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Abstract: Space heating is a necessity in Alaska; however, the use of heating fuels carries both
economic and environmental costs. In the Fairbanks North Star Borough (FNSB), Alaska, most
households utilize heating fuel oil as a primary source for home heating and firewood as a secondary
source. In the FNSB, wood-burning devices are the principal source of fine particulate matter with a
size of 2.5 microns or less, (PM;5), but firewood is less expensive when compared to heating fuel
oil. The FNSB has been designated as a nonattainment area for PM; 5, which has been linked to
negative cardiopulmonary impacts and other adverse health consequences. Electric thermal storage
heaters (ETSH) could help solve the PM; 5 problem by displacing firewood used for residential space
heating. We use dichotomous choice contingent valuation (DC-CV) to estimate willingness to pay
(WTP) for an ETSH program which would allow FNSB residents to offset 100 gallons of heating fuel
oil annually. Certainty correction is used to control for the presence of hypothetical bias. We find
median WTP is USD 33.98 without certainty correction and USD 9.75 with certainty correction. Our
results indicate that implementation of a special ETSH electricity rate based on the WTP estimate
may lead to broader adoption of ETSH for space heating, which could improve air quality, reduce
fuel poverty, and reduce the carbon footprint of residential space heating.

Keywords: contingent valuation; willingness to pay; home heating; air quality

1. Introduction

The winter air quality in Alaska’s Fairbanks North Star Borough (FNSB) does not
meet the U.S. Environmental Protection Agency’s National Ambient Air Quality Standard
(NAAQS) for fine particulate matter with a size less than or equal to 2.5 microns (PM;5),
posing a public health risk due to its association with negative impacts on cardiopulmonary
health [1]. It is both expensive and necessary to heat homes in the FNSB during the winter.
Most households use high-cost heating fuel oil as their primary heating fuel. Wood is a
common secondary heating fuel because it is relatively less expensive when compared to
heating fuel oil [2]. Unfortunately, wood burning is also the borough’s largest source of
PM; 5 [3]. The choice to burn wood is often financially motivated, so determining residents’
willingness to pay (WTP) for alternative heating fuels is an essential step in finding an
affordable way to meet the demand for home heating while also improving air quality in
the borough.

One way to assess WTP is contingent valuation, which is a survey method used to
estimate the value of goods, services, and environmental amenities not usually exchanged
in economic markets. Replacing wood fuels with cleaner alternatives generates positive
externalities such as reduced air pollution. Contingent valuation is a useful tool to elicit an
accurate measure of value in instances where a proposed program is expected to generate
social benefits not reflected by traditional prices.

Elevated PM; 5 levels resulting from residential wood-burning are a widespread issue
elsewhere in the United States, including in Arizona, California, Georgia, Idaho, Montana,
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Pennsylvania, Utah, and Washington, as well as abroad in Australia, New Zealand, Chile,
Canada, Sweden, Denmark, Finland, and Norway [4-16]. Some communities have had
success with woodstove change-out programs aimed at reducing PM; 5. The Wood Heater
Replacement Program in Launceston, Australia, reduced particulate matter by nearly 30%
over a ten-year period by providing public funds to homeowners to switch their primary
heat source from wood burning to heat pumps powered by renewably-generated electric-
ity [17]. Several programs aimed at reducing PM; 5 emissions and ambient concentrations
in the FNSB have been implemented in the past few years, including a wood stove change-
out program [18]. These initiatives do not eliminate wood usage, but they aim to reduce
the emissions from wood burning.

This study provides the first estimate of WTP for electric thermal storage as a specific
space heating option. Electric thermal storage heaters (ETSH) combine thermal storage and
electric space heating and could be used to displace firewood for home heating. ETSH use
electric resistance coils to transfer heat to ceramic bricks housed in an insulated cabinet.
The hot bricks store the heat for up to 24 h. To use the stored heat, the operator turns
on the unit’s fan, which blows air over the hot bricks. The heated air is then discharged
into the living space. ETSH have been used in the United Kingdom since the 1940s and
are an economically viable option in locations with low off-peak time-of-use electricity
rates [19]. Time-of-use rates incentivize households to shift the timing of their electricity
use to off-peak hours when the marginal cost of generating electricity is lower. A special
reduced time-of-use rate for ETSH could help reduce fuel poverty by making ETSH an
economically viable option for households that currently burn firewood for space heating.
Alternatively, ETSH can be charged when there is excess renewable energy being produced.
In the Yukon Kuskokwim region of Alaska, the Chaninink Wind Group communities use
ETSH installed in homes as a dispatchable load controlled by the electric utility to improve
grid stability. Excess wind energy is diverted to residential ETSH systems at a discounted
price, yielding cost savings for customers and reducing curtailment for the utility [20]. This
study investigates the possibility of implementing a similar program based in the FNSB.
Although the FNSB generally has a poor wind resource during the winter months, other
regions of the state connected to the FNSB via the regional electricity grid have a strong
wind resource in the winter, which makes ETSH a viable option for the region [21].

The Golden Valley Electric Association (GVEA), a member-owned cooperative, is
the electric utility serving the FNSB. GVEA is one of six electric utilities that operate on
the Railbelt electric grid, which spans from the Kenai Peninsula in Southcentral Alaska
to Fairbanks in the Interior [22]. GVEA currently generates over 90% of its electricity
from fossil fuels but also has renewables in its energy mix [23]. The utility operates a
25 megawatt (MW) wind farm and a 0.5 MW solar farm and also purchases renewably-
generated electricity over the Railbelt electric grid [24]. The utility is interested in adding
additional renewables. GVEA plans to retire a 50 MW coal-fired power plant by 2025 and
aims to replace it with new wind generation and energy storage and to increase power
purchases from Southcentral electric utilities [23]. An ETSH program dispatching excess
renewably-generated electricity to residential ETSH units would complement their strategy.

With increases in renewable electricity generation, matching supply and demand
for the electrical grid is both crucial and complex. This has led to research to develop
strategies to balance electricity demand. Recent evidence suggests that, in the US, 50% of
participants were willing to accept USD 9.50 per month over the summer to participate in a
smart thermostat program designed to reallocate electricity demand [25]. Respondent’s
attitudes and preferences around environmental and institutional perspectives impacted
participation in the smart thermostat program and may also affect participation in an ETSH
program. Additionally, a recent preference analysis for peer-to-peer electricity trading
in South Korea, estimates that prosumers (both producers and consumers of electricity)
have a WTP of approximately USD 55.68 per month for a peer-to-peer electricity trading
program [26]. Consistent with these findings, the increased use of ETSH could incentivize
electric utilities to integrate more renewable energy.
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2. Background

Since 2009, the FNSB has been classified as a nonattainment area for exceeding the
PM, 5 NAAQS [27]. The nonattainment area is shown in Figure 1. The FNSB experiences
frequent episodes of poor air quality in the winter due to low temperatures, valley-like
topography, high latitude, and lack of wind, which combine to produce temperature
inversions where a layer of dense, cold air is trapped close to the ground by the less-
dense, warmer air above it [28]. During a temperature inversion, pollutants emitted into
the stagnate inversion layer get trapped close to the ground leading to an increase in
PM, 5 concentrations. Exposure to elevated PM, 5 levels is correlated with negative health
outcomes [29]. Wood smoke from heating devices is the largest contributor to PM; 5 air
pollution in the FNSB [3]. ETSH use could help solve the borough’s PM; 5 problem by
displacing a portion of the firewood currently used for residential space heating.
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Figure 1. Map of the FNSB with the nonattainment area outlined. A map of Alaska is inset with the
FNSB shaded in gold for spatial reference (adapted from FNSB Air Quality burn restriction zones
map, 2017).

ETSH use may also reduce fuel poverty within the borough while providing a sec-
ondary heating source for residential space heating if charged with discounted electricity.
Fuel poverty occurs when a household spends a disproportionately large percentage of
its income on residential energy services (e.g., space heating, cooking, electricity, and do-
mestic hot water) [30]. In cold climates, homes require more energy for space heating than
comparable homes in more moderate climates. Space heating accounts for 77% of total
residential energy costs in the FNSB [31]. Heating fuel oil is the most used fuel, accounting
for 73% of wintertime heating use. To reduce heating costs and provide redundancy, many
FNSB households use wood to supplement heating. Although wood is relatively less
expensive than heating fuel oil, it is the most significant contributor to the area’s elevated
ambient PMj; 5 concentrations. Recent estimates indicate that wood burning accounts for
over 95% of the PM; 5 emissions linked to space heating in the region [2]. This leaves FNSB
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households in the position of choosing between lower-cost residential space heating and
healthy air quality.

Alaska’s remoteness, limited transportation infrastructure, and sparse population
contribute to high energy prices [32]. Additionally, much of the housing stock in the FNSB
was built in the 1970s and 1980s during and immediately following the construction of
the Trans-Alaska Pipeline [31]. Many homes were built without regard for the subarctic
climate [31]. The combination of high energy prices, an energy-inefficient housing stock,
and a cold climate results in high household energy expenditures in the FNSB.

3. Literature Review

Willingness to pay for renewable energy has been investigated in many other locations
using contingent valuation techniques. In Myanmar, estimates of household WTP for a
10% solar power share, biomass share, or hydropower share are USD 1.92, USD 1.13, and
USD 1.17, respectively [33]. In South Korea, consumers are willing to pay 31.9% more to
substitute natural gas with renewable methane [34]. In Vermont, solar power has been
identified as a preferred public investment option over wind and energy generated through
cow manure [35]. Likewise, in Arizona, the average household WTP for investment into
the research and development of solar energy is estimated to be USD 17 [36].

There are also several studies investigating consumer preferences and WTP for home
heating in Europe. A recent examination finds that ETSH and wood pellet boilers were
the least favored home heating alternatives for the Finnish population; comfort of use is
identified as a highly significant factor affecting heating system decisions [37]. Comfort
level is also identified as a key decision-making factor for heating and cooling systems in
the Spanish residential sector followed by economic criteria such as savings and initial
investment [38]. Recent estimates of WTP for a residential hybrid system providing heating,
cooling, and domestic hot water in Spain, Portugal, and Greece find that the majority
of respondents in all three countries were willing to pay EUR 6000 for installation of
the system [39]. When compared with the cost of installation, approximately 5-10% of
respondents would be expected to actually install the system. This finding, however,
is sensitive to differences between estimated payback period and acceptable payback
period as 30-40% of respondents would likely invest in the system given shorter payback
periods. In Ireland, a discrete choice experiment examining preferences for renewable home
heating systems indicates that upfront cost, bill saving, installation hassle, environmental
sustainability, and comfort of use increase the uptake of new systems [40]. In a separate
study from Ireland, findings suggest that consumers are willing to pay for heat pumps
but their WTP does not cover the high upfront costs of the technology [41]. In Germany,
a discrete choice experiment used to investigate WIT'P for home heating finds that district
heating from renewables is the most preferred home heating option and that households
are willing to pay a premium of about EUR 5 per m?/a over fossil fuel district heating [42].

Willingness to pay and consumer preferences for home heating have also been investi-
gated in South Korea. One study investigated consumer preferences for renewable heat
obligation policies using a discrete choice experiment. The results suggest that an increase
in heating expenses was the most important attribute to consider in policy creation, fol-
lowed by maintaining a stable heating supply [43]. When heating expenses increased in the
scenario, the adoption rate for renewable heat decreased. Another study used contingent
valuation to elicit WTP for the introduction of a power-to-heat system and found that the
average WTP was USD 3.59 per year [44]. Another article investigated the price premium
for renewable heat and found that residential consumers were willing to pay 5% more for
renewable heat compared to heat produced by fossil fuels [45]. One study investigated the
renewable heat incentive program created by the South Korean Government [46]. The pro-
gram’s goal is to increase the proportion of renewable heat from 1% to 20% by 2040. Using
contingent valuation, researchers estimated the mean household WTP for the renewable
heat incentive program is USD 5.35 per year.
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Comfort of use and cost of installation have been identified as key decision-making
factors in consumer choices for home heating. The ETSH program described in the WTP
question largely avoids these barriers to adoption—e.g., a simple flip of a switch by the
homeowner releases warm air into the room and the cost of installation is covered by the
program (participants are only asked to pay the cost of the electricity used to charge the
ETSH). These features of the ETSH program provide an opportunity to focus solely on
estimating the WTP for the renewably-sourced electricity for alternative heating. To date, a
review of literature has not identified any studies of a similar nature focused on energy
in Alaska.

4. Estimation Method

Estimation of WTP was conducted using a probit model using maximum likelihood
techniques. In this formulation, the probit model assumes there is an underlying WTP
function described as:

WTP; = x'"if + p; )

where x; is a vector of explanatory variables, 3 is a vector of estimated coefficients, and y; is
the random error term (assumed to be independent and normally distributed with a mean
of zero and a standard deviation of ¢). The WTP function is not directly observable, instead,
we observe latent WTP as represented by an indicator, i;, which takes a value of 1 when the
respondent indicated a “yes” to the payment level and a value of 0 when the responded
indicated a “no” to the presented payment level. Define Payment; as the randomly assigned
payment amount presented to respondent i in the WTP question. The random error is
equal to the probability that the respondent’s unobserved WTP is greater than the payment
amount, so the probability of a “yes” vote given the explanatory variables is

Pr(y; = 11x;) = P WTP; > Payment;) = Pr(x';8 + u; > Payment;) = Pr(u; > Payment; — x';B) = Pr(z; > [Payment; — x';8]/0)  (2)

z; is the standard normal random variable. The likelihood function for the standard
probit model with n observations is:

logL =Y _"i_1(WTPilog [1 — ¢([Payment; — x';B]/0)] + (1 — WTP);log[p([Payment; — x';81/ )] 3)

The median WTP is the fiftieth percentile of the WTP distribution and can be calculated
when the random error term is equal to zero. Median WTP is given by:

M(WTP;) = ax;/B 4)

where & is a parameter, such as income, that provides an upper bound on WTP. We estimate
median WTP following Hanemann (1984) and utilize the Krinsky—Robb (1986) procedure
to simulate the 95% confidence interval for the estimates [47,48].

5. Survey Design

We assessed WTP using a dichotomous-choice contingent valuation survey following
the best-practice recommendations outlined in Johnston et al. [49]. We received informal
feedback on the WTP question from an interdisciplinary group of energy researchers at
the Alaska Center for Energy and Power (ACEP) at the University of Alaska Fairbanks
(UAF). Additionally, the WTP question was pre-tested with focus groups recruited using an
advertisement on ACEP’s social media accounts. The WTP question was refined after each
focus group based on the feedback provided by participants. In total, four focus groups
(n=2,n=23,n=23,and n = 4; respectively) were conducted between March and April 2022.
Focus group participants were offered a USD 45 electronic gift card for their participation.
A pilot survey was sent to 100 households within the FNSB in May 2022. The final response
rate of the pilot survey was 5%.

Invitations to complete the survey were mailed to a stratified random sample of
5400 households drawn from the FNSB property tax database. The strata were propor-
tioned based on the population size of the borough’s census tracts. Households received a
contact postcard with information about how to access the online survey. The survey was
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administered using the Qualtrics platform. A reminder postcard with the same information
was sent two weeks later and a final reminder postcard was sent in mid-September 2022.
An advertisement for the survey was placed on the local public radio station and ran from
August through September 2022. Additionally, a flier advertisement was placed in the local
Sunday paper in August 2022. Households that completed the survey were offered a USD
25 electronic gift card. Responses were collected from 29 July to 1 December 2022. The final
response rate is 6.59% with 356 completed surveys. The survey included questions about
the physical attributes of the respondent’s home, household energy use, heating costs,
household electricity usage, home heating sources and expenditures, energy cost burden,
and respondent demographics. It included a block of Likert-scale questions to determine
respondents’ participation in environmental behavior such as turning off the lights when
leaving the room. The WTP question was followed by a certainty scale question following
Champ and Bishop [50] and a set of questions used to identify potential protest behavior.

5.1. WTP Question

For the dichotomous-choice question, respondents were first provided with basic facts
about home heating in the FNSB. Next, they were provided with information about the
function and use of ETSH as a secondary heat source in Western Alaska. This was followed
by a list of the pros and cons of ETSH use for home heating. Respondents were then
presented with a description of a program similar to those in Western Alaska where the
electric utility would pay for the ETSH, a separate electric meter, and installation. In the
hypothetical program, participating homeowners would be able to use renewably-sourced
heat from the ETSH to displace approximately 100 gallons of heating fuel oil annually and
would be asked to remain in the program for five years. After that time, the participants
could remain in the program or have the ETSH removed for free. Program participants
would be billed monthly to charge the ETSH with electricity and would have to allow the
electric utility to control when the ETSH is charged. Respondents were then asked if they
would choose to participate in the program.

The survey question was: “Given your limited household budget, would you choose
to opt-in if participating in the ETSH program increased your monthly electric bill by
$X for the next five years? ($X per month x 12 months = $Y total per year to displace
100 gallons of heating fuel oil per year)”. $X is the randomly assigned payment amount.
There were eight different payment amounts ranging from USD 3.00 to USD 135.00 per
month which were determined using the feedback provided through the focus groups
and pilot test. Alberini suggests that the optimal survey design has five to eight different
payment amounts [51]. The payment amount displaces heating fuel oil because heating fuel
oil is the most common offset to wood heating in the FNSB. Heating oil cost equivalents by
payment amount are found in Table 1. Contingent valuation can provide an estimate to
inform anticipated policy before the details and effects of the policy are known [52]. When
designing an ETSH program, using an estimated median WTP for electricity derived from
the hypothetical program should yield a more effective program.

Table 1. Heating Oil Cost Equivalent for Payments Amounts.

Payment Amount Heating Oil Equivalent (Price per Gallon)
USD 3.00 USD 0.36
USD 15.00 USD 1.80
USD 30.00 USD 3.60
USD 40.00 USD 4.80
USD 55.00 USD 6.60
USD 70.00 USD 8.40
USD 80.00 USD 9.60

USD 135.00 USD 16.20
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Figure 2 shows the votes by payment amount for the 341 respondents who completed
the entire survey and answered the WTP question. As the payment amount increases, the
ratio of “yes” votes to “no” votes generally decreases.

WTP by Payment Amount
30 40

30-

: I l l l .
0- - . .
30-
20~
- . -
Yes Yes

Vote

-
O

Figure 2. Number of respondents WTP by payment amount.

5.2. Respondent Uncertainty

Following the WTP question, respondents were asked to rate their level of certainty
on a scale of 1 = “very uncertain” and 10 = “very certain”. Certainty questions have been
used to explain the difference between values estimated from hypothetical questions and
actual behavior [53,54]. The average level of certainty following a “no” was 5.19, and the
average level of certainty following a “yes” was 7.29. If a respondent indicated no, they
were also asked to provide their primary reason why; these responses are presented in
Table 2. Certainty responses were used to address the potential for hypothetical bias in
the WTP responses. Results are presented with the full data as well as with WTP “yes”
responses coded as “no” for certainty levels of less than 7.

Table 2. Responses to Survey Question 24: Please indicate your primary reason for voting “No”.

Primary Reason for Voting “No” g;;;\ber of Respondents gcz)l;)c)ent
I do not want to participate in the ETSH program. 29 11.3
The ETSH program is not that important to me. 7 2.7
I cannot afford to pay extra to heat my home. 49 19.1
It is unfair to expect me to pay for renewable energy. 5 2.0
The ETSH program is not the solution to reducing 4 16
air pollution. '
The electric utility should be paying for 1 43
renewable energy. '
The monthly cost of the ETSH program is too high. 69 27.0
Other 82 32.0

5.3. Respondent Demographics

Table 3 presents the distribution of respondents for sociodemographic variables such
as gender, age, education level, and income level. Respondents were also asked about
the price per gallon of heating fuel oil on their last fuel bill. The average price per gallon
reported was USD 4.47. At a price per gallon of USD 4.47, displacing 100 gallons should
save the resident USD 447 annually, or USD 37.25 per month.
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Table 3. Distribution of Respondents by Sociodemographic Variables.

Item Number of Respondents Percent
(356) (100)
Male 186 52.2
Gender Female 145 40.7
Prefer not to say 13 3.7
18-29 17 4.8
30-39 60 16.9
Age 40-49 69 194
50-59 60 16.9
60 and over 135 37.9
High school 25 7.0
Some college 37 10.4
. Trade/technical/vocational 18 5.0
Education Associate degree 28 7.9
Bachelor’s degree 127 35.7
Master’s degree and over 107 30.0
USD 45,000 and less 32 8.9
USD 45,001-65,000 55 154
Annual USD 65,001-85,000 63 17.7
Household USD 85,001-105,000 55 154
Income USD 105,001-150,000 65 18.3
USD 150,001-200,000 35 9.8
USD 200,001 and more 28 7.9
6. Results

Several explanatory variables were used in the WTP function. Table 4 shows sum-
mary statistics and definitions for variables included in the estimated models. Model
estimates are based on 315 usable observations where respondents provided answers to all
explanatory variables.

Table 4. Definitions and Summary Statistics of Variables.

Variable Definition Mean Std. Dev.
Randomly assigned payment amount (USD2022)

Payment Payments varied from USD 3, 15, 30, 40, 55, 70, 80, 135 USD 5409 39.50
Dummy for question: “Can you maintain a comfortable

Comfort temperature in your home during the coldest days in winter?”  0.91 0.29
(0=mno; 1 =yes)

Age: Over 65 Dummy for the respondent being 65 or older 0.31 0.46

Household Members Number of members in the household 2.76 2.44

Education 1 N}lmper assigned to r?spondent s education level, increasing 7 67 1.89
with increased education (range from 1-11)

Household Annual Income ! Numbgr asmgned to t}}e respond.ent s household annual income 2027 112
level, increasing with increased income (range from 1-50)

Primary Fuel: Heating Fuel Oil Dummy for respondent using heating fuel oil as their primary 0.83 0.38
fuel source for home heating (0 = no; 1 = yes)
Dummy for respondent’s political affiliation being slightly

Political Identification ! conservative, conservative, or extremely conservative (0 = no; 0.31 0.46
1 =yes)

Environmental Organization Dummy for responde.nt ‘t.)emg a member of a conservation or 016 0.37
environmental organization (0 = no; 1 = yes)
Average of six Likert-scale questions about environmental

Environmental Behavior ! practices based on the overarching question: “How often do you  3.02 0.52

perform the following in your daily life?”

! More information is available about these questions in Table A1 (Appendix A).
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The WTP values are derived using a probit model and represent the monthly WTP
for the electricity to run the ETSH device. Two separate models are estimated. Model 1
presents estimates without any certainty correction. Model 2 presents results from the
certainty-corrected payment response data. The certainty correction follows the approaches
suggested by Champ and Bishop [50] and applied by Mueller [36]. In Model 2, “yes”
responses with a certainty score of less than seven have been recoded as a “no” response.
Confidence intervals are derived using the Krinsky—Robb procedure with 5000 random
draws [48]. The coefficients for both models as well as median WTP estimates and their
95% confidence intervals are presented in Table 5.

Table 5. Maximum Likelihood Estimation Results.

(WY) (2)

Variables Model 1 Model 2
Pavment —0.0149 *** —0.0144 ***
Y (0.00230) (0.00247)
Comf —0.521* —0.660 **
omfort (0.281) (0.282)
—0.284 —0.150
Age:
ge: Over 65 (0.181) (0.189)
—0.00495 —0.0479
Household Members (0.0594) (0.0634)
Ed . 0.0701 0.104 **
ucation (0.0448) (0.0480)
0.00206 0.00345
Household Annual Income (0.00798) (0.00825)
. . . . 0.377 * 0.483 **
Primary Fuel: Heating Fuel Oil (0.207) (0.225)
—0.414 ** —0.403 **
Political Identification (0.179) (0.190)
. . 0.407 * 0.522 **
Environmental Organization (0.219) (0.223)
—0.312 ** —0.182
Environmental Behavior (0.156) (0.163)
Intercept 1.205 0.255
p (0.736) (0.774)
Observations 315 315
Log Likelihood —178.81 —161.98
Pseudo R? 0.1639 0.1706
Lower bound of 95% confidence interval (USD) 20.94 —11.46
Median WTP (USD) 33.98 9.75
Upper bound of 95% confidence interval (USD) 44.01 22.70

Standard errors in parentheses *** p < 0.01, ** p < 0.05, * p < 0.1.

There are several interesting outcomes reflected by the estimated models. The signs of
the estimated coefficient indicate whether the variable in question is associated with an
increase or decrease in the likelihood of observing a “yes” response to the payment level
presented in the WTP question. As program cost increases the likelihood of observing a
“yes” response should decline. In this case, the ETSH program cost is inversely related
to likelihood of observing a “yes” as reflected by the negative and statistically significant
(0.01 levels) coefficient on the payment variable. Median WTP estimates are USD 33.98
(Model 1) and USD 9.75 (Model 2). The substantial difference between the median WTP
estimate from each model reflects the impact of the certainty correction. In treating rela-
tively uncertain “yes” responses (e.g., 5 or 6) as a “no” the WTP distribution shifts leftward
potentially reducing hypothetical bias in the estimate. In both models, homeowners who
indicated they use heating fuel oil as the primary fuel source are more likely to select “yes”
at each payment level than those who do not. Homeowners who use heating fuel oil as
their primary heating fuel likely have a better understanding of the costs and benefits of
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the program given the potential cost offset associated with avoiding the use of 100 gal-
lons of heating fuel oil. Likewise, respondents who indicated they were members of an
environmental organization are also more likely to select “yes” at higher payment levels.
Interestingly, the estimated coefficient on the Comfort variable is negative and statistically
significant (0.1 levels). Again, the Comfort variable indicates that the respondent does not
have difficulty maintaining a comfortable temperature in their home during the winter
months. A respondent’s ability to maintain a comfortable temperature in their home de-
pends on a number of factors including their income level as well as housing characteristics
such as home size and energy efficiency of the home. Regardless of the reason, it seems
intuitive that WTP for the ETSH program would be lower for homeowners who do not face
challenges maintaining a comfortable temperature in their homes because they do not feel
the need to pursue heating alternatives.

Wood burning has been a significant political issue in Fairbanks; in both models,
respondents who identify as conservative-leaning are less likely to opt-in to the program.
For the certainty corrected model, education was statistically significant (0.05 levels), and
the coefficient was positive. Approximately 16% of respondents are involved in an environ-
mental or conservation organization. Membership in such organizations is associated with
a higher likelihood of observing a “yes” response to presented payment levels given the
positive and statistically significant coefficient in both models. The environmental behavior
coefficient was negative in the models, indicating that respondents who regularly engage in
energy conservation efforts were less likely to opt-in to the ETSH program at each payment
level. The environmental behaviors described in the survey are also cost-saving choices
and may be capturing consumer preferences unrelated to the environment.

7. Discussion

The models highlight a number of considerations that may be used to guide the
development of an ETSH program for the FNSB. Although an ETSH program in the FNSB
has the potential to both improve local air quality and promote the increased integration of
renewable energy into the electrical grid, the large proportion of “no” responses at lower
payment values, as well as the lower levels of certainty associated with these responses,
suggests that survey respondents felt trepidation about the proposed program. This point
emphasizes the importance of careful program design and public outreach to educate
residents about ETSH technology, the program, and how such technology can be utilized
to both improve air quality and promote the further integration of renewably-sourced
electricity into the grid.

Another notable conclusion to draw from this analysis is the importance of correctly
pricing the electricity to be utilized so that it is financially feasible for homeowners to
participate in an ETSH program. As seen in Table 1, cost concerns drove many of the
“no” responses to the WTP question. An ETSH program is not financially practical for
homeowners at the current residential rate charged by the local electrical utility. At the
current rate of USD 0.22/kWHh, it costs approximately USD 886 per year (USD 74/month) to
offset the energy equivalent of 100 gallons of heating fuel oil. This far exceeds the median
WTP estimate of USD 33.98 per month from Model 1, which is equivalent to a rate of USD
0.10/kWh, and the median WTP estimate of USD 9.75 per month from Model 2, which
is equivalent to a rate of USD 0.03/kWh. This finding speaks directly to the need for
subsidized rates in order to make the program financially viable for homeowners.

The surveys were mailed to a stratified random sample of households in the borough.
Our sample demographics indicate that the average survey respondent was slightly more
educated, wealthier, and older than the average resident of the borough [55]. We find that
there is a small population interested in the program and that educating more residents
about the program would likely positively impact interest in the program.

Future research should examine the reasons why respondents selected “no” in order to
develop a program that appeals to more residents in the borough. More information about
the geospatial distribution of “no” responses can also provide information for the outreach
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component of an ETSH program. In the political science literature, voting behavior is
correlated across space [56]. Given the tendency for people to locate themselves near others
with similar views, identifying and understanding more about regions with concerns about
a possible ETSH program can contribute to the design of a more successful program. To this
end, an attribute-based approach such as a choice experiment can be utilized to understand
preferences for different program attributes that can be targeted to increase participation.
Regional variability in air quality may also affect willingness to participate. The Hurst
Road air quality monitoring site in the City of North Pole has historically had the highest
PMj, 5 concentrations in the FNSB [27]. Residents from North Pole who experience worse
air quality in the winter may be more likely to participate due to their winter experiences.
Finally, testing the proposed ETSH program values in a real-world setting would provide
more information about the accuracy of the WTP values, the potential of ETSH to improve
air quality while expanding the use of renewable energy, and its ability to decrease fuel
poverty in the FNSB.

This paper contributes to the existing body of research on WTP for renewable energy
and home heating in several ways. We provide a WTP estimate for renewably-sourced
electricity for alternative heating in Alaska that can help to inform future research on
renewable energy use in the region. We find that the average household in the FNSB is
willing to pay approximately USD 33.98 a month to participate in the ETSH program and
displace approximately 100 gallons of heating fuel oil each year. Implementation of a
special ETSH electricity rate based on the WTP estimate may lead to broader adoption of
ETSH for space heating, which could improve air quality, reduce fuel poverty, and reduce
the carbon footprint of residential space heating. We also find large deviations in WTP
estimates when using uncertainty coding. Understanding possible overestimates of WT'P
has relevant policy implications for the program and for other similar renewable energy
initiatives. This research has public health and policy implications for any community
interested in reducing PM; 5 air pollution resulting from wood burning for space heating.
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Appendix A

Possible answers to survey questions as shown to the respondent for some explanatory
variables used in the model are listed below in Table A1.
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Table Al. Survey Question Details for Some Explanatory Variables.

Variable Answer Options

(1) No schooling completed; (2) Elementary school to 8th grade; (3) Some high school, no
diploma; (4) High school graduate, diploma; (5) Some college credit; (6)

Trade/technical /vocational training; (7) Associate degree; (8) Bachelor’s degree; (9) Master’s
degree; (10) Professional degree; (11) Doctorate degree

(1) Less than USD 10,000; (2) 10,001-15,000; (3) 15,001-20,000; (4) 20,001-25,000; (5)
25,001-30,000; (6) 30,001-35,000; (7) 35,001-40,000; (8) 40,001-45,000; (9) 45,001-50,000; (10)
50,001-55,000; (11) 55,001-60,000; (12) 60,001-65,000; (13) 65,001-70,000; (14) 70,001-75,000;
(15) 75,001-80,000; (16) 80,001-85,000; (17) 85,001-90,000; (18) 90,001-95,000; (19)
95,001-100,000; (20) 100,001-105,000; (21) 105,001-110,000; (22) 110,001-115,000; (23)
115,001-120,000; (24) 120,001-125,000; (25) 125,001-130,000; (26) 130,001-135,000; (27)
135,001-140,000; (28) 140,001-145,000; (29) 145,001-150,000; (30) 150,001-155,000; (31)
155,001-160,000; (32) 160,001-165,000; (33) 165,001-170,000; (34) 170,001-175,000; (35)
175,001-180,000; (36) 180,001-185,000; (37) 185,001-190,000; (38) 190,001-195,000; (39)
195,001-200,000; (40) 200,001-205,000; (41) 205,001-210,000; (42) 210,001-215,000; (43)
215,001-220,000; (44) 220,001-225,000; (45) 225,001-230,000; (46) 230,001-235,000; (47)
235,001-240,000; (48) 240,001-245,000; (49) 245,001-250,000; (50) Above 250,000

(0) Extremely liberal, liberal, slightly liberal, moderate; (1) Slightly conservative, conservative,

Education

Household Annual Income

Political Affiliation .
extremely conservative
(Q1) Turn off the lights when leaving a room, (Q2) cut down on heating to limit energy
Environmental consumption, (Q3) only run full loads when using washing machines or dishwashers, (Q4)
Behavior (Questions) wash clothes using cold water rather than hot water, (Q5) switch off standby mode of
appliances/electronic devices, (Q6) air dry laundry rather than using a clothes dryer.

References

1. FNSB-APCC. Air Quality Comprehensive Plan: Framework for Healthy Air, People, and Economy. By Fairbanks North Star
Borough Air Pollution Control Commission. 2016. Available online: http://fnsb.us/transportation/AQDocs/FNSBAPCC
(accessed on 12 January 2023).

2. Carlson, T.; Zhang, W. Analysis of Fairbanks 2013-2015 Home Heating Surveys; Sierra Research: Alicante, Spain, 2015; pp. 1-39.

3. Ward, T,; Trost, B.; Connor, J.; Flanagan, J.; Jayanty, R.K.M. Source Apportionment of PM2.5 in Subarctic Airshed—Fairbanks
Alaska. Aerosol Air Qual. Res. 2012, 12, 536-543. [CrossRef]

4. Wang, H.; Shooter, D. Course-Fine and Day-Night Differences of Water-Soluble Ions in Atmospheric Aerosols Collected in
Christchurch and Auckland, New Zealand. Atmos. Environ. 2002, 36, 3519-3529. [CrossRef]

5. Larson, T; Su, J.; Baribeau, A.; Buzzelli, M.; Setton, E.; Brauer, M. A Spatial Model of Urban Winter Woodsmoke Concentrations.
Environ. Sci. Technol. 2007, 41, 2429-2436. [CrossRef]

6.  Sigsgaar, T.; Forsberg, B.; Annesi-Maesano, I.; Blomberg, A.; Bolling, A.; Boman, C.; Benlekke, J.; Brauers, M.; Bruce, N.; Héroux,
M.; et al. Health Impacts of Anthropogenic Biomass Burning in the Developed World. Eur. Respir. |. 2015, 46, 1577-1588.
[CrossRef] [PubMed]

7. Im, U,; Christensen, J.; Nielsen, O.; Sand, M.; Makkonen, R.; Geels, G. Contributions of Nordic Anthropogenic Emissions Air
Pollution and Premature Mortality over the Nordic Region and the Arctic. Atmos. Chem. Phys. 2019, 19, 12975-12992. [CrossRef]

8.  E.PA. Green Book: Current Nonattainment Counties for All Criteria Pollutants. 2021. Available online: https:/ /www?3.epa.gov/
airquality /greenbook/ancl.html (accessed on 12 January 2023).

9.  Robinson, D.L.; Monro, ].M.; Campbell, E.A. Spatial Variability and Pollution Exposure to PM2.5 Pollution from Woodsmoke in a
New South Wales Country Town. Atmos. Environ. 2007, 41, 5464-5478. [CrossRef]

10. Zheng, M,; Cass, G.R; Ke, L.; Wang, F.; Schauer, ].].; Edgerton, E.S.; Russell, A.G. Source Apportionment of Daily Fine Particulate
Matter at Jefferson Street, Atlanta, GA, during Summer and Winter. J. Air Waste Manage. Assoc. 2007, 57, 228-242. [CrossRef]

11.  Kredl, P; Larsson, E.H.; Strom, J.; Johansson, C. Contribution of Residential Wood Combustion and Other Sources to Hourly
Winter Aerosol in Northern Sweden Determined by Positive Matrix Factorization. Atmos. Chem. Phys. 2008, 8, 3639-3653.
[CrossRef]

12.  Bergauff, M.A.; Ward, T.].; Noonan, C.W.; Palmer, C.P. The Effect of a Woodstove Changeout on Ambient Levels of PM2.5 and
Chemical Tracers for Woodsmoke in Libby, Montana. Atmos. Environ. 2009, 43, 2938-2943. [CrossRef]

13. Sanhueza, P.A.; Torreblanca, M.A.; Diaz-Robles, L.A.; Schiappacasse, N.L.; Sliva, M.P.; Astete, T.D. Particulate Air Pollution and
Health Effects for Cardiovascular and Respiratory Causes in Temuco, Chile: A Wood-Smoke-Polluted Urban Area. ]. Air Waste
Manage. Assoc. 2009, 59, 1481-1488. [CrossRef]

14. Ward, T.; Lange, T. The Impact of Wood Smoke on Ambient PM2.5 in Northern Rocky Mountain Valley Communities. Environ.

Pollut. 2010, 158, 723-729. [CrossRef] [PubMed]


http://fnsb.us/transportation/AQDocs/FNSBAPCC
https://doi.org/10.4209/aaqr.2011.11.0208
https://doi.org/10.1016/S1352-2310(02)00320-5
https://doi.org/10.1021/es0614060
https://doi.org/10.1183/13993003.01865-2014
https://www.ncbi.nlm.nih.gov/pubmed/26405285
https://doi.org/10.5194/acp-19-12975-2019
https://www3.epa.gov/airquality/greenbook/ancl.html
https://www3.epa.gov/airquality/greenbook/ancl.html
https://doi.org/10.1016/j.atmosenv.2007.01.059
https://doi.org/10.1080/10473289.2007.10465322
https://doi.org/10.5194/acp-8-3639-2008
https://doi.org/10.1016/j.atmosenv.2009.02.055
https://doi.org/10.3155/1047-3289.59.12.1481
https://doi.org/10.1016/j.envpol.2009.10.016
https://www.ncbi.nlm.nih.gov/pubmed/19897293

Energies 2023, 16, 3413 13 of 14

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Yap, P.; Garcia, C. Effectiveness of Residential Wood-Burning Regulation on Decreasing Particulate Matter Levels and Hospital-
izations in the San Joaquin Valley Air Basin. Am. J. Public Health 2015, 105, 772-778. [CrossRef]

Desservettaz, M.; Phillips, F.; Naylor, T.; Price, O.; Samson, S.; Kirkwood, J.; Paton-Walsh, C. Air Quality Impacts of Smoke from
Hazard Reduction Burns and Domestic Wood Heating in Western Sydney. Atmosphere 2019, 10, 557. [CrossRef]

Johnston, FH.; Hanigan, 1.C.; Henderson, S.B.; Morgan, G.G. Evaluation of Interventions to Reduce Air Pollution from Biomass
Smoke on Mortality in Launceston, Australia: Retrospective Analysis of Daily Mortality, 1994-2007. BM]J 2013, 346, e8446.
[CrossRef] [PubMed]

FNSB-AQD. Healthy Air. Healthy Interior: A Practical Resource Guide for Improving Air Quality in the Fairbanks North Star
Borough. 2017. Available online: http://fnsb.us/transportation/ AQDocs/AQresourceguide.pdf (accessed on 11 January 2023).
Darby, S.J. Smart Electric Storage Heating and Potential for Residential Demand Response. Energy Effic. 2018, 11, 67-77. [CrossRef]
Stevens, V.; Craven, C.; Grunau, B. Thermal Storage Technology Assessment: An Introductory Assessment of Thermal Storage in
Residential Cold Climate Construction. Cold Climate Housing Research Center. 2013. Available online: http://cchrc.org/media/
thermal_storage.pdf (accessed on 12 January 2023).

Lorenz, D.M. Alaska Freezes out Wind Energy. Renew. Energy World. 2018. Available online: https:/ /www.renewableenergyworld.
com/wind-power/alaska-freezes-out-wind-energy (accessed on 10 January 2023).

Lovecraft, A.; Boylan, B.; Burke, N.; Glover, A.; Parlato, N.; Robb, K.; Thoman, R.; Walsh, ].; Watson, B. Alaska’s Changing Arctic:
Energy Issues and Trends for the Alaska State Legislature and Its Citizens; Biermann, M., McFarland, H., Eds.; Center for Arctic Policy
Studies, International Arctic Research Center; University of Alaska Fairbanks: Fairbanks, AK, USA, 2023.

NREL Supports Alaska Utility Amid Coal Plant Retirement Through Communities to Clean Energy Program. Available
online: https:/ /www.nrel.gov /state-local-tribal /blog/ posts /nrel-supports-alaska-utility-amid-coal-plant-retirement-through-
communities-to-clean-energy-program.html (accessed on 22 January 2023).

Golden Valley Electric Association Sources of Power. Available online: https:/ /www.gvea.com/services/energy /sources-of-
power (accessed on 22 January 2023).

Kaczmarski, ].; Jones, B.; Chermak, J. Determinants of Demand Response Program Participation: Contingent Valuation Evidence
from a Smart Thermostat Program. Energies 2022, 15, 590. [CrossRef]

Li, D.; Bae, J.-H.; Rishi, M. A Preference Analysis for a Peer-to-Peer (P2P) Electricity Trading Platform in South Korea. Energies
2022, 15, 7973. [CrossRef]

ADEC. Amendments to: State air quality control plan, executive summary, Vol. II: IIL.D.7.1 by Alaska Department of Environ-
mental Conservation. 2019. Available online: https:/ /dec.alaska.gov/media/18916/iii-d-7-01-executive-summary-adopted.pdf
(accessed on 22 January 2023).

Bourne, S.M.; Bhatt, U.S.; Zhang, J.; Thoman, R. Surface-Based Temperature Inversions in Alaska from a Climate Perspective.
Atmos. Res. 2010, 95, 353-366. [CrossRef]

Pope, C.A.; Dockery, D.W. Health Effects of Fine Particulate Air Pollution: Lines That Connect. ]. Air Waste Manage. Assoc. 2006,
56, 709-742. [CrossRef]

Boardman, B. Fixing Fuel Poverty: Challenges and Solutions; Earthscan: New York, NY, USA, 2013.

AHFC. 2018 Alaska Housing Assessment. Available online: https:/ /www.ahfc.us/pros/energy/alaska-housingassessment/2018
-housing-assessment (accessed on 20 January 2023).

Holdmann, G.; Pride, D.; McGlynn, J.; Byrd, A.; Colt, S. Barriers to and Opportunities for Private Investment in Rural Alaska Energy
Projects; University of Alaska Fairbanks: Fairbanks, AK, USA, 2016.

Numata, M.; Sugiyama, M.; Swe, W.; del Barrio Alvarez, D. Willingness to Pay for Renewable Energy in Myanmar: Energy Source
Preference. Energies 2021, 14, 1505. [CrossRef]

Kim, S.-M.; Kim, J.-H.; Yoo, S.-H. Households’ Willingness to Pay for Substituting Natural Gas with Renewable Methane: A
Contingent Valuation Experiment in South Korea. Energies 2020, 13, 3082. [CrossRef]

Wang, Q.; Valchuis, L.; Thompson, E.; Conner, D.; Parsons, R. Consumer Support and Willingness to Pay for Electricity from
Solar, Wind, and Cow Manure in the United States: Evidence from a Survey in Vermont. Energies 2019, 12, 4467. [CrossRef]
Mueller, . Estimating Arizona Residents” Willingness to Pay to Invest in Research and Development in Solar Energy. Energy
Policy 2012, 53, 462-476. [CrossRef]

Ruokamo, E. Household preferences of hybrid home heating systems—A choice experiment application. Energy Policy 2016, 95,
224-237. [CrossRef]

Ortega-Izquierdo, M.; Paredes-Salvador, A.; Montoya-Rasero, C. Analysis of the decision making factors for heating and cooling
systems in Spanish households. Renew. Sustain. Energy Rev. 2019, 100, 175-185. [CrossRef]

Karytsas, S.; Polyzou, O.; Karytsas, C. Factors affecting willingness to adopt and willingness to pay for a residential hybrid
system that provides heating/cooling and domestic hot water. Renew. Energy 2019, 142, 591-603. [CrossRef]

Meles, T.H.; Ryan, L.; Mukherjee, S.C. Heterogeneity in preferences for renewable home heating systems among Irish households.
Appl. Energy 2022, 307, 118219. [CrossRef]

Meles, T.; Ryan, L.; Mukherjee, S. Preferences for Renewable Home Heating: A Choice Experiment Study of Heat Pump System in
Ireland. In Proceedings of the 24th Annual Conference of the European Association of Environmental and Resource Economists,
Manchester, UK, 26-29 June 2019; pp. 1-24.


https://doi.org/10.2105/AJPH.2014.302360
https://doi.org/10.3390/atmos10090557
https://doi.org/10.1136/bmj.e8446
https://www.ncbi.nlm.nih.gov/pubmed/23299843
http://fnsb.us/transportation/AQDocs/AQresourceguide.pdf
https://doi.org/10.1007/s12053-017-9550-3
http://cchrc.org/media/thermal_storage.pdf
http://cchrc.org/media/thermal_storage.pdf
https://www.renewableenergyworld.com/wind-power/alaska-freezes-out-wind-energy
https://www.renewableenergyworld.com/wind-power/alaska-freezes-out-wind-energy
https://www.nrel.gov/state-local-tribal/blog/posts/nrel-supports-alaska-utility-amid-coal-plant-retirement-through-communities-to-clean-energy-program.html
https://www.nrel.gov/state-local-tribal/blog/posts/nrel-supports-alaska-utility-amid-coal-plant-retirement-through-communities-to-clean-energy-program.html
https://www.gvea.com/services/energy/sources-of-power
https://www.gvea.com/services/energy/sources-of-power
https://doi.org/10.3390/en15020590
https://doi.org/10.3390/en15217973
https://dec.alaska.gov/media/18916/iii-d-7-01-executive-summary-adopted.pdf
https://doi.org/10.1016/j.atmosres.2009.09.013
https://doi.org/10.1080/10473289.2006.10464485
https://www.ahfc.us/pros/energy/alaska-housingassessment/2018-housing-assessment
https://www.ahfc.us/pros/energy/alaska-housingassessment/2018-housing-assessment
https://doi.org/10.3390/en14051505
https://doi.org/10.3390/en13123082
https://doi.org/10.3390/en12234467
https://doi.org/10.1016/j.enpol.2012.11.012
https://doi.org/10.1016/j.enpol.2016.04.017
https://doi.org/10.1016/j.rser.2018.10.013
https://doi.org/10.1016/j.renene.2019.04.108
https://doi.org/10.1016/j.apenergy.2021.118219

Energies 2023, 16, 3413 14 of 14

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Krikser, T.; Profeta, A.; Grimm, S.; Huther, H. Willingness-to-Pay for District Heating from Renewables of Private Households in
Germany. Sustainability 2020, 12, 4129. [CrossRef]

Lim, S.; Huh, S.Y,; Shin, J.; Lee, J.; Lee, Y.G. Enhancing public acceptance of renewable heat obligation policies in South Korea:
Consumer preferences and policy implications. Energy Econ. 2019, 81, 1167-1177. [CrossRef]

Kim, J.H.; Lim, S.Y.; Yoo, S.H. Public preferences for introducing a power-to-heat system in South Korea. Renew. Sustain. Energy
Rev. 2021, 151, 111630. [CrossRef]

Kim, H.-H.; Lim, S.-Y.; Yoo, S.-H. Residential Consumers’ Willingness to Pay Price Premium for Renewable Heat in South Korea.
Sustainability 2019, 11, 1234. [CrossRef]

Lim, S.-Y.; Yoo, S.-H. Will South Korean Residential Consumers Accept the Renewable Heat Incentive Scheme? A Stated
Preference Approach. Energies 2019, 12, 1910. [CrossRef]

Hanneman, W.M. Welfare Evaluations in Contingent Valuation Experiments with Discrete Responses. Am. J. Agric. Econ. 1984, 66,
332-341. [CrossRef]

Krinsky, I.; Robb, A.L. On approximating the statistical properties of elasticities. Rev. Econ. Stat. 1986, 68, 715-719. [CrossRef]
Johnston, R.J.; Boyle, K.J.; Adamowicz, W.; Bennett, J.; Brouwer, R.; Cameron, T.A.; Hanemann, W.M.; Hanley, N.; Ryan, M.;
Scarpa, R.; et al. Contemporary Guidance for Stated Preference Studies. ]. Assoc. Environ. Resour. Econ. 2017, 4, 319-405.
[CrossRef]

Champ, P.A.; Bishop, R.C. Donation payment mechanisms and contingent valuation: An empirical study of hypothetical Bias.
Environ. Resour. Econ. 2000, 19, 269-276.

Alberini, A. Testing Willingness-to-Pay Models of Discrete Choice Contingent Valuation Survey Data. Land Econ. 1995, 71, 83-95.
[CrossRef]

Champ, P.A.; Boyle, K.J.; Brown, T.C. Contingent Valuation in Practice. In A Primer on Nonmarket Valuation; Bateman, 1., Ed.;
Kluwer Academic Publishers: Dordrecht, The Netherlands, 2003; p. 118. ISBN 0-7923-6498-8.

Champ, P.A.; Bishop, R.C.; Brown, T.C.; McCollum, D.W. Using donation mechanisms to value non-use benefits from public
goods. J. Environ. Econ. Manage. 1997, 33, 151-162. [CrossRef]

Poe, G.L,; Clark, J.E.; Rondeau, D.; Schulze, W.D. Provision point mechanisms and field validity tests of contingent valuation.
Environ. Resour. Econ. 2002, 23, 105-131. [CrossRef]

U.S. Census Bureau QuickFacts Fairbanks North Star Borough, Alaska. Available online: https://www.census.gov/quickfacts/
fact/table/fairbanksnorthstarboroughalaska/PST045221 (accessed on 12 January 2023).

Franzese, R.].; Hayes, ].C.; Schaffer, L.M. Spatial, Temporal, and Spatiotemporal Autoregressive Probit Models of Binary Outcomes:
Estimation, Interpretation, and Presentation, APSA 2010 Annual Meeting Paper. 2010. Available online: http://ssrn.com/abstract=
1643867 (accessed on 20 January 2023).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3390/su12104129
https://doi.org/10.1016/j.eneco.2015.01.018
https://doi.org/10.1016/j.rser.2021.111630
https://doi.org/10.3390/su11051234
https://doi.org/10.3390/en12101910
https://doi.org/10.2307/1240800
https://doi.org/10.2307/1924536
https://doi.org/10.1086/691697
https://doi.org/10.2307/3146760
https://doi.org/10.1006/jeem.1997.0988
https://doi.org/10.1023/A:1020242907259
https://www.census.gov/quickfacts/fact/table/fairbanksnorthstarboroughalaska/PST045221
https://www.census.gov/quickfacts/fact/table/fairbanksnorthstarboroughalaska/PST045221
http://ssrn.com/abstract=1643867
http://ssrn.com/abstract=1643867

	Introduction 
	Background 
	Literature Review 
	Estimation Method 
	Survey Design 
	WTP Question 
	Respondent Uncertainty 
	Respondent Demographics 

	Results 
	Discussion 
	Appendix A
	References

