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Abstract 
As the frequency and severity of large wildfres in the western United States have grown, impacts to private property and air quality have 
typically attracted the greatest attention; however, wildfres can also substantially affect water resources, altering watershed function and 
contaminating drinking water supplies. Although there is signifcant scientifc literature describing impacts of wildfres on water resources, the 
literature on economic dimensions of these impacts is limited. In this article, we identify ways in which economic analyses can contribute to 
understanding and managing wildfre impacts to water resources and review pertinent literature to characterize important areas of future work. 
These include estimation of damage costs, measurement of avoidance behavior and costs, mapping risks to infrastructure and the environment, 
optimization of fuel treatments, and risk mitigation. The areas of research covered in this review will only become more important as the climate 
changes and wildfres continue to pose a risk to natural resources. 

Study Implications: Rising wildfre activity in the western United States increasingly threatens watersheds and water supply infrastructure. 
Effciently managing this risk requires understanding both potential impacts and the costs and benefts of potential management responses; 
however, little economic research exists on wildfre impacts to water quality. This article identifes and reviews relevant literature from four areas 
where economic analysis can contribute to managing these impacts: (1) identifying potential for adaptation, (2) measuring damage costs, (3) 
mapping risk, and (4) developing models to optimize damage mitigation strategies. 
Keywords: forest disturbance, water resources, risk mapping, forest management, wildfre, water quality, cost-beneft analysis 

Over the past several decades, climate change has contrib-
uted to large increases in wildfre hazards (Abatzoglou and 
Williams 2016; Jolly et al. 2015), leading to mounting health 
risks (Burke et al. 2021) and damage to the built environ-
ment (Buechi et al. 2021). Although these impacts typically 
garner the most attention, effects of fres on water quality 
have also emerged as a topic of signifcant concern following 
recent wildfre-related disruptions to drinking water supplies 
in the United States (Proctor et al. 2020; Writer and Murphy 
2012) and Australia (Walton 2020). In the United States, the 
drinking water supplies for 83 million people are primarily 
(>50%) derived from forested lands (Liu et al. 2022). As the 
frequency of catastrophic wildfres increases, so too does the 
potential for impacts to critical watersheds (Hohner et al. 
2019). Moreover, catastrophic fres that enter urban areas— 
of which the United States has seen several in recent years 
(e.g., the 2017 Tubbs Fire, the 2018 Camp Fire, the 2020 East 
Troublesome Fire)—pose risks to water storage and delivery 
systems. Optimal management of wildfre impacts to water 
resources requires both an understanding of potential impacts 
and an understanding of costs and benefts of management 
actions. However, although there exists extensive documenta-
tion of wildfre impacts on water quality, economic analysis 
has been infrequently applied to understanding the signif-

cance of these impacts and effcient ways of adapting to or 
mitigating them. 

This article aims to provide a review of existing literature 
related to economic impacts of wildfre on water quality and 
to identify areas where economic research can contribute to an 
improved understanding and management of wildfre impacts 
with respect to water quality. We consider that the primary role 
for economics in this case relates to the understanding of two 
overarching categories of costs: direct and indirect economic 
impacts (i.e., benefts and damage costs that occur due to 
resource impacts) and adaptation costs (i.e., monetary expenses 
incurred before or after an event to reduce damage costs). 

Economic analyses of wildfre impacts to water quality can 
contribute both to understanding the extent of impacts and 
what can optimally be done to minimize those impacts. For 
example, economic analysis may provide estimates of the eco-
nomic value of direct impacts or estimate adaptation costs. 
These costs remain understudied, limiting understanding of 
the economic signifcance of wildfre effects on water quality. 
What’s more, economic analysis can estimate the extent to 
which avoidance and mitigation behavior may offset poten-
tial damage. 

After providing a brief background on the physical impact 
wildfres have on water quality,1 we discuss ways in which 
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economic analyses can contribute to understanding the costs 
and benefts of adaptation behavior, and the extent of poten-
tial damage. These sections highlight existing research on 
these topics, and how economic analysis can further contrib-
ute to improved understanding of wildfre impacts to water 
quality. We also discuss how economic analysis can contrib-
ute to minimizing impacts of wildfres on water quality. Such 
analyses include cost–beneft analyses and optimization mod-
els and necessarily rely on accurate estimates of avoidance 
behavior, adaptation costs, damage costs, and estimates of 
risk. They also may include spatial descriptions of the vari-
ation of risk, which may allow prioritization of mitigation 
activities over space. 

Background 
Fire is crucial to the functioning of many ecosystems glob-
ally (Scott et al. 2013). Many landscapes depend on fre for 
plant propagation (Pausas and Lamont 2022) and the general 
health of habitats (Pausas and Keeley 2019). However, wild-
fres can also have negative consequences for water resources 
depending on their timing, frequency, and severity, and their 
location with respect to infrastructure and human commu-
nities. For example, wildfres can alter the timing of stream-
fow, sediment production, and downstream water chemistry 
(Hohner et al. 2019). This can have consequences for water 
treatment, water storage, and ecosystem health for peri-
ods ranging in length from a few years to multiple decades 
(Wagenbrenner et al. 2021). Wildfres that burn in developed 
areas—which have been increasingly common in recent years 
(Buechi et al. 2021)—can have distinct effects, including con-
tamination of drinking water supplies with volatile organic 
compounds such as benzene (Solomon et al. 2021). 

By consuming surface biomass (Wu et al. 2021), reducing 
interception of rain in the canopy (Shakesby and Doerr 2006), 
and in some cases, by increasing concentration of hydropho-
bic substances at the surface (Doerr et al. 2006; Savage et 
al. 1972; Woods et al. 2007), wildfre can increase variability 
in water fow and increase erosion and sedimentation during 
high run-off events. Periods of very high sediment concentra-
tions can increase water treatment costs and disrupt water 
treatment infrastructure, sometimes requiring plants to shut 
down and interrupting water delivery (Hohner et al. 2019). 
Heavy run-off following fres can also lead to fooding (Neary 
et al. 2003) or hazardous overland debris fows (Cannon et al. 
2001; Shakesby and Doerr 2006). For example, a large rain-
storm following the 2017 Thomas Fire in Ventura and Santa 
Barbara counties resulted in fash foods and debris fows that 
killed twenty-three people and destroyed over one hundred 
homes (Lukashov et al. 2019). 

Sediment fows following wildfres can also have substan-
tial impacts on water storage capabilities. Due to increasing 
wildfre activity, postfre sedimentation is expected to dou-
ble in more than one-third of watersheds—and to increase 
in all watersheds—in the western United States over the next 
several decades (Sankey et al. 2017). Accumulated sediment 
behind dams can reduce water storage capacity, which in turn 
reduces the expected benefts and physical lifetime of the res-
ervoir unless costly dredging is used to remove the sediment 
(Holmes 1988; Moody and Martin 2004; Moore and McCarl 
1987; Palmieri et al. 2001; Wisser et al. 2013). 

In addition to increasing sedimentation and turbidity, wild-
fres can affect the concentrations of organic matter, nutrients, 

trace metals and elements, and other solutes (Swindle et al. 
2021). Increases in trace metals and other solutes can result 
from fres, potentially affecting the taste and smell of water or 
even posing hazards to health (Finlay et al. 2012). Increased 
dissolved organic matter in water due to deposited ash and 
increased erosion (Murphy et al. 2015) can be costly for 
water treatment plants to remove, especially when runoff and 
erosion are high, such as during and following storm events, 
because it can reduce the effectiveness of conventional treat-
ment methods and can interact with chlorine to form haz-
ardous carcinogenic disinfection by-products (Hohner et al. 
2019). 

These various hydrologic and physical watershed impacts, 
including effects on water fow, sedimentation, nutrients, dis-
solved oxygen, pH, and water temperature, can have notice-
able impacts on ecosystem function and health (Bixby et al. 
2015; Gomez Isaza et al. 2022). Wildfres can consume veg-
etation that normally regulates stream temperatures (Beakes 
et al. 2014) and can increase acidity and decrease the ability 
of the stream to regulate acidity in the future (Bayley et al. 
1992), potentially affecting stream ecology, including critical 
fsh habitat (Burton 2005). For instance, Pereira et al. (2021) 
found that freshwater fsh can experience declines in popula-
tion from decreased pH levels (increase in acidity) from ash 
in the water following fre. As fres consume organic matter, 
nutrients (including nitrogen and phosphorous) are released 
into the environment, supporting the growth of algae, cya-
nobacteria, and aquatic plants (Bladon et al. 2014; Emelko 
et al. 2011; Ice et al. 2004; Smith et al. 2011), and poten-
tially contributing to harmful algal blooms (HABs) (Gilbert 
2020). Although we are not aware of documented instances 
of HABs associated with wildfre-induced changes in nutrient 
levels, changes in nutrient levels are nonetheless thought to 
change stream ecology and pose a risk of HABs in certain 
conditions (Ranalli 2004). Increasing frequency and inten-
sity of wildfres has also increased fre retardant use (Cal 
Fire 2018). Fire retardants are not considered harmful for 
human health; however, evidence of their effects on stream 
ecology is mixed. Although evidence indicates fre retardant 
may increase mortality among some fsh species (Puglis et al. 
2022), it is unclear whether exposure time is long enough in 
practice to generate signifcant negative impacts (Rehmann 
et al. 2021). 

Distinct from their impacts on watershed function, wild-
fres that burn in developed areas can negatively affect the 
delivery of clean drinking water through destruction and 
contamination of infrastructure. Following both the 2017 
Tubbs Fire and 2018 Camp Fire, unsafe levels of benzene 
and other volatile organic compounds were found within 
local water supplies (Proctor et al. 2020). Furthermore, 
Proctor et al. (2020) found that benzene contamination 
persisted in Santa Rosa for 11 months following the Tubb 
Fire. Although scientifc understanding of the precise causes 
of this contamination is still emerging, possible sources 
included plastic pipes from water distribution networks 
or structures, both of which may release volatile organic 
compounds when burned (Proctor et al. 2020; Schulze et 
al. 2020). These water quality impacts can delay reconstruc-
tion and prevent residents from resettling due to prolonged 
presence of contaminants in the water delivery system. For 
instance, Solomon et al. (2021) found that following the 
2018 Camp Fire, some homes still had signifcant contami-
nant levels 11 months after the fre. 
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Adaptation 
Although there are potentially large costs associated with 
the impairment of water quality, adaptive behavior on the 
part of land management agencies, water treatment facilities, 
individuals, and other stakeholders can reduce or even elim-
inate these impacts. We defne adaptation as the investment 
in infrastructure, conservation, or other activities or products 
to reduce the economic burden of wildfre events. Although 
sometimes costly in and of themselves, adaptive measures can 
be a net beneft when the amount by which they reduce dam-
age is greater than their cost (Mendelsohn 2000). Adaptation 
to wildfre-water quality impacts may occur following fres, 
or in anticipation of fres. When adaptation occurs before 
fres, we label it as mitigation. After wildfres, damage can be 
reduced either through actions to improve water quality— 
which we term remediation—or through actions on the part 
of individuals that would expose them to health or hazards; 
we refer to these latter actions as avoidance behavior. 

Remediation 
In many cases, impairments to drinking water quality can 
be removed by water treatment facilities before they cause 
health effects. However, reductions in source water quality 
can increase water treatment costs. A variety of studies have 
used “replacement cost” methods to investigate how costs 
of providing similar quality treated water increase as source 
water quality declines (e.g., Dearmont et al. 1998; Heberling 
et al. 2015; see Price and Heberling 2018 for a review). In 
general, these studies have found that water treatment costs 
increase in response to decreases in source water quality, but 
that changes in source water quality cause proportionally 
smaller changes in costs. Several studies document conse-
quences of wildfres for water treatment systems (e.g., Emelko 
et al. 2011; Hohner et al. 2019; Writer et al. 2014), and fnd, 
for example, that dissolved organic carbon and turbidity in 
recently burned watersheds may increase during periods of 
heavy runoff, potentially limiting treatability during these 
periods. Nevertheless, we are aware of no studies that have 
specifcally estimated the costs of wildfres on water treatment. 

Like impacts for source water, costs of wildfre-caused con-
tamination to urban water systems can be estimated using 
replacement cost methods; however, because instances of this 
kind of impact remain rare, evidence for these replacement 
costs is anecdotal. For example, in California, the city of Santa 
Rosa plans to replace the fre-damaged water system (up to 
fve hundred service lines) at a cost of several million dollars, 
whereas the estimated cost to replace the water pipes for the 
city of Paradise is as much as $300 million (Wilson 2019). 

Impacts of sedimentation can also be measured using 
replacement cost methods. For example, White (2001) used 
data from approximately twenty-three hundred dams in 
thirty-one countries to estimate that an average of between 
0.5% and 1% of global water storage is lost each year due 
to sedimentation. Given the costs of dredging and sediment 
removal, replacement costs for this lost storage are approx-
imately $13 billion per year (Palmieri et al. 2001). Also, 
Loomis et al. (2003) used estimates of the effect of prescribed 
fres on fre intervals and sediment yield coupled with data 
on costs of sediment removal to estimate that increasing use 
of prescribed fres could result in approximately $24 million 
of annual savings from reduced debris clean-up costs for Los 
Angeles County Public Works. 

Landscape restoration can also be used to reduce damage 
following fres. For example, in the United States, federal 
Burned Area Emergency Response (BAER) teams are respon-
sible for plans to reduce post-fre impacts, including impacts 
to watersheds. When implemented, BAER treatments can 
reduce watershed damage and the duration of impacts. Calkin 
et al. (2007) note that BAER teams are required to provide 
beneft–cost assessments for proposed actions; however, these 
have generally been based on expert judgment rather than 
rigorous analysis. Girona-García et al. (2023) review effects 
of post-fre landscape restoration programs and argue that 
these programs are worthwhile, although this assessment is 
likewise not based on rigorous analysis. Therefore, there is a 
clear need for more work to understand the costs and benefts 
of these programs. 

Avoidance 
When institutions are incapable of addressing impacts to 
water quality, individuals can minimize damage through indi-
vidual avoidance behavior. For example, purchases of bot-
tled water or water purifcation systems can be a substitute 
for poor source water quality. Costly individual avoidance 
behavior in response to poor water quality is well docu-
mented, for example, in increased bottled water sales where 
drinking water is low or perceived to be low (see e.g., Jakus et 
al. 2009; Zivin et al. 2011). 

Although we are not aware of any studies that have inves-
tigated avoidance costs related to water quality impacts from 
wildfres,2 there have been a variety of anecdotal reports of 
avoidance behavior, mostly in response to contamination fol-
lowing urban confagrations. For example, following contam-
ination of the Paradise, California, water supply as a result 
of the 2018 Camp Fire, residents were warned not to drink 
or bathe using the water, and offcials estimated that it could 
take 2 years and up to $300 million to make the town’s water 
supply safe again (Hallema et al. 2019). As a result, residents 
bought water purifcation systems or water tanks to fll with 
potable water brought in from elsewhere. The Camp Fire also 
affected the trust residents had in their public water system. 
For instance, Odimayomi et al. (2021) found that 85% of res-
idents sought alternative water sources following the Camp 
Fire; 47% of surveyed residents invested in home water fltra-
tion systems, further increasing costs. 

Although such impacts from fres have been rare, and avoid-
ance behavior can remove or reduce the threat of harmful 
health effects, the costs of such avoidance behavior may nev-
ertheless be substantial for affected households. According to 
a press report, households spent as much as $6,500 on water 
tanks, which could cost hundreds of dollars to refll every 
few weeks (Siegler 2019). Water fltration systems capable of 
removing benzene may cost thousands of dollars. Additional 
research is needed to more fully account for total avoidance 
costs incurred by households following these fres. 

Measuring Damage Costs 
When adaptation before or after a fre cannot cost-effec-
tively eliminate damage, damage costs may result. Although 
a deep scientifc literature exists documenting the impacts 
of wildfre on water quality, (see the Background section, 
or Smith et al. 2011 for a complete review) there is a pau-
city of research estimating damage costs of these wildfre 
impacts to water quality. Such estimates are needed in part 
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because in many cases the values of adaptation measures are 
defned based on the reduction in damage; to understand 
the value of adaptation measures, we need to understand 
damage costs. 

Damage may include both direct and indirect damage. 
Direct damage involves direct costs of changes in water qual-
ity changes to individuals (e.g., health impacts), whereas indi-
rect costs include “ripple” effects through other systems. For 
example, decreased visitation to a recreation site due to low 
water quality may have indirect impacts to the local economy 
due to decreased revenue from tourism. 

Both direct and indirect damage costs associated with wild-
fre impacts to water quality may be poorly understood in 
part because they are diffcult to measure. Although costs 
of remediation—for example, increased treatment costs or 
costly sediment removal—are easily measured by the market, 
damage costs frequently accrue to ecosystem services that are 
not typically traded in a market setting, including support 
for human health, recreation, and existence values associated 
with biodiversity and ecosystem function (Keeler et al. 2012). 
Environmental economists make use of a variety of nonmar-
ket valuation methods to measure both the benefts from 
and losses associated with degradation of ecosystem services. 
Benefts of a policy change can then be derived by estimat-
ing changes in the ecosystem service as a result of the policy 
change and applying estimated nonmarket values. Similar to 
direct nonmarket damage, estimation of indirect economic 
damage is diffcult, and often requires understanding both 
direct impacts and use of general equilibrium sectoral models 
(e.g., IMPLAN) to understand downstream indirect impacts. 

Valuation methods for estimating direct nonmarket dam-
age can be sorted into two categories: revealed preference 
methods and stated preference methods. Revealed prefer-
ence methods estimate nonmarket values based on observed 
behavior, such as home purchases or visits to recreation sites. 
In the hedonic pricing method (e.g., Leggett and Bockstael 
2000; Poor et al. 2007; Walsh and Milon 2016), econometri-
cians estimate the contribution particular home characteris-
tics, including environmental quality, make to home price; in 
equilibrium, this contribution can be shown to be equal to 
marginal willingness to pay for the amenity (Rosen 1974). 
The travel cost model (e.g., Bockstael and Hanneman 1987; 
Keeler et al. 2012), recognizes that although recreation may 
be low-cost or free, traveling to recreation sites is costly. 
Examining how the rate at which visitors travel to a recre-
ation site declines with increasing distance and how this 
decline differs across sites that vary in environmental quality 
allows estimation of implicit willingness to pay for recreation 
sites, and environmental quality at those sites. Stated prefer-
ence methods estimate nonmarket value based on responses 
to hypothetical questions. Therefore, they are especially well 
suited to providing estimates of nonuse values such as exis-
tence values, although they are also frequently applied to use 
values associated with environmental outcomes such as water 
quality. Two frequently used stated preference methods are 
contingent valuation (e.g., Chatterjee et al. 2017; Johnson et 
al. 2000), in which survey respondents are asked to state their 
willingness to pay for an incremental environmental improve-
ment, and discrete choice experiments (e.g., Brouwer et al. 
2010), in which survey respondents are asked to choose their 
preferred alternatives from a series of hypothetical environ-
mental programs that vary in a series of experimentally varied 
characteristics. 

Although we are aware of few studies that have specifcally 
valued direct nonmarket damage of wildfre effects for water 
quality,3 there are numerous examples of studies within the 
broader ecosystem services literature that have measured the 
value of ecosystem services—including drinking water, recre-
ation, and ecological function—provided by water resources 
(for surveys, see van Houtven et al. 2007; Olmstead 2010; 
Griffths et al. 2012, and Keiser et al. 2019). Many studies 
estimating the value of drinking water focus on develop-
ing countries or economic history and examine benefts of 
improvements from low status quo levels of drinking water 
quality or service reliability (e.g., Berry et al. 2020; Cutler 
and Miller 2005; Soares 2007). These studies generally fnd 
signifcant health benefts from initial improvements in water 
quality and substantial welfare effects relative to income. 
Estimates of the value of ambient water quality frequently 
rely on preferences revealed in recreation or home purchase 
decisions, or they use stated preference survey methods to 
elicit willingness to pay for improvements in water quality. 
Results of these studies are often diffcult to compare because 
they may assess willingness to pay for disparate water qual-
ity improvements at a variety of distinct sites. Nevertheless, 
comprehensive evaluations of benefts from improvements 
in ambient water quality in the United States have generally 
found modest benefts relative to cost, although estimates 
remain incomplete and uncertain (Carson and Mitchell 1993; 
Keiser et al. 2019; Lyon and Farrow 1995). 

Optimizing Wildfre Hazard and Damage 
Mitigation 
Investments in natural and built infrastructure can reduce the 
expected impacts of wildfre for water resources by reduc-
ing hazard or improving communities’ abilities to remediate 
impacts. Fuel treatments, including fuel breaks, prescribed 
fres, mechanical thinning, and other mitigation activities, 
can be used to modify fre behavior, making fres easier to 
control and in some cases, reducing their impacts on water-
sheds (Bart et al. 2021; Finney et al. 2007; Reinhardt et al. 
2008). Drinking water treatment may vary in its capacity to 
decontaminate affected source water, whereas water delivery 
infrastructure may vary in its vulnerability to damage from 
wildfres. For instance, Lee et al. (2022) found, in the state 
of California, utilities serving larger populations also tended 
to be more vulnerable to wildfre damage than those serving 
smaller populations. 

Because investments in natural and built infrastructure are 
costly and in some cases limited by logistical and political 
diffculties, they cannot be implemented everywhere they may 
be needed. Therefore, investments must be prioritized based 
on project costs, expected benefts (a function of risk and 
expected effectiveness), and available budgets. Evaluation 
of optimal mitigation investments must therefore integrate 
information on risk with data on potential project effective-
ness and costs and have criteria for choosing among projects. 
In the case of investments in infrastructure or fuel treatments, 
criteria should be designed to prioritize investments that min-
imize the expected net present value of overall costs (includ-
ing damage costs, as well as the costs of mitigation and other 
adaptation measures) over time. 

Methods from economics, engineering, and operations 
research can be used to choose optimal investments in miti-
gation to reduce wildfre impacts to water resources. Projects 
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may be chosen based on their beneft–cost ratio, to maximize 
the overall difference between benefts and costs given a fexi-
ble budget, or to maximize project benefts given a fxed bud-
get through constrained optimization methods. Optimizing 
fuel treatment portfolios is challenging as it may involve con-
sideration of a large set of potential projects and locations, 
the effectiveness of which may vary depending on the timing 
and method of treatment and the location of treatment rela-
tive to another. 

Nevertheless, a variety of studies have considered optimal 
allocation of fuel treatments (see Chung 2015 for a review). 
Many of these studies use wildfre simulation models (e.g., 
FlamMap, FSPRO, or FARSITE) to maximize fuel treatment 
benefts for reducing fre behavior over a planning area and 
over time (e.g., Ager et al. 2012; Arca et al. 2015; Finney et 
al. 2007). Less commonly, researchers have linked models of 
fuel treatment effects to spatial data on values at risk, such 
as structures, to evaluate potential effectiveness of various 
treatment strategies for reducing risk (e.g., Stockmann et al. 
2010; Wei et al. 2008). Other studies have modeled optimal 
fuel treatment allocations on simple schematic landscapes 
to yield general insights regarding optimal allocation of fuel 
treatments to minimize damage to values at risk (Konoshima 
et al. 2010; Wei 2012). 

However, only a few articles consider implications of fuel 
treatment allocation decisions for water resources. Although 
not optimizing over fuel treatment locations, Elliot et al. 
(2016) examined how targeted fuel treatments affect post-
fre sedimentation, and through modeling, demonstrated a 
decline in sedimentation in treated versus nontreated parcels. 
Jones et al. (2017) evaluated the return on investment with 
respect to sediment removal costs across fuel treatment sce-
narios, fnding that, although there is a positive return on 
investment, marginal benefts begin to decline after between 
50% and 80% of the treatments are deployed. Extending 
optimization to consider a broad array of ecosystem ser-
vices, Warziniack and Thompson (2013) argued for using an 
investment portfolio approach to optimize watershed-level 
fuel treatments. 

Finally, the study that most comprehensively models 
optimal allocation of fuel treatment for watershed benefts 
is Gannon et al. (2019). Gannon et al. (2019) linked a fre 
simulation model with models of erosion and sediment trans-
port and develop a model that selects optimal fuel treatment 
locations to minimize expected sedimentation costs for water 
supplies. Gannon et al. (2019) found that (1) consideration 
of water quality impacts changes the optimal distribution of 
fuel treatments, but that (2) the benefts from the treatments 
typically do not cover the costs, which suggests a need to con-
sider a range of benefts. Optimization models that rely on 
the maximization of net benefts require accurate accounting 
of ecosystem service impact values; otherwise, these methods 
will misallocate treatments. Further, failure to include cer-
tain ecosystem service impacts of fuel treatments may lead to 
the effects of the fuel treatments being undervalued. Due to 
the lack of studies that value changes in water quality from 
wildfre (see Adaptation section) optimization studies may 
misallocate treatments because of a lack of information on 
net benefts of water quality. Practitioners commonly face the 
dilemma of reducing risk dramatically in a few key water-
sheds or reducing risk to a lesser extent across a broader set 
of watersheds. Additional work on optimization might yield 
better models for addressing this important applied question. 

Although there is an extensive engineering literature on 
optimal infrastructure siting and replacement, including in 
studies of water delivery infrastructure (e.g., water treatment 
plants, pumps, reservoirs, etc.), very few studies consider 
effects of wildfre on water infrastructure and infrastructure 
investment decisions. Gannon et al. (2020) studied water sup-
ply disruption risk related to wildfres in systems of water 
supply reservoirs and diversions in Colorado and found that 
system redundancy substantially reduced risk. Emelko et al. 
(2011) studied effects of wildfre on source water quality and 
implications for treatment, including potential for impacts 
beyond water treatment infrastructure design thresholds. 
However, we did not identify any studies that weighed cost of 
infrastructure upgrades. Further, although it is possible that, 
in many cases, the costs of replacing potentially vulnerable 
water delivery infrastructure are prohibitive, we did not fnd 
any studies evaluating such investments. 

Mapping Risk 
An important input into optimal mitigation investment deci-
sions is an understanding of the geographic distribution of 
fre risks to watersheds. Past research evaluating natural haz-
ards defnes hazard as the product of the likelihood an event 
occurs, exposure as the extent to which valued assets are in 
harm’s way, and vulnerability as the degree to which those 
assets might be affected if an event were to occur (Field et al. 
2012). Measuring and mapping risk to watersheds requires 
an understanding of each of these factors. 

Scientifc understanding of wildfre hazard is more 
advanced than understanding of the exposure or vulnerabil-
ity of watersheds to fre risk. Over the past several decades, 
advances in fre behavior modeling have been combined with 
remotely sensed biophysical datasets (e.g., LANDFIRE) to 
yield a variety of fre simulation software tools that can be 
used to model the spread of active wildfres and project fre 
hazard. For example, given a set of fre ignitions, FSIM4—a 
fre simulation software tool developed by the USDA Forest 
Service—can be used to predict the probability any point on 
the landscape will burn and at what intensity. The Forest 
Service Wildfre Hazard Potential dataset uses outputs from 
FSIM as well as spatial fre occurrence data to map areas 
where there is greater likelihood of fres that would be diff-
cult to contain and therefore greater threats to assets at risk. 
In addition to FSIM, fre modeling systems used in the United 
States include BehavePlus (Andrews 2007), FARSITE (Finney 
1998), FlamMap (Finney 2006), and more (for a review of 
these models, see Miller and Ager 2012). 

Exposure of a watershed to wildfre risk is a function of the 
uses of the watershed and the value of those uses. For exam-
ple, the value of watersheds that provide drinking water may 
depend on the size of the population served by the watershed 
and the availability of substitute sources of water. Exposure 
of water systems infrastructure to risk may depend on the 
number of individuals served and the replacement costs. Most 
existing measures of exposure of watersheds to wildfre risk 
focus on evaluating hazard to valued resources. For exam-
ple, Scott et al. (2012) performed simulations to derive fre 
metrics for watersheds, including municipal watersheds, in 
the Beaverhead-Deerlodge National Forest in Montana but 
admitted that their study was limited by low-resolution input 
data. Robinne et al. (2016) modeled risk at a global scale, 
developing a set of global indices that considered both fre 
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activity and available water resources across landscape types, 
fnding that the landscapes with the most exposure are trop-
ical landscapes. 

Many studies have examined watershed vulnerability to 
wildfre damage, and there are a few studies that address 
the ability of water systems to treat watersheds and mitigate 
impacts in the case of fres; these studies are reviewed above. 
However, few studies link constant or spatially varying esti-
mates of watershed vulnerability to measures of exposure 
to wildfre risk. Two exceptions are Thompson et al. (2013) 
and Thompson et al. (2016). Thompson et al. (2013) cou-
pled wildfre hazard maps risk with watershed maps and 
erosion risk to identify high-value, high-risk areas and prior-
itize treatments. Thompson et al. (2016) examined municipal 
watersheds in the Rocky Mountain region as well to produce 
metrics of watershed vulnerability from wildfres. 

The literature on measuring and mapping wildfre risk to 
watersheds is incomplete in several ways. First, many dimen-
sions of water quality (e.g., organic carbon, nutrients, trace 
metals, etc.) have yet to be integrated into measures of risk. 
Vulnerability with respect to these constituents may depend 
on a variety of hydrological characteristics, including water-
shed size and storage capacity, which determines its ability 
to buffer and absorb increases in constituent levels without 
harmful effects. Second, measures of watershed exposure in 
existing studies have not typically considered potential losses 
associated with watershed impacts. Accounting for losses 
requires linking the biophysical vulnerability of the water-
shed to outcomes and, ideally, to the value of those outcomes 
for human populations. Third, existing measures or risk do 
not account for water treatment and other adaptive mea-
sures, which may have potential to mitigate loss in the event 
of impacts to watersheds. Fourth, studies are only beginning 
to emerge that assess wildfre risk to drinking water infra-
structure (e.g., Proctor et al. 2020; Schulze and Fisher 2020). 
As this science emerges, it can be used together with wildfre 
hazard data and population data to inform assessments of 
variation in risk to water systems across communities. 

Finally, the spatial distribution of wildfre risk is not static 
through time. Climate change will affect the distribution of 
fre risk in numerous ways. For example, climate change will 
infuence the distributions and intensities of droughts (Martin 
et al. 2020; Williams et al. 2020), distribution of tree spe-
cies (Hashida and Lewis 2019), and availability of water 
resources (Duran-Encalada et al. 2017), which will all con-
tribute to different distributions and intensities of wildfre 
(Abatzoglou and Williams 2016). As these conditions change, 
the need to produce spatial models of wildfre risk will grow 
in importance as fres enter areas that previously were not at 
risk. Failing to account for the way in which climate change 
will infuence watershed risk over time may lead to ineffcient 
allocation of risk-mitigation projects, especially in the case 
of infrastructure projects, which may have multiyear or mul-
tidecadal lifespans. 

Conclusion 
Although the understanding of wildfre’s physical impacts 
to water quality and associated ecological outcomes is well 
developed, economic research on this topic is limited. In part, 
this may because instances of signifcant damage associated 
with wildfre impacts to water quality have remained rare, 
and this damage has been overshadowed by impacts to air 

quality and physical infrastructure. However, the past several 
years have seen a number of notable disruptions in water 
quality after wildfres, including increased treatment costs 
and sedimentation following fres in Colorado and Alberta 
(Fountain 2021) and contamination of water delivery sys-
tems after urban confagrations. As large and severe wildfres 
increase in frequency in certain regions, signifcant impacts to 
water quality and associated ecosystem services may become 
increasingly common. It will correspondingly become increas-
ingly important to understand the extent of these impacts and 
how best to minimize total costs associated with them, includ-
ing mitigation, avoidance, remediation, and damage costs. 

In this article, we highlighted four areas where economics 
can contribute to improved management of impacts to water 
quality by wildfres and reducing overall costs. The fnal two 
areas (optimizing mitigation and mapping risk) are especially 
pertinent to planning and allocating resources to reduce 
costs. However, optimization and risk mapping studies are 
not possible without accurate measurements of direct costs. 
Therefore, more research is needed to understand damage 
and adaptation costs. 

As wildfre activity increases, opportunities for such 
research may unfortunately increase as well. Studies of 
damage costs incurred from specifc wildfres, or of costs to 
individuals or institutions to mitigate or avoid damage, will 
provide insight into the potential magnitude of impacts and 
benefts from fuel treatments. Such case studies can, through 
beneft transfer methods (e.g., Johnston et al. 2015), enable 
researchers or practitioners to estimate potential impacts in 
other contexts or provide the basis for broader optimization 
or risk mapping studies. Moreover, a broad portfolio of such 
studies is needed due to the diversity of impacts wildfres may 
have across different locations, depending on fre severity, val-
ues at risk, and other factors. By beginning to build this body 
of research as opportunities arise, the research community 
will be in a better position to help society minimize costs of 
wildfre impacts to water quality as these impacts increase. 
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Endnotes 
1 We refer readers to Smith et al. 2011 for a thorough review on sev-

eral of the physical impacts of wildfres on water quality. 
2 A related study, Richardson et al. (2012), examines avoidance be-

havior related to wildfre smoke. 
3 Though it is not specifcally concerned with water quality, the 

nearest example is Mueller & Loomis (2008), which measures the 
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decline in value homes within post-fre foods zones face, over and 
above the loss in value that accrues to them from being near a re-
cently burned area. 

4 https://www.frelab.org/project/fsim-wildfre-risk-simulation-soft-
ware 
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