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Abstract

Fire isanimportantprocess that shapes tieucture and composition ofany North
Americanforest ecosystems. In the absence of fire;dgpendent tree speciesn begradually
replaced byire-sensitivespeciesThere is anncreasing interediy natural resowe
professionals toestore important firelependent ecosystenmsorder to enhance the provision of
ecosystem serviceRestoring fire across eastdd® landscapes is complicated by a diverse mix
of public and private land ownershipn the Mid-Atlantic region, most prescribed burning
occurs on public landslowever threefourths of forestlands ithis regionare privately owned
which means thpotentid for private lands burning is significarito help informpolicies that
support prescribed burning on private lamgsconducted a regional survey mivate
landownersegarding theiknowledge andhterest in presdoed burning The surveyassessed
landownelknowledgeandperceived risk of burning, trust in fire practitioners, aningness to
pay for usingprescribed fire as a management tool. We aksomined regionalariation in
landownerresponsesisinga spatial analysisechnique cided hot spottingOverall, many
respondenthadlimited experience with prescribed fire, but many also hadrlskvperceptions
about prescribed firand positive attitudstowardsprescribed firemplementorsResuls showed
thatprivate landowners see burning as a tbat carhelp them obtain important ecological (e.g.,
forest healthpenefits and suppocultural values about forest stewardsfipe hotspot analysis
indicatedt hat respondent 0s o0 pidMRkRespondentberetheenog pat i al | vy
northern (New York) and soutime(Virginia) regionsof the study arewerestatisticallydifferent
from therest of the study areblew York landowners were less knowledgeable about prescribed
burning anchad higher riskperceptionwhereasvirginia landownershad greater knowledge
experiencaand lower risk perceptienThis outcome is reasonable as prescribed fire is
commonly used in Virginia and uncommon in New Yd?knnsylvanidandownerswere unique
however because even thoughowledge about prescribed fire was low, they had a much higher
willingness to pay compared to Virginihich already uses prescribed fifldnis suggests that
landowners in Pennsylvania are highly motivated to use prescribed fire yplema
overestimating the potential benefits due to lack of experi&thecation, technical support,
financial assistancand access to professionaldl be important forhelpingprivate landowners
useprescribed fire t@achieve important management ohijees.

Keywords Willingnessto pay, Prescribed burning, Private Landowners, Hotspot Analysis
Spatial Autocorrelation

GoalsObjectives

This project builds on 2021survey studyonducted in Pennsylvania by Arun Redgmi
helpinform the design of an extension education program about private lands bliversgudy
in this repornow includesrespondents from seversthtes in the MiéAtlantic region to help
inform the design of landowne&ducatiorprogramsamore broadly.

ResearchQuestions
1. Do landownersn the Mid-Atlantic regionsee prescribed fire as a valuable land
management tool?
2. Whichfactors influene landownerdecisiors to burr?
3. Arethereregionaldifferencesin landownerperspectives about prescribed fire



Introduction

Fire is a primary driver forming the structure and compositiomafiy North American
forest ecosystem®rescribed fire isvidely used as a management tool throughout the US for a
variety of reasons sud@s to reduce wildfire haza,dmprove wildlife habitat, enhance
aesthetics, encourage forest regeneration, and maintadefiendent ecosysterghillips et al,
2012) Prescribed fire isnorecommonly usedh many ®uthern and westestates in th&JS.
However thereis an increased interastthe Mid-Atlantic US towardsthe comprehensivese of
prescribed fire for ecological restoration, regeneration of oaks and otheridirant speciesnd
wildlife habitat mamagement (Clark et al2014 Hiers et al., 2020 Restoring firein the eastern
USis complicated by a diverse mix of public and private land ownesgRipan et al., 2013A
recent study found theublic in the midAtlantic region are generally supposiof prescribed
fire and demonstrated high trust in state agencies that use fire (Wu et al., 2022). However, forest
landowner opinions about using prescribed fire on their land and possible barriers to burning in
this region are still not well understood.

About 64% of the MidAtlantic region is covered by forestend 70% of forests are
privately ownedThis region also highly diverse witt least 13%reespeciesand several
dominantforest typegi.e., oakhickory, oakpine, and northerhardwoodsPhillips et al. 2012).
Most burning in the MidAtlantic region occurs on public laad~ederal and state agenciesd
some norgovernmental organizations (e.ghe Nature Conservancyseprescribed burning
mainly for habitarestoratiorandto promote landscape level biodiversigyivate forestare
rarely prescribedburned whichmeans th@otential foradding prescribed fire as a land
management tool gorivate lands is significarior advancing forest management in the region

To helpdesignmoreeffectivepolicies that support prescribed burning on private laads
better understanding tfie key barriers to behavior change (e.g., knowledge, preferences,
attitude$ are neededexploring landownechoiceswithin economic, cultural and political
contextscanalsohelp explain behavioral intentions towaptescribedire and the potential for
a prescribed fire economlgindings carhelp policymakers design more effectiaadowner
education and outreach grams and advocate for policiggt promotdurning on private
lands Landownetrperspectives of prescribed fire may also vary across the régeto
differences in forest ownership goals, legal, geographical, and ecological complexities.
Therefore, undstanding spatial variation in landowner perspectogshelpnform more
targetednterventions.

Study Objectives

1. Evaluate landowner knowledge, attitudasd willingness to pay (WTP) for prescribed
burning programs in the Midtlantic region.

2. Understand spatial variation in landowner perspectives of prescribed burning across the
region using spatial analysis techniquBse spatial analysis is a new addition to this
project.



Approach and Methods
Study Sites

The study was conducted in four states acrosMtteAtlantic US including New York,
Pennsylvania, Maryland, and Virginia (Figure H)storically, the MidAtlantic region consists
of different fire regimeslt has been proposed thatthenorthern partof the midAtlantic region,
fire occurred infrequently with low to medium severity while in the southern part of this region
fire burnedmorefrequently with low severity (Stolt2012). In terms of total acres burned by
state andederalagengesVirginia is ahead of theest of the state$n 2022Virginia burnedover
30 thousandcres of forestehile Pennsylvania and Maryland have burned about 12 and 11
thousand acres of forests, respecti(®liFC, 2022).Prescribed burning in New YoI& rare
(about 1000acres)compared toest of thestatesutis nonetheless increasioger the years
(Melvin, 2020).

Study Area Map
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Figurel Study Area Location in the United States Map includes fourMidntic states: New York,
Pennsylvania, Maryland, and Virginia




Theoretical Approach

Social network theorgndeavors to describe theocesses by which society evolves
(Lusher et al., 2013Yhe Social Process Triangkeuseful forassessg social situations and the
complex factors behind them to create strategies to address social issues in communities and
organizationgFigure?2.)
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Figure2. Social Process Triangle

Following this conceptual model, we expect tlaatdowner willingness to considesing
prescribed fire is likely a function of the cultural, economic, and political context in which
decisions are madeandowner perspectives ofgacribed fire may also vary across the region
due to heterogeneity in ownership objectives, legal provisions, and complex ecological and
geographical conditions.

Political Context

The Mid-Atlantic region faced almost a century of fire suppression on tiusdape.
After realizing the negative impacts of fire exclusitre Mid-Atlantic states started forovide a
legal framework for prescribdalrning by passing related act and policies. Prescribethie
providecivil and criminal protection to prescel fire implementors who burn under the set
standards. Prescribed fire aatsre passed in Pennsylvania (PA) in 2009, New York (NY) in
2009, and Maryland (MD) in 202®hile Virginia (VA) started passing a series of laws related to
fire in 1998. Specific buning laws of Virginia are found in Title 10.1 of the Code and article
1150. Standard (i.e., simple negligence) liability laws are used in PA, MD, and VA (Melvin
2018), but NY has strict negligence liability laws. Prescribed fire councils have beersksthbl
in PA and VA to help promote prescribed burning in the state (M&@ih8).1t is still unclear
how these policies encourage or discourage landowners who may consider using prescribed
burning on private lands. Even with liability laws in place, ingron private lands may also still
be limited if political officials are risk adverse (Schultz et al., 2018).
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Cultural Context
Cul tural valwues about prescribed fire ar
and attitudesMost studiesevaluating attitudes, knowledge and trust hamy assessepublic
and land manager perceptionst landowneréMcCaffrey, 2006; Blanched and Ryan2007;
Kreuter et al.2008; Elmore et gl2009; Piatek and McGjlR010; Fischer2011; Kobziar et al.
2015; Weir et a).2019 Jarrett et a).2009 McCaffrey, 2004) Very few studieshave conducted
these same assessments in theAldntic area Dupéy and Smith, 2018Vu et al., 2022)Even
though prescribed fire is rarely used on private lanésexpect that some landowners may view
prescribed burning as a way to maintain cultuedlies about langtewardshipSome may use
fire to managehelandscape for hunting or gathering resources while others may see it as a way
to preserve cultural heritage, enhance aesthetic and recreational values (Schultz et al., 2018).
Technical assistance and training programs are a usetelgstfar shaping cultural
valuesaboutfire andland stewardshipVirginia alreadyhas an established system to conduct
prescribed fire on private lands. This includdéandowner education prograran by Virginia
Techand a certified prescribed burning mages programran by Virginia Department of
Forestry They also have comparatively more fire professionals to conduct burning (e.g., burn
bosses, consultantg)he Pennsylvanidrescribed Fire Counds just starting to provide
learning opportunitiefor landowners in the state, but opportunities are still very limited in
Pennsylvania and the other study states.

EconomicContext

In the southertdS, where prescribed fire is an established land managemerthtool,
average cost of prescribédrningis around$31.12 per acrdMaggard, 2@1). The cost of
burning inthe Mid-Atlantic statedias not been formally documented, howeirggrviews with
practitioners suggest that costs can range from $88QG0 per acre or more depending on the
total acres burned and availability of trained work forces (Regmi et al., Z0B&8)imited
number of trained burning professionals in this region could be one reason why costs are high
(i.e., increased competition). At these prices, some landowner may reéstian@ assistance to
help achieve burning goals. High liability costs could also discourage landowner participation
even when incentives are provid&tfultz et al., 2018).

SurveyDesign

We used anulti-stage process to design, test, validate, andhiig¢ a survey to private
landownersacross théid-Atlantic US (Dillman et al. 2014)To help develop surveyuestions
semistructured interviews were conducted with 25 participants representing diverse stakeholder
groups includindandowners. The final survey containegifuestions and consisted of four
sections: 1) information on land ownership and management objectives, 2) questions to measure
knowledge, perceived risk, and trust, 3) choice experiment questions and 4) landowner
demographic question§urvey pe-testing was conducted with more than 20 participants
including forest owners and state agesand other research professionals.

Attitude and KnowledgeScales

Five-pointLikert scale questions (1=strongly disagree, 5=strongly agree) were used to
measureg e s p o rkoowledgeand experience with prescribed fiteustin prescribed fire
implementersand perceived ris&f prescribed fireScaler statements were developadddl on
findings from related studige.g., Blanchard and Ryan 2007; EImore et al. 2010; Busam and
Evans 2015)Responderibtal scores were used as covariates in the regression ordel
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landowner choicg(see AppendiE for statementsised in scalar tos).

ChoiceExperimentDesign

A choice experiment (CE) approach was used to understand landowner matiaation
willingness to payWTP) for prescribed fire programs. The CE method has been extensively
used in environmental research to evaltlagamonetary value of neamarket goods and services.
This method involves asking respondents to make a choice for a series of hypothetical
managemt programs (often callealchoice set) made up of a combination of attributes and
theirlevels. The CE approach is based on random utility theory which provides the necessary
link between the statistical model (i.e., observed landowner behavior) andrexmeéc model of
utility maximization(Hanley et al., 1998)

A total of 16 choice sets wedesigned using th€aguchi orthogonal array (OA)
Preliminary surveys, interviews, and focus group discussions revealed the need to rank a wide
range of potential program options and benefite attributes and levels used in the choice
experiment were designed to represent what landowners may consafedeciding to adopt
fire as a new management tool (TableFDr example, eferences for levels describing
Ecological Outcomes and Management Benefits are expected to be dependent on the
respondent 6 s ma rPeefgrences fort SuppdrtjResoes areverpscted to be
dependent on what the respondent considers important barriers to burning. Preferences for levels
describing changes in Institutional Factors indicate potential barriers that could be controlled by
policy. A price attribute was alsecluded in the design to estimate a margWwalP for the other
attributes. According to interviews and focus groups, the price of burning in Pennsylvania can be
highly variable ranging from $20 to $400 per acre. These values informed the prices on offer in
this study.

Tablel Factors and Levels used in the choice experiment.

Attributes Levels Coding

Ecological outcomes Promote oak regeneration EO O
Improve wildlife habitat EO_1
Restore rare vegetation communities EO 2
Maintain forest health, resilience, and diversity = EO_3

Management benefits Reduce management costs MB_0
Control invasive plant species MB_1
Reduce ticks MB_2
Reduce tree and plant pests MB_3

Resources for landowners Landowner training tenhance prescribed fire skills RL_0
Prescribed fire associations to coordinate landow RL_1

State agency coordination RL_2
Financial assistance (e.g., cebiare) RL_3
Reduction in barriers Reduce legal liability of an escaped fire RB_0
Access to qualified consultants RB_1
Access to qualified burn bosses RB 2
Relaxed standards RB 3

Cost of burning US$) $20/acre, $50/acre, $125/acre, $200/acre

To reduce respondent fatigue only 8 of the 16 choice sets were presented to each
respondent at any given tinfgee AppendiD for sample questionA 10-point certainty scale




(1=Extremely uncertain, 10=Extremely certain) was included with each WTP question to help
control hypothetical biagsee AppendidD) (Vossleret al., 2003)A follow-up scaler question

was asked after all choice questions to understand reasons for not accepting any of the giving
programs.

Data Collection

A regional survey was conducted to collect the data. The suwasylesigned and
distributed using mixed modes (i.e., mail and wédd)owing Dillman et al. (2014)The primary
method for collecting responses wasushto-web method that involdemailing a survey
invitation postcard to respondents asking them to access the survey througte aveédink or
QR codeMost of the data (55%) was collected using this method. A mail survey (25%) was also
used for those who did not want to reply to a web survey. This involved maisagey
guestionnaire along with a cover letter to responddiesmailing addresses of private forest
landownersvasprovided bycollaboratingwith severaprivateorganizations andtateagencies
such aghe Centre of Private Forest in PennsylvaniaPtbensylvania Bureau of Foresttige
New York Forest Owners Associatiamd theMaryland Tree Farm PrograrSome
organizations were only willing to distribute information about the survey using theietiat
rather than sharingnembers names and addresses for a direct mailer. In thizeaseated an
optin method (20%). In this methodiak to the project websiteas distributed via
collaboratoréorganizationalist serve. Visitors to the website could read about the project and
sign up to be a survey participaRespondents couldtber take the survey online or request a
paper copy of the survelistsens used in this study include the Virginia Landowner Education
P r o g rnawslétter listserv antthe Virginia kre Council listserv. The Qualtrics software was
used tadesign and disibutethe web survey. To improve the response rate, a series of fafjow
communications such as mailing reminder postcards oremailr e sent to those w
respond the first timed sample of mail survey pushto-web postcarsl and sigrup websies
are presented in the Appendix

Data Analysis

Responseto attitude scalewere analyzed by calculating a mean response to individual
statements and grand means for the whole set of statements. The grand means are reported as
descriptive statisticsnal thetotal score wasised as covariates in the modeie certainty score
associated with each WTP question was useditnessite potentiahypothetical bias.

Respondents who accepted theice seat the proposed priceandhad cert ai nty scor ¢
had their responses changed to reject the program, because of their lack of certainty about the
purchase (Vossler et al., 2003). Effect codimgs used to parameterize program attributes and

avoid confounding th@pt-Out coefficient (Bech & GyreHansen, 2005).

Mixed logistic regression models were used to establish a relationship between the
dependent variable (i.e., willingness to enroll in a prescribed fire program at the offered price per
acre)and the independent variables listed in T&blBequential runs of the model were set to
retain variables significant at p<0.01, p<0.05, and p<0.10 levels. Model selection was also based
ongoodnessf-f i t measures including the | ikelihood r
squared (Rolfe, 2000).

! The effects coded variable for an attribute level is set equal to 1 when that level is present in the choice set, and
equal to-1 if the reference level is present in the choice set and equal to 0 otherwise.



Table2 Description of variabletestedn mixed logistic regression models.

Name Description Data Type Coding
Choice Dependent variable Binary* 1= Accept theorogramO = Rejec
the program
Ecological Promote oakegeneration Effect code Reference level()
Outcomes Improve wildlife habitat Effect code 1= EO _1, and @ else
Restore rare Vegetation Effect code 1= EO_2, and { else
Maintain forest health Effect code 1=EO_3 Reference level

Managemen Reduce Management Costs Effect code Reference levell)

Benefits Control invasive plant species Effect code 1= MB_1,and Oif else
Reduce ticks that harm humar Effect code 1= MB_2, and 0f else
Reduce tree/plant pests Effect code 1= MB_3, and Oif else
Support Landowner training Effect code Reference level{)
Resources Prescribed fire associations Effect code 1= RL_1, and O if else
State agency coordination Effect code 1= RL_2, and 0O if else
Financial assistance: cost shalEffect code 1=RL_3, and 0 if else
Institutional Reduce legal liability Effect code Reference level{)
Factors Access to qualified consultant<Effect code 1= RB_1, and O if else
Access to qualified burn bosseEffect code 1= RB_2, and 0 iélse
Relaxed standards Effect code 1=RB_3, and O if else
Price Cost of burning per acre Categorical $20, $50, $125, $200
Trust Trust inprescribed fire Continuous 1= low trust, 5= high trust
implemeners(total score)
Risk Perceived risk oprescribed fire Continuous 1= low risk, 5= high risk
(total score)
Assistance Past use of government Binary 1=enrolled in an assistance
Program assistance program in the past, 0O if else
PennsylvanicRespondents corresponding Binary 1=respondents from Pennsylva
states state, O if else
Virginia Respondents corresponding Binary 1=respondents from Virginia
states state, O if else
New York  Respondents corresponding Binary 1=respondents fromMdew York
states state, O if else
Maryland  Respondents corresponding Binary 1=respondents fromaryland
states state, O if else
Income Annual household income Ranked 1=<$20K, 2=$20k to <$50k 3=
categories $50k to <$80, 4=$8(k to
<$100k 5=$10 to <$150k,
6=3$15C to <$250, 7=$25k &
more
Age Age of respondent (years) Ranked 1=181t0 24, 2= 2510 34, 3= 35

Categories 44, 4=45 to 54, 5=55 to 64, 6=t
to 74, 7=75 to 84& 8=85 or
older

* Observations were recoded to O if the associated response on-fi@riteconfidencescale
was O 5.



The partworth value (PWV), also known as WTP or marginal utility of each attribute
was estimated using the ratios of attribute and price coefficients given by Hanemann (1984) and
Parsons and Kealy (1992) in the simplified form (Eq.4):

o o Ea.1
0% £ wm  p T—T g

The KrinskyRobb simulation method as introduced by Hole (200%s used to estimate
WTP standard errors and 95% confidence inteéforadach variable=ollowing Rolfe et al. (2000)
total WTP for different prescribedfire prograns (i.e., different combinationsof variables)was
estimatedusingthefollowing equation.

60 Qi Eyama 'Qéb"@]‘emc;monTL To E 1o Eq.2
wheref is the coefficient for the price per acre variable aingf represents the

coefficients offeatures of the program on offendx; represents value of desired features (e.qg.,
trust scorg

Benefit Transfer Analysis

Equation 2 waslsoused toconduct avalue transfeprocedure which predicted an
acceptable mean price fprescribed fire foeach county based on income leaetl the variable
for state Values were transferred to each county by matching the income levels in the calculation
with the median household incorexel in each cougt The median household income wed
for each county ere obtained from the US Census Bureau.

Spatial Data Analysis

We used geographic information systems (GIS) for mapgpaagraphidocationsthat
weresignificantly differentin terms oflandownerknowledge and experiengéth prescribed
burning their trust in fire implementors, risk perceptions, ®itlP for using prescribed fire as a
management tooMapping can heljdentify locations for targetedducation programs
promote prescribed fire use atandscape levelWe conducted a hotspot analysigich isa
spatial analysis and mappitechniquehat is widely used to illustratbe clustering of spatial
phenomengPoudyal et al., 20% Cruz et al., 2020)The hotspot analysis involvéso major
stepstestingthe spatial patternsr cluster andmappingclusters (i.e.hotspot maping).

Data preparatiofor the spatial analysiwas carried out followingIS tutorial from the
Spatial analysis workbook (Allen, 2016Y.e geocodedt30 survey responses using zip coole
the survey responderasd transformetheminto individual point datan ArcGIS. Figure3
illustrates the spatialdistribution ofsurvey responses across the study dreen, we spatially
joined thepoint data withthe county shapefile of the study ar@de joinedshapefilethen
aggregate all theobservationsn acountyinto a mean value for that counfyhis valuewas
laterusedas the inpufield in thehotspotanalysisSurvey responses were collected frbé#
countieg(out of 257 countiestotal within the study states). The mean number of respondents in
each county wag.57(min, 1, Max 17)Lastly, we exportegdhapefile of coumtsthat had
observationsvhich was later used amninput feature for the hotspot analysis.

After the data preparation,enested spatial autocorrelatioypcomputing Global

2 Hole (2007) introduced a STATA o mmawtpd BHased on t he si muwdianteimatix. of var i
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Morandés | statistic. SpatwhetHercksedbsewaiosare!| at i on
related to each other. Next, we used the @@t Gi* hotspot analysis for mapping the cluster.

The GetisOrd Gi* hotspot analysis produces graphical outputs, given a set of weighted features,
displaying statistically sigficant hot spots, cold spots, and areas of no significance using the
GetisOrd Gi* statistic (Allen, 2016). The local Getrd Gi* is essentially a-gcore that is

calculated based on the values of both the selected geogrdphtoa¢ (e.g., countygf analysis

and thefeaturesaround it.

To conceptualize the spatial relationshipshaehotspot analysis we usedixed distance
bandinstead of usinghe defaultdistance bandlhe optimumdistance bangor threshold
distancg was obtained usintpeincremental spatial autocorrelatiorethod In the spatial
analysisthenull hypothesis wag there is spatial randomness of the values associated with
features (i.e., county).o be a significant hotspot, a feature wathigh orlow value must be
surrounded by other features with high or low valitEstspots indicata statistically significant
clusterof features witthigh values (e.g., higher knowledge score) whereas cold spots indicate
statistically significant clustesf features witHow values.

Figure3 Spatial distribution of survey responses in the study area
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Results

Of the 2,050respondentsontacted482 surveys wereeturned withanadjustedeturn
rate of25% After adjusting fomon-usableresponse’s 430responses wergassified asisable

for further analysisBased on the total landowner populatairihe study area, expected sample
size was 385 with 95% confidence interval and 5% margin of effallle3 contains a summary

of the respondent demographic profil@snong respondents, most were male (85%4) 55
yearsof ageor older(87%).Most respodents (63%Jad annual household inconesels

($80,000About 78 %
level of educationA majority of respondents reported that they were part of a private association
(e.g., landownerassociation]59%) while about 47% reported thitheyenrolled in government
assistance programs in the past.

of

respondent s

Table3 Summary of demographic profiles.

Characteristics

Gender
Male
Age
25- 34 years
35- 44 years
45 - 54 years
55- 64 years
65- 74 years
75 years and above
Acres owned
10-19 acres
20-49 acres
50-99 acres
100-199 acres
200499 acres
500 acresind above

Annual household income

Less than $20,000
$20,000- $49,999
$50,000- $79,999
$80,000- $99,999
$100,000- $149,999
$150,000- $ 249,999
$250,000 and more
Education

Less than high school

High school
Associates degree

Bachel or 6s

d

Sample
Count Percent (%)

363 85
2 1
18 5
30 7
97 22
184 43
97 22
29 7
91 22
110 26
97 23
74 17
22 5
11 3
49 12
88 22
65 16
80 20
75 19
31 8
6 1
43 10
48 11
148 35

had

either

3 Non usable surveys include incomplete surveys, responses fretantmwners (e.g., wildlife managers,
biologists, government professionals, etc.), and landowners with less tharesforests.
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Masterds deg 121 28

Postgraduate degree 62 15
Assistance prograifyes) 203 a7
Association member (yes) 252 59

ManagementObjectives

Results showethat forest owners ithe study areawn and manage forests for a variety
of reasongAppendixE). Most respondents reported that they manage forests mainly to achieve
cultural benefits such as recreation, aesthatcsasense of place, artd enhance natural
heritagerather tharproducing timber for income generation. Similarly, top management
activitiesreported bymany forest ownersicludedcontrolling invasive plant specigsabitat
managementontrolling tree regeneration, and stand improveniResults suggest that
landownes are more concerned about the overall health of forest ecosystems rather than
focusing on specifimanagement objectigeFew survey respondent44%) hadanyburning
experience. Toise that didreported that burns were often limited to small aseabwere
conducted primarilyo manage warrseason grass, reduce understory foiginprove browse
for deer.

Willingness toPay for Prescribed Fire

Respondent sd me a i55etofiOnindicating that cesgpondenta/aese
highly confidentin expressingheir WTP. About 64%of respondentsvere willing to enroll in at
least one prescribed fire prograimoughout the regiorWith thecorrected certainty level 35
about48% werewilling to pay at leastor one program out of eight programifered.Virginia
had the most responder{&8%)who indicated they werwiilling to pay forat least one
prescribed firgorogram followed byennsylvaniag7%), Maryland @¢5%), andNew York
(329%). About 39%0f respondents preferred the lowest cost program ($20/&crieabout 15%
of respondents were will willing to pay up to $200/acre for burning (Figure

60%
52%

50%
44%

39%

N
Q
>

32%
29%

Choice
B Choice>5

20% 22%

20% 15%

% of respondents

$20 $50 $125 $200
Cost ($ per acre)

Figure4 Percent enrollment in proposed prescribed fire programs badedratifferentpricelevels.

Note: choice denoteall observations without certainty correction, choice>5 denotes certainty scores <6
were converted to no response.
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A total 0f 3,434 WTP observationsere used in the modéDut of this dataset,636 were
yes votesTwo models were fittedModel 1 is the base model using raw data witlveutainty
scale correctionModel 2 utilized certaintgorrected data (i.e., yessponses with a certainty
score O5 wer e Modelswedfinalizedabasedn pseuléR.squaredAIC, and
BIC values.Table4 presents the results of mixed logistic regression analysis.

The demographic variabtepresentingast participation in a landowner assistance
program was significant, positive, and had the greatest overall influeribe cmice(Table4).
Coefficients for price, risk, and age were negative indicating WTP decreased as levels within
these variablesicreasedState variable Pennsylvania was positively significant in both models
and hada substantial impact on choice indicating that landowners in Pennsylvania were willing
to paymorecompared to other states.

Program attribute coefficients farldlif e habitat managemeifidbrest health¢ost share,
andaccess teonsultantariables were positiWe significantindicating their presence increased
the mean value of prescribed fire. Coefficients for rare vegetagoanegative indicating their
presence decreased the mean value of prescribebhfaddition, variables controlling invasive
speciesandstate coordinatiohada positive impact on meaW TP thevalue in model Ivhile
these variables were not significant in model 2. Similahlgyariable prescribed fire association
was negatively significardnly in model 1.

Table4. Mixed logistic regressiomodelof factors affectindandownemwillingness to pay for
prescribed firgorograms irthe Mid-Atlantic region

Model 1 Model 2

Variables Original choice data Certainty corrected (choice>=¢t

Coeff. se Coeff. se
Trust 0.235" (0.056) 0.174" (0.058)
Perceived risk -0.124" (0.030) -0.139" (0.031)
Age Category -0.831" (0.164) -0.896™ (0.167)
Assistant program 1.139" (0.353) 0.954" (0.3m)
Income category 0.206 (0.110) 0.203 (0.112)
Pennsylvania 0.708 (0.403) 1.555™ (0.413)
Virginia 0.504 (0.436) 0.855 (0.447)
Price -0.0182" (0.001) -0.0174" (0.001)
Wildlife Habitat 0.182 (0.104) 0.207 (0.108)
Rare Vegetation -0.329” (0.105) -0.349” (0.11)
Forest health/resilience 0.243" (0.101) 0.239 (0.107)
Control Invasive 0.227" (0.088)
Prescribed Fire Associations -0.272" (0.105)
State Coordination 0.317" (0.102)
Cost Share 0.328" (0.101) 0.333" (0.089)
Access taConsultants 0.144 (0.085) 0.179 (0.089)
Constant 2.102 (1.622) 2.201 (1.662
Insig2u 2.243 (0.130) 2.201 (0.138)
Sigma_u 3.0698 (0.199) 3.006 (0.207)
PseudeR? 0.19 0.18
AIC 2744 2454
BIC 28% 2946
N 3434 3434

Standard errors in parentheseg< 0.1,” p<0.05,” p<0.01
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Table5 reportsthe calculatedpartworth valuedor each model variabl@lso referred to
as meatWTP value).Thesedollar valuesrepresent the utility or satisfaction associated with
each variablerelative to the other variables on offResults shows that some program attributes
are more preferred than othePsescribed fire programs with the most value included those that
helped with wildlife habitat management, forest health and resilience, and controlling invasive
species. More valuable programs also helped landowners coordinate with state agencies, offered
cost share and enhanced access to consultants (see Model 2, Tabhe&)vierexpressed a
lower WTP orpreferencdor rare vegetatiomanagement and prescribed fagsociations
Besides program attributdsdingsindicatethatsomecategories olandowners are more
supportiveof prescribed fire than others. For exampd@downers who have high trust in
prescribd fire practitionersandhave low risk perceptiowere willing to pay more for fire.
Likewise,younger ladowners, and lamidvners with higher income level apdor involvement
in landowner assistant programs were also willing torpagefor prescribed fire compared to
their counterparts.

Table5 Willingness to pay valugecalculated fosignificant variablesn the mixed regression
models,along with the 95% confidence intersal

Model 1 Model 2

Variables Original choice data Certainty corrected (choice>=6)

WTP ($) 95% CI WTP ($) 95% Cl
Trust 12.93 [6.85; 19] 9.99 [3.45; 16.53]
Perceived risk -6.79 [-10.02;-3.55] -8.02 [-11.58;-4.45]
Age Category -45.63 [-63.45;-27.81] -51.54 [-70.78;-32.3]
Assistant program 62.56 [24.32; 100.79] 54.90 [14.18; 95.61]
Income category 11.29 [-0.57; 23.15] 11.71 [-0.99; 24.41]
Pennsylvania 38.87 [-4.59; 82.33] 89.47 [42.41; 136.52]
Virginia - - 49.19 [-1.39; 99.76]
Program Attributes
Wildlife Habitat 9.99 [-1.3; 21.27] 11.89 [-0.31; 24.09]
Rare Vegetation -18.05 [-29.41;-6.7] -20.06 [-32.62;-7.5]
Foresthealth/resilience 13.35 [2.52; 24.18] 13.73 [1.68; 25.77]
Control Invasive 12.50 [3.03; 21.97] - -
Prescribed Fire Associations -14.95 [-26.18;-3.72] - -
State Coordination 17.44 [6.45; 28.43] - -
Cost Share 18.00 [7.06; 28.95] 19.18 [9.05;29.32]
Access tdConsultants 7.89 [-1.25; 17.03] 10.29 [0.2; 20.39]
Overall WTP 14.56 [12.92; 16.19] 6.24 [5.46; 7.02]

Reasons folRejectingPrograms

Respondents who rejected any of the provided choice sets were asigdrtgossible
reasondehind thaejection.Most respondentseported thaliability concerrs andthe cost of
burningwere the majoreason for not accepting the program on offe@ble6). About 70%of
respondents agrdé¢hat theywereconcerned aboduiability due to escape fire while a majority of
respondents (53%) agreed thatning cost was prohibitivéimited information and weather
for burning werenot majorreasos for rejecting the programn addition respondents weidso
asked talescrile other reasosibesides the listed statemer8emeotherfrequently mentioned
reasongor rejecting programwereair pollution, limited resources (e.g., burn boss), topograph
and limited information
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Table6 Percentage andean response to statements on reasons for rejecting programs scales (1=
strongly disagreeb=strongly agree

Disagree Neutral Agree

Statement N Mean SD
(1-2) @3 (35

| am concerned aboliability of escape fire 193 21 9 70 3.68 1.30

| found burning cost prohibitive 193 23 23 53 3.40 1.26

| do not have sufficient information to recogni

the value and benefits of prescribed fire 193 a7 19 34 270 143
| am notinterested in burning 193 50 16 34 266 1.53
Weather is not favorable for burning in my are 192 45 41 14 244 1.16

Attitude and KnowledgeScales

Respondents often disagreed with statemaessribingdifferent levels oknowledge
andexperiences with prescribed fif€able 7) As such, he grand mean score on the knowledge
scale was relatively low (grand meaB@,.SD 1.3) indicatingmanyrespondents have limited
experience or formal knowledge about prescribedutseeand behavioFor example, rast
(75%) respondents disagreed with the statement that they have experience conducting prescribed
fire and only about 13% agreed with the staterm2espite having low knowledgejost
respondentdisagreed with thetatements describirtge potential risk associated with
prescribed fireThe grand mean for risk perceptions was also low (grand me@nSD21.®)
indicating that most respondents do not consider prescribeasfiaving largeotentialfor
hazard or harmAmongthenine staterants, respondentgere moreconcermedaboutthe
potential harm to human health due to poor air quedisyling from smoke Most respondents
agreed with the statements in the trust sd@die.grand mean for trust was hegtthan other
grand mean&grand mean 38, SD 111) indicating most respondents generally trusted the
people and organizations who implement prescribed fire. Expressions of trust were also higher
for professional fire implementers (e.g., state agencies and consudtaonis 82%of respondent
agreedxompared tdrainedlandowners who implement prescribed fiadout 45%of
respondentagreed)Table7). Comparatively, more (31%andowners disagreed withe trust
st at elmsstrithiat tréined landowners have the skilleded to conduct a burn safely

Table7 Mean response to statements on the knowledge, risk, and trust scales (1= extremely low
disagree, 5= extremely high).

Measurement items Mean SD
Knowledge
| know people who have used prescribed burning 281 1.68
| have taken higher educaticlasses on ecosystem management and
. : 1.83 1.34
prescribed burning
| have taken a training course on ecosystem management and prescrib
burning 1.79 1.33
| have experience conducting a prescribed burn 1.70 1.27
| have been trained to condugbrescribed burn 1.64 1.25
| have enough experience and qualifications to be a burn boss 1.39 0.94
Grand Mean 1.86 1.30

Risk Perceptions
Prescribed fire often harms human health (e.g., smoke and air quality) 2.61 1.13
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Prescribed fire could harmative plants and trees 249 1.14

Prescribed fire can cause soil erosion 2.28 1.04
Animals are usually unable to find safety during prescribed fires 217 1.02
Prescribed fire often harms wildlife and destroys their habitat 2.14 1.06
Prescribed fire can reduce water quality 2.08 0.95
Prescribed fire reduces aesthetic/recreational benefits important to me 2.08 1.05
Prescribed fire typically causes damage to private property 2.03 1.04
Prescribed fire and wildfires are equally dangertwithep u b | safetyd s 1.94 1.11
Grand Mean 2.20 1.06

Trust in Implementors
| trust that trained resource management professionals have the skills r
4.17 0.98

to conduct a burn safely
| trust state agencies will do a good job settingpttescribed fire standards 3.96 1.08
| trust state agencies to run programs that promote the use of prescribe

- 3.89 1.14
on private lands
| trust that trained landowners have the skills needed to conduct a burn 3.10 1.24
Grand Mean 3.78 1.11

Results of Spatial Analysis

The null hypothesiselated tocomplete spatialandommess of thevalues representing
r e s p o rsunenréspodsesssociated witlkachcountywas rejected for fivef thevariables
used in the analysise., trust, knowledge, risk, choicnd usg This indicateshatdata
representingandownermerspectiveaboutprescribed firaareindeedclusteredor the variables
described inrable8. In other word, thereexistsa spatial autocorrelatiom landowner
perspectivesi.e., correlation of a variable with itself due to the spatial location obther
observationg All z-scores were greater than 2.58 suggestingtthere is less thamnepercent
likelihood that the clustered pattern is a result of random ch#edound thaforest
landownersWTP decisiors are more clustered into spatial locasdian if they were randomly
distributed.

TableBResul t of spati al autocorrelation test bas
Variable Description Mor an Z-score p-value

Index
Choice Decision topay for prograntbinary-yes/no) 0.066 4.3 0.000

Knowledge Knowledge anexperience of prescribed fire

(total score) 0.128 6.87  0.000

Risk Perceived risk of prescribed fiftal score) 0.054 2.32 0.020

Trust Trust in people ar_ld organizations who 0.029 279 0.005
implement prescribed fir@otal score)

Use Landowner experience of using prescribed fi 0.121 10.02  0.000
(binary-yes/no)

Hotspot and cold spot mappimdgentified the areas withconcentration ofounties with
higher and lower valuesf corresponding responsats90, 95, and 99% lewsdf confidence
Figures 5, 6, and7 presenthe results othe hotspotanalysison landownemresponsesn
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knowledge Figure5a), trust Figurebb), perceived riskEigure5sc), prescribed fire usd=(gure
7b), andWTP choice Figure7a).

A. Knowledge and Experience B. Trust in Fire Implementors

50 100 200
Miles <

50 100 200
Miles

Getis-Ord Gi*_Bin

- Cold Spot - 99% Confidence

- Cold Spot - 95% Confidence

:l Cold Spot - 90% Confidence

|:| Not Significant

|:| Hot Spot - 90% Confidence

- Hot Spot - 95% Confidence
Hot Spot - 99% Confidence

777

/774 No Observations

50 100 200
Miles

Figure5 Results okpatialanalysisindicating hot spots and cold spéds knowledge scale (A), trust scale
(B), and perceived risk scal€) questiors.
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Cold spots for kowledgeandtrustwere found around central New York and
northeastern Pennsylvania (Fig@e Conversely, hot spots for knowledge were in southern
Virginia and hotspots for trust in both Virginia and Maryland. As expected, hotspots for risk
were located around areas witbld spots for knowledge and trust, however, the number of
counties was fewer compared to number of counties in knowledge and trust cold spots. Overall,
the results suggest that knowledge and attitudes vary within the region and strong opinions about

prescibed fire may be concentrated in some cour{fiégureb).

Intersect: Knowledge, Trust & Risk

WY
K8y,
N

b 3

R
"
s

0 50 100 200
Miles

Getis-Ord Gi*_Bin

- Cold Spot - 99% Confidence [:] Hot Spot - 90% Confidence

[:| Cold Spot - 95% Confidence :i Hot Spot - 95% Confidence

D Cold Spot - 90% Confidence - Hot Spot - 99% Confidence
A e V777 .

Not Significant VL7 j No Observations

Figure6 Results of btspotanalysis withknowledge, trust and riskalues combined\ote: risk values
were reverse coded. Cold spots indicate area with lkm@wledgevaluesJower trust valuesand higher

perceived risk values

The map in Figuré represents the combined hotspots for knowledge, trust, and
perceived risk. The values for risk were reversed to make the interpretation consistent with the
knowledge and trust values. Findings indicate that a few counties in central Newaverk
overall strong negative views about prescribed fire and a few countries in southeastern VA have
overall strong positive views about prescribed fire. Surroundingtiesumave more mixed
opinions (e.g., high knowledge, low trust). The cold spot in New York also appears to cross the

state boundary.
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A. Willingness to Pay B. Prescribed Fire Use

Miles

Getis-Ord Gi*_Bin
B Cold Spot - 99% Confidence [ Hot Spot - 90% Confidence [ | N Significant

- Cold Spot - 95% Confidence - Hot Spot - 95% Confidence D N6 Observations
:] Cold Spot - 90% Confidence - Hot Spot - 99% Confidence

Figure7 Results of btspot analysisepresentingandownemresponsgto questionswhetherthey would
bewilling to payfor burning(WTP choice:yes/no) (A) and whethethey havepreviously used
prescribed firguse:yes/no) (B)

The maps in Figuré show results of the hotspot analysis of landowners who have used
prescribedurning before and who would be willing to pay some amount for fire (Figuend
7b). Findings show that counties where fire is already used (southeastern VA) were also more
likely to contain landowners who are willing to pay for the benefits of prestifibe. This is in
agreement with our assumption that past experiences with prescribed fire play impacts how fire
is valued. Where this association did not hold true is in central PA were most counties showed
very little use of fire (dark blue), but thid not necessarily create a cold spot for WTP for fire.

Benefit Transfer Results

Based ommodel 2, ebenefit transfeprocedurevasusedto estimate a acceptablenean
price for prescribed fire in each coumtythe study aredstimatedorices(min $34.42 per acre
to max $136.30 per acr®r each county@represented in Appendix. Figure8 presents the
hotspos and cold spots @fcceptablgricesfor each countyPennsylvanidrequently contained
counties with higher acceptable pricesnpared to albtherstudystatesNew York and the
southern part of Marylangere cold spots indicating that these arfeaguently contained
counties with lowest acceptable prices for prescribed fire.
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Figure8 Hotspot analysisf preferred price foeach county

Discussion and Conclusions

Prescribed fire is not commonly used by forest landowners in theAWadtic Region of
the US. Only a fraction of survey respondents reported that they actually use fire, many of which
lived in Virginia. Despite having little experience with fire, more than half of respondents were
interested in adopting prescribed fire as a land management tool, and many were willing to
allocate some of their income to help make that hapyetivationsfor using prescribed fire
were attributed to several key cultural, economic, and governance factors.

Respondents were classified as having generally low level of knowledge about fire due to
a lack of foundational experiences using fire. This pointsaatmtinuing need for educational
interventions that help support the practice of safely using fire and how to include prescribed fire
in management plans. Despite having low knowledge, radpwners expressed the belief that
the benefits of fire woulddogreater than potential risks or costs. For example, ineligved
that prescribed fire would be useful for improving wildlife habitat, controlling invasive species
and protecting forest health, and they were willing to pay $10 to $13 more per acig for th
benefit. Perceptions of risk in using fire were also generally low. Prescribed fire was rarely seen
a threat to public safety, however smoke impacts on hir@althwere a concern.
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Cultural values towards prescribed fire did vary significantly actessetgion with a
general nortksouth gradient. The hotspot analysis revealed a zone in southeastern Virginia
where knowledge was relatively very high and risk perceptions very low. Conversely, in central
New York the analysis found a zone with very low Wiexilge and higher risk perceptions. In
New York, educational programs may need to focus on more foundational understanding of fire
and how it can be safely used. Outside these zones educational programs may need to offer mix
of resources for those with tkfent levels of experience and concerns.

Our economic assessment showed good potential for expanding the prescribed fire
economy in Virginia and Pennsylvania, but probably not in New York. Mean WTP for
prescribed fire across all states &40 $14peracre,however, Virginia and Pennsylvania were
willing to pay an additional $50 to $90 per acre respectively. Associated studies that report actual
management costs show that prices for implementing prescribed fire are generally lower in the
southeastern 8 (e.g., $30 to $40/acfslaggard 2021) compared to the northeast
Pennsylvania burning casarehighly variable but could bas high as $40per acr§Regmi et
al., 2023]. Even though the cost of using prescribedifireftenhighin this regionlandowner
demand for fire appears to exceed provision of prescribed fire sevaresxample, 15% of
respondents were willing to pay up to $200 per acre. Captannupvner demand for prescribed
fire services can help establish a stronger prescribe@dwonomy in the Mid\tlantic Region
(i.e., jobs, infrastructure).

Interestingly findings in Virginia and Pennsylvania suggest th&tP valuesare not
always reflective oknowledge and experience. More specificddydowners in Virginia were
willing to pay less compared to Pennsylvania even though they had more experience with fire. It
may be thatandowners in Pennsylvania overvalue the benefits of prescribed fire, because of
their limited experience using firerhereas owners in Virginia may be moealistic about using
fire. Applying fire could also be challenging in areas where mesophication has already occurred.
The long exclusion of fire in some places can also make it difficult to predictéomy
outcomes. In these cases, educational progshmsldhelplandowners understand the realities
of using fire in places where fire has béamg excluded. Adorestowners become more familiar
with prescribed fire, what they may be willing to pay may change.

Governance factors were also key in explagnnotivations for using firdorest evners
were primarily interested in programs that help them coordinate burning activities with state
agencies, have better access to consultantsprovide cosshare assistance. All of these
activities involve the se of experts and government oversight, which is ideal since ioasy
owners in this region are inexperienced with using fire. The value of having expert involvement
in burning activities ranged between $8 to $17 per acre, which is slightly more ¢hagarth
worth values assigned to expected management benefits. In other words, governance factors are
critical to helpingforestowners move from being just motivated to burn, to actually applying
fire. Unlike the southeast, where burning on private lasdéten done byhelandowners and
non-professionals, technical and financial assistance programs in thatMidic region should
look for ways to support the employmentpobfessionalsn applying fire on private lands.
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Risk of liability was expresskas a concern among many forest owners, even though the
variable forreduced liabilitywas not significant in the models. It may be that how liability
protection is conceptualized is different for some forest owners. Some may have differences in
perceivedisk due to the type of burning they want to do; others may not have a clear
understanding of how existing liability protection laws pertain to them. Educational programs
should help forest owners understand options for liability protection in their state

Liability protection for users of prescribed ficeshaped by state laws. All the states in
this study have liability protection laws for prescribed fire, but the formulation of these laws and
the benefits for landowners are not equal across states. The spatial analysis did not show strong
evidence of burihaws (and associated liability protection) influencfogestowner motivatios
to use prescribed fire. For example, the cold spot in central New York (indicating a strong
resistance to using prescribed fire) extended into some counties in Pennsylvania. The hot spot in
southern VA (indicating strong support for prescribed fire) wdg im the eastern side of the
state, even though state laws apply evenly throughout the state. There is evidence, however, that
burn laws could interfere witlaindowners actively putting fire on the ground. For example,
economiademand for burning on prate lands in Pennsylvaragpearsigh, but more acres are
actually burned in Virginia. This difference could be due to a lack of qualified professionals in
Pennsylvania that can meet state standards for obtaining liability protection when burning.

Reconmmendations for Policy

1 Pennsylvania is poised to start adopting prescribed fire due to the strong matiohtion
forest landowners. Educationvsry muchneeded to help promote safee of fireand to
helpforestowners figure out howrescribedire can lelp them achieve thegesired
management goalfdaptive management techniques, in particular, may be important to
use sincecologicaloutcomes may be difficult to predidiechnical and financial
assistance will also be critical for helpilagndownersto hireprofessionals tget fire on
the ground

1 Landowners in Virginia were more knowledgeable and experieimcading prescribed
fire, suggesting that many may be willingtéke their management activities to the next
level (beyond wildfire hazard redtion) andwork with state agencies to achieve
landscape level restoration goals. Education programs could support this effort by
teachingandownersaboutprescribedire as a restoration toahd where restoration
activities by the state are currentlyifge conducted.

1 Landowners in New York do not appear ready to use prescribed fire. While motivations
may vary within the state, there is a strong correlation between low knowledge and high
risk perceptions. Education programs may consider introducingriireg fire along with
otherlandmanagement tools as a way of increasing knowledge.

1 One important constraint to burning on private lands in this region may be a lack of
qualified professionals. Burn windows tend to be shorter in northern regibit
means that demand for burning is not y@amd. Training more natural resource
professionals to conduct burning may be critical for meeting a high volume of demand in
a short window of time.
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