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ABSTRACT

The global bioenergy market has considerable impacts on local land use patterns, including landscapes
in the Southeastern United States where increased demand for bioenergy feedstocks in the form of
woody biomass is likely to affect the management and availability of forest resources. Despite exten-
sive research investigating the productivity and impacts of different bioenergy feedstocks, relatively
few studies have assessed the preferences of private landowners, who control the majority of forests in
the eastern U.S., to harvest biomass for the bioenergy market. To better understand contingent behav-
iors given emerging biomass markets, we administered a stated preference experiment to private forest
owners in the rapidly urbanizing Charlotte Metropolitan region. Respondents indicated their prefer-
ences for harvesting woody biomass under a set of hypothetical market-based scenarios with varying
forest management plans and levels of economic return. Our analytical framework also incorporated
data from a previously-administered revealed preference survey and spatially-explicit remote sensing
data, enabling us to analyze how individuals’ ownership characteristics, their emotional connection the
forests they manage, and the spatial patterns of nearby land uses, influence willingness to grow bioenergy
feedstocks. We found conditional support for feedstock production, even among woodland owners with
no history of active management. Landowners preferred higher economic returns for each management
plan. However low-intensity harvest options were always preferred to more intensive management alter-
natives regardless of economic return, suggesting that these landowners may be more strongly motivated
by aesthetic or quality-of-life concerns than feedstock revenues. Our analysis indicated preferences were
dependent upon individual and environmental characteristics, with younger, more rural landowners
significantly more interested in growing feedstocks relative to their older and more urban counterparts.
While this study focuses on one small sample of urban forest owners, our results do suggest that policy
makers and resource managers can better inform stand-level decision-making by understanding how
feedstock production preferences vary across populations.

Published by Elsevier Ltd.

1. Introduction

Independence and Security Act of 2007, 2007). This demand is
expected to result in large-scale supply-side responses from both

The emerging global bioenergy market is expected to have major
impacts on land management decisions (Dale et al., 2011) with
land dedicated to bioenergy production displacing other land use
types such as timberland and farmland (White et al., 2014). In the
United States, bioenergy has emerged as a key component of the
nation’s energy independence strategy with government targets
for 137 billion liters of fuel from plant materials by 2022 (Energy
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the forest and agricultural sectors (White et al., 2014); in the South-
east the amount of harvested woody biomass used for bioenergy
is projected to grow from 170 to 336 million green tons by 2050
(Alavalapati et al., 2011) and ethanol production is already on the
rise in the Midwest (Fletcher et al., 2011). While bioenergy produc-
tion systems could reduce dependence on foreign oil and the emis-
sion of greenhouse gases into the atmosphere (Fletcher et al.,2011),
the true environmental and ecological benefits are controversial.
The full-scale development of bioenergy feedstock production sys-
tems is expected to trigger regional land cover and land use change,
affecting current hydrological and biogeochemical balances and
perhaps competing with food crops and urbanization for suit-
able land (Alavalapati et al., 2011). Whether or not bioenergy can
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become a sustainable alternative will depend on which feedstocks
are used, how they are produced, and the changes in land use and
management practices that result (Fargione et al., 2008; Field et al.,
2008; Robertson et al., 2008; Dale et al., 2011; Fletcher et al.,2011).

1.1. Bioenergy in the Southeastern United Statues

Many of the existing studies regarding bioenergy feedstock pro-
duction in the United States focus predominantly on Midwestern
farmers (e.g., Jensen et al., 2007; Cope et al., 2011), however the
management options in the Southeastern United States are very
different given dissimilarities between the two regions’ socioeco-
nomic and ecological systems. In addition to the energy grasses
and crops common in the Midwest, southeastern landscapes are
also suitable for growing woody biomass harvested from forested
land (Dale et al., 2011). Woody biomass is a highly viable bioenergy
source in the region given production to consumption supply-
chains are already established via existing timber markets (Scott
and Tiarks, 2008; Abt et al., 2010). Changes in biomass use are
already occurring in this region as a result of increased demand for
wood pellets to supply European energy markets (Sikkema et al.,
2011).

Management options for producing woody biomass for
bioenergy production typically involve short-rotation harvesting
schedules or a combination of conventional harvest (for timber or
pulp markets) with the sale of harvest residues for bioenergy feed-
stocks. Short-rotation management resembles typical monoculture
plantations, with densely planted woodlots harvested on a regular
basis (typically 3-12 years; White, 2010). Yields from these planta-
tions vary with species, growing time, and stem density (Adegbidi
et al.,, 2001; Stanton et al., 2002; Volk et al., 2006). Alternatively,
conventional harvests for saw timber or pulpwood conducted at
25-50 year cycles could be supplemented with extraction of tim-
ber residues (e.g., non-marketable branches and tops of stems)
for woody biomass; however the total removal of all residues
post-harvest could have impacts on soil nutrient cycling and refor-
estation rates (Johnson and Curtis, 2001; Johnson et al., 2002).
Uneven-aged stand thinning could emerge as a third alternative
to produce woody biomass for bioenergy production with poten-
tial economic and ecological benefits, such as improving understory
plant diversity (Thomas et al., 1999). This option is expected to be
profitable only if some trees are harvested at higher prices for saw
timber or pulpwood (U.S. Department of Energy, 2011) and can be
conducted on a 5-15 year cycle (Skog et al., 2006). The adoption
of any of these options on private forestlands within the South-
east would likely involve changes from current forest management
strategies, however little is known about where and when these
changes might occur and what the subsequent impacts to forest
resources will be.

1.2. Landowner preferences

Research on the productivity and environmental impacts of
various bioenergy feedstocks is commonplace relative to investiga-
tions into the opinions, values, and contingent behaviors of private
landowners who are key players in the sustainable production of
bioenergy feedstocks (Perez-Verdin et al., 2009; Silver et al., 2015).
The emerging demand for bioenergy presents woodland owners
with new management possibilities, giving them the opportunity to
alter their current management practices in order to grow and sell
feedstocks for bioenergy production. Motivation to change existing
management practices may stem from the promise of economic
gain or from government tax incentives or subsidies (Jensen et al.,
2007; Shivan and Mehmood, 2010). However landowners are often
hesitant to change their land use practices, especially when their
current system is economically profitable (Jensen et al., 2007), and

are thus likely to view feedstocks as an interstitial crop rather than
a primary source of income (Cope et al., 2011). Economic concerns
are frequently the major reason for reluctance; fears about the mar-
ket, uncertainty over immediate monetary returns and long-term
profitability, and the high cost of change, have all been documented
as major barriers to landowners’ willingness to engage in emerging
bioenergy markets (Jensen et al., 2007; Cope et al., 2011). Addition-
ally, many potential bioenergy feedstock suppliers are relatively
uninformed regarding bioenergy production and may not fully
understand the range of options available for supplementing (or
replacing) their existing land use practices with biomass harvesting
(Grebner et al., 2009; Nassauer et al., 2011; Joshi et al., 2013a).

Abundant research has related forest management choices to
landowners’ socio-demographic characteristics (Amacher, 2003;
Beach et al., 2005) and recent studies focusing specifically on forest
owner preferences for growing bioenergy feedstocks found similar
results. For example, landowner age and education level, the size of
the forest holding, and a history of timber harvest have been asso-
ciated with interest in producing feedstocks (Joshi and Mehmood,
2011; Gruchy et al., 2012; Shivan and Mehmood, 2012; Joshi et al.,
2013b).In addition to socio-demographic characteristics, Cope et al.
(2011) found farmers in Illinois who expressed strong personal
attachments to their current farming practices were less willing to
change their management strategies to grow energy crops. Envi-
ronmental impacts may also be of concern; Jensen et al. (2007)
found farmers were less willing to produce switchgrass for bioen-
ergy if they also had an interest in providing wildlife habitat on their
land, while Gruchy et al. (2012) and Joshi and Mehmood (2011)
found forest owners had greater interest in harvesting timber for
bioenergy markets if they also included provision of wildlife habi-
tat as a management objective. Similarly, Joshi et al. (2013b) found
landowners were more willing to allow woody biomass harvesting
from their forests if the harvesting method minimized damage to
the surrounding environment and involved limited site prepara-
tion.

Along with the individual-level characteristics noted above,
local land use patterns might influence landowners’ willingness
to manage their landscape for bioenergy production. Previous
research has shown that forest management and harvesting activ-
ities decline with urbanization (Barlow et al., 1998; Kline et al.,
2004). For example, forest owners in rapidly urbanizing areas
might be less willing to allow woody biomass to be harvested
from their property if adjacent and nearby lands are being devel-
oped. The likely rise in property values associated with urban
expansion (Plantinga et al., 2002) will make it increasingly diffi-
cult for urban-proximate forest owners to commit to long-term
forest management plans. If this is true, it is unfortunate given that
woody-biomass harvested from urban and peri-urban areas repre-
sent a large and underutilized feedstock source (MacFarlane, 2009;
McKeever and Skog, 2003). Our investigation explores this relation-
ship by uniquely combining revealed preference data collected via
surveys with metrics derived from remotely sensed imagery.

1.3. Research approach

In this study we examined the willingness of a group of non-
industrial private forest owners in an urbanizing region to produce
woody biomass for the production of bioenergy. Specifically, we
asked:

a Are private forest owners interested in growing woody biomass
for bioenergy;

b What types of forest management would they choose;

¢ What rates of economic return would they prefer under each
management option; and
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d How do socio-demographic characteristics, personal values, and
landscape context influence their decisions?

Analysis of the actual behaviors of woodland owners for growing
feedstocks in the Southeast is nearly impossible due to the limited
existence of a current market for woody biomass (Alavalapati et al.,
2011). Therefore, we developed a stated preference experiment to
estimate the probability that private forest owners would be willing
to grow woody biomass for bioenergy under a set of hypothetical
market-based scenarios.

Collectively, past research, theory and logic suggest land
use decisions related to bioenergy production are influenced
by landowners’ socio-demographic characteristics, their personal
values, and local land use patterns. To identify potential deci-
sion drivers, stated preference survey responses were combined
with: (1) Data for the same woodland owners from previously-
administered revealed preference survey; (2) Remote sensing
analysis to contextualize woodland size and location within the
surrounding urbanizing landscape mosaic; and (3) Appraised real
estate value from concurrent parcel data. The resultant stack of
spatially-explicit social, economic, and biophysical data revealed
how the attributes of different feedstock production scenarios and
individuals’ ownership characteristics influenced preferences for
growing woody biomass for bioenergy and how those potential
decisions might influence landscape composition.

2. Methods

This study is one of a suite of studies conducted as part of the
Charlotte Urban Long Term Research Area (ULTRA-Ex) program
(e.g., Meentemeyer et al., 2013; BenDor et al., 2014). This pro-
gram was designed to examine responses of private forest owners
to landscape change in the Charlotte, North Carolina metropoli-
tan region. Rapid urban growth is transforming this landscape
from predominantly rural and agricultural to one of intense urban
and suburban development. Despite these pressures, Charlotte is
notable for its substantial urban and periurban tree canopy, esti-
mated at 46% by American Forests (2010), and one of the highest in
the nation for medium to large cities. The majority of forested land
in this region is made up of small holdings owned by non-industrial
private forest owners, but increasing property taxes and lack of eco-
nomic incentives may leave these individuals with limited options
for maintaining their properties in this rapidly changing envi-
ronment (BenDor et al., 2014). Given the expected rise in global
demand for bioenergy feedstocks from the Southeast, it is possi-
ble the emergence of regional markets for woody biomass might
provide forest owners with a new option for generating income
from their land, providing some relief from increasing tax costs
(Alavalapati et al., 2011).

2.1. Study population

We surveyed participants from a network of forest owners
established by the Charlotte ULTRA-Ex program in 2011 (BenDor
et al,, 2014). For that program, individuals were targeted who
owned forested properties within six counties on the eastern side
of the Charlotte Metropolitan region, an extent representative of
the gradient of urban and rural landscape characteristics in this
rapidly growing area (Fig. 1). At the time of selection, privately
owned forests comprised 39% of remaining forest land across nearly
8000 holdings, with many individuals owning multiple properties
(BenDor et al., 2014). Nearly 78% of those privately owned forests
were under 8.3 ha (mean =6.7 ha). The forests covered a broad spec-
trum of characteristics, from small hardwood remnants near the
center city to relatively larger pine plantations on its outskirts.

Participants in the study were required to have sole or family own-
ership of a minimum forested stand of 2.5 ha, complete a series
of confidential surveys, and grant access for field crews to conduct
an ecological assessment and timber cruise of forested holdings.
Due possibly to anti-government sentiment prevalent in the region
and liability concerns arising from the requirement that researchers
be permitted to access the property, the response rate to partici-
pate in the program was 5%. Additional details regarding selection
of participants and their typologies are described by BenDor et al.
(2014).

2.2. Stated preference survey design

We developed a stated preference survey to explore contingent
landowner behaviors given hypothetical market-based scenarios
with two varying attributes: the type of forest management plan
implemented and the amount of economic return expected. We
mailed the stated preference survey to all 126 landowners that
returned completed revealed preference surveys as part of the
Charlotte ULTRA-Ex program. In the survey packet, we included
a personalized map with an aerial photo of the forest stand of
interest. We asked the landowner to respond to the questions in ref-
erence to this single forested parcel, excluding from consideration
any other forested properties they happened to own. This allowed
us to link individual survey data to a specific forest in the land-
scape and its location along an urban-to-rural gradient identified
using remote sensing.

2.2.1. Scenario attributes

We implemented a full factorial experimental design with three
types of management plans and three levels of economic return for
a total of nine different combinations or scenarios. We designed
the scenarios to encompass a range of conditions, some which
may be economically feasible now or in the near future and oth-
ers that could emerge depending on the trajectory of the bioenergy
market. For each scenario, we asked the landowner what propor-
tion of their forested property they would dedicate to feedstock
production given the specified management plan and economic
return. Following standard practice in the design of stated pref-
erence experiments (Bennett and Blamey, 2001; Ryan and Skdtun,
2004), we included an opt-out option in which landowners could
indicate they would never harvest woody biomass for the bioen-
ergy market and provide a short description of their reasons for this
choice.

The three types (‘levels’ in the common vernacular of stated
preference experiments; Louviere et al. 2000) of land management
described in the scenarios included stand thinning, conventional
harvest, and short-rotation plans. We described stand thinning as
a management strategy where a selection of uneven-aged trees
could be removed for sale as timber with smaller trees and branches
sold to create woody biomass (Skog et al., 2006; U.S. Department
of Energy, 2011). A full conventional harvest included removal of
mostor all trees and residues for sale as a combination of timber and
biomass (White, 2010). A short-rotation plan involved high density
planting of a single species for frequent harvest solely for the bioen-
ergy market (Adegbidi et al. 2001; Volk et al., 2006; Hinchee et al.,
2009).

We included three levels of return - $50, $150, and $250 per
acre per year — based on current and projected regional market
demand for woody feedstocks (U.S. Department of Energy, 2011;
Forest2Market, 2012) and estimates of per acre productivity (Skog
et al., 2006; Hinchee et al., 2009; White, 2010). The harvest rota-
tion intervals of the three management plans produce income at
different time intervals. To make values comparable across scenar-
ios we presented standardized projected revenue streams in terms
of dollars per acre per year values and made them sum at 50 years,
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Fig. 1. Six-county study extent. Study sites include all landowners that participated in the stated preference survey (n=60).

comparable to the rotation of a conventional harvest. The full set
of questions asked of each landowner, including management plan
descriptions, is included in Appendix A.

2.2.2. Individual attributes

In addition to testing the effects of the scenario attributes
on landowners’ willingness to grow bioenergy feedstocks, we
were also interested in understanding how landowners’ socio-
demographic characteristics, their personal values, and local
land use patterns influenced decision-making. Using data from
remote sensing, county land records, and the previous study of
landowners’ revealed preferences, we derived a set of variables
specific to each individual that we expected would influence their
decisions (Table 1). The revealed preference survey included ques-
tions regarding forest management, personal values, and basic
demographic information. From these data, we derived variables
indicative of the landowner’s age, presence on their property, and
sense of place. The sense of place indicator variable was based on
9 statements from Jorgensen and Stedman’s (2006) psychometric
scale, modified to assess place values pertaining to wooded land
(see Appendix B). Using responses from all 9 of these questions, we
applied principal axis factoring in SPSS Version 21 (IBM Corp., 2012)
to create a single unidimensional construct representing sense of
place. The sense of place construct accounted for 63% of the vari-
ance across the 9 statement items and yielded a Cronbach’s alpha
0of 0.925; we deemed the construct to be a highly reliable measure
with more than adequate internal consistency among the individ-
ual statement items (Nunnally and Bernstein, 1994). We identified

the total size of the landowner’s forest using land cover data (for-
est, farmland, development, and water) that was classified by Singh
etal.(2012) from a combination of 2011 Landsat and LiDAR data at
a 30 meter spatial resolution. We also used this data to develop an
indicator of the urban-to-rural gradient, represented here by the
amount of farmland in the surrounding landscape. The property
value of the forested parcel was represented by the appraised tax
value extracted from county-level parcel data using a GIS.

2.3. Model estimation

For each of the nine scenarios, landowners had a choice: pro-
duce bioenergy feedstocks or do not produce bioenergy feedstocks.
If we assume the landowners intend to maximize their own
utility, we can estimate preferences for choosing to produce bioen-
ergy feedstocks via a utility function following McFadden (1974):
Upjt = Vije + Znjt, where V represents the systematic portion of indi-
vidual n’s utility for alternative j (the decision to produce feedstocks
or not) in choice scenario t and €njt is the unobserved or random
component of utility.

We used a mixed logit model to determine the probability that
landowners would produce woody biomass in any portion of their
forests depending on the scenario and individual level attributes.
The mixed logit model explicitly accounts for variation in pref-
erences across the population and for correlation in unobserved
factors that arise over repeated observations from the same indi-
vidual (Louviere et al. 2000; Gelman and Hill 2007; Train 2009).
Here, the probability (Pr) of individual n choosing to produce feed-
stocks (j) in choice scenario t is determined by Pr (Ppje=1)= (EUnity
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Table 1

Summary of scenario and individual attributes.
Variable Description Mean Std dev
Scenario attributes
Management plan Type of management required (three levels) - -
Economic return Amount of economic return expected (three levels) - -
Individual attributes
Age Age of landowner (years) 64.2 11.2
Presence Years of ownership* days on property per year (years) 15.6 14.8

Sense of place Factor score derived from 9 survey questions 0 1
Forest size Size of forested stand of interest (ha) 6.9 8.4
Surrounding farmland Farmland within a 2 km radius (1257 ha) of stand centroid (ha) 298.9 222.9
Property value Total appraised tax value of parcel ($1000)* 397.8 3943

2 Tax value of parcel included forest stand of interest plus other land covers and improvements.

Table 2

The total percentage of landowners (n=60) willing to produce woody feedstocks under the specified scenario, followed by the percentage of that total currently not harvesting
timber from their forest to generate income. Each revenue level is equivalent across scenarios after 50 years (gross revenue) but generates income at different frequencies

resulting in varying discounted values.

Scenario
Management plan Economic return ($-vear-acre) Willing to
produce (rank)

Stand thinning 50 33%(3)
Stand thinning 150 48%(2)
Stand thinning 250 62% (1)
Conventional harvest 50 13%(7)
Conventional harvest 150 23%(5)
Conventional harvest 250 25% (4)
Short-rotation 50 13%(7)
Short-rotation 150 17% (6)
Short-rotation 250 23%(5)

Willing but not currently Gross revenue ($)? Discounted present

harvesting (%) value ($)°
80 38,750 13,867
83 116,250 41,600
84 193,750 69,334
62 38,750 5,452

64 116,250 16,357
67 193,750 27,263
62 38,750 15,369
70 116,250 46,107
64 193,750 76,845

a After 50 years in 2011 dollars.
b Discounted cash flow at a 4% annual discount rate.

In this equation, utility is a function of scenario and individual spe-
cific attributes described by Upjc = otyj + BjXnje + Znjr, Where Up; is
the utility that individual n receives from choosing j (to produce
feedstocks) in scenario t, ay; is the individual specific intercept
for alternative j arising from n’s unobserved preferences, and 3
is a vector of coefficients that does not vary over individuals or
choice occasions, related to a vector of scenario and individual level
attributes xnjt. We estimated the model using Laplace approxima-
tion with the Ime4 package in R Version 3.0.1 (R Development Core
Team, 2013).

3. Results

We received responses from 65 of the 126 landowners to whom
we mailed the survey, equating to a 49.6% response rate which
is considered acceptable for general population mail-back sur-
veys (Dillman et al. 2008). Five respondents indicated the property
queried about had changed ownership, therefore the following
analyses are based on a sample of 60 landowners and their forested
properties. Landowners that responded to the stated preference
survey were typically male (72%) and an average of 64 years old.
All of the participants were high school graduates with 68% having
at least a bachelor’s degree. Although our sample of landown-
ers had otherwise similar characteristics to those of the broader
population of private forest owners nationwide, they do appear
to have a higher level of education (Butler, 2008). The forested
properties owned by respondents ranged in size from one to fifty
hectares, smaller than the nationwide average but representative
of privately owned forested properties in the region. Landowners
had owned those properties for between two and fifty-eight years
(mean=20.5,SD=12.5) and only a small percentage of them (17%)
currently harvest timber from their land for income generation.

Landowners’ interest in harvesting bioenergy feedstocks ranged
from 13% to 62% of the sampled population, depending on the sce-

nario attributes (Table 2). The management plan most frequently
chosen by landowners was stand thinning, followed by conven-
tional harvest and short-rotation plans. For each management type,
woodland owners were consistently interested in plans yielding
greater economic return, however the popularity of scenarios
did not correspond to the discounted present value of harvest.
The majority of landowners interested in producing woody feed-
stocks under any scenario are not currently harvesting timber for
income. A third of respondents indicated they would never harvest
timber for bioenergy, with the most popular reasons being the pre-
existence of an alternative management plan (n=5), potential harm
to wildlife (n=4), and potential aesthetic impacts (n=3). Economic
(n=2) and anti-bioenergy sentiments (n=2) were secondary.

The mixed logit model revealed both the type of management
plan and projected economic return had significant influences
on landowners’ contingent decision to produce bioenergy feed-
stocks. In addition to these effects, the landowner’s age and the
amount of surrounding farmland in the landscape significantly
influenced the decision to produce bioenergy feedstocks (Table 3).
Model estimates indicated no statistically significant influence of
the landowner’s presence, sense of place, the size of their forest, or
its property value on the decision.

The probabilities of the average landowner producing bioenergy
feedstocks for each type of management plan and the distinct levels
of economic return are plotted in Fig. 2; it is important to note these
probabilities varied greatly with individual landowner characteris-
tics as illustrated in Fig. 3. Younger landowners in areas with more
surrounding farmland were significantly more likely to choose to
produce bioenergy feedstocks under any scenario.

4. Discussion

Emerging bioenergy markets present new opportunities for
forest owners to generate income by producing feedstocks for
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Table 3
Estimates from mixed logit model predicting landowners’ probability of producing
bioenergy feedstocks.

Random effects Mean Mean Std dev
Intercept 3.238 3.148
Fixed effects Estimate Std error p-value
Intercept 2.927 3.101 0.345
Conventional harvest —-3.097 0.427 0.000
Short-rotation —3.532 0.454 0.000
Economic return $150 1.357 0.418 0.001
Economic return $250 2.229 0.426 0.000
Age -0.097 0.050 0.055
Forest size 0.019 0.054 0.721
Presence —0.020 0.039 0.611
Sense of place -0.761 0.517 0.141
Surrounding farmland 0.006 0.002 0.005
Property value 0.001 0.001 0.640
‘p<0.1
“p<0.05
"'p<0.01
80% - o
m Stand thinning
70% . conventional harvest
60% - mShort-rotation
50%
40%
30%
20%
10%
0%

$150 $250

$50

Fig. 2. Probability of feedstock production. The predicted probability (based on
logit estimates) of the average landowner choosing to produce bioenergy feedstocks
under each scenario. The monetary values along the x-axis are per acre per year.

Stand thinning

bioenergy production (Amacher et al. 2003; Beach et al. 2005),
a trend likely to impact the allocation and management of for-
est resources in the Southeast given the maturation of needed
technologies and widespread acceptance of feedstock production
practices. In this study we looked specifically at a population of non-
industrial private forest owners in the rapidly urbanizing Charlotte
region and found 2/3 of the sample willing to consider feedstock
production depending on the type of forest management involved,
the expected economic return, their individual socio-demographic
characteristics, and local land use patterns. Further, the majority of
those willing to produce feedstocks do not currently harvest tim-
ber, suggesting bioenergy markets could engage a new population
in forest management.

4.1. Preferences for feedstock production scenarios

We surveyed forest owners’ preferences for a variety of pos-
sible forest management plans involving harvesting bioenergy
feedstocks by soliciting their response to plausible harvest scenar-
ios that varied in a number of explicit (the type of management
plan and the amount of economic return) and implicit (e.g., vari-
able frequencies of economic return, management intensities, and
expected ecological and aesthetic impacts) ways. Many respon-
dents preferred stand-thinning, the least intensive harvest strategy
allowing the retention of the most trees. These findings are consis-
tent with Joshi et al. (2013b) who found landowners willingness to
allow biomass to be harvested from their properties for bioenergy
was influenced by the perceived impacts that harvesting would
have on local environmental conditions. These results indicate that
as the demand for bioenergy increases, we might expect private
forest owners to be most attracted to forest management plans
that emphasize stand thinning. Landowners had a more limited
interest in both conventional harvest and short-rotation manage-
ment plans. These plans have the least (conventional harvest)
and most (short-rotation) frequent economic returns, therefore
the immediacy of income seems to be an unlikely factor in their
overall popularity. However, these plans require intensive man-
agement and the removal of all standing trees, a likely deterrent
for many of these woodland owners due to the aesthetic and envi-
ronmental impacts. Previous research within the region supports
this assertion, finding widespread acceptance for forests managed
for aesthetic and environmental concerns rather than economic
returns (Smith, 2013).

Conventional harvest Short-rotation

100% - 1
80% + ! $250
o 00% 1 I —$150
years 40% - i —_— $50
20% - s
oo [ ———
100% 40 50 60 70 80 90 40 50 60 70 80 90 40 50 60 70 80 90
4 - :
Surrounding 80% - .
farmland-  g0% -
% of 40% 1
landscape 20% 4 1
0% T T T n
.0 20 40 60 0 20 40 60 0 20 40 60

Fig. 3. Probability varies with individual attributes. The predicted probability of choosing to produce bioenergy feedstocks (y-axes) plotted against the model variable shown
at left (x-axes). Probabilities for each target variable were calculated at the mean of all other model variables.
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Woodland owners strictly uninterested in producing bioenergy
feedstocks (33% of the sampled population) were primarily con-
cerned about impacts to the quality of the forest for their own
use and for that of wildlife. This aligns with our assertion that
this population of landowners is not motivated primarily by feed-
stock revenues and highlights a major difference in comparison
to farmers in the Midwest, where reservations about switching to
feedstock production tended to be driven by monetary concerns
(Jensen et al., 2007; Cope et al., 2011). Most of the landowners in
this study are not dependent on their land for income (BenDor et al.,
2014), thus reducing the risk of change associated with altering
land management practices. While landowners preferred higher
economic returns within each plan, a post hoc comparison of the
popularity of management plans to discounted present value fur-
ther supports the claim that this group of landowners were not
basing their choices strictly on economic returns, but were also
considering impacts to other values such as aesthetics or quality of
life.

Our analysis, which incorporated data from a previously-
administered revealed preference survey and spatially-explicit
remote sensing data, revealed younger woodland owners in agri-
culturally dominant landscapes were much more likely to indicate
a willingness to provide feedstock for bioenergy production. This
finding aligns with previous studies of forest management deci-
sions (Beach etal., 2005, Joshi etal.,2013b). Many older landowners
may be resistant to starting a new management practice at a later
stage in life. One older landowner even expressed the sentiment
that they “did not have that much time left” to invest in a new
income generation strategy. Forested parcels embedded within
larger amounts of surrounding farmland are presumably located in
more rural or predominantly agricultural areas. These forest own-
ers may be generally more inclined to generate income from their
properties due to the culture of production existing in these land-
scapes, and may also own farmland themselves.

While the probability of the average landowner choosing a
conventional harvest or a short-rotation plan was small, young
landowners in rural areas had a much higher probability of select-
ing these management intensive plans. For example, the average
landowner had only a 5.8% predicted probability of choosing a
short-rotation plan, even with the maximum expected economic
return. With all other aspects held constant, a landowner at 45
years of age had a 28% probability of choosing a short-rotation plan
and an average landowner in a predominantly agricultural area
(70% farmland) had a 65% probability of choosing the plan. This
indicates we could see greater changes to the landscape in rural
areas where younger landowners are managing forested proper-
ties. Given similar studies by Cope et al. (2011) and Beach et al.
(2005) we also expected the size and property value of a parcel,
an individual’s sense of place, and their presence on their prop-
erty would contribute to their willingness to produce biomass
for bioenergy, however none of these factors were statistically
significant.

4.2. Implications for potential bioenergy production practices

Landowners’ receptivity to feedstock production scenarios, cou-
pled with projected increases in demand for bioenergy (Alavalapati
et al. 2011), suggests the potential for using woody biomass for
bioenergy is a distinct near-term reality for the region. However,
landowners’ preference for stand thinning presents a challenge to
current regional silvicultural practices which can reduce extrac-
tion costs via clear cutting; the cost associated with thinning
currently makes those stumpage prices non-competitive with con-
ventional harvest techniques (U.S. Department of Energy, 2011).
The volume of biomass produced from thinning also pales in
comparison to volumes expected from short-rotation plans or

full conventional harvests (Skog et al., 2006; Volk et al., 2006;
White, 2010). Despite these challenges, thinning practices rep-
resent a frontier that should be studied in light of popularity
among landowners and potential for increasing best management
practices among a group defined by passive or non-management
strategies. Given viable markets for stand thinning, we could
expect many landowners to engage in management, especially as
rates of economic return increase. Further research is needed to
understand the full suite of social, economic, and environmen-
tal trade-offs between management extensive (across larger land
areas and more forest owners - as in stand thinning) and manage-
mentintensive (across smaller land areas with fewer forest owners)
approaches.

4.3. Potential landscape scale impacts

The production of bioenergy under any management plan would
expand or intensify management and harvesting practices in this
region, acting as an additional extractive force on forest resources
already under pressure from expanding urbanization (Guo et al.,
2010; Evans et al., 2013; Dorning et al., 2015). The engagement of
landowners not currently managing their forests for income may
amplify harvesting activities; of the landowners interested in grow-
ing feedstocks in this study, only 17% currently harvest timber from
their forest. In the most extreme cases, mature forests could be
converted to short-rotation cropping systems with completely dif-
ferent ecosystem functions; these activities may decrease nutrient
retention in soils, alter wildlife habitat structure, and cause changes
in carbon cycling and sequestration (Littlefield and Keeton, 2012;
Schulze et al., 2012).

Alternatively, there could be social, economic, and ecological
benefits to the expansion and intensification of regional bioenergy
production systems. As an example, urbanization pressures have
increased the tax and opportunity costs of urban forest owners
throughout the region who rarely qualify for offsets provided by
present use value programs (BenDor et al., 2014). The novelty of
producing “green energy” and income generation from feedstock
sales from stand thinning may provide landowners with new rea-
sons to maintain their forested properties rather than seek relief by
selling to developers, conserving those remnant forest functions.

While at first glance this seems like a win-win situation for
landowners and forests, it remains unclear whether stand thin-
ning would have predominantly positive or negative impacts on
environmental and ecological systems. Even with the best inten-
tions, stand thinning may adversely impact wildlife habitat quality
(Verschuyletal.,2011).Since this strategy was most popular among
landowners itis essential to conduct further research to understand
how thinning would affect forest ecosystems.

4.4. Limitations

This study is based on one small sample of urban forest own-
ers in central North Carolina. It is likely the interests of different
landowner populations will vary based upon their needs and
characteristics. Expansion of this study to a larger sample of
forest owners would allow us to make more definitive and gen-
eralizable statements about landowners’ preferences for forest
management strategies involving harvesting biomass for bioenergy
production. Future studies with samples drawn from nationwide
sampling frames would also facilitate the exploration of differences
across distinct landowner types, feedstocks, and dominant land use
patterns. While the results of our empirical analysis are not gener-
alizable to all non-industrial private forest owners, our findings can
be used to guide local land use planning and woody biomass pro-
duction planning efforts. Additional studies of landowners in the
Southeast should target a wide selection of landowner types (e.g.,
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industrial timber producers and farmers) to understand how these
populations will respond to emerging markets and subsequent
changes to land management. Future in-depth qualitative research
(e.g., Silver et al.,2015) should also be pursued in an effort to reveal
additional or alternative relationships between private forest man-
agement strategies and landowners’ values, opinion, beliefs, and
attitudes.

As previously noted, the management scenarios in this study
can vary implicitly, making it difficult to tease apart the moti-
vations behind landowner choices. It would be advantageous to
more explicitly address these motivations to determine whether
landowners choose management options based on the frequency
of economic return, management level required, or expected eco-
logical and aesthetic impacts. We have not analyzed the feasibility
or economic viability of implementing the landowners’ preferred
management scenarios, particularly in association with the forest’s
location or size. Some landowners, such as those already connected
to forest products supply chains, may be better positioned to take
advantage of woody biomass markets (Rentizelas et al., 2009). With
additional information regarding these details, we may be able
to better estimate the amount of biomass that can be provided
from southern forests and the potential impacts to forest resources
across the region.

4.5. Conclusions

The emergence of a bioenergy market based on woody biomass
will likely affect landowners and landscapes in the Southeastern
United States. Landowners presented with new opportunities for
income generation might change their management practices, sub-
sequently altering the pattern and function of forested landscapes.
However the acceptance of requisite harvest practices is far from
universal, and potential adopters in this study were selective about
harvest regimes, favoring low intensity practices over increased
revenue streams associated with short-rotation harvests. Younger
woodland owners in agricultural settings countered this proclivity
to some degree, yet a desire to leave current priorities undisturbed
led a third of the respondents to reject any possibility of feedstock
harvests. The evolution of the bioenergy market, competition with
other land use types, and the management decisions made by all
forest owners will continue to be key drivers in shaping the struc-
ture and function of future forested landscapes.
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Appendix A. Stated preference survey question
A.1. Stated preference survey question

Harvest for Biofuels

Recent renewable energy strategies have included a focus on
biofuels, which can be derived from woodland plant materials.
Forest owners within North Carolina can use their existing for-
est resources to create these biofuels using one of many possible
management plans, with economic returns varying with the mar-
ket for biomass. Possible management options are outlined on the
following page.

Stand Thinning A selection of uneven-aged trees are removed
and sold as timber, while smaller trees,
branches, and other materials are sold to
create biofuels. Stand thinning can be repeated
approximately every 10 years while still
maintaining woodland cover.

Nearly all trees are removed with the more
valuable trees sold as timber and smaller trees,
branches, and other materials sold to create
biofuels. The woodland is allowed to
regenerate over the next 50 years before
another harvest is possible.

Following a conventional harvest, a single tree
species (often willow or poplar) is planted at a
high density. All trees are harvested and
replanted approximately every 5 years with all
parts of the tree sold to create biofuels.

Conventional Harvest

Short-Rotation

We are interested in whether or not you would consider selling
woody materials for biofuel production depending on the type of
management plan used and its expected economic return. Please
evaluate the following nine scenarios and indicate the percentage
of your wooded land you would dedicate to biofuel production for
each. Note that the frequency of economic return varies depend-
ing on the management plan as described above. Here, economic
returns are described as the amount you would expect to receive
per acre per year, with per acre per harvest values shown in paren-
theses. For example, in the first scenario the rate of economic return
is $50 per acre per year. Since stand thinning can be conducted
every 10 years, you would receive $500 per acre every ten years.

Economic return — Amount of woodland
per acre per year (per dedicated to biofuel

Scenario Management plan

acre per harvest) production
1 Stand thinning $50($500) %
2 Conventional $150($7500) %
harvest
3 Short-rotation $250 ($1250) %
4 Short-rotation $150($750) %
5 Conventional $50($2500) %
harvest
6 Stand thinning $250 ($2500) %
7 Conventional $250($12,500) %
harvest
8 Short-rotation $50 ($250)
9 Stand thinning $150 ($1500)

I would never harvest timber from my wooded land for biofuels.
Why not?

Appendix B. Survey questions - sense of place

B.1. Survey questions - sense of place

Statement Mean  Std dev

Everything about my wooded land is a reflection of me* 2.83 1.63

I feel that I can really be myself when I am on my wooded 3.58 1.54
land

My wooded land reflects the type of person I am 3.02 1.58

I feel relaxed when I'm on my wooded land 3.92 1.39

I feel happiest when I'm on my wooded land 3.5 1.51

My wooded land is my favorite place to be 3.32 1.52

I really miss my wooded land when I'm away from it for 2.68 1.71
too long

My wooded land is the best place for doing the things that 2.92 1.53
I enjoy most

For doing the things that I enjoy most, no other place can 2.53 1.45
compare to my wooded land
*Responses were given on a 5-point Likert scale with
1=complete disagreement and 5 = complete agreement.
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