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1. Introduction  

According to the National Interagency Fire Centre (NIFC), there were 58,985 wildfires in United 

Sates in the year 2021 that burnt almost 7.126 million acres of land. Out of these, 8,619 were in 

California, which burned approximately 2.6 million acres while damaging or destroying 3,629 

structures1.The Caldor Fire in Sierra Nevada south of Lake Tahoe, was one such example. The fire 

lasted for 67 days, burned roughly 221,835 acres (including 9,885 acres in Lake Tahoe Basin), 

destroyed 1,003 structures, and caused evacuation of more than 50,000 residents. The regional 

drought combined with hot weather and strong winds resulted in extremely active fire behavior, 

sparking new wildfires, referred to as spot-fires (USDA Forest Services, 2021). These spot fires, 

contributed to increasing the spread of fire and made containment efforts even more difficult for 

firefighters. 

The impact of catastrophic wildfires, such as the Caldor Fire, is not limited to the loss of natural 

resources, infrastructure and the millions of dollars spent in containment. The loss of critical 

ecosystem services, destruction of natural beauty, secondary health impacts, business disruptions, 

and a sense of insecurity among the residents, are all associated intangible losses. According to a 

report published by the California Council on Science and Technology (2020), the reported 

outcomes of wildfires are often limited to those that are attributable to the physical fire itself - that 

is, the outcomes occurring during the fire or within or near the fire’s parameter. The report 

suggested a framework to comprehensively capture all associated wildlife events in addition to the 

physical wildfire, including damage or destruction of physical assets, harm to health, changes in 

ecosystem processes and changes in economic activity. Such a framework would encapsulate the 

 
1 https://www.predictiveservices.nifc.gov/intelligence/2021_statssumm/intro_summary21.pdf  



total social costs, including non-monetary negative externalities, and better highlight the urgent 

need for undertaking immediate steps to prevent, mitigate and prepare for wildfires.   

Multiple studies have shown that forest wildfires in the western US are increasing in frequency, 

size and acreage burnt per annum (Miller et al, 2009). Due to the severity and intensity of wildfires 

in recent times, the application of fuel treatments has become an essential fire management tool 

(Loudermilk et al, 2014). Fuel treatment programs reduce combustible materials through 

mechanical thinning (removal of trees from overstocked forests) and prescribed burns (low-

intensity, controlled burns to clear excess debris from forest floor) (USDA Forest Services, 2021). 

Several studies highlight the effectiveness of fuel treatment programs in managing wildfires. 

Loomis et al (2019) showed how mechanical thinning and prescribed burning resulted in reduced 

wildfire suppression costs and property damages. Petrakis et. al (2018) used multi-temporal remote 

sensing data and cloud computing in east-central Arizona to show how fuel treatments were 

effective in reducing burn severity and increasing post-fire recovery. 

The cost of fuel treatment programs is enormous, given the scales necessary for effectiveness, and 

the vast areas of U.S. forested regions needing attention. The economic benefits of catastrophic 

fire risk reduction have been given as a key factor in decision-making to determine when and 

where to invest in fuel treatments. Several studies focus on expected future wildfire suppression 

costs averted to generate benefit-cost scenarios useful for forest and land management agency 

planning for where and when to apply fuels treatments (see for example, Taylor et al, 2015; 

Northern Arizona University 2013). In addition to avoided suppression costs, Thompson et. al 

(2017) also included avoided area burnt and avoided damages in a model that assesses the cost-

effectiveness of fuel treatments at different scales of investment. However, accounting for 

agencies’ costs averted does not fully account for the economic benefits of forest treatment 



programs, which improve overall forest health and limit effects of exposure to fire risk faced by 

residents, along with providing benefits to non-residents, including passive use values. In their 

study of several watersheds in the Denver area, Jones et al (2022) estimate that fuel treatment 

benefits would need to be triple what they estimated in their analysis of costs averted to return a 

positive net social economic benefit and concluded that a wide range of economic co-benefits that 

accrue to society should be included.   

Several studies use non-market valuation methods to quantify benefits of wildfire risk reduction. 

Donovan et al., (2007), for example, use a hedonic property model to measure wildfire impacts on 

urban interface households, but failed to capture economic costs to visitors. Starbuck et.al (2006) 

estimate the value of recreation benefits, but do not consider non-use values. Forest health values 

include use and passive use values from realization that a healthy forested ecosystem is maintained 

for current and future generations (Loomis et al., 2005). A number of studies also gauge attitudes 

towards risk reduction. Wibbenmeyer et. al (2013) employed choice experiment questionnaires 

with U.S wildfire managers to measure their attitudes towards different wildlife risk components 

and gauged whether those attitudes were consistent with efficient allocation of wildfire 

suppression resources. Sanchez et. al (2022) estimated California's homeowner's willingness to 

pay to reduce the risk of wildfires in and around their residences by using a choice experiment to 

ascertain the importance of risk perceptions when adopting risk-mitigating behavior.  

In order to reduce wildfire risk, the USDA Forest Services and State Forestry agencies have offered 

cost-sharing programs to residents to undertake wildlife risk reduction actions (Sanchez et. al, 

2022). Such programs mostly target homeowners to inform and involve them in reducing wildfire 

risk at their private properties. For such cost-sharing arrangements to be effective, it is important 

to ascertain the dollar amount individuals are willing to pay for wildlife risk reduction. Our paper 



aims to estimate that WTP for fuel reduction programs in Lake Tahoe region, not only by private 

residents, but also by non-residents. The remaining structure of our paper is as follows: Section 2 

describe s the study design. In Section 3, we provide our econometric model to estimate 

willingness to pay. In Section 4, we discuss results.  

2. Study Design 

This study uses the Contingent Valuation Method (CVM) to measure willingness to pay (WTP) 

for forest treatment programs in the Lake Tahoe Basin. The study was developed in collaboration 

with agencies engaged in science and management to target the problem of forest health in the 

Lake Tahoe Basin. A survey was designed, in accordance with the methods and recommendations 

of Dillman (2007), to collect data regarding residents’ willingness to pay to reduce the impact of 

wildfires. Demographic data was collected in addition to WTP data in order to analyze differences 

in preferences among various social groups. 

Surveys for the study were conducted between March - June 2015. Pre-testing was conducted 

between October 2014 – February 2015. Before pre-testing, focus groups were held in Reno, 

Nevada between June 11 - July 10, 2014. Address lists were purchased to include representative 

samples from four regions within 4 hours driving distance to the Tahoe Basin:  Residents in the 

Lake Tahoe Basin (California and Nevada), urban areas in Nevada and rural areas in Nevada2. 

Tables 1 summarize response rates (of usable addresses) by version and sample region.  A total of 

372 surveys were returned out of 2000 for an overall response rate of 18.6%. 

        

 
2 The pilot included two additional regions:  rural and urban areas outside of the Basin in California that are within 
4-hours’ drive. However, the response rates from these areas was below 5% - likely indicative of the large numbers 
of substitute recreational sites, relative to substitutes for Nevadans in the same categories - and these were dropped 
from the final sample. 



         Table 1: Proportion of Total Sample by Region  

Region Proportion 

Lake Tahoe Basin - California 27.79 % 

Lake Tahoe Basin - Nevada 26.92 % 

Urban Nevada 23.16 % 

Rural Nevada  22.14 % 

 

The survey was based on a referendum format (Annex 1) that provided a hypothetical forest 

management program to a group of residents and visitors to the Lake Tahoe region. The 

respondents were informed that in order to reduce the risk of a highly-destructive, large wildfire 

breaking out, 10,000 acres of public forest were to be thinned every year for 10 years. As part of 

the hypothetical scenario, the respondents were first asked to vote in terms of yes or no, whether 

they would pay x amount of dollars to support such a program if it reduced the risk of wildfire 

from a% to b%. A majority “yes” vote would mean that all households would be committed to an 

annual increase in costs from a variety of fees that would equal a given dollar amount each year, 

for ten years. At the end of ten years, the program would be reconsidered.  

The two main components of the referendum were: (a) the bid amount - $x that the respondents 

were asked to contribute, and (b) the risk reduction scenario (the decrease in percentage risk from 

a% to b%). The bid amount was generated during the pre-testing stage where two different pilots 

were conducted, in which multiple bid amounts were presented with a polychotomous response 

format that allowed individuals to indicate their levels of certainty. The final bid amounts were as 

follows: $5, $10, $ 15, $25, $40, $80, $200 



The risk reduction scenarios were different wildlife risk-reduction ranges representing realistic 

scenarios for enhancing existing forest fuels treatment programs in the Basin. While various levels 

of increased annual fuels treatment could decrease the risks of fire, we used specific ranges to 

develop a total of five different risk reduction scenarios, which were randomly assigned to survey 

respondents. They were as follows: 

• Risk reduction from 52% to 23%, 

• Risk reduction from 76% to 23%, 

• Risk reduction from 52% to 41% 

• Risk reduction from 76% to 52% 

• Risk reduction from 76% to 64% 

 

The survey included two bid levels, and a dichotomous (yes/no) response, which was generated 

using the distribution of yes/no bids from the pilot. For example, an individual was asked if he/she 

would vote yes or no to a Fuel Treatment Program that reduced risk of destructive wildfire from 

52% to 23%, if they were to $40 per annum for the next ten years. A second follow-up question 

was then asked with a different bid amount to ascertain the WTP range for the individual. The 

second bid amount was dependent on the initial response – that is, if the individual votes yes to the 

first question, a higher bid amount was then proposed. If they voted no, a lower bid was included 

in the second question. A follow-up question asking if the respondent would vote yes if the cost 

was zero to their household was asked to identify individuals who believed that they would be 

worse off with the proposed programs (which could impose inconveniences at specific times of 

the year when maintenance/fuels treatments were being done).   

Materials describing the current threats and the proposed programs were refined through focus 

groups, meetings with local residents, members of management agencies who deal with the public, 



and responses to survey pretesting. An information sheet was designed to describe current threats 

and proposed programs to maintain forest health and reduce fire risk. The information sheet 

included: what would occur over the next several years if nothing is done to change the current 

rates of accumulation of fuels and how this would be likely to affect people who use the region, 

what controls are required to control the existing problem and to maintain control over a ten-year 

time frame.   

The information sheet included forest health information and photos showing a “current” scenario, 

and two photos representative of what the same spot would look like after a fire “with treatment” 

and “without treatment.” The sheet described “historical” information about how wildfire behavior 

in the region has changed by noting that prior to development, fire was a natural and frequent 

occurrence in the Tahoe Basin, with small frequent fires serving to control and maintain fuels so 

that the risk of catastrophic large fires was lower than it is today.  The “before” scenario was then 

based on current levels and rates of fuels accumulations and risk for fire, while the “after-with 

treatment programs” and “without treatment” scenarios were described as reductions in the 

expected increases in risk (Annex 2). The survey also included questions regarding what 

information the participant was and was not already familiar with, and whether the information 

seemed accurate to the participant.   

All respondents were mailed an invitation to take part in the internet-based survey (using Qualtrics) 

and provided with a URL, access code, and the information sheets that corresponded with their 

version of the survey. The web-based survey also included links to the information sheets 

corresponding to each respondent’s survey.  A second reminder postcard was followed with a 

packet containing a booklet form of the survey, information sheets and return mail envelopes, as 

well as a reminder of the URL and access code.  After a second reminder postcard, a second, and 



final mailing was sent that contained a booklet, information sheets, return mailing materials, URL 

and access code.   

3. Econometric Model 
 

To estimate a choice an individual makes with regards to whether or not to pay for fuel treatment 

programs in order to reduce a wildfire risk at Lake Tahoe Region, a random utility model was 

used. We constructed a binary logistic regression model to quantity households’ WTP for fuel 

treatment programs:  

𝐿𝑜𝑔𝑖𝑡&𝑃(𝑊𝑇𝑃! = 1). = 𝑋!"𝛽 +	𝜀!       (1) 

Where 𝑃(𝑊𝑇𝑃! = 1) is the probability that a respondent is willing to pay for fuel treatment 

program at an offered payment level and 𝑃(𝑊𝑇𝑃! = 0) is the probability that a respondent is not 

willing to pay and 𝛽 is the vector of coefficients associated with explanatory variables (𝑋!). 

𝜀!includes unobservable. 

Coefficients from the binary logistic regression informs direction of association of independent 

variables with willingness to pay. However, they cannot be directly interpreted to determine the 

probability that a household will pay to implement prescribed fuel treatment program. Therefore, 

these coefficients were expressed as marginal effects to facilitate interpretation. A marginal effect 

determines the change in probability of WTP for implementing prescribed treatment program 

when there is a unit change in the value of the independent variable: 
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To estimate household’s WTP, we rely upon  responses to two dichotomous choice questions. 

An individual was first asked if he/she would vote yes or no to a Fuel Treatment Program that 



reduced risk of destructive wildfire for a specific amount per year for the next ten years. If a 

response is  positive, it indicates that the WTP is at least as great as the first specified amount 

and triggers a second question: are they willing to vote in favor of an even greater amount? 

However, a negative response to the first question suggests that the WTP is less than the first 

specified amount and triggers a second question: are they willing to vote in favor of paying an 

even lower amount? 

 Each respondent is classified into a payment interval: [𝑌!3, 𝑌!4,] where the lower bound value (L) 

is either negative infinity for a respondent who says no both times or the lowest payment presented 

and accepted (if a respondent’s first no response is followed by a yes response). The upper bounds 

are defined in a similar way (either the highest payment requested and accepted (if they first say 

yes, followed by a no) or plus infinity (if they said yes both times). This means that the true WTP 

for some respondents will fall within an interval of real values while this interval will be left-

censored for the respondents who said no twice and right-censored for the respondents who said 

yes twice. After collecting the interval information for each respondent, the contribution of 

respondent i to the likelihood function’s value is represented either by an interval or else is right 

or left censored 

Pr(𝑌!3 ≤ 𝑊𝑇𝑃! ≤ 𝑌!4)      = Pr(𝑌!3 ≤ 𝑋!"𝛽 + 𝜀! ≤ 𝑌!4) for interval data 

or 

= Pr(𝑋!"𝛽 + 𝜀! ≤ 𝑌!4) for left-censored data 

or 

= Pr(𝑌!3 ≤ 𝑋!"𝛽 + 𝜀!) for right-censored data 

The log-likelihood function to be maximized is given in equation (3) for the sample of N 

respondents, where the subset LC are located in the left-censored interval, the subset RC are 



located in the right-censored interval and the subset I are located in the (uncensored) interval. 

Φ(.) is the standard normal cumulative probability density function. Implicitly, –(1/σ) is the 

coefficient on the payment requested, so this represents the scale factor used in valuation. As 

Cameron and James (1987) show the estimated coefficients from (3) can be used with equation 

(1) to obtain estimates of mean WTP.  

𝐿𝐿𝐹 = ∑ 𝑙𝑜𝑔!536 Φ>7!$8&,
9

? + ∑ 𝑙𝑜𝑔!5:6 @1 − Φ>7!%8&,
9

?B + ∑ 𝑙𝑜𝑔!5; (Φ >7!%8&,
9

? −

Φ>7!$8&,
9

?          (3) 

The log-likelihood function to be maximized is given in equation (3) for the sample of N 

respondents, where the subset LC are located in the left-censored interval, the subset RC are 

located in the right-censored interval and the subset I are located in the (uncensored) interval. 

Φ(.) is the standard normal cumulative probability density function. Implicitly, –(1/σ) is the 

coefficient on the payment requested, so this represents the scale factor used in valuation. As 

Cameron and James (1987) show the estimated coefficients from (3) can be used with equation 

(1) to obtain estimates of mean WTP.  

4. Results and Discussion: 

The study used a variety of questions to inquire about the levels of awareness of fire risk and, 

importantly, the specifics of forest treatment programs using photos of before and after treatments 

and examples of how treated areas affect ecological health and habitat and respond to ignition.  

More than 85% of our respondents were aware of fire risk at Lake Tahoe region.  

Table 2 summaries the demographic characteristics of our respondents, how they were affected by 

Fire and the distribution of our proposed Treatment. The average age of the respondents was 57 



years, 34% of them were female, and on average the respondents had completed 15 years of 

education. Along with education levels, household income was another important variable of 

interest to determine WTP. 36% of the respondents had a household income greater than $100,000. 

To identify those respondents most affected by the Fire, (binary) information was collected on (a) 

change in travel plans due to forest fire, and (b) change in landscaping or structures at home to 

reduce wildfire threat. 34% of the respondents had to make changes in travel plans due to forest 

fire, while a large majority the respondents (72%) had to make some changes in their homes’ 

landscape/structures to reduce the threat of wildfire. This is consistent with the awareness among 

respondents of wildfire risk, and also reflects their efforts in mitigating risk of wildfire at their 

private properties.  

Table 2: Summary Statistics 

 

Summary Statistics  
Demographics  
Age (Years) 57 

Female (Binary) 0.34 

 Education (Years) 15 

Household Income Greater than $100,000 (Binary) 0.36 

Residents at Lake Tahoe Region (Binary) 0.64 

Awareness (Binary)  

Affected By Fire  
Change in Travel Plans due to Forest Fire (Binary) 0.34 

Change landscaping or structures at a home to reduce wildfire threat (Binary) 0.72 

Treatment Propsed  
Wildfire Risk Reduction from 52% to 23%   (Binary) 0.16 

Wildfire Risk Reduction from 52% to 41%.  (Binary) 0.15 

Wildfire Risk Reduction from 76% to 23%.  (Binary) 0.12 

Wildfire Risk Reduction from 76% to 52%.  (Binary) 0.19 

Wildfire Risk Reduction from 76% to 64%   (Binary) 0.38 

N 372 



As identified earlier, respondents were randomly presented with one of the five different risk 

reduction scenarios. Table 1 highlights that distribution, highlighting how the “Wildfire Risk 

Reduction from 76% to 64%” was the most commonly frequently presented treatment plan (to 

38% of the respondents), while “Wildfire Risk Reduction from 76% to 23%” was the least 

proposed plan (to only 12% of the respondents). This distribution was associated with how realistic 

the scenarios were, and the aim was to highlight different ranges impact sensitivity to wildfire risk, 

and hence the WTP. A total of 372 individuals responded to our survey. However, in the final 

analysis only 321 responses were considered after accounting for missing and  

Table 3 highlights the marginal effect of explanatory variables on WTP. The payment amount that 

the household has to pay annually for 10 years has a negative effect on the WTP and this result 

was highly significant at 1% significance level. Age and Gender does not have significant impact 

on WTP. On the other hand, more educated person is more likely to pay for fuel treatment program 

in order to reduce wild fire risk. Similarly, household with income greater than $100,000 are more 

willing to pay for fuel treatment programs; the result is highly significant too. Furthermore, we 

found that, in comparison to risk reduction from 52% to 41%, households are more willing to pay 

when wildfire risk is reduced from 52% to 23%, 76% to 64%, 76% to 52% and 76% to 23%. The 

results suggest that respondent WTP was sensitive to levels of fire risk reduction. Higher the risk 

starting level, higher the willingness to pay for fuel treatment programs. Also, the greater the 

difference between risk reduction in a scenario, the more people are willing to pay for the treatment 

programs 

 

 



Table 3: Marginal Effects of Explanatory Variables on Willingness to Pay 

` Note: Risk Reduction  52% to 41% is a baseline category; Standard errors in parentheses;  
         p<0.10,** p<0.05,*** p<0.01  

In table 4, we have calculated annual per household WTP for fuel treatment programs that would 

reduce wildfire risk in Lake Tahoe region. We estimate an average WTP over all respondents to 

be $88 per year for ten years with a 95% confidence interval of between $79 and $97. The mean 

WTP for residents was much higher ($109) than non-residents ($70). It is likely the case that the 

residents also factored in personal losses when deciding whether to contribute to the forest 

management program. The mean WTP of respondents who underwent a Change in Home Structure 

was $106, which was $35 higher than those who did not report any change in Home Structure. 

  Marginal Effect 
  
Payment Amount  -0.122*** 
 (0.009) 
Age 0.001 

 (0.001) 
Female  0.019 

 (0.029) 
Years of Education 0.016** 

 (0.007) 
Household Income  0.084*** 

 (0.029) 
Resident 0.050* 

 (.028) 
Change in Travel Plans due to Forest Fire 0.059** 

 ( 0.028) 
Change landscaping or structures at a home to reduce 
wildfire threat 0.068** 

 (0.030) 
Risk Reduction 52% to 23% 0.110** 

 (0.045) 
Risk Reduction 76% to 23% 0.171*** 

 (0.051) 
Risk Reduction 76% to 52% 0.089** 

 (0.045) 
Risk Reduction 76% to 64% 0.051 

 (0.038) 
N 321 



This also shows that the former group is more risk-averse and willing to spend extra for mitigating 

risk, whether that be to their private homes or to the society at large.  

Table 4: Willingness to Pay Per Year For 10 Years For Fuel Treatment Programs 

Willingness to Pay Per Year For 10 Years For Fuel Treatment Programs  

 
WTP 95th % Confidence Interval Obs 

Whole Sample 88 78.8 97.3 321 

Residents 109 96.7 121.3 213 

Non - Residents 70 57.5 83.3 108 

Change in Home Structure 106 93.9 117.3 234 

No Change inn Home Structure 71 59.7 82.7 87 

Risk Reduction 52% - 41% 44 40.5 747.9 47 

Risk Reduction 52% - 23% 106 82.5 129.3 48 

Risk Reduction 76% - 64% 68 59.1 77.7 125 

Risk Reduction 76% - 52% 89 71.5 106.7 62 

Risk Reduction 76% to 23% 178 131.6 225.9 39 

 

Additionally, the risk reduction scenarios were reflective of the sensitivity towards undertaking a 

fuel treatment program. The Risk Reduction scenario that decreased risk by the most, from 76% 

to 23%, had the most significant impact on WTP. We observed that the mean WTP at the highest 

risk reduction range (76% to 23%) of $178 was approximately 4 times higher than the WTP of 

$44 at the smallest risk reduction range (52% to 41%).  The mean WTP for reduction from the 

higher risk level of 76% (WTP between $68 and $178) was generally greater than reductions from 

the lower risk starting levels of 52% (WTP between $44 and $106). 
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Annex 1 (Referendum): 

 

 

 

 



Annex 2 (Forest health information sheet): 

  


