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InMontana, USA, there are substantial opportunities for mechanized thinning treatments on public forests to re-
duce the likelihood of severe and damaging wildfires and improve forest health. These treatments produce res-
idues that can be used to generate renewable energy and displace fossil fuels. The choice modeling method is
employed to examine the marginal willingness of Montanans' to pay (MWTP) for woody biomass energy pro-
duced from treatments in their public forests. The survey instrument elicited social preferences for important
co-benefits and costs of woody biomass energy generation in Montana, namely the extent of healthy forests,
the number of large wildfires, and local air quality. Positive and statistically significant MWTP is found for
woody biomass energy generation, forest health and air quality. MWTP to avoid large wildfires is statistically in-
significant. However, MWTP for woody biomass energy diminishes quickly, revealing that Montanans do not
support public forestlandmanagement that producesmore than double the current level of woody biomass har-
vested for energy generation. These findings can be used by policy makers and public land managers to estimate
the social benefits of utilizing residues from public forest restoration or fuel treatment programs to generate
energy.
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1. Introduction

In 2009, about 83% of energy consumed in the United States came
from coal, oil and natural gas (EIA, 2010). In order to reduce greenhouse
gas emissions and reliance on imported fossil fuels, the United States
government has passed legislation aimed at decreasing fossil fuels use
through increased efficiency and increased production of renewable
solar, wind, hydroelectric, geothermal and biomass energy (United
States Congress, 2005; United States Congress, 2007). About 2%of all en-
ergy generated in the United States, representing 24% of renewable en-
ergy, presently comes from woody biomass (EIA, 2010), and studies
have found that woody biomass could potentially supply up to 10% of
US energy needs (Zerbe, 2006). A major barrier to expansion of
woody biomass energy in the US has been its high production cost rel-
ative to fossil fuels (Gan and Smith, 2006). However, there are signifi-
cant negative externalities created by the extraction, transport, and
combustion of fossil fuels for energy generation (National Academy of
Sciences, 2010) and potential positive externalities associated with
woody biomass energy that, if accounted for, maymakewoody biomass
.M. Campbell),
.us (N.M. Anderson).
energy a socioeconomically efficient component of the energy portfolio
in the US.

In order to place a dollar value on the externalities associated with
energy generation, nonmarket valuation techniques are required. Non-
market valuation studies have been used to quantify the value of a wide
range of environmental goods and services associated with renewable
energy generation, including reduced greenhouse gas emissions (Roe
et al., 2001; Longo et al., 2008; Solomon and Johnson, 2009; Susaeta et
al., 2011; Solino et al., 2012), improved air quality (Roe et al., 2001;
Bergmann et al., 2006), enhanced preservation of landscape quality
(Álvarez-Farizo and Hanley, 2002; Bergmann et al., 2006), reduced
wildfire risk (Bergmann et al., 2006; Solino et al., 2012) and preserva-
tion of wildlife habitat and biodiversity (Álvarez-Farizo and Hanley,
2002; Bergmann et al., 2006). Positive willingness to pay (WTP) has
also been found for non-environmental attributes including energy se-
curity (Longo et al., 2008; Li et al., 2009) and rural employment
(Solino et al., 2012).

Few studies to date have attempted to value externalities associated
with woody biomass energy generation specifically. Susaeta et al.
(2011) used a choice modeling exercise to assess preferences toward
externalities associated with woody biomass energy in Arkansas, Flori-
da, and Virginia. Respondents had positive (but statistically insignifi-
cant) WTP for improved forest health, reductions in CO2 emissions
and improvement of forest habitat from reduced wildfire risk. Because
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almost 90% of forest lands in the Southern US are privately owned, little
of thewoody biomass described in the Susaeta et al. (2011) studywould
come from public lands. In the absence of financial incentives, including
markets for carbon, applications of the findings of this study to inform
and influence private forest management and woody biomass energy
generation appear limited. Solino et al. (2012) found positive WTP in
Spain for reduced greenhouse gas emissions, reduced risk of forest fire
and reduced pressure on natural resources associated with the utiliza-
tion of woody biomass for electricity generation.

The US west has unique geographic, ecological, and socioeconomic
characteristics - perhaps the most significant of which in this context
is the high proportion of public lands compared to other parts of the
country. For example, over one-third of the land area of the US state of
Montana is owned by the state and federal governments. No past stud-
ies have evaluated social preferences regarding woody biomass energy
in the western United States, nor have previous studies evaluated pref-
erences specifically toward feedstock generated by forest restoration
treatments on public forests. This is an important distinction because
optimal decision making with regards to biomass harvesting differs be-
tween private landowners and social planners because of differences in
private and social accounting of other amenities provided by forests
(Hallmann and Amacher, 2014). Additionally, compared to landscapes
dominated by private ownership, public preferences are more relevant
to, and can be more readily accommodated within, forest management
and policy in the western United States.

This study used choice modeling to examine public preferences to-
ward the utilization of woody biomass from public forests for energy
generation in Montana. Preferences were characterized in terms of
WTP for increases in energy generated with woody biomass harvested
from public forests and for potential effects of changes in public forest
management on forest health, the prevalence of large wildfires, and
air quality. By determining public willingness to trade-off woody bio-
mass energy generation against important environmental attributes,
the results of this study can inform public forest management and re-
newable energy policy in Montana.

The paper proceeds with a description of the geographic and socio-
economic characteristics of the study area, followed by a description
of the development of the survey instrument. The econometric model
used to analyze the data is presented next, followed by the results of
the study, and finally, the study's main findings and implications.

2. Study area and co-benefits and costs of woody biomass energy

Montana's economy has historically relied heavily on agriculture
and resource extraction through logging and mining, and the forest in-
dustry still accounts for a significant portion of economic activity in sev-
eral counties in the state (McIver et al., 2013). As has been the trend
throughout the rural West, Montana's economy is increasingly service
oriented, fueled by tourism and migration based on natural amenities
provided by the state's public lands, and recreational opportunities
(Rasker and Hansen, 2000). Montana is home to multiple national
parks and national forests, which were the main attraction for 11 mil-
lion of the state's visitors in 2013 (Grau et al., 2014). The state has a
large, and expanding wildland-urban interface that allows residents to
live among the natural amenities they desire, but also places their
lives and homes at risk from wildfires (Rasker, 2014).

Of the 9.4 million ha of forestland in Montana, 3.8 million are classi-
fied as moderately or severely departed from natural fire regimes. For-
ests that are departed from historic fire regimes have increased tree
density, structural homogenization, and fuels buildup (Taylor, 2004),
resulting from decades of wildfire suppression (Ryan et al., 2013). For-
ests in these conditions are less able to support native plant and animal
species (Huntzinger, 2003; Hiers et al., 2007), are less resilient to distur-
bances like insect and disease infestation, andmore likely to experience
unusually severe and damaging wildfires (Schwilk et al., 2009). Forest
managers typicallymitigate such conditions usingmechanized thinning
treatments, prescribed wildland fire, or a combination of the two
(Rummer et al., 2005). Prescribed fire uses controlled human-ignited
fire under favorable weather and fuel conditions to burn excess fuels
without igniting the boles and crowns of dominant trees. In contrast,
mechanized thinning treatments use heavy equipment to remove and
process these fuels, sometimes generating merchantable forest prod-
ucts like sawlogs, pulpwood and woody biomass, which is defined in
this context as the limbs, tops, needles, leaves, and other parts of trees
and woody plants that are generated as the byproducts of forest
management.

Some forestland can be treated with prescribed fire alone, but in
cases where very high fuel loads are present, air quality restrictions
are in place, or the forest is in close proximity to developed areas, mech-
anized treatments may be required before, or in place of, prescribed fire
(Rummer et al., 2005). Prescribed fire or mechanized forest restoration
treatments can increase the area of healthy forests that support a great-
er diversity of native plant and animal species, and are more resilient to
human and natural disturbances like insect outbreaks, non-native inva-
sive species, disease, wildfires and a changing climate (Swanson et al.,
1994; Barrett et al., 2012). These treatments can also reduce the severity
of large wildfires (Stephens et al., 2009) that can burn homes, damage
important municipal watersheds, endanger firefighter and civilian
lives, and blanket large areas with wildfire smoke. There is some evi-
dence that, as a result, such treatments result in future fire suppression
cost savings, but this effect is difficult to quantify (Thompson and
Anderson, 2015).

Woody biomass from timber harvest and fuel treatment is currently
used as fuel to generate energy in a number of facilities inMontana, pro-
ducing 201,000MWh (MWh) of energy annually (DNRC, 2011;McIver
et al., 2013). The majority of this energy is produced by lumber mills
that utilize biomass residues created by logging and milling processes
to heat and power their facilities, and in one case, to supply electricity
to the power grid. Residues from the forest sector are also used to fuel
wood heating systems in ten schools and other public buildings
throughout the state as part of the United States Department of
Agriculture's (USDA) “Fuels for Schools” program. In a case study of
one of these wood heating systems, Bergman and Maker (2007) found
that the system saved money on fuel costs, with an expected payback
period of just under ten years.

Federal legislation like the Healthy Forests Restoration Act of 2003
mandates the federal government to increase the amount of timber har-
vest and restoration treatment in public forests, and encourages har-
vesting woody biomass for energy generation (United States House of
Representatives, 2003). Mechanized forest restoration treatments typi-
cally cut small diameter, subdominant treeswith little or no value in tra-
ditional timber markets. A woody biomass energy market would
provide an outlet for this material and provide revenues to offset the
cost of treatments. Additional woody biomass energy generation
would also contribute to achieving compliance with the state's renew-
able energy portfolio standard, which mandates that public utilities
and other competitive electricity suppliers serving 50 or more cus-
tomers obtain at least 15% of their retail electricity from renewable
sources as of 2015 (United States Department of Energy, 2015). Howev-
er, harvesting woody biomass can also have a negative effect on forest
health and biodiversity through reduced soil productivity (Thiffault et
al., 2011), increasing opportunities for the spread of invasive weeds,
and increasing sediment runoff into streams (Shepard, 2006). Addition-
ally, in communities where woody biomass facilities are located, local
air quality may be negatively impacted (Chum et al., 2011).

3. Choice modeling survey instrument

Choice modeling is a stated preference non-market valuation tech-
nique that allows researchers to estimate the economic values of a set
of multiple, divisible attributes, associated with an environmental
good. Public preferences toward each attribute are revealed by the



60 R.M. Campbell et al. / Forest Policy and Economics 73 (2016) 58–67
choices that survey respondents make when presented with different
states of the environmental good, as defined by varying levels of the at-
tributes of which the good is comprised. The various states of the envi-
ronmental good are generated using statistical experimental design and
presented in choice sets that provide multiple alternative scenarios and
a status quo option fromwhich respondents must select their preferred
state of the world, and in the process, make trade-offs between the
levels of the attributes. The inclusion of a price attribute allows for the
estimation of WTP for the individual attributes.

Because significant economic benefits are derived from the timber
and amenities of Montana's public forests, residents are likely to have
strong preferences about public land management policy and practice.
In order to determine which socioeconomic and environmental effects
associated with woody biomass energy generation are most important
to residents of Montana, a focus group meeting was held in Missoula,
Montana, in July of 2013. The meeting was attended by stakeholders
from the United States Forest Service (USFS), Montana Department of
Natural Resources, Montana Department of Environmental Quality,
The University of Montana, The Montana Wilderness Association, the
forest industry, wildlife and land conservation groups, and local recrea-
tion groups.1 The five most important attributes associated with woody
biomass energy identified at this meeting were: homes powered with
wood in the state (abbreviated HOMES); unhealthy air days experi-
enced locally (AIRDAYS); large wildfires in the state (WILDFIRES); for-
est health in the state (FORESTS); and household monthly energy bill
(BILL).2 Each attribute was defined over a ten-year time horizon to pro-
vide a realistic time-frame in which to adopt and implement new forest
management strategies, while also remaining relevant to respondents.
The attributes are defined togetherwith their status quo and alternative
levels in Table 1. Quadratic transformations for the choice attributes,
also shown in Table 1, are included in statistical models to account for
non-linearity in relationships between the attribute levels and likeli-
hood of selecting a particular alternative.

HOMESwas used as themetric for biomass energy production based
on feedback from focus group participants. It was determined that the
number of homes powered would be more easily interpreted than a
unit of electric or thermal generation, such as kilowatt hours (kW h)
or British thermal units (Btus). The woody biomass energy produced
was defined as replacing energy that is currently produced using fossil
fuels, and the ability to offset fossil fuel use and reduce long-term im-
pacts of climate change was presented as a benefit associated with
HOMES. The assertion of climate change benefits was based on consen-
sus in the scientific literature that the utilization of forest residues from
land that stays in forested land use, which is the focus in this study, has
the potential to provide long-run climate benefits with no negative
short- term carbon balance effects (Gustavsson et al., 1995; Jones et
al., 2010; Sathre and Gustavsson, 2011). A detailed discussion of the dif-
fering climatic implications of geologic carbon emissions from fossil
fuels versus biogenic carbon emissions from biomass fuel, and the nu-
merous factors that affect climate payback times, was not included in
the questionnaire, based on feedback during pilot testing that suggested
the survey version that did include such information was overly
complex.

AIRDAYS was based on the average number of days from 2008
through 2012 that air quality was documented as “unhealthy for sensi-
tive groups” at United States Environmental Protection Agency (EPA)
monitoring stations throughout the state, representing the average
number of days the average Montanan household is exposed to levels
1 Representatives from tribal forestry, private forest owners, and environmental groups
with a strong anti-biomass energy stance were contacted about attending the meeting,
but were either unavailable or uninterested in attending the meeting.

2 A sixth attribute, “Rural Job Creation” was ranked as important and initially included
in the survey, but was dropped after peer-review suggested that the survey was overly-
complex. “Rural Job Creation” was dropped, rather than one of the attributes, because
the economic value of job creation can be estimated from markets, while the other attri-
butes are not presently traded in markets.
of air pollutant concentrations that are high enough to pose a health
risk to older adults, young children and peoplewith specific health con-
cerns (EPA, 2013a, 2013b). The definition explained that long-term ex-
posure to the concentrations of particulate matter present when air
quality is “unhealthy for sensitive groups” may pose health risks to all
members of the community and reduce life expectancy (Pope et al.,
2009).

TheWILDFIRES status quo level was determined using a GIS data set
from the Monitoring Trends in Burn Severity project (MTBS, 2012). The
definition highlighted the average number of homes destroyed annually
over the past decade in Montana, but also stressed that the majority of
homes were destroyed by a small number of very destructive fires,
that the number of fires each year is highly variable, and that wildfires
are an important beneficial natural disturbance present in healthy forest
ecosystems.

The FORESTS definition emphasized the fact that healthy forests
support a greater diversity of native plant and animal species and are
more resilient to disturbances. The proportion of healthy forests in
Montana was determined using the Vegetation Condition Class classifi-
cation system, which categorizes the level of departure of current vege-
tation conditions from a historic reference (Barrett et al., 2010). This
proportion includes all forested lands across all ownerships.

BILL, the average monthly household energy bill in Montana was
used to define the status quo of the cost attribute (EIA, 2011). This bill
includes both electricity and natural gas, or other fuel for heat. Energy
bill is an obligatory paymentmechanism that is less likely to induce pro-
test responses than a government tax or fee. The annual equivalent of
BILLwas also provided in the choice sets to decrease the likelihood of re-
spondents interpreting the monthly amounts as inconsequential. The
level of BILL was presented as the respondent's total monthly utility
bill, rather than as the change in their averagemonthly energy bill to fa-
cilitate accurate accounting of changes in costs by establishing an appro-
priate absolute starting point at what they currently pay. A potential
drawback to this approach is that because the average utility bill varies
from respondent to respondent, the status quo level presented will dif-
fer from the actual average monthly utility bill of many respondents.
However, whether levels of the payment vehicle are presented as a
change from the status quo, or as an absolute amount does not compu-
tationally affect the ability to estimate preference parameters orwelfare
measures. In this case, presenting the level of the payment vehicle as an
absolute amount was meant to serve a specific purpose. Unlike some
applications of choice modeling, where the status quo represents an
“opt-out” or “no-purchase option”, the status quo in these choice sets
does not represent zero-cost option and this approach provides a re-
minder to respondents that the status quo is not free (see Banzhaf et
al., 2001 for more discussion of opt-out alternatives).

Because the experimental design requires that a wide variety of at-
tribute level combinations appear in the choice sets, a statement was
made reinforcing the fact that any combination of attribute levels is pos-
sible, even if they seemedunlikely to the respondent. Respondentswere
informed that changes in the level of each of the non-energy attributes
were not necessarily tied to a corresponding change in the level of
woody biomass energy because factors aside from the level of woody
biomass energy can also influence future outcomes of the other attri-
butes. For example, in addition to emissions from energy generation,
air quality can be affected bywildfires, prescribed burning, pile-burning
of residues, and other sources of emissions. The number of large wild-
fires varies considerably from year to year and can be affected by
drought and climate change. Biomass harvest can have either positive
or negative effects on forest health depending on forest-type and har-
vesting practices.

There are 1536 possible combinations of the attributes and their
levels (44 × 61). Using SAS statistical analysis software and the macros
described by Kuhfeld (2010), an efficient fractional factorial experimen-
tal design was created with 48 alternative combinations of the attri-
butes. An efficient design size with 48 alternatives was developed



Table 1
Definitions of choice attributes and quadratic variables.

Variable Definition Levels Units

Choice attributes
HOMES The amount of electric or thermal energy produced from woody biomass produced

annually in MT, using residues from restoration treatments on public forests.
10,000, 20,000a, 30,000, 50,000 Homes per year

AIRDAYS The number of days per year when air quality is unhealthy for sensitive groups in your
community.

5, 10, 15, 30 Days per year

WILDFIRES The number of wildfires per year that burn at least 1000 acres and threaten homes and
watersheds in MT.

6, 9, 12a, 15 Wildfires per year

FORESTS The percent of healthy forestland in MT, across all forest ownership categories. 10, 20a, 30, 60 Percent
BILL Household average monthly energy bill in MT in US dollars. 80, 100a, 120, 150, 200, 400 US dollars

Quadratic variables
HOMES_SQ Squared value of HOMES
AIRDAYS_SQ Squared value of AIRDAYS
WILDFIRES_SQ Squared value of WILDFIRES
FORESTS_SQ Squared value of FORESTS

a Indicates status quo attribute level.
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with 1 status quo and 2 non-status quo alternatives per choice set, and
four choice sets arranged in six survey blocks. Respondents were ran-
domly assigned a questionnaire with one of the six versions of the
questionnaire.

The 16-page survey instrument contained four sections. Section 1
provided a short introduction and collected information about respon-
dent residence and opinions about energy generation, public landman-
agement, and climate change. Section 2 provided background
information about energy consumption in the US, forest restoration
treatments, and details about what woody biomass energy is, how it is
generated, sustainable levels of production from public forests in Mon-
tana, and the costs and benefits associatedwith biomass harvesting and
energy generation from biomass. Section 3 defined the attributes and
Fig. 1. Example of a choice set
presented the respondent with one block of four choice sets. Respon-
dents were reminded to consider their budget constraints and alterna-
tive uses of their income. An example choice set is provided in Fig. 1.
Section 4 collected information about the respondents' experience
with the survey and sociodemographic information, which allowed
comparison between the collected sample and the general population
of the state.

A mixed-mode data collection strategy was employed to obtain a
stratified random sample of the population of Montana. Respondents
were contacted with an invitation letter mailed to their home
explaining the purpose of the research andpresenting oneof the follow-
ing response options: (a) a web address and unique identification (ID)
number that served as a password to complete the survey online, (b)
used in the questionnaire.

Image of Fig. 1
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a notification that they would soon be receiving a physical survey pack-
et in the mail, or (c) both a web address with ID number and the option
to wait and receive a physical copy of the questionnaire in the mail if
they did not respond online. Individuals in the online-only group (a)
who had not completed the survey after about twoweeks received a re-
minder post-card in themail. Individuals in the other two survey groups
(b and c) were contacted using the four-contact method described in
Dillman (2007), which is designed to maximize response rate andmin-
imize non-response bias.

The sample was stratified according to two criteria to ensure cov-
erage of people who live in forested areas and people who live in
airsheds with a history of poor air quality. Residents of forested
areas were identified using US EPA level III Ecoregions (EPA,
2013a). Poor air-quality airsheds were identified as EPA non-attain-
ment airsheds, which have failed to meet national ambient air qual-
ity standards (EPA, 2013b). Residents of forested ecoregions were
expected to have stronger preferences toward the WILDFIRES and
FORESTS attributes because of their proximity to forestland. Resi-
dents of non-attainment airsheds were expected to have stronger
preferences toward the AIRDAYS attribute because of their higher
levels of experience with poor air quality. Contrary to expectations,
preliminary testing of an airshed variable did not produce significant
interactions with any of the attributes andwas omitted from the final
models.

4. Econometric model

The theoretical foundations of the MNL are random utility maximi-
zation (Mcfadden, 1973) and the characteristics theory of value
(Lancaster, 1966). Random utility explains that the utility associated
with a particular alternative from a choice set is composed of both an
observable and a random component,

U j ¼ V xj;pj;β
� �

þ ε j ð1Þ

where Uj is the true but unobservable utility associated with the con-
sumption of profile j, V is the systematic indirect utility function, xj is a
vector of the attribute levels associated with profile j, pj is the cost of
profile j, β is a vector of preference parameters, and εj is a random
error term. An individual will only select alternative i over alternative j
if the utility associated with alternative i is greater than the utility
from alternative j.

Assuming the errors in the regression can be described by a Gumbel
distribution and are independently and identically distributed, the
probability that an individual will select alternative i over alternative j,
can be expressed as

P ijCð Þ ¼ exp μVið Þ
∑ exp μV j

� � ð2Þ

where μ is a scale parameter inversely proportional to the variance of
the error term. By assuming constant error variance, this parameter
can be set to equal one (Ben-Akiva and Lerman, 1985).

Two MNL specifications were examined in this study. The first
model contained only the choice attributes, represented by Eq. (3).
Preferences are assumed to be homogeneous across respondents,
which may not hold true because there are individual characteristics
that are likely to explain some portion of the preferences that people
have toward environmental goods. The second model specification,
represented by Eq. (4), was expanded to include socioeconomic
and attitudinal characteristics of respondents to account for prefer-
ence heterogeneity, and squared versions of the attributes to account
for non-linearity in relationships between the attribute levels and
likelihood of selecting a particular alternative.

Pn ijCnð Þ ¼ exp βniXni þ αCn þ τQnið Þ
∑ exp βnjXnj αCn þ τQnj

� � ð3Þ

Pn ijCnð Þ ¼
exp βniXni þ λniX

2
ni þ αCn þ τQni þ γRnXi þ θRnCn

� �
∑ exp βnjXnj þ λnjX

2
nj þ αCn þ τQnj þ γRnj þ θRnCn

� � ð4Þ

Xni is a vector of terms for the attribute levels encountered by indi-
vidual n; βni is a vector of associated estimated coefficients; X2ni is a vec-
tor of squared attribute levels, with associated coefficient λni; Cn is the
cost attribute associated with each alternative and α is the associated
coefficient; Qni is an alternative specific constant (ASC), taking a value
of 1 for status quo alternatives and zero otherwise, with an associated
coefficient of τ; Rn is a vector of case-specific socioeconomic character-
istics that is interacted with the alternative-specific attribute-level var-
iables, and has an associated coefficient ofγ; and i and j are as previously
defined. The coefficients were estimated usingmaximum likelihood es-
timation. Tables 1 and 2 provide descriptions of all the variables used in
the models.

The ASC accounts for variation in choice that is not explained by
changes in choice attribute levels, averagemonthly energy bill, or socio-
economic characteristics. Sometimes referred to as “status quo bias”,
this phenomenon results in decision-makers selecting the status quo
at a rate higher than would be predicted by an economic model of con-
sumer decision making (Samuelson and Zeckhauser, 1988). This paper
uses the more neutral term “status quo effect” (SQE) to avoid the sug-
gestion that this phenomenon is the result of conscious bias on the
part of the respondent or is the result of a statistically biased estimator.
There are numerous rational and psychological explanations for the
presence of the SQE (Adamowicz et al., 1998; Boxall et al., 2009). Failing
to account for the SQE can result in model estimates that overstate the
effect of changes in attributes on respondent choices (Samuelson and
Zeckhauser, 1988).

In order to obtain policy relevant interpretations of the estimated co-
efficients, the marginal effects of each attribute must be calculated.
Based on the models represented by Eqs. (3) and (4) for attributes 1
through K, the average household marginal willingness to pay
(MWTP) for a one-unit improvement in the kth attribute can be esti-
mated by Eqs. (5) and (6), respectively

βn

α
ð5Þ

βn þ∑M
m¼1 γnmGm þ 2λX

α þ∑M
m¼1 θnmGm

 !
ð6Þ

where G represents the fraction of the population in Montana that falls
into each of the m socioeconomic or attitudinal categories (as reported
in Table 2), λ is the coefficient of the squared attribute level, X is the at-
tribute level at which MWTP is being estimated, and all other parame-
ters are defined as above. Based on the method used by Han et al.
(2008), Eq. (6) produces adjusted average household MWTP that cor-
rects for the potential that survey respondents were not representative
of the demographic characteristics of the study area as a whole.

5. Results

The survey yielded 540 total responses for the state of Montana, of
which 488 contained completed choice sets and were included in the
data analysis. An additional eight respondents were excluded from the
analysis under the assumption that they did not account for budget con-
straints. These respondents reported household income of less than
$25,000 per year and selected profiles with the highest level of energy



Table 2
Sociodemographic and attitudinal variables with Montana and survey sample means.

Variable Definition Montana (%) Sample (%)

SKEPTIC Dummy variable = 1 for individuals who do not believe in man-made climate change 54.0a 50.7
HIGHINC Dummy variable = 1 for households with annual income N $100K 15.3b 18.9
COLLEGE Dummy variable = 1 for individuals with at least a bachelor's degree 28.7b 49.8
SENIOR Dummy variable = 1 for individuals who are 65 years old or older 16.0b 39.5
FORESTED Dummy variable = 1 for households located within a forested ecoregion 55.6c 56.1

Sources:
a Yale Project on Climate Change Communication (2014).
b Census Bureau (2010a).
c Census Bureau (2010b).

Table 4
Regression analysis results.

Base model Full model

Coefficient Std. Err. Coefficient Std. Err.

HOMES 0.0110⁎⁎⁎ 0.00263 0.0526⁎⁎⁎ 0.0155
AIRDAYS −0.0436⁎⁎⁎ 0.00486 −0.0844⁎⁎⁎ 0.0246
WILDFIRES −0.0417⁎⁎⁎ 0.0128 −0.0457 0.115
FORESTS 0.0335⁎⁎⁎ 0.00194 0.159⁎⁎⁎ 0.0141
BILL −0.00625⁎⁎⁎ 0.000547 −0.00669⁎⁎⁎ 0.000571
ASC 0.345⁎⁎⁎ 0.0675 0.293⁎⁎⁎ 0.109
SKEPTIC × HOMES −0.0138⁎⁎⁎ 0.00516
SKEPTIC × AIRDAYS 0.0338⁎⁎⁎ 0.0107
SKEPTIC × WILDFIRES 0.0273 0.0252
SKEPTIC × FORESTS −0.0157⁎⁎⁎ 0.00394
HIGHINC × HOMES 0.0120⁎ 0.00655
HIGHINC × AIRDAYS −0.000662 0.0127
HIGHINC × WILDFIRES −0.0188 0.0348
HIGHINC × FORESTS 0.00445 0.00537
COLLEGE × HOMES 0.00186 0.00529
COLLEGE × AIRDAYS −0.0232⁎⁎ 0.0106
COLLEGE × WILDFIRES −0.00198 0.0263
COLLEGE × FORESTS 0.00309 0.00411
SENIOR × HOMES −0.0101⁎ 0.00535
SENIOR × AIRDAYS 0.00279 0.0107
SENIOR × WILDFIRES −0.0670⁎⁎ 0.0271
SENIOR × FORESTS −0.00536 0.00407
FORESTED × HOMES 0.00339 0.00531
FORESTED × AIRDAYS −0.00433 0.0104
FORESTED × WILDFIRES −0.0427⁎ 0.0259
FORESTED × FORESTS 0.00448 0.00395
HOMES_SQ −0.000574⁎⁎ 0.000226
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bill ($400/month), which represents almost 20% of their income. For
each survey mode, the number of responses and the response rate are
provided in Table 3. Internet only was characterized by a poor response
rate (5.9%), withmail only andmixedmode resulting in 54.1% and49.7%
response rates, respectively. Survey respondents were, on average,
older, better educated, and wealthier than residents of the state as a
whole (Table 2).

Preliminary questions in the survey revealed respondents have an
interest in issues related to the attributes in the choice sets. For example,
88% of respondents agreed that public forests are in need of restoration,
to conserve biodiversity, reduce risk of large wildfires, or minimize the
impacts of insect and disease infestation. Respondents expressed con-
cerns related to air quality, with 63% of respondents indicating that
smoke from wildfires and the burning of slash piles negatively affected
the health of people in their community, and 57% of people agreeing
that air pollution from cars, industry, power plants and wood stoves
negatively affected the health of people in their community.

Respondents were less enthusiastic about woody biomass energy in
relation to other energy options, ranking it 6th in preference out of ten
optionswhen asked to rank their top three sources of household energy.
Hydroelectric was the most popular energy option. Solar (2nd), wind
(3rd), natural gas (4th), and geothermal energy (5th) also received
more support than woody biomass energy. Woody biomass energy
was ranked ahead of nuclear energy (7th), coal (8th), oil (9th), and
crop biomass (10th). However, responses to questions about biomass
harvest and energy generation revealed generally positive attitudes.
For example, a majority of respondents (74%) indicated that they sup-
ported higher amounts of woody biomass harvest from public lands to
generate energy. Respondents also indicated that they would support
biomass energy facilities in their community. Support was higher for
small scale biomass energy facilities like ones used to heat schools
(76%), than large-scale woody biomass energy facilities that put elec-
tricity onto the power grid (61%). In response questions about disposi-
tion toward paying a premium for renewable or local energy, less than
half (45%) of respondents indicated that they would voluntarily pay
higher monthly energy bills for renewable energy, while only 42% indi-
cated that they would be willing to pay higher energy bills for energy
that is produced locally.

Table 4 presents the parameter estimates of the two models. It was
expected that increases in the level of HOMES and FORESTS would be
associatedwith increased likelihood of an alternative being selected be-
cause higher levels of both attributes are benefits. Increases in AIRDAYS,
WILDFIRES, and BILL, on the other hand, make the respondentworse off
and are expected to decrease the likelihood of an alternative being
Table 3
Survey response rates.

Survey mode Sent
invitations

Delivered
invitations

Responses Response
rate

Internet-only 5433 5059 300 5.9%
Mail-only 174 159 86 54.1%
Mixed-mode 343 310 154 49.7%
selected. The coefficients in the base model are all statistically signifi-
cant at less than the 1% level (α = 0.01) and their signs are consistent
with expectations. The positive coefficient on the ASC in the base
model is statistically significant, suggesting a significant SQE.

In the full model, the coefficients on choice attributes represent the
preferences of base-case respondents. Here, the base case represents
non-high income earners, who are not seniors, have less than a
bachelor's degree in education, do not live in a forested eco-region,
and do believe that humans are causing climate change through the
burning of fossil fuels. All of the attribute coefficients in the full model
have the expected sign and all but the WILDFIRES coefficient were sta-
tistically significant at better than a 1% level. Coefficients forHOMES_SQ,
FORESTS_SQ, and AIRDAYS_SQ reveal statistically significant diminishing
marginal effects of changes in the levels of the attributes on the proba-
bility of choosing a particular alternative. As in the base model, the full
model has a positive and significant ASC, indicating that respondents
AIRDAYS_SQ 0.000961⁎ 0.000561
WILDFIRES_SQ 0.00154 0.00510
FORESTS_SQ −0.00155⁎⁎⁎ 0.000173
N 5805 5709
log pseudolikelihood −1799 −1673
likelihood ratio testa p N chi2 = 0.000

a Null hypothesis of likelihood ratio test is joint insignificance of variables.
⁎ p b 0.10.
⁎⁎ p b 0.05.
⁎⁎⁎ p b 0.01.
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had a preference for the status quo option, regardless of the change in
the levels of the attributes.

The negative coefficients on SKEPTIC × HOMES and
SKEPTIC × FORESTS, and the positive coefficient on SKEPTIC × AIRDAYS,
reveal that respondents who don't believe that humans are causing cli-
mate change have a statistically significantly lower WTP for these attri-
butes than respondents who do believe in man-made climate change.
The positive and significant coefficient on HIGHINC × HOMES reveals
that high-income respondents have a higher WTP for homes powered
with wood. The negative and significant coefficient on
COLLEGE × AIRDAYS suggests that respondents with at least a bachelor's
degree are less likely than others to select a strategy where the number
of AIRDAYS increased relative to the status quo. Significant negative co-
efficients on SENIOR × HOMES and SENIOR × WILDFIRES reveal that re-
spondents who were older than age 65 were less willing to pay for
increases in the number of homes powered with wood in the state,
and were more sensitive than others to increases in the number of
large wildfires. FORESTED × WILDFIRES is positive and significant at
the 10% level, suggesting that respondentswho live in a forested eco-re-
gion have a higher WTP to avoid increases in the number of large
wildfires.3
5.1. Social willingness to pay

Table 5 reports the average monthly household MWTP for the base
model and the full model, estimated using Eqs. (5) and (6), respectively.
A 95% confidence interval for each value was estimated with 500 boot-
strap iterations using the method described by Efron and Tibshirani
(1986). The confidence intervals highlight that all average MWTP esti-
mates, except WILDFIRES in the full model, are statistically significantly
different from zero. The MWTP estimates from the full model are the
focus of the remainder of the paper.

TheMWTP of the attributes can facilitate estimation of the economic
impacts of changes in the levels of provision of individual attributes.
However, because the attributes are measured in different units,
MWTP cannot easily be used to compare the relative magnitude of the
marginal effects between attributes. One way to interpret the values
that facilitatesmore direct comparison between the attributes is to esti-
mateWTP for a particular percent change in each of the attributes. Using
results from the full model, Table 6 provides the annual household
MWTP for each attribute, the aggregate MWTP across the 405,525
households in the state (Census Bureau, 2010a), and the aggregate
WTP for a 10% improvement in each of the attributes. Viewed through
this lens, WTP for improvements in forest health is significantly larger
than the other attributes, with an aggregateWTP of $134million annu-
ally to increase the level of healthy forests by 2 percentage points in the
next ten years. WTP to for a 10% improvement in AIRDAYS is second
largest in magnitude at $41 million annually. To provide some context
withwhich to interpret these aggregateMWTPs, the total annual house-
hold expenditure on energy bills in Montana was about $414million in
2011.4 WTP for the ASC in the full model is $526.68 per household per
year. In order to obtain a conservative estimate that represents the
lower bound of benefits for any management strategy that deviates
from the status quo, WTP for the ASC should be subtracted from WTP
for the strategy (Boxall et al., 2009). There are two potential explana-
tions for the large magnitude of annual household MWTP for the ASC
relative to the choice attributes. First, WTP for the ASC represents a
lump sum, rather than amarginal value because whether or not the sta-
tus quo is maintained is not a marginal decision. Second, in addition to
3 InMontana, many high value homes have been built in forested areas with high ame-
nity values. To ensure that living in a forested ecoregion was not acting as a proxy for high
income, the correlation between the two variables was tested and no significant correla-
tion was found.

4 The average household energy bill Montana in 2011 was $84.97 per month (EIA,
2011).
capturing the SQE, the ASC coefficient captures other unobserved com-
ponents of preference heterogeneity (Boxall et al., 2009).

Montana residents are willing to pay $36 million per year for a 10%
increase in the number of homes powered with woody biomass,
which equals an additional 2000 homes with an average annual aggre-
gate energy requirement of 21million kW h.5 Therefore a program that
increases the number of homes powered with wood by 10% is econom-
ically efficient if the costs to supply the energy donot exceed $36million
annually, or $1.74 kW h−1. When compared to the average residential
electricity rate in Montana of around $0.10 per kW h−1 (EIA, 2011),
and the levelized cost of producing biomass energy, also at
$0.10 kW h−1, a rate of $1.74 kW h−1 appears high.6 However, the
rate of $1.74 kW h−1 corresponds to the aggregate amount that the en-
tire population of the state is willing to pay for the additional woody
biomass energy, not the amount that individual households are willing
to pay for electricity from woody biomass in their own energy bill. The
high aggregate MWTP for woody biomass energy relative to the cost
of production is likely due to the public good aspects of woody biomass
energy, which include the mitigation of climate change through fossil
fuel offsets by renewable energy, aswell as the potential to facilitate res-
toration treatments in public forests.

6. Discussion

Montanans are willing to pay for woody biomass energy produced
using biomass from public forests, as well as for the broader environ-
mental benefits of resource management, namely improved forest
health, better air quality and reduced frequency of large wildfires, al-
though MWTP for the latter was not statistically significant. Priority or-
dering of the attributes is challenging because of differences in units of
marginal change between the attributes; however, the results do sug-
gest forest health is more important to residents than the other attri-
butes considered in this study. In this section, the MWTP estimates of
the attributes are compared with published WTP estimates for similar
resources in North America, and the implications of findings from this
survey for woody biomass energy generation are discussed.

The large MWTP for improvements in forest health and biodiversity
conservation are consistent with other estimates from the Western US
found in the literature (Garber-Yonts et al., 2003; Loomis et al., 2005;
Mueller, 2013; O'Donnell et al., 2014). PositiveMWTP to avoid exposure
to degraded air quality is also consistent with other estimates in the lit-
erature (Dickie and Messman, 2004; Rittmaster et al., 2006; Rittmaster
et al., 2008; O'Donnell et al., 2014).

The statistical insignificance of MWTP to reduce the number of large
wildfires in Montana was unexpected. Previous studies have found sig-
nificantWTP for fuels treatments that reduce the probability of wildfire
burning one's own private property (Kim and Wells, 2005; Kaval et al.,
2007; Kaval, 2009). However, in these studies, respondents were ex-
pressing WTP for direct benefits to themselves in terms of reduced
burn probabilities around their homes. When surveys are distributed
beyond households who will directly benefit from reduced risk of pri-
vate property loss, diminished WTP has been found. O'Donnell et al.
(2014) found statistically significant but small MWTP of Montanans to
avoid home evacuations due to wildfire, and provided a discussion on
the economic rationale of residents'WTP decisions based on the expect-
ed value of their losses due towildfire. In light of other findings, the sta-
tistically insignificant MWTP to avoid large wildfires in the state is not
unrealistic, given the fact that the majority of Montana residents do
not reside in wildfire prone areas and it is the preferences of residents
of the entire state that were investigated. In this case, respondents
were revealing their WTP for a good that is mostly public in nature,
5 The average household energy consumption in Montana in 2010 was 10.5 MW h per
year (EIA, 2011).

6 The levelized cost of electricity represents the cost per unit energy produced of build-
ing and operating an energy plant (EIA, 2015).



Table 5
Household marginal willingness to pay for attributes per month.

Attribute Marginal unit Base model Full model

Average household
MWTP ($)

95% confidence interval
($)

Average household
MWTP ($)

95% confidence interval
($)

HOMES 1000 homes 1.79 0.89 2.68 3.75 1.96 5.55
AIRDAYS 1 day/year −6.98 −8.90 −5.06 −8.43 −11.65 −5.22
WILDFIRES 1 wildfire/year −6.68 −10.47 −2.90 −4.78 −4.88 0.68
FORESTS 1 percentage point 5.36 4.30 6.41 13.74 10.55 16.94
ASC na 56.69 32.47 80.90 43.89 8.58 79.19
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rather than for direct benefits to themselves. The higherWTP forWILD-
FIRES exhibited by respondents in forested ecoregions is consistentwith
the hypothesis thatWTP to avoid large wildfires is driven by direct ben-
efits of reducing the risk to one's own private property.

The MWTP of $3.75 per month per household ($45 annually) for an
additional 1000 homes poweredwithwood is equal to a price premium
of $0.0043 MW h−1, over and above the current price of energy in
Montana. This is equal to a 3.7% increase in annual household energy
bills. The magnitude of this estimate appears small compared to the
value found by Susaeta et al. (2011), who estimated a MWTP of
$0.049 kW h−1 for electricity produced with woody biomass in Florida,
Arkansas, and Virginia. However, their estimate represents the total
willingness to pay (TWTP) for the woody biomass energy, while the es-
timate in this study represents the amount that residents would bewill-
ing to pay over and above the current price they pay for energy. In
addition, the Susaeta et al. (2011) estimate includes values for multiple
positive environmental externalities associated with woody biomass
energy generation (i.e. CO2 reduction from offsetting fossil fuel con-
sumption, and forest heath improvements and wildfire risk reduction
associated with increased forest restoration treatments), which were
estimated separately in this study.

Montanans are willing to pay higher energy bills to substitute some
fossil fuel energy consumed in the state with woody biomass energy
generated from feedstock harvested on public lands. This does suggest
residents value the public good aspects of woody biomass energy. How-
ever, a critical question for public forest policy-makers and managers is
‘how much woody biomass harvesting on public lands is economically
efficient’? The economically efficient level of woody biomass energy
production from public forests in Montana will be where the economic
surplus is maximized. That is, where marginal benefits equal marginal
costs.

For the purpose of policy analysis, we accept the estimates of aggre-
gate MWTP from this study as the marginal benefit of a program to in-
crease the level of woody biomass energy generated from Montana's
public forests. TWTP for alternative levels of woody biomass energy
Table 6
Aggregate annual marginal willingness to pay.

Attribute Annual
household
MWTPa

Aggregate
MWTP ($)b

Unit change for 10%
improvement from
status quoc

WTP for 10%
improvement
from status
quo ($)d

HOMES 45.00 18,248,625 2000 homes 36,497,250
AIRDAYS −101.16 41,022,909 1 day 41,022,909
WILDFIRESe −57.36 23,260,914 1.2 wildfires 27,913,097
FORESTS 164.88 66,862,962 2 percentage points 133,725,924
ASC 526.68 213,581,907 na na

a Annual householdMWTP ismonthly householdMWTP fromTable 5,multiplied by 12
months.

b Aggregate annual MWTP is annual household MWTP multiplied by the 405,525
households in the Montana.

c Ten percent improvement is the status quo level, multiplied by 0.1.
d WTP for 10% improvement from status quo is unit change for 10% improvement,

multiplied by aggregate MWTP.
e WTP estimates for WILDFIRES are not statistically significantly different from zero.
generation was estimated through summing bootstrapped aggregate
MWTP for 10,000 to 55,000 home equivalents, in increments of 5000
homes. As illustrated in Fig. 2, TWTP starts to decrease (aggregate
MWTP becomes negative) from about 45,000 homes powered with
wood. That is, residents' demand for woody biomass energy frompublic
forests is quickly satiated. Since the marginal costs of woody biomass
energy generation are not zero, the economically efficient level of ener-
gy generation from public forestland in Montana must be b45,000
household equivalents.

About 10.5 tons of forest residues, on a dryweight basis, are required
to produce the annual electricity requirements for an averageMontanan
household.7 This can be harvested as part of a restoration treatment
from about 0.7 ha of public forest.8 Thus, an additional 700 ha of forest
would need to be treated annually to supply the equivalent of 1000
more households with woody biomass energy, assuming a total of
21,000 households. An additional 14,000 ha would need to be treated
annually to supply the equivalent of 20,000 more households with
woody biomass energy. This represents treatment on an additional
0.04% to 0.8% of the Montanan public forest estate annually.

The survey data support several complementary explanations for
the relatively low demand for woody biomass energy generated from
public land. First, Montanans' consider woody biomass energy as an in-
ferior good; natural gas and all forms of renewable energy except crop
biomass were preferred to woody biomass as a source of household en-
ergy. Second, although respondents indicated generally positive atti-
tudes toward utilizing residues from public forests for energy
generation (74% indicated that they supportmore utilization of residues
from public forests for energy generation), respondents ranked timber
harvesting 7th out of 9 possible uses for public forests. Therefore, if tim-
ber harvest is viewed as being in conflict with othermore highly ranked
goods and services provided by public forests, support for woody bio-
mass energy will be diminished. Third, when asked to indicate the de-
gree to which the various attributes affected their decisions in the
choice sets, the percent of respondents who indicated a high or very
high level of concern about forest health (65%), wildfires (56%), energy
bill (54%), and air quality (46%), all significantly outweighed the desire
for more woody biomass energy (24%). Fourth, half of the state's popu-
lation does not believe in man-made climate change, thus diminishing
the perceived public good value of woody biomass energy.
7. Conclusions

The US has committed to reducing carbon emission from the energy
sector to 30%below2005 levels by 2030, necessitating a shift away from
7 In a commercial-scale power generation facility (10+MWoutput of electricity), 1 ton
of woody biomass fuel will produce 10,000 lb of steam, which will generate 1 MW h of
electricity (USFS, 2007). Therefore it takes about 1 dry ton of biomass for each of the
10.5 MW h of energy consumed annually by the average household in Montana (EIA,
2011).

8 There are 9.5 million acres of timberland in need of treatment and 188 million tons of
removable biomass on those acres (Rummer et al., 2005). Residues make up 30% of that
biomass, so there are 56.4 million tons of removable residues (Perlack and Stokes,
2011). Removable residues divided by treatable acres yields 6 tons of residues per acre,
or 6 tons per 0.4 ha. Therefore, 0.7 ha yields 10.5 tons of biomass.



Fig. 2. Total willingness to pay for woody biomass energy generation.
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fossil fuels in the nation's energy portfolio (EPA, 2015). There is a need
to quantify the externalities associatedwith alternative sources of ener-
gy generation in order to make socioeconomically efficient decisions
about how to supply the country's energy needs. This study investigated
social preferences toward woody biomass energy in order to quantify
the nonmarket costs and benefits associated with it and comment on
the socioeconomic efficiency of the energy source. The use of the choice
modeling method facilitated the simultaneous estimation of separate
values for multiple attributes associated with woody biomass harvest
and energy generation. The estimatedMWTP values can be used by pol-
icy makers and public land managers to determine to what degree the
social benefits of utilizing the residues from forest restoration or fuel
treatment programs to generate energy offset the costs associated
with the programs.

The low and rapidly diminishing MWTP to generate woody biomass
energy frompublic forests inMontana has potential forestmanagement
and energy policy implications at the national level. The main conclu-
sion arising from this research is that Montanans do not support public
forestland management at a level more than double the current level of
woody biomass harvested for energy generation. Further research is
necessary to determine whether the preferences of Montanans' for
woody biomass energy generated from public forests are applicable
more generally throughout theUnited States. There is also a need for fu-
ture research to examinewhether woody biomass sourced from private
forest land may be more acceptable to the public.
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