entice homeowners to mitigate on their own
property. While this work laid a foundation for understanding the preferences and motiva-
tion of homeowners for fire fuel reduction practices, the research should be expanded into
other areas of the state (for example, rural Alaska) and could include many other types
of wildfire mitigation and preparation activities. The IPCC report makes it very clear that
swift action needs to be taken to adapt to changes to boreal forest wildfire regimes [9]. The
state of Alaska must continue to be prepared for climate change and its effects on wildfire
in the state.
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Informed Consent Statement: All participants in the survey agreed to the following statement
before being allowed to respond to the survey: “Thank you for taking part in this research study
about Alaskan wildfire risk. The goal of this study is to learn what fuel reduction actions you would
take part in. This study also looks at factors that change how you and your neighbors take these
actions. You are being asked to take part in this study because you live in the wildlife urban interface
(WUI). Please read this form carefully. Please ask questions about the study before deciding to
participate. In this survey, you will be asked about your previous wildfire experiences. You will
also be asked how you maintain your property. Most of these questions will be multiple choice,
with a few being open answer. There will also be a choice experiment where you can choose from
different risk reducing activities. All data gathered will be confidential and will not be associated
with any personal information. Your responses will be kept completely anonymous. The data from
this survey will only be shared with research personnel. This survey will be helpful for future studies
of fuel treatments and wildfire risk. The only cost to do this survey is your time. Data will only be
shared in group form. Your participation is voluntary and you may stop at any time. If you finish the
entire survey, you will be entered in a drawing for one of 20-$50 Amazon gift cards. The drawing
will take place on November 30th. Your responses will be kept separate from personal information
collected. Personal information collected will only be used for the drawing. This survey depends on
the property owners in your area. The benefits to doing this survey include gaining more information
about wildfire risks. It also includes how others value reducing this risk. This study aims to be useful
to all people who live in or close to the WUI. At the end of the project, a report of findings will be
available to the public. There may also be other documents and public presentations available to the
public. Answering questions in this study may also affect policy and decision making on multiple
governmental levels. Confidentiality: Your answers will not be associated with your name. Your
answers will only be shared in group form. We will code your answers with a number so they are
confidential. Only your PIN will be connected with your name. We will get rid of paperwork and
store all survey records, such as the document connecting your name to your PIN. I agree to take
this survey. I do not agree to take this survey. If you have questions, you may contact Allen Molina
at acmolina@alsaka.edu or 907-474-5534. Also, Joseph Little may be contacted about this research
at jmlittle2@alaska.edu or 907-474-2711. The UAF Institutional Review Board (IRB) is a group that
examines research projects involving people. This review is done to protect the rights and welfare
of people involved the research. If you have questions or concerns about your rights as a research
participant, you can contact the UAF Office of Research Integrity at 474-7800 (Fairbanks area) or
1-866-876-7800 (toll-free outside the Fairbanks area) or uaf-irb@alaska.edu”.

Data Availability Statement: All datasets used and analyzed in this study are available from the
corresponding author on reasonable request. Survey data will have all individual identifiers removed
before submission to respect respondent confidentiality.
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