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Wildfire in Hedonic Property Value Studies 
 

Winslow D. Hansen1, Julie M. Mueller2, Helen T. Naughton3  
 

Introduction  
An expanding wildland-urban interface (WUI)4 coupled with increased frequency and severity of 
wildfires has increased the importance of estimating the economic impacts of wildfires. 
Economic impacts need to be investigated to justify the rapid increase in wildfire suppression 
costs and inform other wildfire management decisions. Hedonic property modeling is a method 
that uses changes in property values to estimate the costs (or benefits) associated with wildfire. 
It is a unique tool that can help inform novel wildfire management and provide insight into ways 
to balance the social-ecological costs and benefits of wildfire. In this paper, we review hedonic 
property studies estimating the economic effects of wildfire. 

The market costs of wildfire suppression and protection are substantial. Federal fire suppression 
and protection costs average more than 3 billion dollars per year, consuming almost half of the 
U.S. Forest Service’s annual budget (Gorte 2013). In many western forests, wildfires are an 
integral ecological driver, resetting forest succession and fostering ecological heterogeneity 
(Turner 2010). However, western wildfires are becoming more frequent and larger as climate 
warms. These trends are projected to continue over the 21st century (Westerling et al. 2006, 
2011). Wildfires burned approximately 2.75 million ha per year since 2000, more than double 
the 1990s average (Weeks 2012). Policymakers are therefore under increasing pressure to 
develop strategies that cost effectively balance protection of WUI property with maintaining the 
ecological necessity of wildfire (Stephens et al. 2013). 

The WUI are areas where at least six homes per square km are interspersed among natural 
vegetation (Radeloff et al. 2005, Stewart et al. 2007). WUI expansion in the western U.S. often 
occurs where wildfires burn at high intensity and are difficult to suppress (Theobald and Romme 
2007). Developing cost-effective management strategies therefore requires improving 
understanding of how WUI homeowners perceive and respond to wildfires (Steelman et al. 
2004, Sturtevant and Jakes 2008, Hansen and Naughton 2013). Often, policymakers assume 
humans respond negatively to wildfire. Yet, increasing evidence suggests people evaluate 
complex tradeoffs between amenities enhanced and degraded by wildfire (Donovan et al. 2007). 
Geographic variation in fire-regime characteristics also makes developing effective uniform 
policy problematic because diverse fire-regime characteristics likely influence WUI residents 

                                                
1 WHansen3@wisc.edu, Department of Zoology, University of Wisconsin, Madison, WI 53706. 
2 Julie.Mueller@nau.edu, The W.A. Franke College of Business, Northern Arizona University, Flagstaff, 
AZ 86011. 
3 Helen.Naughton@umontana.edu, Department of Economics, University of Montana, Missoula, MT 
59803. This author acknowledges funding from the Joint Fire Science Program under Project JFSP 12-1-
07-1. 
4 WUI is defined as “the area where houses meet or intermingle with undeveloped wildland vegetation” 
(Radeloff et al. 2005). 



Western Economics Forum, Spring 2014 
 

 
 

24 

differently (Chapin et al. 2008). Finally, actually experiencing wildfire is often still rare, increasing 
the challenge of fostering public investment (Gill et al. 2013, Hughes et al. 2013).  

Wildfire is essential for shaping the structure and function of many ecosystems. It determines 
vegetation composition, creates wildlife habitat, and alters biogeochemical cycling (Turner et al. 
1998, 2003, Turner 2010). Wildfires are often described by their severity (or ecological impact), 
size, and frequency of occurrence. These characteristics of wildfire can vary greatly by 
ecosystem (Stephens et al. 2013). For example, wildfires occur as frequently as once every one 
to five years in grassland ecosystems to once every 300 years, or longer in some coniferous 
forests (Turner et al. 2003, Schoennagel et al. 2006, Stephens et al. 2013). The characteristics 
of wildfire determine effects on environmental amenities and dis-amenities provisioned to 
people, such as carbon storage, timber production, and forest aesthetics (Chapin et al. 2003, 
Gallant et al. 2003, Hunt and Haider 2004, Balshi et al. 2009). Wildfire also responds strongly to 
changes in climate. Temperatures are expected to warm substantially over the 21st century, and 
will likely increase the frequency, size, and severity of wildfire (Westerling et al. 2006, 2011). For 
example, across the North American boreal forest, annual area burned is expected to increase 
by 74 to 118% by the end of the 21st century (Flannigan et al. 2005, Balshi et al. 2008). How 
ecosystems and environmental amenities are affected is therefore likely to vary in complex 
ways as a function of historical fire characteristics and the magnitude of climate-induced change 
in fire characteristics (Turner et al. 2013). These changes in wildfire will have important 
ecological ramifications that will affect people in profound ways. 

Despite growing need for high-impact economic research on wildfire-human interactions, the 
wildfire-economics literature is new and relatively sparse. Primary journals of the American 
Economics Association5 have currently published no articles on wildfire. Only six wildfire studies 
are published in two leading environmental economics journals The Journal of Environmental 
Economics and Management and Environmental and Resource Economics.6 Wildfire 
economics is better represented in other environmental journals such as Land Economics, 
Ecological Economics, and Journal of Forest Economics.7 Of note, high impact journals, such as 
Science magazine have published 26 articles containing both terms “wildfire” and “economics.” 
The lack of high-impact wildfire-economics publications in leading disciplinary journals, despite 
clear need, highlights extensive opportunities for research.8 The outline of this paper is as 
follows. We briefly introduce the ecological impacts and economics of wildfires. We then discuss 
current wildfire hedonic property model literature in detail. We conclude by identifying 
challenges and opportunities in employing the hedonic property method for wildfire valuation in 
the future.  

Wildfire Economics 
A comprehensive review of forest-disturbance economics, with a heavy focus on wildfire 
economics, was compiled by Holmes et al. (2008) in The Economics of Forest Disturbances: 
Wildfires, Storms, and Invasive Species. The book advocates for improved connection between 
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economic and ecological models. Economic valuation of forest disturbance is another major 
theme emphasized for its role in making management decisions and setting policy priorities. 
The review finds that too few valuation studies have been completed. Finally, Holmes et al. 
(2008) suggest improved fire management programs can lower costs and increase benefits to 
society. Further, management programs need to be evaluated in an integrated system that 
considers market and non-market values as well as ecological effects of wildfire. 

Wildfire effects span relatively easy to measure economic impacts, e.g., suppression 
expenditures, to more difficult to measure use and non-use values.9 Use and non-use values 
include foregone recreation opportunities such as hiking, hunting, and camping, and ecosystem 
services.10 To implement efficient wildfire policy, the nonmarket effects of wildfire need to be 
quantified. Economists appeal to non-market valuation to obtain the total economic effects of 
wildfire, including use and non-use values. Non-market valuation is based on revealed or stated 
preferences. Revealed preference models estimate non-market values based on observed data. 
Stated preference models estimate non-market values using survey instruments.11 While stated 
and revealed preference models each have strengths and limitations, a thorough analysis of 
how these methods apply to the non-market valuation of wildfire is beyond the scope of this 
paper, and yet another potential area of further research.12 However, it is well established that a 
large number of homeowners in the WUI are directly experiencing the impacts of more frequent 
wildfires in the US. Furthermore, the costs of wildfire suppression are positively related to 
protecting properties within the WUI (Liang et al. 2008). We therefore focus on wildfire in 
hedonic property models.  

Hedonic Property Models  
The hedonic property model estimates the value of different environmental characteristics, such 
as proximity to wildfire, by examining their impact on nearby housing or land prices. Rosen 
(1974) formalized the theoretical framework for the hedonic property model. This framework is 
based on the proposition that identical houses in similar neighborhoods are valued differently if 
the houses have varying levels of an environmental amenity or dis-amenity. Hedonic property 
models are considered revealed preference models of non-market valuation because via the 
house price, the researcher observes the monetary trade-off a consumer is willing to make to 
obtain certain housing characteristics (Taylor 2003). The hedonic property model formalizes the 
familiar idea that we expect houses with an environmental amenity, such as an ocean view, to 
have higher selling prices than houses without an ocean view.  

Hedonic property models have been used to value a range of amenities and dis-amenities, 
including: heterogeneity in public lands (Ham et al. 2012), environmental amenities and 
agricultural land value (Wasson et al. 2013), open space and water resource ownership (Netusil 
2013); water quality (Leggett and Bockstael 2000), and even nuclear waste transport (Gawande 
and Jenkins-Smith 2001). Forest-related HPMs include estimating the value of forest fuel 
reduction in Arizona (Kim and Wells 2005), and forest proximity and management practices 

                                                
9 See Barrio and Louriero (2010) for a meta-analysis of contingent valuation forest studies. 
10 See Loomis (2005) for an updated meta-analysis of recreational use values on national forests and 
public lands.  
11 See Venn and Calkin (2011) for a wider of review research related to non-market effects of wildfires.  
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(Kim and Johnson 2002). Despite the depth and breadth of hedonic property models in the 
environmental economics literature, we find little consensus on effects of wildfire from hedonic 
property studies. While hedonic property studies vary somewhat in method of estimation and 
specific variables, all follow the general format: 

Pit = f (Sit, Nit, Eit) 
(1) 

where the value of property i in period t (Pit) is estimated as a function of the structural 
characteristics of the property (Sit), neighborhood demographics (Nit) and environmental 
variables (Eit). In order to determine the marginal implicit price using a hedonic property model, 
it is necessary to control for other characteristics that determine house price or property value, 
including structural characteristics, neighborhood demographics, and housing market trends.13 
The resulting house price differential between houses with varying levels of an environmental 
amenity or dis-amenity is homebuyers’ marginal willingness to pay, or the marginal implicit 
price. 

Specification and method of estimation of hedonic property models is a well-established area of 
research spanning decades (Cropper et al. 1998). Most hedonic property models estimate 
equation (1) above, which provides the marginal prices of environmental amenities. If sufficient 
data are available, these first-stage parameters can be used to estimate a second-stage model 
of inverse demand function for these amenities (Rosen 1974). Studies that estimate both stages 
of the hedonic property model include Garrod and Willis (1992), Chattopadhyay (1999), Mahan 
et al. (2000) and Netusil et al. (2010). None of the wildfire hedonic property models to date 
estimate the second-stage model. Most hedonic studies, including the wildfire hedonic studies 
we discuss below, use semi-log specifications with the natural log of Pit as the dependent 
variable. Furthermore, Ordinary Least Squares (OLS) and Maximum Likelihood (ML) are the 
most popular estimation methods. Of the wildfire hedonic studies discussed next, Loomis (2004) 
and Mueller et al. (2009) use OLS, and the remaining papers use ML.14  

Wildfire in Hedonic Property Models  
Wildfire in the western U.S. has become increasingly prevalent on landscapes. Hedonic 
property models have been employed across many ecosystems ranging from southern 
California to Alaska. Thus far, results of the hedonic property model literature align with Spash 
and Vatn’s (2006) conclusion that non-market values of wildfires cannot be transferred across 
regions because social and cultural preferences associated with wildfire and characteristics of 
wildfires are heterogeneous. 

In the 1990s, the WUI near Los Angeles, California experienced five wildfires burning a total of 
around 1,100 ha. Employing property sales data from 1989-2003, Mueller and Loomis (2008), 
and Mueller et al. (2009) find negative effects of wildfire. Because of repeated fires in a small 
area, these studies are able to identify a drop in sales prices following the first and another drop 
following a second fire within 1.75 miles of a property. The consistent negative effects of fire 
may be explained by the moderate- to high-fire frequency in the region (Keeley 2006). Following 
a fire in the chaparral dominated landscape of Southern California, there is little decrease in 
                                                
13 See Taylor (2003) and Palmquist (1991) for a comprehensive discussion of the theoretical aspects of 
hedonic property models.  
14 A more detailed discussion of specification and methods of estimation is beyond the scope of this 
paper.  
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subsequent fire risk. Thus, from a homebuyers’ perspective, the reminder of fire risk outweighs 
any potential long-term ecological benefits, resulting in a drop in house price. 

In Colorado, fire frequency varies with elevation, from lower elevation ponderosa pine forests, 
that burn relatively frequently, to higher elevation conifer forests that burn less frequently 
(Veblen et al. 2000, Romme and Knight 1981). In 1996, the Buffalo Creek fire burned almost 
5,000 ha, destroying 10 houses two miles from Pine, Colorado. In the first published study 
estimating the impacts of wildfire on house prices, Loomis (2004) found that property values in 
the nearby town of Pine decreased by an average of 15%. The author cites an increased 
perceived fire risk and reduced recreational and aesthetic amenities as potential reasons for 
negative effects.15  

In 2002 the Colorado Springs fire department used a website to make public estimated wildfire risk 
to 35,000 WUI homeowners. Risk was calculated based on environmental and home 
characteristics. Using home sale prices pre-website (1998-2001) and post-website (2002-2004), 
Donovan et al. (2007) estimate the economic value associated with property characteristics. Some 
determinants of wildfire risk, e.g. dangerous topography near homes, changed little post-website. 
The positive and statistically significant effect of dangerous topography on sales prices endures pre 
and post-website. This suggests that property owners on ridges with higher wildfire risk and better 
vistas may have been aware of the wildfire risks associated with living on the ridge, or once they 
became aware, the vistas still outweighed the risk. Conversely, the value of wood roofs and siding 
(important contributors to homes’ risk of catching fire) became negative post-website. The latter 
finding highlights potential opportunities for public education related to wildfire risk. 

In the northern Rocky Mountains, Stetler et al. (2010) estimate the impacts of 256 wildfires on house 
prices across 4 million ha of northwestern Montana, between 1996 and 2007. Similar to California 
and Colorado, the authors find that proximity to wildfire and view of burned area has a “persistent 
negative effect” on house prices. Interestingly, Stetler et al. (2010, pp. 2241-2242) find evidence of 
“out of sight, out of mind” mentality with respect to wildfire. Many coefficients estimating economic 
value associated with higher wildfire risk (e.g. canopy cover) are negative and statistically significant 
for the subsample of homes with views of past fire but become statistically insignificant for the 
subsample of homes without views of past fire. This suggests public education campaigns, similar to 
those in Colorado Springs, could improve knowledge, fostering private proactive fire-mitigation 
strategies, particularly for properties without views of past fire. 

Exploring the effect of 33 large wildfires (>3.3 ha) and 1160 small wildfires (<3.3 ha) that burned 
on the western Kenai Peninsula, south-central Alaska, between 1990 and 2010, Hansen and 
Naughton (2013) find wildfires can actually increase property values. Using assessed property-
value data for 2001 and 2010 reveals small wildfires decrease property values while large 
wildfires increase values on Kenai Peninsula. Furthermore, they find the estimated positive 
effect of large wildfires does not appear until five years after fire. They speculate that, while 
small wildfires have little impact on forest density, large wildfires could open up aesthetically 
pleasing views of mountains and Cook Inlet beyond. Further, fire frequency is lower in white 
spruce of the Kenai compared to ecosystems in California and Colorado (Berg and Anderson 
2006). Thus, people on the Kenai may evaluate risk of subsequent fire in different ways, 
compared to other study sites.
                                                
15 Of note, the Buffalo Creek fire was followed by a devastating flash flood two months later that 
destroyed the town’s water treatment system and main highway. Thus, it is difficult to separate the effects 
of flooding versus fire on property values in this study. 
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Challenges, Opportunities and Conclusion 
Our review suggests impacts of wildfire on home values vary by ecosystem and may influence 
amenity values for homes differently. Many appealing amenities are also associated with higher 
wildfire risk. We find this in the conflicting estimated implicit prices—after wildfires in certain 
ecosystems home values increase, in other areas home values decrease. To encourage further 
research, we conclude with key challenges and future opportunities summarized in Table 2 
below.  

Table 2. Identified challenges and proposed research opportunities in future wildfire 
hedonic property models (HPMs). 
 Description Recommendations 
Challenges   
Spatial dependence Not resolved how important 

spatial dependencies are in 
wildfire HPM and how they 
should be statistically 
analyzed. 

Apply current spatial-
econometric best 
practices to wildfire 
HPMs. 

Data availability Property sales data are not 
publically disclosed in many 
states. 

Use sales data to 
evaluate suitability of 
assessed property values. 

Opportunities   
Varying fire characteristics Frequency, size and severity 

of wildfire varies profoundly 
across ecosystems. 

Determine how variation 
in wildfire frequency and 
severity affects property 
values differently.  

Amenities affected Studies often quantify the 
effect of wildfire itself. 

Identify amenities affected 
and incorporate into 
HPMs.  

Amenity versus Risk 
Tradeoffs 

Relative importance of 
amenities versus risk unclear. 

Integrate ecological study, 
statistical tools, and 
survey results to explicitly 
incorporate risk and 
amenities into HPMs. 

 
Spatial dependence within housing and property data inherently confound hedonic property 
studies. However, the extent to which spatial dependencies impact estimated values and how 
they should be modeled is not yet resolved. If the data generating process exhibits spatial 
dependence, failure to allow for the dependence may cause biased and inefficient coefficient 
estimation (Brasington and Hite 2005). LeSage and Pace (2009) argue for the spatial Durbin 
model when estimating equations with potential spatial dependence in the data generating 
process (Elhorst 2010). Ham et al. (2012) apply a joint spatial lag and error model in a hedonic 
property model estimating the value of public lands, whereas Wasson et al. (2013) apply a two-
step feasible generalized least squares in a hedonic property model estimating the impact of 
environmental amenities on agricultural land. Other recent developments in spatial 
econometrics, however, argue for the spatial error model (Glass et al. 2012). In addition, some 
studies suggest incorporating nonstationarity in spatial processes (Chadourne et al. 2013). For 



Western Economics Forum, Spring 2014 
 

 
 

30 

current wildfire hedonic property models, Hansen and Naughton (2013) use the spatial lag 
model while Mueller and Loomis (2008) present the spatial error model. Mueller and Loomis 
(2010) consider the spatial Durbin model, however their specification criteria reject the spatial 
Durbin model in favor of the spatial error model. Since the non-market values of wildfire from 
hedonic property models are a direct function of the estimated statistical model, reliable and 
accurate measurements are essential for informing management policies. Current literature 
shows that explicit spatial modeling is likely necessary to obtain reliable and accurate 
measurements of the effects of wildfire from hedonic property models, however there is not a 
consensus on the preferred spatial model.  

A second challenge is the confidentiality of property sales price data. Law prevents fourteen 
states from publically disclosing sales data.1 For these states the tax-purpose assessed 
property value data have been used instead. While the mainstream hedonic property models 
overwhelmingly favor sales data, the superiority of sales data is debatable (e.g. Kim and 
Goldsmith 2009, Ma and Swinton 2012).  

“The presumed superiority of individual transaction data over non-market estimates [ ] 
is based on the [heroic] assumption that the housing market is in an equilibrium in which 
all opportunities for possible gains from further trade at the revealed set of prices have 
been exhausted (Freeman 2003, p. 361).”  
 

According to Freeman (2003) and Horowitz (1986) this assumption about sales data does not hold 
in the real world. It is also not clear whether assessed property values approach an equilibrium 
price. However, assessed values are a practical alternative that make hedonic property studies 
possible in non-disclosure states. Assessment processes and models vary by states and assessors 
offices. Therefore, it is possible that the superiority of assessed property values over sales data in 
hedonic property studies, found in a number of studies (see Kim and Goldsmith 2009, Ma and 
Swinton 2012), may not be universally applicable. Further research, comparing sales versus 
assessed property values is warranted. Regardless, widely accessible and appropriate housing data 
is central to effectively using hedonic property models to inform wildfire policy. 

Despite challenges, we identify several exciting opportunities for wildfire hedonic property 
studies to pursue, including:  

• Varying fire characteristics: The lack of consistent results in the literature suggests that 
future research is needed to distinguish how varying wildfire frequency, size, and 
severity across ecosystems influence property values differently (Fig. 1). Within 
ecosystems, researchers must better quantify how wildfire effects vary spatially 
(distance from fire) and temporally (time since fire).  

• Amenities affected: The next generation of wildfire hedonic property models must go beyond 
quantifying effects of the wildfire itself. Researchers need to identify suites of amenities 
affected by fire, how they change, and whether people value the affected amenities. For 
example, In Alaska, it is likely that fire led to aesthetically pleasing views increasing property 
values and outweighing negative effects (Hansen and Naughton 2013). In contrast, in 
Montana, views of wildfire decreased property values (Stetler et al. 2010).  

• Amenity versus Risk Tradeoffs: Further, researchers need to evaluate whether tradeoffs 
exist between amenity and risk. A forested view, highly sloped property, and wooden 

                                                
1 The states are Alaska, Idaho, Indiana, Kansas, Louisiana, Maine, Mississippi, Missouri, Montana, New Mexico, 
North Dakota, Texas, Utah and Wyoming. 
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roofing can have high amenity value. However, wildfire risk associated with these 
characteristics is also high, resulting in conflicting amenity versus risk value. The 
hedonic property model is well established to estimate implicit prices for wildfire. 
However, it is difficult to measure amenity- and risk-value tradeoffs (Donovan et al. 
2007). Rigorously incorporating tradeoffs will likely require interdisciplinary research, 
integrating ecological study, statistical tools and survey techniques. 

 

Climate-driven changes to wildfire and continued WUI expansion are leading to increasingly 
intractable conflict. Solutions will require improved information on how people respond to wildfires 
under different social and geographic contexts. Wildfire hedonic property models could contribute to 
developing effective strategies that successfully balance human-wildfire interactions. However, 
continued development of the hedonic approach, including incorporating both ecological and 
economic elements, is needed for substantial contributions in wildfire management. 

 
Figure 1. Wildfire effects on property values vary geographically. A. Wildfire effects on property 
values are a function of fire characteristics such as fire severity and frequency, perceived risk, and 
amenities. Characteristics of fire contribute to perceived risk and also affect environmental amenities 
important to people. B. In California, grassland-chapparal, fires occur relatively frequently. In this system, 
the occurrence of fire can serve to remind people of fire risk. However, one wildfire does not preclude the 
occurrence of subsequent fire. Thus, perceived risk may outweigh any effects on amenities. Photo by B. 
Harvey. C. On the Kenai Peninsula, Alaska, white/Lutz spruce forests also experience wildfire. 
Historically, however, fires burn much less frequently than the California Chaparral. In this system, the 
occurrence of fire may lower peoples’ perceived risk of subsequent fire. Amenities may dominate effects 
on property values. Some amenities may be enhanced by fire, others may be degraded. Amenities will be 
contextually dependent on the system. Photo by W.D. Hansen. 
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