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Peter W Stewart

ABSTRACT (ACADEMIC)

Sincemostinvasiveforest pestsirst establish in urban areadetection and contairent
of these pestwithin cities isimportant tothe health of all forest&Vhile the emerald ash borer
(EAB) (Agrilus planipennisFairmairg hasproved difficult to containefforts continue to
mitigatetheimpacs of its spreadAs part of those effort¢he Virginia Department of Forestry
(VDOF) initiated its Emerald Ash Borer Treatment Program (EABTP) in 20d®iding
financial incentive for insecticidal protection of ash trees. To better understand the role of
incentives in promotingrbanforest halth, | conducted a study of properties, households, and
practitioners involved in the programodés first

To exaninewhereEABTP funding helped pay for tree protection, | conducted tree
inventorieson 16 urbanparticipant properties. Concurrentlyttvitree inventory work, |
conducted web and mail surveys to exaniameowneengagement in preservatioh
threatened tree&inally, to investigate the role of forest practitioners involvegrogram
implementation| conducted web surveys of VDOF fotes and Virginia arboristResults
demonstratedhaton urbarparticipant propertigs typically large and woodédwhite ash
(Fraxinus americanayvas the dominant specid®esults from homeowner surveys destoated
broad support for personal investmentrgepreservationand the significance of attitudl
predictorstowardsthose ntentiors. Results fronpractitionersurveysdemonstrated substantial
though not unanimousupport for the program as a benbfithto clients and forests.
Implications ofthese findings are discussed in the conteftitofre urban forest health

initiatives.



Characteristics and Perceptions of Cosshare Funding
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Peter W. Stewart

ABSTRACT (PUBLIC)

Because most ron-nativeforest pestarrivein cities before spreading to rural areas
detecting and containirthese pestwithin urbanforestsis importanto all foresed areasOne
nortnative pestthe emerald ash borer (EABJas proved difficult to contaimutthere are
ongoing efforts tdimit the damagé causs as it spreasl As part of those efforts, the Virginia
Department of Forestry (VDOmBegants Emerald Ash Borer Treatment Progra@ABTP) in
2018,which offered partial reimbursement for the cospiaftecting ash trees with insecticide.
To betterunderstandhow reimbursement payments might helmmot the health ofirbantrees
| studed theproperties, households, and practitioners involvddshyear ofthe progam

To examine where EABTP fundirhelped pay for tree protectiongdnducted
inventories of altrees on 16 particigtingpropertiesn urban areast the same timgel
conducted web and mail surveys to exanioer homeowners thought abaubantree
preservationFinally, | conducted &b surveys of VDOF foresters and Virginia arborigis
investigate rolesf these practitionerns implementing the iwgram Results indicated that on
urban participant properties, which were typically large and wooded, white ash was the dominant
speciesResults from homeowner surveys demonstrated broad support for personal investment in
tree preservation, and the sifjreince ofattitudes in predictinghat supportResults from
practitioner surveys demonstrated substantial, though not unanimous, sapfi@tprogram as
a benefitbothto clients and forest3.hese findings are discussed in the context of future urban

forest healthprograms
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CHAPTER 17 INTRODUCTION

1.1Research Background

Pests and pathogepsesent an immense threatNorth American forestfiaving caised
greatereconomic and ecological impact thaiidfire, drought, orsevere weathgt.iebhold
1995) Invasions of nn-nativeforestpeststypically orgirate in citieqPaap et al. 2017pr
several reasonscities functionastransportation nogs for freight which maytranpat invasive
speciescities alsacontainbotha highproportion of non-nativetree speciewhich mayhostnon
nativepests anda high proportion of stresed treesusceptible tattack(Pautasso et al. 2015)
Damages to urban forests from a single invasive pest may reach into the tens of billions of
dollars(Kovacs et al. 201Qeconomic and ecological dage can copound when infestations
spread into surrounding rural fotegLovett et al. 2016)For these reasongréstry officials,
commercial arborists, andbanresidents all havenportantroles in the detectioand
containment ofrivasive forest pests.

More than 450 invasive forest pests ddpathoges known to cause damage have been
documented in North Amara since 186Q0Aukema et al. 2010%Bince its arrivain the lae
1990s emerald ash borer (EABAgrilus planipennig-airmaire)hasbecomehe most
economically destructive @l of thesgMcCullough and Mercader 2012)t important to note
however, that comparison of damage caused by invasive forest gp@sssnot includedamage
causé by either the southern pine beefi@endractonus frontalisZimmerman)or the mountain
pine beetldDendroctonus ponderosatopking, both native to North Americén addition to
creating widespread economic and ecological dant&§B,causes such high mortality rates that
entire native ash speci@sraxinusspp, Family. Oleaeag are threatened with axpation

(Lovettet al. 2016) For many areasf the eastern U.Svhere the ash borer has been present for



several yearghere may be few ash trees left to preserve. Yet for other communities where EAB
has recently been detected or is progdtearrive, insecticidal é#atment of ash trees may ylel
cost savings compared to tree removal, retention of benefits provided by mature urban trees
(Sadof et al. 2017)and the continued genetic viability of sga@ducing trees.

In 2018, Virginia Department of Forestry (VDOF) began offering-sbatre payments
for the insecticidal treatmenf ash trees through its Enaéd Ash Borer Treatment Prgn
(EABTP). The program aimed to incentivize treatment of valuable ash trees on public and
private landamongthosefor whom the initial expense of treatment might be a bafviBXOF
2018a) Additionally, since no treatmé¢s provide indefinite protectiothis program also aimed
tguampstarté continued, I nd e (Ckamidedim2018a)Unlikea t me n t
similar programs administered in neighboring
from individual homeowners, in addition to organizations and municipalities. This program
compleed its first funding period in Agust 2018, with 107 total p#gipants, of whon®0 were
homeownersThe remaining 1 participantsverecomprised of 6 nonprofit or neighborhood

organizations5 municipalities 3 businessesnd3 educational ingutions

1.2 Resarch objectives

Because of itsunique participant pool, the EABTP provilan important opportunity for
studyingthe irfluence of financialncentiveson the management afban forest pés,
particulaly in residential areag hrough this reearch, my intent was to provide insightoi
outcome of the 2018 EABTP and the potential application of incentive programs for
management of other urban forest pests. There were two facets to my research: (1) conducting

tree inventories of urban partieipt properties, and (2pnducting surveyesearctwith thetwo



primary EABTP stakeholder groupsf homeowners and forest practitiondPsimarystakeholder
groupswere in turn each comprised of two discrete sampling fraamsnghomeowners, |
contactedgorogram participants, and a sample of generasbboldsAmont practitioners, |
contacted/DOF county foresters and arborists within Virginiéy research olgctivesand
guestionswvere:
1) To characterizeirban EABTP participant propess.
1 Whattypes of propertiesommonly received fuling?
1 Whatcontributionsdid ash trees make to the forest composition and appraisesciape
value of participant properties?
1 Are property characteristics associated sjlecies compositioof landscape tre@s
2) To examine urban homeowner aggment in preservation of threatened urbaastr
1 Are attitudes towards tree preservation different betvpeegramparticipantsand
general households?
1 What characteristics are most strongly associatedlwidhme o wwillengnesé to pay
for preservéion of threatened tre@s
1 What characterists are most strongly associated with interesbstshare participation?
3) Toexamind or est pr act i tnipresereation of theeatened girban &aed.
1 Are specific professional characteristics @ssted with differing perceptions of threats
posed by forest pests
1 Whatcharacteristics are most strongly associated with interest kslcast participation?

1 What are the most commontjted reasons for interest or lack of interest in the EABTP?



CHAPTER 271 LITERATURE REVIEW

2.1Biological Invasions in North America

Non-native species are those which humans have transported from one region to another;
precisely defining which species are not native to a rezporbecomplex(Richardson and
Py g e k . Ir2tBeGvésjern hemisphere, native species are typically defined as those present in
the Americas prior to European settlem@iRCS 2019) This chte coincides with the beginning
of an era of transoceanic tr&dan unprecedented movement of people, goods, and biota. Today,
despite regulation concerning inadvertent transport ofdométerial across oceans or state lines,
there are well over 50,0000n-native species in the U.S. alofiimentel et al. 2005)Not all
nortnative species are necessarily invasive; this label is applied to those that cause unacceptable
economic damage or threaten local biodiversitgcosytens (Schmiedel et al. 2016)

Biological invasions are often conceptualizedoccurringn stages; with each
succeeihg stage, fewer introduced species survikaur stagesfanvasioncommonly described
are long distance transport, colonization, establishment, and geographic(Spesatthrides and
Dukes 2007)A rule of thumb proposed Williamson (1996)stats that only 10% of species
survive each successive transition, such that for every 1000 species in transport, only 1 will
survive long enough to spread across a region. Sunsgéval ofnon-native species in unfamiliar
territoryis somewhat counterintuitive, several hypotheses attempt to account for their apparent
success in new bioregions. Two of the most \kethwn hypotheses aenemy releaseavhich
credits an i nvakdferedoled snenmieseanddts convensayel weaponin
which prey or host organisms of the invaded environment possess no evolved defenses against
t he i nvader 6s (Apert2806)KThronghahese patheaysor others, the number of

non-native species in North America continues to giaamong forest pés only, at least two



new species become established annually (Aukema et al. 2010). Of invasive forest pests
currently present in the U.S., woaghd phloerrboring insects (primarily Coleopterans) account
for few species overall, but account for a largars of economic damage, and are becoming
established at an increasing rédkema et al. 2011Jor most forest pests, dfiirst three stages
of invasion take place between and within cities; spread to fonesd@reas is likely only after

a pest or pathogen has established itself on urban hos(Resgset al. 2017)

2.2 Historical Impacts of Invasive Forest Pests and Pathogens

While emerald ash borer (EAB) is judged ®the mosdestructive of anjnvasive
forest pest in North Amerig@cCullough and Mercader 2012} is not unigue in causing
widespread economic and ecological dam@geema et al. 2011)Additionally, quantitative
comparisons of damage to forests caused by invasive species often @iieaiion of
invasive forest pathogens, whose impacts in North America have been equally, if not more
widespreadhan those of insec{6002009) A di s c u s s foenmuryanfpacHsbetters 2 1
understood, then, in the context of invasforest psts and pathogens in North America over a
much longer period. For that purposgluded here are descriptions of four forest invaders (two
pests and two pathogens), each of which likely established in an urban area and subsequently
caused widspread damago North American forests.

One of the earliest and most wkliown examplesfaan invasive forest pest infestation
in North America is that of the gypsy motty(antria dispai..). This lepidopteran foliar
feeder, native to Europe, was bght to Medfed, MA in the late 1860s by French amateur
scientist Etienne Leopold Trouvelofdasoon escaped through the window of higlagbhold

et al. 1989)Within 10 years, moths were heavily defoliating the neighborhood, and by 1890 the



State of Massachusgstwas approprtang money for its control, followed by the Federal
Government in 1906VicFadden 1991)The 28" century sa repeated outbreaks extending over
millions of square miles of forest, and several concerted management campaigns, including the
currentéSlow the Spreaatampagn, initiated in1995(McManus and Csoka 20Q7hrough this
campaigrthe USDA Forest Servicand partner agencies haween largely successful in
containingthe gypsy moth to the northeastern quadrant of the country through coordinated
trapping and aél spraying of pheremonal disruptai®harov et al. 2002)

A second longestabished and devastating North American forest invader is chestnut
blight, caused b¥ryphonectria parasiticgMurrill) M.E. Barr, a fungal pathogen likely
transporéd from its easrn Asian range on nursery stock in the earfy @ntury(Griffin 2000).
Within 50 years of its 1904 identification in the Bronx, NY, thighogen spreatirough the
entire range of the American chestn@aétanea dentat@Marshal) Borkh.), virtually wiping out
the species as an overstory t(Bggling and Prospero 20183tump sprouts from trees killed
de@des prior stilgrow today, although they are inevitably killed off by the pathogen before
reaching sexual maturitfPaillet 2002) Restoration of the Ameran chestnut, once dominant in
eastern North American forestgs been for dedasthe ongoing work of researchers dedicated
to developing resistafhybrids andcultivars(Clark et al. 2019)

Like chestnut blight, Dutcbim disease is caused bgpidly spreadindorest pathogens
(Ophiostoma ulm{Buisman) Nannf. an@®. noveulmi Brasier), although their region of origin is
unclear(Brasier 1990)Diseased trees were first recorded iaveland, OH in 1930, thougtd
be infected from veneer logs imported from Eurfehlarbaum et al. 1997Attacking

primarily American elmlmus americand..), these pathogens also spread #lycvectored by

mul tiple bark beetle species, and encompassed



some elms in forest settings displayed resistance, urban cultivars succumbed rapidly to the
disease, leading to a dratit loss of tree cover in mg midwestern and northeastern cities,
where American elms had been heavily planted as stree{@asgpanella 2003 White and
green ashKRraxinus american&. andF. pennsylvanicdlarshall) were often planted as
replacement trees, because of tolerance to urban conditions and attractifddcfrarlane and
Meyer 2005)

In 1996, the Asian longhorned beetle (ALBoplophora glabripenis Motschulsky)
was first icentified in Brooklyn, New York, noticefibr the dimesized exit holes left on tree
trunks(Haack et al. 1996 A separaténfestation was detected goafter in Chicago, followed
by others in urban areas of New Jersey, Massachusetts, and (Idalis and Orwig 2011)
Because this woeHoring cerambycid was observed to kill a wide rangdwsf trees, including
commonurban genera such Aser, AesculusandSalix,eradication campaigns quickly began in
all affected location§Haack 2006) The® campaigns, funded by USBEAPHIS, consisted of
outreach, detection efforts, destruction or treatment of potentially infested trees within a buffer
zone, and an enforcement of quarantine on potentially infested pr¢8uogthk et al. 2001)
While new infestations have occurred in tloetheastrn U.S.and as far away as Sacramento,
CA, several of the earliest infestations have been declared eradicated by (APt¢iScan
NurserymarR013) The relative level of success achieved in containing these infestations stands
in contrast to the unchecked spread of theraldesh borer. However, tip@tential for
widespread damage remaidnbecause of the number of ALB host species, a widespread
infestation in urban forests alone could cause 30% tree mortality and a corresponding loss of

$669 billion in valugNowak et al. 2001)



2.3 Arrival, Spread and Impacts of the Emerald Ash Borer

Emerald ash borer, a phlodeeding buprestid beetle nativedastern Asia, is several
times smaller than ALB in its adult stage and more difficult to defébile EAB was first
identified in the Detroit metropolitan area in 2082ndrochronological analysis shows it may
have been presers aarly as 199{Siegertetal. 2014) The invasionbés I|ikely
industrial area of Wime County, Mlcloseto interstate highways, airports, and shippi
terminals. Withn fifteen years of arrival, the beetle had created more economic damage to U.S.
forests than any oth@éwrvasivep e st i n t h e (MoCQultougb and Mercader2QlBy vy
2019, 22 years after its estimated arrival, EAB populationspeshd to cover much of the
range of eastern North AmericarhgBraxinusspp, Family: Oleaceag killing millions of trees
across 35 U.S. states and 5 Canadian proviifto®B Information Network 2019)Significant
ecological effects are also expected among bird, mammal, and insect species which rely on ash
species fofood or habitafLiu 2018) Figurel displays the 2019 North American extent of the
EAB infestaton and the historical range of ash species.

In its native ast Asian range, eenald ash borer has only been observed attacking
declining ash trees. In North America, however, it aggressively infests healthy trees, including
all 16 ash species nativettte continen{Cappaert et ak005) Resulting ah mortality rates are
typically over 99% in heavily infested arg&sight et al.2013) Successivattempts to
eradicate or contain infestations have been unsuccessful, primarily because of the difficulties of
detecting lowdensity populations and enforcing quarantine ratyuhs(Liu 2018)

Economic impacts of EAB damage are comparatively highest in urbanaheas, costs
to local governments and homeowners are many tgresger than timbevalue losses in rural

areagAukema et B 2011) Urban costs include insecticidal ash treatmamhaval and



replacenent, in addition to associated property value loss. Kovacs(@04l0)projected a $10.7
billion loss due to EAB in urban areas alone, for stie area over ¢hperiod 201€2019. This
figure did not include losses to peapy value and signf i cantly under est.
spread over that period, indicating true costs may be higher. High costs to urban areas are a
function of the prevalence of whitand greerash as landscape and street trdemically, ash

trees were most commam northeastern and midwestern cities where they had been used to

replace American elm trees lost to Duéhim diseasgMacFarlane and Meyer 2005)

Until the arrival f EAB,at i ve ash species made up 1.

ranging from over 6% relative abundameéNorthern Piedmont counties to essentially 0% in
some coastal locations, shown in FigAré&lA 2019) These data are drawn from thesfiyear

FIA sampling cycle 1992002, and represerglativeabundance of ash species in rural forests,
prior to the arrivabf the ash borer in the state. Sigeahtly, relative abundance of native ash
species among street tree populations mirroredofifarested lands. In one study, researchers
conducted street tree inventories and compiled street tree inventory datatébiohfourteen
Virginia municipalties, spanning the years 2602810. Among these cities, distributed across
Virginia bioregions native ash relative abundance ranged from 0.1% to 5.8%, and averaged
2.0% across studied citi€d/right 2011)

EAB was introduced to Virginia via nursery stock withineay of its initial 2002
Michigan detetion. Virginia forestry officials initiated a rapid eradication campaign at the
infested sitedestroying all ash trees within a hafile radius and instituting a meticulous
detection progranfAsaro 2007) These effirts temporarily provided an example of successful
EAB eradication, until the summer of 2008ewn the beetle was again detected in multiple

Fairfax County sites. Eradication was abandoned in favor of a strategy aincoant within a

mat e

5 %

(



five-county quarantia zong/Asaro 2008) Quarantine of northern Virginiabanties in turn was
abandoned by 2012, at which point widespread detections in Virginia led {AFDPUS to
designate the emé state within the federal EAB quatiare zong(/Asaro 2013)By 2019, of 130
Virginia courties and independent cities, only 37 remained without a confirmed EAB detection

(Chamberlin 2019)Figure3 displays theyearof initial EAB detection, by Virginia county.
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Figure 2. Map of relative abundece of ash species, by county, in Virginia before the arriv
of EAB. Data were dran from 19982002 FIA data.
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Figure 3. Map showing the spread of EAB across Virginia, with Census Urban Areas
displayed, andough locations of 2018 EABTP patrticipants.
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2.4 Biology andControl of EAB

In Virginia, EAB typically undergoes complete metamorphosis in one year, with adult
emergence taking place in early M@hamberlin 2018b)During the month following
emergence, adult beetles feed on ash foliage, mate, and lay eggs in bark (irevR@s8)
Females may lay up to 80 eggs, and show a preference for stressed trees as oviposition sites
(Jennings et al. 20)4Neonate larvabatch in midsummer, bore inwards through the bark, and
begin to feed in phloem, cambium and outer sapwood, carving characteristically serpentine
galleries(Cappaert et al. 2005).arvaecomplete four istars while feedingrdm July until
November, followed by an overwintering stage. Pupation lasts for approximately one month in
spring, after which the new adults tunnel out though the bark, leaving a distinesivaped exit
hole (Van Driesche and Reardon 2015)

Damage caused to ash treeddiiar feedingof adult beetless minimal @mpared to the
effects of larval feedg in vascular tissue. As the density of larval galleries increases in a tree,
translocation of nutrients and water is greatly red@cexsulingin visible crown thinning and
dieback(Herms and McCullough 2014Within five yearsof on-site EAB detectiopa stand of
ash trees ikely to experence a 99% mortality ra{&night et al. 2013)Declining trees
typically display sbot and brant dieback progressing downwartisdugh the crown, and often
produce heavy epicormic growth on the trunk and lower ci®@an Driesche ath Reardon
2015)

Coordinated regional campaigns to contain EAB using chemical and cultural methods,
such as the efforts described in Virginia, have repeatedly proven unsuccessful. Much EAB

related researchdiay is instead directed toward identifyingis¢snce and regeradion

capacities of ash species. Studies conducted
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the Midwest have noted the higher survival rates of ash trees at a distance froasiotleeg.,
Knight et al. 201, Kappler et al. 2018)Others studies have investigaseatcessional dynamics
of germination and 0 o rinjebtedroest Standssconcledmeetitat | ngs i
silvicultural management is essential to ash surn(khoster et al. 201,85ranger, Zobel, and
Buckley 2017)

For years, researchers have also investigheg@otential fobiocontrol of EABthrough
introduced inseatatural enemies. While several native North American bird, insect, and fungi
species feed on B3\ none have been observed to significantly suppress its populB#aer et
al. 2015) In its native east Asian rge, however, natural enemies can reduce EAB population
density by as much as 74@4u et al. 2007) Following yeas of quarantined trials, USDA
APHIS has approved the U.S. release of four Asian hymenopterasitpidf USDA-APHIS
2017) all of which parasitize EAB eggs or larvae at high ratexperimental settirgfJennings
et al. 2016)Researchers theorize that biocontrol agents in the future may protect suaviging
regenerating ash by reducing the severity of EAB outbré2ikan et al. 2018)

Whil e control of EAB popul atsimpattamajbse not ye
mitigated on a municipal scale through planned use of tree removal and idattgatment.
Effective protection of individual ash trees can be achieved through the application of systemic
insecticides to a tsugtiegdasval tevelopmentiom phloenotissue sy st em
(Smitley,Doccola, and Cox 2010k particular, trunk injections of emamectin benzoate can
reduce EAB larval densities by 99% and provide protection against infedtatithinee years
(McCullough et al2011) However, high cost of treatment creates a significant barrier to tree
treatment botHor municipalities and property owners. The commercial cost of emamectin

injection can be as high as $15 per inch of trunk dianfeberut $6 per centimetefChamberlin
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2018b) At this rate, t r(46am)woldcost$H2B8 ifeextendel8adtheDBH t r «

ash population of an entire municipality, costs can quickly reach six or seven .figures

2.4.1 Strategies for Municipal EAB Management

Urban forestry officials facing eecently detectedr approaching EAB infestation must
weigh shortand longterm costs of multiple management strategies, and importantly, the
benefits accrued through tleeactions. If no action is taken, close to 100% mortality of a
muni cipalityos adwthineigha gears of iaitral EABdetecidBaelaf ¢t al.
2011) Many municipal i ti eveldeenovelwhetmed by theveltnrepf budge
tree removal necessitated by EAB, which pealfsygars following initial local detection of the
borer(Sadofetal. 2017) Wi t h pl anning, a cityoés urban for ¢
concentrated finasal burden of tree removal over many years, and at the same time sustain
urban forest value throughsecticidal treatment of strategically selected trees.
To help municipalities plan for EAB infestation, researchers have modeled urban forest
growth urder a range of management scenarios, predicting total costs and resulting net benefits
in retained upan forest value. As assessed by beitedfttost ratios, model predictions strongly
support the use of insecticidal treatment for all or most ash treggpased to options of
preemptive tree removal, or removal and replaceméntrfatta, Hauer, and Schuettpe?2,
Sadof et al. 2017Planning may also include outreach and cootdinavith private property
owners, whose properties typically represent 90% of the urban (drektl993). Spatially
explicit models incorprating privatelyowned trees in municipal EAB planning indicated higher
overall tree survival ratesAcCullough and Mercader 201and further improved benetib-cost

ratios Kovacs et al. 2014)
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2.4.2 Statelevel EAB Manageent CostShare Programs

Since 2012, forestry and natural resource agencies in several eastern states have

developed programs to promote EAB managememinplg among municipalities and residents.

These programs grew out of research conducted duringresidges of EAB infestation in the

Midwest(Liu 2018) Programs developed by Pennsylvania, Mamy)a/irginia, and North

Carolina offer a combination of training and funding to municipalities who develop detailed

EAB management plans. In all cases,goaon guidelines advocate for the use of emamectin

benzoate, if insecticides are to be a managemempaoent. Eligibility guidelines vary, but

generally allow only municipalities and other public agencies to apply for assistance. Among

these programs, Virgni a6s Emer ald Ash Borer Treatment Pr
applications from private properbwners.

The earliest of these programs, Pennsyl van
Resourcesd (PDCNR) Communi ty gras bhegad aceeptjngge ment P
applicants in 2012. Participating municipalities or agencies receive trainifigée inventory
software and EAB biology, and up to $5000 in funding to implement an ash management plan.
Participants must choose from one of four sgas: (1) no action, (2) selective management,

(3) preemptive management, and (4) aggressive mareagd_iu 2013) I n 2017, Maryl
Department of Natural ResoureBerest Service (DNFES) initiated its Emerald Ash Borer

Treatment Program, a 50/50 cas$iare progna for ash tree treatment by municipalities, state
agencies, and private conservation easements.
develop a wrien Community Response Plan, an accompanying tree inventory, and demonstrate
need based on public v of trees or potential hazaf@D DNR-FS 2017) North Carolina

Forest Serviceds Ash Pr ollows onlyimanicipaitiesotgapmyfoy b e gu

assistance with ash tree treatment. A single municipality may receive up to $5000 for tree
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treatment, at the reimlsement rate of $12 per inch diamdeCFS 2018a)Program guidelines
do all ow, however, for funds to pay for treat
discretion(NCFS 2018h)

In contrast to eligibility requirements of other programs, Virginia Department of
Forestryods ( VDOeér)redimame Pragrach (EABTR)ndB ash tree treatment
among municipalities, private organizatioasdindividual property owners. Initiated in 2018,
this costshare program offered 50% reimbursement of tree treatment cost, capped at $1250 for
individualsand $5000 for organizatioms municipalities. Funding priority was designated for
applicants from counties with no detected EAB presence, followed by those from caungies
first detectionoccurredpost2014(VDOF 2018c) EABTPO6s application pr o
require minimal paperwoék applicationmaterials include a oRgageform signed by a VDOF
forester and a bid for tree treatment from a licensed contf@db@dF 2018c) In its initial year,
EABTP program participants included 90 homeowners, 5 municipalities, and 12 educational,

businessnonprofit, or other organitians(Bean 2019)

2.5 Historical and Current Context of Incentive Programs

Cost-share programs suchasyir ni ads EABTP have been devel
context of financial incentive programs, administered for decades by state and federal natural
resource and conservation agencies. Depending on context, these programslesayilbed as
conservation icentive programs, voluntary incentive programs, financial incentives, or simply
costshare. | will useostshareandincentive prograninterchangeably, to refer generically to
all types of incentive programs. Programs rangauirpose from conservation jelstives such as

habitat protection to economic concerns like timber supply. What programs share is the objective
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to correct a perceived market failure in which private landowners do not have sufficient incentive
to produceexernal benefit§rom their lard, such as food, fiber, or ecosystem serviGzddas et
al. 2016) Ecological benefits in particular, may also be describgulibkc good8 those from
which al l may benef it winem(Goldmandetam2007iVeethe ng ano
intended to stimulate tree planting, soil conservation, or tree preservation, incentive programs
aim to compensate private property owners for investment in publigficial work the
landowners either cannot afford or from which they would ralizesubstantial personal
benefit.

Within U.S. forestry, an educationaktensionService was first authorized through the
ClarkeMcNary Act of 1924, ten years after the establishment oAtrécultural Extension
(Boyd et al. 1988)Through the Norri®doxey Cooperative Farm Forestry Act of 198ifect
forestry assistance was first offered in the form of subsidized plantingastddorestry
demonstrationgBarden et al. 1996Program objectives shifted over time from a focas o
timber production to include multiple forest management objectives, such as those of the
Forestry Stewardship Program, authorized through the Cooperative Forestrarcssistt of
1978(Kilgore et al. B07). Over the same period, state forestry agencies also began
administering incentive programs, such as Vir
been operatig continuously since 19{Cumbia 2018)

Otherforestryprogramshave incentivized proactive responsesorest pest outbreaks.
The Southern Pine Beetle Prevention and Restoratmgr&dn(SPBRP) a USFS incentive
program, has promoted thinning, burning angleanting across all southern states in response to
repeated beetle outbreakéowak et al. 2008)VDOF disburses feder&PBRP fundingo

Virginia landownerghrough its own Pine Bark Beetle Prevention Progf@éfatson et al. 2013)
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Longstanding incentw programs operate within other land management contexts,
notably those administered by the USDA Natural Resources Conservation Service (NRCS).
Since 1985, the NRCS6s Conservation Reserve P
sensitive landsoutggr oducti on, spending $1 billion annus:
(Feng et al. 2006NRCS programs with similar habitat protection objectives have included the
Wetlands Reserve Program, Grassland Reserve Program, and Working Lands for Wildlife
(Ciuzio et al. 2013)

Despite the history and prevalence of irteenprograms withirforestry and natural
resource management, there is little evidence of their use in urban settings, prioflevstate
EAB management programs. One of the few prede
Department of Natural Resoer® s -INR)N\ReLeaf pogram, administered from 1991 to
2008. This program was initiated to protect trees from oak wilt, a highly virulent disease caused
by the invasivdungal pathogerCeratocystis fagacearu@Bretz) Hunt. Grants were made
available to muieipal officials thraugh this program for two specific management actions only:
tree removal, and vibratory plowing, a technique to cut root dtéflsotovich and Zeilger
2011) Significantly, the program did not fund fungicidal trunk injectioatreatmentat that

time in common usgbut with little researclupport

2.6 Analysis of Incentive Programs and L andowner Participation

Within forestry and extension research, the land managedecisions of nonindustrial
private forest (NIPF) landowners have been extensively studied, particularly in relation to
incentive programs. Analységpically focus on eitheassessinghe biophyscal outcomes of

incentive paymentsr investigating ladowner participationEconometric methodologies are
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applied toeitherobjective while studies of landowner participati@iso include those employing
social psychological methodolas

Assessment dfiophysical outcomes of forestry incentive progsamong NIPF
landowners is typically conducted through econometric analysis of measurable market goods.
Researchers may employ a crgsstional compariscamonglandowner groups (e.d-Hardie
and Parks 19919r time-series analysis of one location (eKjine and Butler 2002)0 examire
the effect of incentives on known quantities, sashcres of forestland planted or bodiegt of
timber harvested. Analyses control for regionadlytemporallyvarying effects such as land
value, planting costs, or interest rates to determine whigtlagicial incentives have achieved
program objective(Sun 2007) For instance, in arosssectionalcomparison of 13 southern
statesLi and Zhang (2007pund a significant, positive association between NIPF acres planted
and all fourfederal incentive prograneyaluatedBiophysicad outcomes of incentivefor forest
health treatmentare more difficult to measuthan thosdargetedatincreasedarvesting or
planting,because othe confounding effectsf weather and fluctuations in populations of pests
or their natural enemies. Mever, Asaro, et al(2017)noted that the recent decrease in southern
pine beetle infestations correlates with federal incentives fecgramerciathinning through
the Southern Pine Beetle Prevention Program, indicatisghb®causal effect

While biophysical outcomemay be measured amabdeled for programs already in
effect, researchers also investigateltkelihood oflandowner participation in new programs, or
in existing programs under different terr&iresolds for participatiorareidentifiedthrough
contingent valuation, an enomic measurement technique for amarket good¢Carson et al.
2001) Of interest are the measured valudbngnessto-pay (WTP) andmore commonly

willingnessto-accept(WTA)d economichresholds assigned by landowners to proposed
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management actionsor instanceKline, et al. (2000jound that payment thresholds necessary
for landowners to forego timber harvesried strongly by landownership objectitel, et al.
(2016)investigated peacre payment necesgdor landowners to convert ndorested land into
woody biomass productipand similarly found WTA depeted on current land use and acreage.
Studying Virginiabs Pine Bark Beetle Prevent.
analogous tothe EABTP, Watson, et al. (2013)etermined that increasing payments beyond
50% would result in only minimal participation gains.

While the goal of contingent valuatioesearch among landowsés to identifyoptimal
incentivepaymentamouns, choice modeling attempte predict a specifitandowner decision
from avariety of social angeographical variable€ommonlyconductedising the random
utility maximization modelthis technique is a special case of multinomial logistic regression in
which a discrete choice is modeled as a function of several random and orthogonal parameters
(Train 1998) For instance, Joshi and Arano (200@)nd the likelihood of landowners
undertaking silvicultural management to be associated with educational attainncentgin
forest acreage, and whether the property had been inherited. Similarly, participation in the PBPP
was associated with the presence of pine on the property, educadpamel the reason for
landownershigfWatson et al. 2013)n their study of converting neforested land to biomass
production,Lal, et al. (2016jound likelihood of planhg pine to be associated with younger
age, inherited land, longer ownership tenure, larger family size, and the presence of a written
forest management plan.

Although random utility maximization analyses employ logit or probit models of
mutually eclusive outcomes, landowneconomiadecisionsarealsomodeled as aontinuous

functions usingordinary least squaresgression. For examplen a largescale analysjBrooks

20



(1985)modeled acres of forestland planted across sousitates as a function obstshare
payments, rotation length, and planting cost. In a similar sitthng (1996)nodeled

silvicultural investmenbf British Columbia forest landwersas a function of land tenure rights,
soil quality, and biogeoclimatic zone.

Finally, social psychological theory provides an alternative perspective for the study of
landownerecisioamakingin relation toincentive programgJnder this theoretical perspectjve
specific behavioral interdins are modeleds functions of measured attitudes, beliefs, and
perceived norms, rather than extelyrabservableharacteristicsuch as age, income, or
gender One common framework, The Theory of Reasoned Action (TRA), describes a pathway
of behavior&intention that is first influenced by attitudes and subjective norms toward the
behavior. Attitudes and norms are in turn informed by beliefs about behavitrahmwms and
beliefs about o tAzerrasdd-ishbenr18688further ehilevekteznal s
characteristics such as age or income may in fact predict or even influence behaviors, they hold
no necessary relationship to the beha@geen and Fishbein 1980and areikely to be
unreliable predictors in different social settings.

Using the frameworkof the TRA, Sorice and Conner (201Dbjvestigate landowner
intention to enroll in a habitat conservation program, finding that attitudes and subjective norms
towards participation to ke only significantpredictorsn asubstantiallyfitting model
Similarly, in a study of participation intiédRCS s Wet | ands Ruazaramdve Pr ogr
Diagne (1999Jound that preenvironmental attitudes predicted intention to participétteough
perceivedoeernormsdid not have a significant effed®esearch attentiaio attitudes and beliefs
does nopreclude consideration of external variables, howduea stug of forest landowners

consideringenroliment in a haitat conservation progrararmer, et al. (201#pundthat
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significant predictors includedoth pro-environmentabnd familyrelated attitudesalong with

theexternal characteristic of properize.

2.7 Summary of Literature

North American forests have experienced widespread economic and ecological damage
from a serie®f invasive pests and pathogens; this trend is likely to continue. Urban forests
receive a disproportionate shar deafdstbohifordama
biological invasion(Paap et al. 2017famage that isompounded when pests find susceptible
monocultures of urban tre@alvey 2006) For these reasons, urban forest professionals and
property owner$iavethe potentialto greatlyreduce the severity ¢dcal andregional
infestations through ceodinateddetecton and contaiment ofnewly-arriving forest pests.

The spread of the EAB across the eastern U.S. has created more economic damage than
any otheinvasiveforest pest, and the lorigrm survival of eastern ash spesis in question
State forestry and natural resource agencies have responded by desigrshgreogrograms
for municipalities that incentivize insectici
extends assistance to private property owners.

Incentive programs such as the EABTP have been developed for rural landowners by
conservationd natural resource agencies since the early 1970s. Landowner participation in
these programs has been intensively studied over this periddrtfier theconsrvation
objectives of a program, researchers use economic and behavioral analyseffydadents
associated with thigkelihood of landowner participatiof.here is little documentation of
incentive programs designed to promote conservation objectives in urban séititigs;
reasonthere is a knowledge gap regarding how such a program might furict®mportant to

note that the actions ah urban homeowner regarding landscape trees on her property are not so
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obviously an economic decision as commercial treetipig or harvest. However, since

landscape trees are both a source of benefits and costs to property owners, decisions regarding

their management are influenced by economic fa¢&uto et al. 2018)among others.
Virginiads EABTP pr ovi dtmsctiooingef cangewationt uni t vy

incentives among urban property owners. Because of the continuous threat posed by invasive

peststo North American forests, the relevance of this research extends beyond EAB mitigation.

The EABTP provides a model for engagirrgypte property owners in mitigating threats to

forest health threats which are posed both by nesalyiving invasive pests drother

established, potentially destructive pests such as the Asian longhorned beetle.
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CHAPTER 31 SITE CHARACTERISTICS OF URBAN EABTP
PARTICIPANT PROPERTIES

3.1Introduction

In January2018, Virginia Department of Forteg (VDOF) began offeringostshare
assistance for the insecticidal protection of
Program (EABTP)In the progrards initial year,individualhomeownersn urban areas made up
26% @8) of all participantg107). This chaptefocuseson the biophysical characteristics of
urban properties whicteceived funding through the 2018 EABTP.

While the EABTPwas not directed specifically towards urban homeowniees,
inclusionas eligible applicantsreated an imgrtant opportunity for studySinceurban forests
arecentral to theearly containment of invasive forest pefaap et al. 2017andmosturban
foress areprivatelyowned(Moll 1993) participation ofurban homeowners i@n urban forest
health initiative is of research interegb inform an assessment oEtEABTPandpotential
implications forsimilar initiatives,| collected remote and esite data for urbaBABTP
participant properties

There wereghree pecific topicsaddressed through this researd):.characterization of
the physicatharacteristics and lottans of properties, (2ignificance of ash sp#es tothe
landscapes of propertieand (3)potentialassociations between the physicléracteristics and
the tree species composition of propertias.thefirst of these topics aimedto describaurban
properties and neighborhoottatbenefited frorEABTP funding With thesecondopic, my
goal wado describe therevalencef ash trees on urban participant propertiesffer some
information regardingts motivationaleffect As a component of thiaralysis,the prevalence of
ashon participant properties was also compareithad ofsurroundingmunicipalities for added

context Lastly, by examiningassociatios between physicial antiotic characteristics of urban
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properties| aimed totestthe predictive powerof site characteristicas identifying properties at

high risk in a pest infestatio

3.2 Methods
3.2.1Definition of target population

VDOF approved a total of 121 applications for the@&RABTP. Program policies
prioritized funding of applications from the small number of Virginia counties with no detected
EAB presence in 2018/DOF 2018d) Ultimately, all but twoapprovedapplications were
received from counties with confirmed EAB infestatiossefigure3). Fouteen applications
were eventually cancellegither by thehomeowner for reasons of cost or timing of treatment, or
by VDOF for reasons of poor tree condition or other disqualifying fa¢Baan 2019)The
remaining 107 applicants who ultimately received -sbstre payments for approved ash
treatment through the 2018 EABTP will be referred to here as prograicigearts.Of these 107
program participantsl7 (16%) wee public or private organizations, including municipalities,
historical sites, homeownérassociations, educational institutions, and businesses. The
remaining 90 participants (84%) were sinfaenly homeowners; 28 of these residential
properties were inurban areas. | selected these properties asithet populatiotior site

inventory and analysis, referred to hereaftemraanparticipantproperties (UPP).

3.22 Selection of Sites
Meetings between researchers and VDOf6reethe launk of EABTP in January 2018
established a datharing framework for this research. Since application forms were public

records, most application data were shared with researcheuécaiion data included site
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locations, number and size cffatrees, anquoted costs of treatment. However, per agreement
between VDOF and researchers, contacting applicants by phone or email was limited only to
those applicants who had checked aninftox on theprogramapplication. A 2018 EABTP
application fom is includedn AppendixD. Addresses contained on application forms were
compiled and geocoded in ArcGIS Pro g§A2cGIS Pro2018)( her eaf t er O Ar ¢ Gl S06)
with statewide parcel data available through Virginia Geographic Information NefWGik
2018a) to create a geographic databasproperties ofill participant homeowners.

From this database, urban properties were identified by overlaying participant locations
on U.S. Census Urban Are@s.S. Census Bur@a2018)in ArcGIS. The ternCensus Urban
Area (CUA) refers collectively to citgizedurbanized areaand townsizedurban clustersboth
which are defined by population density and land use paftdr8s Census Bureau 2012)
Virginia contains 75 CUAs, irregular polygons which combine and extend beyond single
municipality jurisdictions (see Figure 3).

Of the 28 EABTP homeowner gripants locged in urban eeas, 23 had previously
optedin to follow-up contact on the program application. Requests for permission to coneuct on
site tree inventories were emailed to these homeowners in October 2018, and from this group, 17
agreed to picipate. Inlate Novembeand early December of 2018, tree inventory work was
carried out over four days in locations between Roanoke and Alexandiogal, 16 properties

wereinventoried yieldinga 57% sample of ai8 UPP.

3.2.3 Data Collection: Participant Properties

Two types of data were combined for analysisitd characteristicacross UPP:

compiled geographic data from public records, anditstree invatory data. Fist, five
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geographic variables with relevance to forest composition were compiled from publicly
accessible source®arcel sizavas selectetor its potentialassociation with site species
diversity, and household incomBarcel tree covewas selected taccount folpotential effects
of extremely high or lovireecover on species composition. This proportional value was derived
fromVirgini a 6 s &lhnadovembDatdsed supervised classification with 1m resolution
(VGIN 2018h. This compaite datasetmakesuseof a number of state and federal datis
rangingpublished betweeR005and2014.Historical ash abundanceas included as an
approximation of regional climatic or physiographic suitability for ash species. This vixedde
from couwnty-level FIA data for the period 1998)02(USFS2018a) collectedprior to the ash
borer 6 s ar r Timesihce EAB défecti@mpthe mauray.level serdeas a proxy for
EAB populaton density, and was compiled from VDOF d@&&amberlin 2018b)rime since
residence construictn was of interest because of potential association between site species
composition and distinct eras of lasdpeplarnting preferences. These data were drawn from
individual searches in tax parcel databases for each respective UPP address.

To add a much greater level of detaiftsite tree inventory data were collected for 16
UPP in November and Bember of 2018At each location, a complete inventavgs conducted
of all treeswith a diameter at breast height (DBH)400inches (10 cmdr greaterPrintouts of
parcel polygons overlaid on aerial imagery of each property served to indicate property
boundaries irtases when property owners were not present. For each tree, species and DBH
were recorded, along with five other dimensional measents, two locational measuremeats,
condition ratingand a planting site descriptor. All data were iflitirecorded o paper before

being copied to a spreadsheet. A data collection form is included in Apgendix
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Since measurements were coatdd during the dormant seasdreecondition rating was
not based orelativecanopy thinning, as is commanstulies of ash #e suriwal (seeBick et
al. 2018) Instead, ratedtree condition (6L00%) based othe relativeabsence ofiead limbs,
therelative absencef wounds or diects, andherelativepresence of live buds on branch tips.
Condition ratings were collected for all tree specssa component @f calculatedreeappraisal
value.Ratings wee not intended as a measure of respomseniamectin benzoate injection for
ash treeshecausdreatment efficacy isot visibly evident untithe growing season subsequent
to treatment, at the earlig8mitley et al. 2008)

Inventoried parcels ranged in size from 0.14 ac to 1.67 ac (0.055 ha to 0.676 ha), and in
tree cover from 11.% 91.2%. For parcels containing unmaintained wooded areas, a single
subplot of the parcel was sampled rather than the whole property. Subplots were selected to
include the residence and encompass regularly maintained areas. Subplots were defined using
landscape or building elements visible from aerial imagery as vertices, to aid later calculation of
area in ArcGIS. This strategy was employed on 5 of 16 properties. Similarly, on 2 properties, the
area inventoried was selected to intentionally exceed paoaaedaries to refleale facto

boundaries of the property as it was maintained by the homeowners.

3.2.4 DataProcessingi-Tree Eco

Before conducting further analysisTir e e Ec o ( h @8RS a018bwas usédE c 0 6 )
to calculate adtlonal UPP variables from inventory data. Eco is an urban forest benefits
modeling program which estimates tree benefsisag allometric relationships, climate data, and
measured tree dimensions. In addition to tree benefits, output intledeareaand Sructural

value Leafarea s an all ometric cal cul ation of t he t
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describing theitreed i mensi onal effects of aStructuelesdiue c anop
(SV) is an estimated replacement cost, as calailatehe Council of Tree and Landscape
Appraiser 6s tr (Komendndiodei@adl® met hod
A third Ecoderived variable used in analysidigportance valu€lV), calculated for a
single tree or a species ag sum ofRelative abundancandRelative leaf areaThis index
describes the aliround importance of a tree species $it@ combining its relative contribution
to total stem count and total leaf area. For claRglative importance valugRlIV) is reported
here, calculated as IV/2*100, and ranging froh0D%. A table summarizing species

composition variables derivedbin Eco calculations is included in Appendix A.

3.25 Data Compilation:Urban Forest Assessments

One of the objectives of this research was to investigate whetherpmartiproperties
were representative of surrounding urban forests, or whether these properties were outlying
casei n ef fect, densmrlargely asHreediban foedtdVralesHIA data e e s i
described above provida measure of countievel ash suitabilitytraditional FIAsampling
does not include urban argasSFS 2019a)insteaddata were compileftom a20102011
project where/irginia Tech faculty, staff, and students conducted Urban Forest Assessments
(UFA) for five municipalities across Virginia usimgty-wide, plotbased techniqud¥irginia
Tech 2018)UFA data were collected during a period when EAB was recently established in
northern Virginia but had yet to spread outward from that regyé#®\ were conducted in three
municipalities which surround or neighbor mostRJ#es and involveglot sampling across all

land uses.
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UFA datasets from the 2022D11 project include estimates and standard errors by
species for stem count and structural vakrem estimated tree count and structural value,
Relative abundancéRA) andRelative structuralivalue(RSV) of all species were calculated to
facilitate comparison witkite dah. UPP sites within 15 mil€24 km)of the geographic center
of a UFA municipality were paired with that municipality. This technique paired 13 of 16 UPP
properties with 3 beeline UFA datasets, and excluded 3 UPP sites from analysis. A talie of s
andmunicipal pairings with calculated distances is included in Appefdix

Given the small sample sife=13) and concerns about measurement precision in UFA
data,the nonparametric exact sign tesas usedo compare species distribution metrbetwea
properties and their surrounding urban forests. Unlike a patesd or a Wilcoxon signerhnk
test, the exact sign test makes no distributional assumptions, comparing only the frequency of
positive or negative differences between paired $esnpsingthis techniquethe Relative
abundanceindRelative structural valuef ash speciewere conparedbetween 13 participant
properties and UFA data frosurrourding municipality of each properteylhree sites were

excluded from analysis beca&usoUFA data had been collected in their vicinity.

3.2.6 Data Analysis

As a checlon the external validity of site selectionyentoried and neimventoriedUPPwere
comparedising twesamplet-tests offive geographic variable§ollowing these testsa seres of
exploratoryandinferentialanalysesvere condatedusing inventoriedUPP as the experimental
unit. First, as a descriptive todhierarchical cluster analysigas employedo define a typology
of UPP by sitecharacteristicsSe®ondly, the prevalence of ash treesre comparetdoth among

participant properties, ariltbtween properties and their surrounding urbaests, using

30



ANOVA, posthoc contrasts, and exact sign tebisally, ashRelatveimportance valuand
Relativestructural valuewerewere modeddas functions of siteharateristics, using multiple
linear regression.
Many analyses were conducted using relaspecies composition indicesaktulated as a
t ree s pecirtepérecectaga dh site tbtal This methal has the effect of giving
greater weight to individual trees on sites with femotal treesAn alternate method of
comparing measurements across sites would be to staretaegizourdg or basal arelay parcel
area inventoried. However, relative values will be employed here, because this method gives
equal weighta eachsite, rather than individal trees This method otalculationaligns with an
analytical focusharacteristicand decisiormaking at the household level, regardless of
property size.
Two-samplet-tests ANOVA and posthoc ontrastavere conducted in the R base
packaggR Core Team 2018lsing RStudigRStudio Team 2019her eaf t er o6 RO6) . CI
analysiswasalo conducted i n RstExadbsiggtesahdenultplalméan ge 06 c
regressiorwere conducted in SPSS version 26BM SPSS for Window&017)(hereafter

6SPSSO) .

3.3 Results
3.3.1 Data Validation

Site inventories were conducted at 16 of 28 UPP properties, yielding agfbiptes Sites
that were not inventoriedere omitted because of lack of homeowner interest in research
participation. As a check on the representativeness of tigel6ample, |@mpared means of

five geographic variables between inventoried andineertoried properties. While there was a
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marginally significant difference in tree cover between inventoried andnvemtoried sites

(p=0. 05 3) ,-saae-tests thdicateduere were no differences in means among

Parcel size, Years since home coustion, Historical ash relative abundae,andYears since

EAB detectomt t he U = . 05 | ev el suonarizedndppéntixAc ance. T

indicate that the 16 properties inventoried provide a representative sample of the properties of all

urban participant homeowners in the 2018 EABTP.

3.32 Cluster Analysis dParticipant Properties

Averaged characteristics of all 28 UPP describe prigsedtiat are relatively large (x =
0.587 amr 0.237 hy wooded (mean tree cover = 47.8%), and that were developed in the late
1950s (mean age of home = 61.6 years). Colavigl (FIA) relative ash abundance saged
3.59% for UPP, more than double thatetvidenumber and the average local age of EAB

infestation was 3.89 years. Property characteristics for all 28 UPP are summarized ih Table

Table 1. Characteristics of all EABTP urban participgmbperties (n = 28)

X SD
Parcel size (acres) 0.587 0.106
Parel tree cover (%) 0.475 0.053
Years since home construction 61.6 7.9
Historical ash relative abundanid@o) 3.59 0.53
Years since EAB detection 3.9 0.7

1Summarized at the countigvel from preEAB FIA data (1998002)
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To help charadrizethe type of neighborhoods which benefitted from EABTP, |
developed @ typology ofinventoriedurban participant propertieSypologiesare a common
tool in landowner researchised tasegment groups with minimal loss of informati{ayer et
al.2014) Using the R package O6clusterd | conduct e
normalized values dhevariablesParcelsize, Parcelree coverandYears since home
construction This analysis methe minimal sample size threshold25f where k is the number
of variablegDolnicar 202). Fromthe resultingdendrogram (Figuré), | selected a-8luster
solution as the most interpretable, yielding two clusters of five properties each, and one of six
Mean values for property characteristics used in analysis are shown by cluster i, Tidhidn
includesadditonal site and species composition characteristics.

Cluster analysis yielded a meaningful typology, based onth@physical caracteristics
of parcelsize, tree cover, and age of the home. Properties in Cluster 1 were largest, with a mean
area of 1.0@&cres (0.40 hectares), had the highest tree crveB(.8%) and were developed in
the mid20" century (mean age = 42.8 years). These chaistitse describe large, wooded
exurban propertiegftenbuilt into forested areas, and are tetnhereWooded exurlra
Associatedspecies composition datdgble?2) indicated thaproperties in Cluster 1 hadn

averagethe highest total basal area< 60.2 f£) for all trees but the lowestaverageelative
basal areax(= 27.0%) for ash species

Properties in Clusr 2, were smaller (mean area = 0.38 ac or 0.15 hectares), had a
relatively lower amount of tree cover (43.2%) and were developed/gvé (mean age of
house = 100.8 years). These characteristics include landscaped properties of urban

neghborhoods devefted in the 1930s and before, termed Héistoric urban On these
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properties, both the relative abundagce 19.6%) and relative structural valy = 43.0%) of
ash species were higher thartheother clustergTable 2)

Finally, characteristics gbroperties in Cluster 3 fell mostly between those of the other
twod size and tree covevasmoderate (mean @a = 0.47 ac or 09lhectares, mean tree cover =
41.5%), asvas mean age of development (25.8 years). These characteristics describe suburban
developnent of recent decades, termed heomtemporary suburbari his typology of
properties, in addition to itsse as a descriptiteol, contributedcategorical predictgito models
of site species compositio®n average, these properties had the lowest total basal area for all

trees(x = 282 ft?), and the lowest relative abundance of ash spéced 3.2%)(Table 2)
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Figure 4. Hierarchical cluster analysis dendrogram of Urban Participant Prop@rties)
calculatedrom a distance niex of Parcel treecover, Parcel sizeandYears since home
construction Thecut-off point for a three cluster solution is represented byedtedotted line.
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Table 2. Property characteristics by cluster membersbipl6 inventoried Urban Participan
PropertiesMean values are shown.

Cluster
1 2 3

Wooded Historic Contemporary

exurban urban suburban
Parcel size (acres) 1.00 0.38 0.47
Tree cover (%) 80.8 43.2 41.5
Years since home construction 42.8 100.8 25.8
Historical ash relative abundance (%) 28 38 29
(countylevel FIA data)
Years since local EAB dection 7.0 2.8 2.8
Number of trees on property

(> 4"DBH) 33.0 15.8 21.0

Total basal area @ 60.2 28.7 28.2
Ashrelative abundance (%) 17.0 19.6 13.2
Ash relative basal area (%) 27.0 43.0 31.4

3.33 Compaison of Species Compositiohmong Sites

Across all 16 inventaed UPP white ash Fraxinus americanptopped most measures of
species compositiomn absolute termsgsmeasured by total tree count (59) or total basal area
(234 ft or 21.8 nd), white ash surpassed all othpesies bya factor of more than four.
Similarly, white ashranked higher than all others speciesdigtive abundancédicating that
on average, it was the most comntiiee oneach siteAn ANOVAandposthoc Tukeyods
test demonstratedl statistically significandifferencein relative abundandeetween white ash
and all other species, with the exceptadmed maple Table3).

As measured by relative structural wed anappaisalvalue calculated from trunk
diameter, condition, and speaewhite ashwas alsadhe highestanked speciesn this case,
there was a statistically signicant differeti@veen whie ash and all other specidable3),

demonstrahg thaton averagethis specieprovidedgreatet contribution to property valuef all

35

HS |



tree speciesecorded Figuress and6 display the distributions of inventoried species by relative
measures across sites. Notably, while white ash represented 16% of ratas abundance,
green ashKraxinus pennsylvanigavas present on only one siteith amean relative

abundance of 0.27%.

As with species compositioR, americanaheavily contributedo calculated tree benefits
across all sites. Tree benefits calculated by Eco include monetized values for total and annual
carbon storage, runoéfvoided pollution removal, energy savings, and carbon emissions
avoided. FoF. americanathe summed monatavalue of these five benefits, averaged across
all sites, was nearly 6 times greater tharLioodendron tulipiferalL., the next largest
contributor. Summaries of tree benefits, site characteristics, and species composition indices are

included in Appeadix A.

3.34 Comparison of Species Composition Between Sites and Surrounding Urban Forests

At a glance, species composition figures drawn frominipal UFA data appeared
noticeably different from data collected at sites. Species with highest mean relative abundance
for Roanoke, Charlottesville, and Falls Church included both the invasive spelaiathus
altissima(Mill.) Swingle, and the ornanmtal Cornus floridaL. Species rankings by structural
value, on the other hand, were dominated by overstory trees includimaendron tulipifera
andLiquidambar styraciflud.. Figures 7 and 8 showedistributions of species by relative
abundance ancklative $ructural value, averaged across all three UFA municipalities.

Results from exact sign tests indicated that both ash relative abundance and relative
structural value were significantly highen participant properties than in surrounding urban

forests. h the case of relative abundance of ash, values were higher for all 13 properties relative
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to municipalities, with a statistically significant median decrease of 1(049001). In the case
of relative structural value of ash species, values Wigitger br 12 of 13 sites, with a

statistically significant median difference of 26.386=(0.003) (Tablet).

Table 3. ANOVA comparison othetop ten speies by relative abundance and relative
structural value across 16 inventoried urban participant properties. Mean values are exj
as a percent of site totals.

Relative abundance Relative structural value
Species X  Group Species X Group
Fraxinus americana 16.59 a Fraxinus americana 31.38 a
Acer rubrum 8.55 ab Liriodendron tulipifera  9.04 b
Celtis occidentalis 4.92 b Acer rubrum 7.70 b
Cornus florida 4.36 b Acersaccharinum 5.79 b
Acer saccharinum 4.22 b Quercus rubra 4.44 b
Morus aba 3.72 b Quercus alba 3.34 b
Liriodendron tulipifera  3.68 b Quercus palustris 3.10 b
Pinus strobus 3.59 b Morus alba 2.60 b
Juglans nigra 3.16 b Juglans nigra 2.55 b
Magnolia grandiflora  2.80 b Celtis occidentalis 2.44 b
F 2.76 F 8.67
p 0.01 p <.001
Bol ded values indicate significance dif

1Group labels display results of pdsic Tukey's HSD tests, indicating significant differenc
by letter.

Table 4.Resultsfrom exact sign test of species composition between 13 Urban Participa
Properties and surrounding urban forests. Properties were paired with nearby or surroul
municipalities; median differences anesttistics reflect the aggregated differes beveen
the two.

, Participant  Surrounding Median
Dependent variable . . p
properties  urban forests difference
Ash relative abundanc: y ; a9, 3.9% 104%  -3.33  <0.001
(median)
Ash relative structural - ) goy 10.4% 263%  -2.77  0.003

value (median)

Bolded valuesndicat e si gni ficance at the U=0.05
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3.3.5Linear Models of Species Composition

Following cluster analysis of property characteristics, | modeled species compositio
across properties using multiple linear regression in SPSS. Of the fowelatdd variables
measured or derived from inventory daéRelative abundang¢®elative basal aredRelative
importance valugandRelative structural valyel selected the twoontaning the most
information as dependent variabl&elative importancandRelative structral value The index
Relative importanceombines both species abundance (tree count) and leaf area in a single
measure, while the inddXelative structuralalueincorporates trunk diameter, a measure
guadratically proportional to basal aregaadditionto tree condition and species rating

With the intention of building predictive models of site species composition that could be
replicated without otthe-ground dda collection| selected only publig-accessible predictors.
Thoseentered in the modelgere cluster membershijgears since EAB detecticamdHistorical
ash abundanceCluster membershigpummarized the variables Barcel size, Parcel tree cover
andYears since home constructj@nd was entered in the model using dummy variables.
Cluster2 was left out of models asraference levé with the snallest lot size, least tree cover,
and oldest age of home constructidrprovidedthe most interprablepoint of comparison.

Models of ash relative abundance and relative structural valuesswghptions for
independence of observations, linearity, homoscedasticity of variance, collinearity, normality,
and lack of influential points. However, testimglicated one outlier and nine points with high
leverage in each model. The presence of seueraual pointd which were not removed from
the moded necessarily redudanodel fit and indicate the need for a greater sample size in

future analyses.
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The modéof ashRelative importance valué poorly (R*=1.97,Adj. R? = -0.095), was
not significant overall (F = 0.674,= .623),and did not contain any individually significant
predictorg(Table5). A negative value for adjustedt,Rvhich is corrected for thnumber of
parameters in the model, indicates that a modabusie constant alone fits the data better than
the full model. Modeled asRelative structural valuét slightly better (R = 0.402,Adj. R? =
0.185), although it too showed no significaneeral (F=1.85,p = .190) and contained no
significant predictes. The only variable of marginal significanceRelative structural valuwas

Years since local EAB infestati@®=-0.663,p = .093)

Table 5. Summary of modeled ash importance and stratualue across 16 urban
participant properties in the 2018 EABTP.

Model of ash Model of ash
Relative Relative
importance value structural value
Independent Variables I coeff. p T coeff. p
(Constant) - 0.010 - 0.001
Years since local EABetection -0.544  0.220 -0.663 0.093
Historical ash abundance (FIA) -0.331 0.339 -0.314 0.296
Cluster 1- Wooded exurban 0.033 0.933 -0.134 0.692
Cluster 2- Historic urban - -- - --
Cluster 3- Contemporary suburban -0.317 0.330 -0.461 0.114
R? 0.197 0.402
Adjusted R -0.095 0.185
F 0.674 0.623 1.850 0.190
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3.4 Discussim

While broadly generalizable conclusions are unlikely from a small sample size, cluster
analysis provided some insight into the locations where 20BBTPAunding was utilized.
Participant properties were split in roughly equal numbers between large, rexurbded
properties, smaller, urban (and older) properties, and suburban properties with characteristics
roughly in between those of the others. Tdigribution of participant properties is not
necessarily intuitivé one might expect a greater share oalien participant properties with a
single, specimen ash tree, and correspondingly low tree cover on a smaller lot. Instead, most
urbanarea residentsiterested in EABTP appear to be located on the suburban and exurban
periphery, on parcels with relatiyehigh tree covér some likely built into secondaigrowth
forests.

Tests for differences in means of species composition indices across invertesied s
demonstrated the consistent dominance of white ash on these properties. With the exception of
red mage, the relative abundance and structural value of white ash were significantly greater
than all other species. If the opposite had beedtaral ashrees were present in roughly equal
number to several other spe@eis might suggest that tree preservativas driven primarily by
appreciation of individual trees. However, the observed results indicate an association between
the relative importanceoshan a r esi dent i al property-and the
share participation.

Exact sign testsonfirmed that the relative abundance and value of ash trees were greater
on participant properties sites than in the surrounding cities. These regdltse qualified by
noting the age and standard errors of UFA measurer(entsnarized iiAppendix A), and the

low sample sizen(= 13) of properties compared. However, the age of the UFA datasets may in
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fact serve to support the test results. UFA data welfeded from 201€2011, before the ash
borer was established outside of northern Virginia. During this pdfidB, was present in Falls
Church, but likely did not reach Roanoke until 2016 and Charlottesville in 2017. It is noteworthy
that relative ash iportarce and value were higher in 2018 on participant properties than
compared to citywide prBAB figures, in he case of Roanoke and Charlottesville. These results
again suggest that properties where ash preservation takes place are likely to bealatliers
to neighboring properties in terms of the number and value of threatened trees.

Because of the smalample size, only tentative conclusions could be inferred from linear
modeling results, even if models had fit the data closely. The one mérgigalficant
association was between the predidtears since EAB infestatiamd the dependent variable
Ashrelative structural valueThis negative association is intuitveas time passes since a local
initial EAB detection, the number and conditidnashtrees decline, leading to a decrease in
value. hterestingly, the same predictor was not associatedReidtive ash abundancehich
only accounts for the number ash trees, and not their condition. Since properties had, on average,
experienced abaddiour years of a local EAB infestation, it is likely that a sharp drop in relative
abundance of ash trees miigpe apparent if this analysis were repeated one or two yearsakater
greatemortality of infested trees woullikely be evdent A broader dicussion of this topic and

other study findings, implications, andelitions for further study are included in Chajgter
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CHAPTER 4 - HOMEOWNER ENGAGEMENT IN LANDSCAPE
TREE PRESERVATION

4.1 Introduction

Financial incentive programs havedn employed by U.S. agencies for decades to further
soil conservationwildlife, or forestry objectiveamong rural landownerget have rarely been
employed in urban aas. Howeveramong researchers and practitioners theregioaing focus
on theheath and environmentddenefits provided biandscape trees and othebam natural
resourcegKondo et al. 2018)Considering thabver 80% of the LE. population now resides in
urban area@JSFS 2019h)it is likely the demand fopublic funding of urban conservation
efforts will grow.

While therelatively small parcels of suburban and urban development could be viewed as
a hindrance to the widpread impact ofraincentiveprogram, there may also be advantages
unique to funding conservation work in cities. Compared with agricultural or forestddthe
number of property owners with a personal stakedal conservation actions is many times
greater in urban areas, when calculated by tree or byBetause of i t demsisyhcentive
programs aimed at enlisting urban homeowners in foredthhiaitiatives have the potential to
encourag widespreadngagement in pest detection atinglyaugment public investment in
pest managementVhile rare, successfetadication campaigrnsuch as those targetidgian
longhorned beetle in Chicago,, Worcerster, MAand Jersey CitfHaack et al. 201ave
been accomplishetirough rapidcostly, andcoordimated actionsn urban forests

Virginia Depar (VD@R) Emerald Aslir BorereTseatment@sgram
(EABTP) is one of few incentive programs taclude urban property owners amaaimjible

participants. Consequently, this program provided an itapbopportunityfor study. In its
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initial year, this program provide50% costshare payment for treatment of ash trees to 90
private property owners, of which 28 were in urban areas. Regardless of location, EABTP
funding was used for insecticidal tream of individuallandscapérees, ather than silvicultural
treatmenbf a forest stand as might be conducted in a traditionaist@st prograrnin this
regard the experiencef rural participantsvassimilar to that ofurban participants.

To examire the factors influencingahomeowné s parti ci pathdostn i n a
share program, surveygere distributedo homeowners drawn from two distirtarget
populations The first consisted @ll homeowner participanta the 2018 EABTP (hereafter
Oprogr am par econtwapdefinédsodely as shaleee-owningVirginia
homeownerén threeurban studyar eas ( her eaf t ed. The sugveymstrunaehts h o u s €
designed for eachroupsharedmostsurvey itemswhich allowedfor comparisors between
program participants argeneral householdgho coutl be viewed apotentialparticipants.

Stated most broadly, the objective of this research wlaslpanform future urban forest
health initiativesMore gecifically, this research ddessed questisn r egar di ng homeow
willingness to pay for the presextion of threatened treds o0 me o winterastsnécosshare
funding, and the difference in attitudes between program participants and a sample of urban
householdsBy examining paseptionsamongboth groupsthis research studied the feasibility of
an EABTP-like program among a broad group of urban homeowners, in addition to studying the
first-year implementation of the EABTP itself.

The theoretical frameworkdoptecherecombinedelements of th@heory of Reasoned
Action (TRA)d focusedon the preittive power of spcific attitudesandunderlying beliefs
(Ajzen and Fishbein 1980 andeconomic choice modeling, whigmploys externally

measurable variables as model parametdris. strategy reflected thhesearch objective of
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informing urban forest health initiativesy lidentifying information with greatest utility to a

hypoteticalprogram managérwhether drawn from public databases or opinion sw&vey

4.2 Methods
4.2.1 Construction of Survey Samplifigames

For all homeowner survey researtite individualhouseholdvasconsidcered to be the
survey element. Survey items did request ownership status, age, and genderinstrudid
recipients regarding which member of the household should compgesertvey. All survey
recruitment materials and instruments wsubmittedfirst to the Mirginia Tech IRBand

subsequently approved byestern IRBAn IRB Exemption letter is incluet in AppendixH.

Program Participants

Homeowners accounted for 90 of 1t@fal participants ithe 2018 EABTP. Of these, 28
were in urban locations, a@efined by Census Urban Areas (CUAS). All 90 program participants,
including those in rural and urban locations, were considerbd thearget populationWhile
the use of uigue survey links allwed for disaggregatioof response data by location, ays$
was conducted with aggregated urban and rural data. This decision reflected an assumption,
supported byateranalysis, that homeowner decisioraking regarding preservatiof
individual landsape trees would not greatly differ between rural andrulbeations. Survey
requests were sent only to 77 of 90 program participatitsse who had previously optauto
follow-up contact when applying to the EABTRRar the purposgof calculating response rate
andexamining potential nonresponse biaswever the entire population of 90 homeowner

particpantavasconsidered to have been part of a complete sample
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General households

Construction of a sampling frame of Virginisban homeowners with no known
connection to the EABTP was accomplished usingiplybavailable geographic and tax
assessment data. Primary household selection criteria included (1) urban location, (2) owner
occupancy, and (3) likely shade tree ownershigkeh together, criteria were intended to select
households with a personal stakeirban tree preservatidnthose whose attitudes and actions
weredirectly relevant to urban forest heallihe three primary criteria were in turn defirngda
series of filering steps conductad ArcGIS Pro.Lists of data sources used in each steghaf
process areummarizedn Appendix B .

(1) Urban location
Virginia counties anthdependentities were iitially stratified bytime elapsed since EAB
infestation. Strataefinitions were borrowed fro’dDOF criteria establishing EABTP
funding priority(VDOF 2018b) counties with no detected EAB presengedetected)
counties where EAB was detected in 2015 or latargn), and counties where EAB was
detected before 2018gtablishell From within each EAB stratum, the boundarof the
most populou€ensus Urban Are&C(UA) were selected to define study areas, then further
narrowed to selected contiguous city and county jurisdictions. Limiting household sampling
to a total of eight jurisdictins increased efficiency of data cafapon and bulk mailing, as
compared to samplintproughout an entire CUA. The resulting study areas, referred to here
as Elizabeth River, Roanoke Valley, and Northern Virgioosrespond with the EAB strata
of undeteted recent andestablishedrespetively. Figure9 dispaysVirginia countiesby

EAB strata, CUAsandstudy areas
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(2) Owner occupancy
Parcels within each study area were filtered to identify households with sole, direct
responsibility for propey maintenance. For this reason, selettdteria included only
owneroccupied, sigle-family residences, and excluded rented homes, condominiums, or
other multiunit parcels.
(3) Shade tree ownership
Selected owneoccupied parcels with single familgsidences were further filtered to
include only those with a high probability of steatfee ownership, using criteria for
minimum area (0.2 ac) and minimum tree cover (25%). Together, these ensured an absolute
minimum of tree cover an@minimum relativeto parcel size. This step was intended to
improve the probability of selecting homeasva with direct ownership of multiple
landscape treeendaccustomedbo theresponsibilites oflandscap tree maintenance
From parcel lists aggregated by study area, 500 records from each were selected at
random to form a mailing list. Address validation removed 12 records, resulting in a final
mailing list of 1,488 households. Tall@utlines sampling imes and mailing lidotals for
each study area. Since the number of households in each sampling frametveepaal, the
probability of selection was higher for households in study areas with fewer meMbéisg
lists were notadjusted for pportionalilty to ppulation br two reasons: (1) study area
boundaries themselves did not reflect regional popuatistribution, and (2oughly equal

numbers obf surveyresponsge were desireffom each study area, to facilitatemparisons.
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EAB infestation strata

- Established (pre-2015)
|:| Recent (2015 - present)

I:l Undetected

Study areas

I:] Census Urban Areas

Figure 9. Map of EAB infestation strata, Census Urban Areas, and study arehs for
general household survey. Infestation strata were defined by thefyedial EAB
detection in each Virginia county andependent city.

Table 6. Total population, sampling frame size, and number of survey recipients, by s
area for general householdeey.

Number of
households . Suney
. Sampling -
o Total meeting recipients
Study area Jurisdictions . S frame by
populatiort criteria by study
. study area
(Sampling area
frame)
Northern Arlington County 226,092 7,775
Virginia AlexandriaCity 151,473 2,045 10,964 495
Falls ChurchCity 23,620 1,144
Roanoke Valley = RoanokeCity 99,329 5,651
Roanoke County 93,655 6,087 12,806 497
SalemCity 25,290 1,068
Elizabeth River Chesapeak€ity 233,194 7,039
: 10,676 496
PortsmoutltCity 96,071 3,637
Total 948,724 34,446 34,446 1,488

1U.S. Census Bureg2017a)
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4.2.2 Construction and Psesting ofSurvey Instruments

While survey instnments for participants and general households were distributed by
different methods, both were constructed with @it (Qualtrics 2018)employed the same
structure and shed mostsuveyitems.The most important differendeetween the two survey
instruments was that participants homveers were asked about their experience with the
EABTP, while general households were asked aimbeitest in a hgothetical cosshare
program for landscape tree preservation. With the exception of exploratory factor analyses, data

from the two surveywere not aggregated for analysis.

Program participants

The survey instrument designed for participants consigt28 questions, withn
estimated response time of 12 minutes. Survey items consisted primarily of rehtde
guestions, including ormmulti-item index, and a single ranketioiceresponse item. A summary
of survey items and measurement scales isrgin Appendix B, wh the full text of this survey

instrument is available in Append

General households

The survey instrument desigd for general households consisted of 26 questions, with an
estimated response time of 15 minui&®rdingof survey items was similéo those used for
the participant survey but was modified to reflect two assumptioss:thiat recipients would
likely not be aware of the EABTP, and secondly, that most were unlikely to have ash trees on
their properties. This second assumption wagta@n Virginia Urban Forest Assessment data,

discussed in Chapter 3, indireg pre-EAB relative abundance of ash spscdid not exceed 4%
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in Virginia municipalittes For thi s reason, the wording of s
pr es eranatftohnroe a trather éhan ashmpresersaionEAB specifically. The full

text of this survey instrument is avalble in AppendiG.

Pretest ofSurveylnstrumensg

To assess clarity and measurement accuracy of survey questions, a combiastiqrre
homeowner survey instruments was conducted in August 2018, using the wording of the
participant version. This pitest survey instrument included all proposed survey items and one
textentry response item, asking dthowordingpnepondent s
logical flow. Pretest survey requests were emailed to Virginia Codper&xtension (VCE)
agents wdking in urban areas (n = 50). This group was selected astagirgample under the
assumptions that many would be familiar with invassypecies management, and likely would
own homes within the urban areas they servedei@een recorded responses asdis the
improvement of several ambiguousiyprded questions, and in theeordering of a measurement

scalewhichinitially producednaccurate results.

4.2.3 Data Collection

Program participants

A web survey was $ected as an efficient and appr@te mode to reach participants.
Because current email addresses were uniformly available for all members of the sampling
frame, the poteral for technological response bias was minimi@édske 2008)Survey
requests were emailed to participants, while the web suneadfpitas hosted by Qualtrics. In
Sepember 2018@pt-inbparticipants (n=77)vere contactetly email with an introductory

survey request. Bui | di nred Design MethedDilbnartesal. of Di | | m
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2009) up to two reminder emils were sentvith varied content toonrespondents, separated by
periods of ten days. Survey requests contained unique survey URLS, which allowed tracking of
reci pi enttats, anddatepj@ning o response data with geogragiables such as

tree cover. Recruitment materialnd survey instrument for the participant survey are available

in AppendixF. Response data were recorded and stored by Qualtrics during tiaetheri

survey was available online. The participant survey was closed at tloé Bedember 2018,

about threenonths after homeownewere initially contacted.

General households

A mixed-mode web+mail survey was selected to reach general househtiidssindy
areas of Northern Virginia, Roanoke Valley, and Elizabeth River. Mimede surveys have the
potental to compensate for weaknesses of welmailonly designs by offering recipients the
choice of their preferred mode of respofigaske 2008)Other advantages of a web+mail
survey design over mail-only design include lower costs, reduced response times, and
potentially improved response ratéBillman et al. 2009)While some researchers studying
web+mail surveys have noted reduced response rates comparedaoalsnailrveygMedway
and Fulton 2012)others have documented an upward trend in the proportion of web respondents
over time(Lesser and Newton 2016tudies employing a web+mail survey design have also
reported that younger age groups show preferencedsvaaronline responsgtion (Sexton,
Miller, and Dietsch 201,1de Bernardo and Cust2013) These findings suggested that a
web+mail designvould be an apppriate tool for reaching urbaneas, where the adult age
distribution is younger than that of rural residgfusS. Census Bureau 201@his assumption

was later examined in an analysise$ponse mode
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Web and mail versions of the survey instrument were created in Qualidds booklet
form. To allow tracking of inttidual responses, identification codes were assigned to each of
1488 households. This unique code was printed on each recruitnienalet survey booklet;
those responding to the web version of the surveg asked to enter the code at the beginning
of the questionnaire. Except for this initial itewhich did not appear in the survey booklet, there
were no differences in the wordiog order of questions between web and mail survey versions.

In September 218, general householdsere contacted by mawith an introductory
letter informing them about this research project and requesting their participation. The
introductory letter outlined twoptions for those interested in completing the survey: waiting to
receive a grvey booklet through the mail completing the same survey online. The letter also
supplied instructions and a URL for the web option. Two weeks following the mailing of the
introductory lettersurvey packetavere mailedo all homeowners (n=1,488), contaig a cover
letter, a survey toklet, and prgpaid business reply envelope. Like the introductory letter, the
enclosed cover letter provided a URL and instructions for recipigmspreferred to complete
the survey online. After compiling early web andihnesponses third and finhletterwas
mailedto nonrespondents (n=1,136) two weeks after mailing the survey packets. This letter
requested participation, provided instructiémsonline survey completion, and offered to send a
replacement survey padkapon request. The surveysirument and recruitment materials for the
general household survey are available in Appendices F and G.

Web survey response data were recordedstoréd by Qualtrics during the period the
survey was available online. Atalend of December 2018, thengral household web survey

was closed about three months after homeowners were initially contacted. Survey booklet
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responses received by mail werenmally entered in Qualtrics with postmarked dates

individually recorded.

4.2 4 Data Analysis

Recodingof Binned Data

Before other analysegserecondutedbinned survey and Census datiaich represented
underlying continous datavere recoded as continuous variablng theR package
6 b i n e §Rinaridpointgwere catulated as the eanvalueof upper ad lowerbin bounds,
and thersubstitutecdhs the recorded valuEor instance, a survey respeof $50,00 to $75,000
for household income was interpreted asnttean value 0f$62500.50 For uppermost bins with
no upper bound, a pseududpoint was estated,using a Pareto distribution fitted to data from
the two highest bingson Hippel et al. 2017} or meastes ofhousehold incomehis function
was fitedwith analpha value of..11, appioximaing a traditional Pareto wealth distribution. For
all other binned variables with undefined upper boutids function was fiedwith an alpha
value of 11]1to prodice much more conservative estimafdss technique improved
interpretability of results, and potentialglped recreate a more accurate distributiordata
Aside fromhousehold income, this technique wasdcalculhte midpoints and psdo-
midpoints br variables incluthg Age,Age of homeNumber of years living at propertidumber

of trees on propertyandYears of eduation.

Tests for Nonresponse Bias

To determine whether survey response data proadsabis fo generalizable
conclusions, testsf monresponse biagere conductely comparingneans oexternal variables

between respondent and nonrespondent groups. External vanedtleted two parceevel

53



property characteristiand fourdemographicharacteristicsummarized at the level of Ggus
Block GroupsFor parcellevel comparisondarcelsizeandParcel tree covewerecalculated
in ArcGIS fromthe Virginia Parcels geodatabd$8&IN 2018a)and the Virginia Statewide
Land Cover Databaq&/GIN 2018b)

For Block Grouplevel comparisonsCensusderived estimates servad geographic
proxies for households cont&d within themTesting of proxy variablescluding aggregte
Census datahas increasingly been used by researchers to assess and correct for survey
nonresponse bigBiemer and Peytchev 2013ndis an efficient option when followp contact
with nonrespondenis not feasibldHansen et al. 2007)

Using the U.S. Census (B.6.rCengusBuweauglr i can Fa
accessed 2017 American Community Survepear estimates of demographic variabitas
Virginia Block Groupof all respondents and nonrespondentsitioer surveyCensus Block
Groups are the satlest U.S. Census geographic divisions, drawn to include 600 to 3,000 people
(U.S. Census Bureau 2010)he tables | selected for analysis wistedian Age by Sex
(B01002),Median Householdncome in the Past 12 Montfi319013),Educational Attainment
for the Population 25 Years and Old@15003), andRace(B02001).Households in gestion
were joined to Block Group estimates, creating a rrtargne relationship where several
households mighghare the same Block Group estimate. Frequency data from the Census table
Racewere used to calculate a proportional varidieority Proportion, defined as the
proportion of all residents who did notidentfys 6 Whi t e al one. 6

Continuous proxy variabldBarcel size, Mean ag&ledian household incomandMean
years of educatiomwe r e c o mp ar e d-test, svhilepgpohtienal cahablsPartel tree

coverandMinority proportionwerecompared using Pearsbs?. Because repeated testing of
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the same dependent variable (respondent group) raised the probability of Type | error, a

Bonferroni correction was applied to test resutta/eringthes i gni fi cance | evel

Factor Analysis of Attitudes Towardifrban Trees

To reduce the number of predictor varialdeslexaminepotential latent structures
(Yong and Pearce 2013n Exploratory Factor Analysis (EFAJasconductedf five attitudinal
survey items measure on identicgb&int Likert scales. In these s®ly items, respondents were
asked to rate the strength of their agreement with five statements regardmgadhance of
urban landscape trees. For this analysis only, respavese aggregated between participants
and general households, to facti@arosssectional comparison. Analysis was conducted using
the R packages Opyschdé and O6GPArotation, 6
retained, as indicated by th#lection point of eigenvalues in a scree fldbstello and Osborne

2005)

ClusterAnalysis of Ranked Motivations for Tree Preservation

Cluster analysis, likéactor analysisis typically employed as a dimenstoeducing
technique. In thisase cluster analysisvasusedto accomplish the opposite: from a single item
on each surve categorical typolog of homeownersvas developedThe survey item in

guestions asked respondents to rank six rabtwusfor ash tree (or shade tree) geevationn

order of personal importance. Response data collected from this item consisted of an ordered

vector d numbers 16, representing six ranked maitions including a writein option. This
form of response data is potentially informatiochd examples ofapplications for clustered
ranking data include political affiliation patterns in voting recdf@srmley and Murphy 2008)

or market segmentation by brand prefergihallensiefenet al. 2@.8).
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Ranking of motivation for preserving trees intended to measure the degree to which
intrinsicore xt ri nsi ¢c motivation informed respondent s
intrinsic motivation® reasons for action based on perdairive o interesd are potentially
more stable than extrinsic motivations, such as financial(§gian and Deci 2000)Of the five
options given, intrinsic motivations were represented by the provision of wildlife habitat and
prevention opecies etlangerment, while extrinsic motivations were represented by the
importance of trees as attractive larajse elements or their contribution to property value. The
fifth motivation listed t r e e s 6 p r o & dicsnotalearlyditfin eghbr zatmay.

Rnking data were analyzed using the R pack
employed measures disice from eachrderedresponse to a given number of modal ranking
patterns, forming clusters based on relasiveilarity (Jacques, Grimonprez, and Biernacki
2016) Theoptimal number of clustemasdetermined from an inflection pu of BIC plotted
against the number of clustessmilar to the technigue usedfactoranalysis A 2-cluster

solutionwas selectetbr participants, and-6luster solution for general households.

Linear Models oBehavioral Intention

Homeowner enggement irurban forest health was examined through linear models of
two dependentbehavioralariables. These were e s p o Hedet afTirege preservation
intentiord meaning their willingness to pay for ongoing tree treatthemtdtheir level of
interest inCostshare participation Survey item wording varied between the two survey
instrumentsprogram partiipants were asked specifically about ash tree presenatobthe
EABTP; general households were asked about the more generic topics of landscape tree

preservatin, and participation in a hypothetical program for assistance with tree treatment
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expenseA summary of all survey questions is included in Appendix B, while the full survey
instrument is included in Appendix G.

Models were constructeaf predidor variabesdrawn from external geographic daitiad
survey response datagcluding bothfactor indices and cluster membershiich werederived
from survey response dafehefull lists of predictor variables which totaledl7 for participants
and 25 ér generahouseholdd were categorized into one of three predictor classassh
consistirg of 4 to 8 individual predictordProperty characteristicsPersonal characteristicsand
Attitudes In addition to aiding interpretability aksults thethreepredictorclassesas ordered
hererepresent an increasing difficulty of accessm the point of view of a public officialA
full list of all predictor variables, organized by class, is included in AppaBdix

Model selection was accomplished byking of candidatenodelsin order of decreasing
Ak ai k e 6 wv), apeopogtibnal méasure of relative likelihoddrived from AIC This
method of model selection relies on an informatioeoretic framework in which multiple
competing models are evatadin terms of information loss, as measured by Al€/monds
and Moussalli 2011 Models within 2 AICc (a version of AIC corrected for small samples) of
top-ranking modelsvere examined as competitors to-tamked models ithey contributed no
more than one additional parameter, as recommendadnioyd (2010)

Candidate models were constructesim the predictor cleses ofProperty
Characteristics PersonalCharacteristics andAttitudes For both dependentariables in
guestio® Tree preservation intentioandCostshare participatiod a total ofseven candidate
models were fitted, constructed from @imbinations ofndividual, paired and grouped

predictor classed his process was conducted for both participant and general household survey
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response data, resulting in a total of fourtapked modelsAll modeling wascarried outusing

hierarchical multiple linearegression in SPSS.

4.3 Results

4.3.1 Summary of Rgponse Data

Program participants

Over a period of about three months, 53 responses were recorded, representing a 69% of
response rate out of 77 participants contacted. With the inclusion of 13 additioralti t 6
EABTP haneowner participants in treampling frame, this is equivalent to a 58% response rate
overall. Calculated from the complete sampling frame, the margin of error for a 95% confidence
level was 8.63%T his value represents the sampling eassociated with Bypothetical 50/50
split responsecalculated from sample siaadfinal sample (number of respons€gaske
2008)

Amongparticipantrespondents/hose locations were known, there were twice as many
from rural areas (n =34) as from urban areas (n =17). On average, respondenteprogetti
large & =30.62 acr 12.3%a) and had high tree cover £ 58.6%). Length of time since local
EAB detkction varied between respondents from 0 (undetected) to 10 years (established), with a
mean value of 2.4 years

On average, respondents were neargtgementmean age = 59), had completed a
graduate degree € 19.0 years of education), and were prathantly male (60.3%). All
respondents who disclosed racial or ethnic identity (n = 50) identified as White. Average annual
household income was $232@ althaigh the variabilityassociated witlthis estimatewas high
(SD = $160,000). Respondents repatiging on their properties for an average of 11.3 years,

and a majority (56.6%) reported previously paying for insecticidal treatment of lands&pe tre
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Between maintained and unmaintained areas, respondents reported having over 20 trees on their
propety (x = 21.4) and spending close to $1000 annually on tree maintenan&987).

A plurality reported first hearing about the EABTP from an arborist or landscape
professional (n=13), followed by VDOF or VCE employees (n=12), then coworkers or friends
n=12). Asked about the i mportance of preservini
response was 4.4 on a scale fronNat(at allimportanj to 5 (Extremelymportan). When
asked about the likelihood of regularly paying for ash tree treatmerg mwi war d, r espond
mean score was 4.6 on the same scale. Finally, when asked about interappiying for
EABTP funding, the mean score was also 4.6 on a scale from 1 (Not at all interested) to 5
(Extremely interested). Tablesummarizes these chataristicsalongside those of general
household. Additional attitudinal response dadee discussed belowith exploratoryand cluster

analyses.

General households

More responses were received by mail (n=206) than online ()=A#&r removing 15
blank or incomplete responses, a total of 333 usable responses remained. Two responses were
excluded from analysis because respondents indicated they were renting their home, and thus did
not meet sampling frame criteria. An additioh@lresponses represefiash treeowning
households were excluded from primary analysis, because these respondents were asked
alternate versions of many survey items. After removing unusable and incompatible responses, a
total of 321 responses remainéat, a final response rabf 21.6%.While this response rate was
considerably lower than among participants, the calculated margin of error (4.84%) was smaller

than that of the participant survey due to the larger sample.
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In contrast to the predomintly rural participants,larespondents to the general
household survey |lived in urban area@®1l8 Respon
ha), a fraction of themountfor participants, but still relatively large for urban areas. Average
tree cover across all rempdentparcels was 45.08owell above the 25% threshold used in
sampling frame construction. Of the three study areas targeted, 125 (38.9%) responses were
received from Northern Virginia, 116 (36.1%) from Roanoke Valley, and 80%@4rom
Elizabeth RiverAs of 2018,EAB infestations had been present in thibese study aredsr 10,

2, and 0 years of EAB respectively. Across all responses, the average length of time since EAB
detection was 4.7 years, about double that of paatitg

Demographic chacderisics of general households were similar to those of participants.
On average, respondents were also approaching retirementa§8.(¢ years) and had
completed a fouyear degreex(= 17.5 years of education). A majority respondents were male
(53.6%), although the overall ratio of males to females was more balanced than among
participants. Of respondents who disclosed rawi&thnic identity, 94.8% identified as White,

2.9% as Black or African American, and 1.0% as$afy. Five other racial or ethnic groups
comprised a total of 1.3% of respondents. Average annual household income was $312,000,
although, as with participantth, variability was high and many responses were missing
(SD=$310,000). General household resgents reported living in their present homes for an
average of 17.1 years, a longer period than for participants, but only 14.8% reported previously
paying forinsecticidal treatment of landscape trees, compared with 56.6% for participants.
Respondentseported an average of 11.1 trees on their properties, between maintained and
unmaintained areas, and spent an average of $463 annually on tree maidtemdunesroughly

half of participants.

60



Only 33 respondents overall (10.2%) had heard of the EABIEPMbst commonly cited
source of information was associates or friends (n=10), followed by TV or other media (n=9),
and VDOF or VCE publications (n=7). Asked albthe importance of preserving threatened
| andscape trees, r esp asclefrom & E&xtremely impostantpto® wa s
(Extremely important). When asked about the likelihood of regularly paying for treatment of
threatened trees, respont®mean score was 3.8 on a scale 1 (Extremely unlikely) to 5
(Extremely likely). Lastly, whemsked about interest in applying for eebaire assistance with
|l andscape tree preservation, respondentsd mea
interested) to 5 (Extremely interested). These values are lowehtismnoiparallel measure for
participants, buare in regard tguestions about a hypothetical pest thr&éable7 summarizes

respondent characteristics.

4.3.2 Tests for NonresponsaBi

Tests of nonresponse bias by comparing means of external variables bhetspesdent
and nonrespondent groups. Two geographic, péeeel variables and four demographic,
Census Block Groufevel variables were compared for both participant and geimeuaehold
survey groupskor participants, no differences were evident leefvrespondents and
nonrespondents in any of the tests, indicating a final sample that was representative of all
homeowner participants. For the survey of general householdsingisated that educational
attainment was significantly higher among resgpemts than nonrespondents, and that there were
marginally significant differences in household income and proportion of minorities. Taken
together, these results indicate thategahhousehold survey respondents formed a group that
was more educated, ahkiely less wealthy and racially diverse than the sampling frame itself.

Complete results for tests of nonresponse bias are available in Appendix B.
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Table 7. Summary of selecteslirvey responses and external data for program participants
general hoseholds.

EABTP participants General households

Selected responses (n=53) (n=321)
X SD X SD
Located in Census Urban Area (%) 32.1 -- 100 --
Parcel size (acres) 30.624 80.646 0.442 0.574
Parcel tree cover (%) 58.6 26.8 45.0 15.8
Years since local EAB detection 2.4 2.2 4.7 4.4
Gender (% female) 39.6 -- 46.4 --
Age 58.8 12.0 58.7 12.0
Race or ethnicity (%)
White 100 -- 94.8 --
Black or African American -- -- 2.9 --
Asian -- -- 1.0 --
Other ethnic or racial identity -- -- 1.0 --
Years of education 19 2.5 17.5 2.7
Annual householéhcome ($) 232,000 160,000 312,000 310,000
Familiar with EAB (%) 100 -- 42.1 --
Aware of EABTP 100 -- 10.0 --
Years living atproperty 11.3 9.7 17.1 9.1
Number of trees on property 10.2 33 77 4
(maintained areas)
Number of trees on property 33 56 34 5
(unmaintained areas)
Annual tree maintenance budget ($) 987 961 463 923
Previously paid for tree pest 56.6 - 14.8 --
treatment (%)
Importance of preserving ash 4.4 0.7 4.0 0.9
trees/shade trekgl-5)
Likelihood of regularly pying for 4.6 0.7 38 0.1
landscape tree treatment§l
Likelihood of applying forcostshare 4.6 0.8 38 0.1

funding (15)

1Survey language differed between respondent groups: program participants were askec
‘ash tree preservation' while geridrauseholds were asked about 'shade tree preservation.
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4.3.3 Analysis of Response Mode

As a descriptive analysilgistic regressiomvas usedo model the relationship of
response mode (web or mail) as a function of thersplfrted demogrdgic characteristics of
general household survey respondéeviiriables entered as predictors in the model were
Educational attainmenHousehold income&ender andMinority status Assumptions of
linearity of continuous variables were met, and ndiergtwere detected. Missing cases were
deleted listwiseleaving only 231 cases in the analysis. The model was not statistically
significant,&®(5) = 9.359, p = .096, correctly classifying only 60.2% of cases and explaining
only 5.30% of the variance (alkeke R). However Agewas a statistically significant
predictor p = 0.049), negatively associated with the probability of a web respbhiseresult
suggests that younger respondents were more likely to complete the web rather than mail version
of the suvey, although the effect size was very small (OBaso = 0.997)Table8). It is
important to note, however, that this result provides no information regarding the effect of a

mixed-mode survey on response rdtegistic regression waconducted in SPSS.

Table 8. Binomial logisticregresson resultof mail vs. web responses to the general
household survey using demographic predictors. Web respaesesoded as 1(n = 231)

Independent Variables B S.E. p Odds Ratio
Age -0.023 0.012 0.049 0.997
Years of education 0.027 0.053 0.610 1.08
Household income 0 0 0.310 1.000
Female (coded 1) -0.238 0.281 0.396 0.788
Minority status (coded 1) -0.627 0.555  0.258 0.534
Nagelkerke R 0.053

G 2 9.359 0.096
Bolded item indicates i gni f i c amblevelat t he U
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4.34 Factor Analysis of Attitudes Towards Urban Trees

An exploratory factor analysis of five, equaligaled statemesiregarding the
importance of urban trees yielded tvaxtors.The first factortermedTree curb appeal
combined high loadings for attitudinal statements regarding the importance of urban trees to
neighborhood character and property value (Cronbad s U = 0. 79)termédhe seco
Treeaffinity, combired high loadings for statements regarding benefits provided by trees,
relative importance of trees in the private landscape, and a preference for preservation of old
trees ( Ck0.67p Bactdr idicesivere then calculated caseagishe mean vaguof
combined attitudinal measurements. These indices were employed as predictor variables in
models of behavioral intention described below. Attitudinal statements, factor indicéaci@mnd

loadings are summarized in Appendix B.

4.35 Cluster Analysi®f Ranked Motivations for Tree Preservation

Usinga clusteringechniquefor rankedchoice datga 2cluster solution for participants
and 5cluster solution fogeneral householdgere selectedClusters were formed around modal
responseatterns, anthe relative distance of individual ordered responses from these patterns.
For participantsthe order of responses was nearly identitalse inCluster lindicated that the
provision of shade was the most important reason for presetviegteéned trex while those in
Cluster 2 indicated that treesd val uModehn attr
patterns for the five clusters selected for general housesiodadged a greater diversity of
opinion: highranked motivatios included sh@de and landscape value, but also the provision of
wildlife habitat, property value, artle prevention of species endangermé&able9 displays
proportional membership, mean probay of membership, and modal ranked order for each
cluster,along with réevant group characteristics. Cluster membership served as an additional

categorical predictor of motivation, used in models of behavioral intention described below.
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Table 9. Cluster analysis of ranked statements about motivationssfpteservatn. Modal order of ranked moviations
indicates most common ranking pattern of cluster members. Demographic mean values are included for comparison, ant
significant differences between clusters are noted.

Program Participants General Houdwolds

Cluser 1 Cluster 2 Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5
Modal order of ranked 15,2, 51,2, 1,25, 1,5,3, 51,2, 25,1, 421,
motivations 3,4,6 3,4,6 43,6 2,4,6 3,4,6 3,4,6 3,5,6
Number of respndents 16 37 117 33 113 51 6
Proportion of survey 0.293 0.707 0.366  0.104 0.353 0.158  0.018
respondents
Mean age (binned-&) 4.538 4974 4.813 4.516 5.038 4.755 4.75
Mean educational attainment 5.643 5.789 513 4906 5121 4958  3.875
(binned 17)
Mean housedid income 7.125 6.92 656 6583 6532  6.425 6
(binned 18)
Mean number of maintained 2143 2 692 1975 2182 1916 1.896  2.625*
trees (binned 3)
Mean number of unmaintainec 1.643 2.205 0653 1.242* 0991* 0.75 15
trees (binned 3)
Percent treeover 0.589 0.584 0.426 0.451 0.461 0.479* 0.472
*Significantly different from the reference | evel of

Motivations were given as: 1) Ash/Trees provide shade, 2) Ash/Trees g@roiitife hatitat, 3) Ash/Trees can increase propel
values, 4) Ash/Trees might become rare or endangered, 5) Ash/Trees are an attractive part of landscaping, 6) Othecifple
Program participants were asked specifically about ash trees whédeafjbouskolds were asked about 'threatened landscape
trees. 0
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4.36 Linear Models of Behavioral Intention

Assumptions of multiple linear regression were evaluated for aliaioking models.
Independence of observations was verified using the DWatison statisticLinear
relationshig were established between each dependent variable, full models, and independent
variable, as was homoscedasticity of residuals. Tests for collinearity using calculated tolerance
values did identify two pairs of highlyorelated variales (Tolerance > 10) among participant
data; high tolerance was resolved by dropping one variable from each pair. For all models,
normality of residuals was visually confirmed frorPRplos. Tests did identify outliers, high
leverage poirg, and influenial points in all models. After an examination of the datasets, none of
these unusual points appeared to be the result of error in measurement or data recording and were

not removed.

Tree preservation intention

The objective osurvey temsasking abut willingness to pay for regular landscape tree
treatmentvas to measure the extent to which homeowners were prepared to take on tree health
care as aecurringexpenseFor participants, the question addressed a present (B#&Rj) to a
specific tree gnus; for general households the threat proposed was Byipathand no specific
trees were named. Consequently, while each measure provides a reference point to the other, a
statistical comparison between the two is not meaningful.

For paticipants,the top-rankedcandiddée modelwasAttitudes comprised of seen
individual predictorsThe model itself was significarajthough fit was relatively low (Adj. R=
0.137,p = .025). Within tle model, there were two marginally significant pdrs: first,a
positive association withmportance of preserving asketgsf =0.275, p=.059), and secondly,

a negative association wikractor A- Tree curb appeaf =-0.409, p=.059).
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For general households, the #@mked candidate model wiee pared combinatn of
Attitudes + Property Characteristic¥his model was significar@nd showed substantial
goodnesf-fit (Adj. R?=.412,p < .001). Herethe secondanking modelAttitudeswas
considered a competitor since it ranked withiAlCc of the first andvas made up of fewer
parametersSignificant predictors within the tepanking model included a positive association
with Importance of preserving landscape tr§es0.494, p <. 001)and negative association
with the EAB infestation stratufstablishedf =0.129, p=.041) Comparisons of candidate

models and summaries of topnked models are displayed in Takl€s13.

Table 10. Programparticipants: Ranking ofandidatdinearmodels for the dependent variak
Tree preservation intentiolumber of respondents varied between models from 33 to 53

Model K! Adj.R> RMSE @AlZT w
Attitudes 4 0.137 0.634 0 1
Attitudes + Property 11 0.095 0.649 16.749 0
PropertyCharacteristics 7 -0.088 0.711 18.663 0
PersonalCharacteristics 6 0.079 0.655 24.979 0
Attitudes + Personal 10 0.043 0.667 35.392 0
Personal + Property 13  -0.091 0.712 49.81 0
Attitudes + Personal + Property 17 -0.19 0.744 74.21 0

Bolded textindicaes topranking model.

INumber of model parameters.

2Secondorder AIC, a mall samplecorrectedversion ofAlC, ameasure ofmodel fitwhich
minimizesinformationloss.

SAkai keds wei g measureaf reativikgilmoodt i on al

Table 11. Programparticipants: Summary of tepankinglinearmodelAttitudesfor the
dependent variabl€ree preservation intentiofm=53)

Independentariables I coeff p
Urban tree attitudes Factor-ATree curb appeal -0.409 0.057
Urban tree attitudes Factor-Breeaffinity 0.413 0.071
Importance of preserving ash trees 0.275 0.059
Tree preservation motivatiorCluster 1 - -
Tree preservation motivaticrCluster 2 0.16 0.224
Adjusted Y2 0.137

F 3.059 0.025
Bol ded item i ndi catOBlevels i

67



Table 12. Generahouseholds: Ranking of candidditeear models for the dependent variabl
Tree preservation intentioNumber of respondents varied between models from 239 to 3

Model K!' Adj.R> RMSE ®@AIlZT w
Attitudes + Property 14 0.412 0.849 0 0.56
Attitudes 7 0.393 0.863 0.496 0.437
Attitudes + Personal 14 0.447 0.824 10.99 0.002
Attitudes + Personal + Property 21 0.443 0.827 21.254 0
PersonalCharacteristics 7 0.158 1.016 97.555 0
Personal + Property 14 0.143 1.026 109.@1 0
PropertyCharacteristics 7 0.077 1.064 127.356 0

Bolded text indicates tepnking model.

INumber of model parameters.

2Secondorder AIC, a small sampleorrected version of AIC, measure of model fit which
minimizes information loss.

Ak ai k eglit, s preperiional measure of relative likelihood.

Table 13. General households: Summary of4@mking linear modeAttitudes + Property
Characteristicdor thedependent variabl€ree preservation intentiofm=309)

Independent Variables I coeff. p
Attitudes Factor A- Tree curb appeal 0.109 0.059
Factor B- Tree affinity 0.092 0.135
Importance of preserving landscape trees 0.494 <.001
Tree preservation motivatiorCluster 1 -- -
Tree preservation motivatiorCluster 2 0.063 0.195
Tree preservation motivationCluster 3 0.023 0.652
Tree preservation motivatiorCluster 4 -0.025 0.603
Tree preservation motivatiorCluster 5 0.028 0.546
Property Age of house -0.066 0.189
Charac  Number of trees in maintained areas -0.015 0.744
teristics  Number of trees in unmaintained areas -0.025 0.64
Parcel area -0.045 0.357
Parcel treeover -0.001 0.983
EAB infestation strata Undetected -- --
EAB infestation strata Recent -0.062 0.271
EAB infestation strata Established 0.129 0.041
Adjusted'Y? 0.412
F 15.963 <.001
Bol ded items indicateel significance at t
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Costshare participation

Survey items asking about r es p-applyng)far cod
share assistance were intended to medhkerdtractiveness of public subsidy for preservation
of personal landscape tre@articipants were asked directiyhether they would rapply for
EABTP in future years, while general households were aalzedt their interest in a
hypothetical cosshare pogram, if trees on their properties were threatened by a future pest
outbreak As with models offree preservatiomtention a comparison of predictive modéts
Costshare patrticipatiorbetween participants and general househwolag be useful for
reference but statistical comparis@between the two amot meaningful.

Despite the differing scenarios presernteéach respondent group, ttgnked candidate
models were very similar. In both cases, thereogked model wagredictor class ofttitudes
composed of seven individual predictor variablesr participants, tamodelwas significant and
fit moderatelywell (Adj. R? = 0.223,p =.003) It contained a single significant paranrete
Importance of preserving ash trees=0.513, p<.001). For general households, the equivalent
modelwas significant andhowed substantial goodnesisfit (Adj. R? = 0.456,p < .001) This
model containedivo significant, positively associated significant predictargortance of
preserviry landscape tree§ =0.609, p<.001) and the factor indeXree curb appeal
( =0.110, p=.044). Comparisons of candidate models and summaries ohttqed model$or

Costshare participatiorare available in Appendix B.
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4.4 Discussion

Linear modelingpf homeowner behavioral intentiolemonstrate the importance of
measured attitudes in predicting homeowner intentions towards tree preservation -ahdreost
enrollment. In only one case did a predictor class otherAtltdndesimprove overall model fi
This exception was seen in modeling theatefent variabldree preservation intenticaamong
general households, where the EAB straitstablishedvas positively correlated with an
intention to treat threatened trees. This finding suggests that theeexqgeeof living through a
yearslong EAB infestation may influence the behavior of some homeowners towards proactive
tree preservation activity, regardless of whether they owned ash trees.

In most other cases wheititudesalone proved the tepankedmodel, the lone
significant parameter withithe model was the variableportance of preserving ash treasits
equivalent regarding landscape trees. The single exception to this pattern was the addition of the
factor indexTree curb appeah a model 6general household interest in applying to a
hypothetical cosshare program. The association of this index with interest irsbase funding
suggests the importance of the neighborhood amenity value of trees as a motivating factor for
homeowners seekjnassistance for tree preservation.

However,in every topranked model the only parameter with a consistent, positive
association with tree preservation and program participation was the attitudinal variable
Importance of preserving asihadetrees.This variable originated from survey items which
aked for 5point ordinal response to questions regarding the abstract importance of ash tree (or

shade tree) preservation in Virginia. Responses to these attitudinal questions proved to be the

strongestand mostonsi st ent pr edi ct oalistentbohs, dittemeteavrn er s 6

trees at their own expense or to apply for-abstre funding.
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A peripheral topic of this research was an analysis of demographic characteristics by web
or mail survey response me. Logistic regression resuitalicated thathe probability of a web
response was negatively associated with aljleough the effect size was smdlhis finding
weaklysupports the premise that younger respondents, when offered a choice betweese respon
modes, are more likely to complete a surgajne. It does not, however, offer evidence to
support the argument that offering a choice between response modes can boost survey response
rates overallA broader discussion of this topic and other studgifigs, implications, and

directions for furter study are included in Chapter
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CHAPTER 51 PERCEPTIONS OF COST-SHARE PARTICIPA TION
AMONG FOREST PRACTIT IONERS

5.1Introduction

Conservation and natural resource incentive programs rely on the expeftisesters
and other resourgarofessionals to meet with landowners and discuss land management
objectives. In many casdandowners report that the opportunity to talk with foresters in person
and fAwal k the | ando i s-shae pantipationthanlfinaaciall e benef i
assistance itselfKilgore et al. 2007)Similarly, an evaluation of the Forestry Stewardship
Program in West Virginia found that the most common complaint among participating
landownes was that foresters did not hdirae to visit their properties often enougfgan et al.
2001) For these reasons, | aimed to broaden an analgisginiaDe par t ment of For e
(VDOF) 2018 Emerald Ash Borer Treatment Program (EAB3ygxamining the r@ of forest
practitioners in program implementation.

State and countylevel foresters have a decadesg history of providing technical
assistance and administering forestry incentives among landofisseks and Moulton 20Q0)
although almost exclusively in rural areas. Conversely, commercial arborists work primarily for
urban property owners, and for many, a majority of business revenue is derived from
managementdf r ee pests and pat ho gpeovidedfor fGndimgofdreeVi r gi ni
treatment in any location, urban or rural, the program made use of the expertise of both
practitioner groups.

Arborists were involved at two stages of the EABTiRSt in subniiting a bid then later
conducting the treatment. Program policies required that homeowners could onlfoapply
fundingafter receiving a signed bid for treatment from a licensed pesticide appl©aidy7

approved applicationsnly 3 involved landsape contractors who wenet aborists(Bean
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2019) Once an application was submittedhomeaner could amly schedule tree treatment after
receiving onrsite approval from a VDOF forester. For some arborists, months may have elapsed
between bidding and conducting treatment because of VDOF stipulations regarding the timing of
treatmen{VDOF 2018) After conducting tree treatments, arborists were paidll by the
homeowner, as for any other contracted wor k.
was disbursed only after the homeowner submitted alidamce invoice from the arborist.

County foresters were tasked with-site approval of treeatment rquested by
homeowners and bid on by arborists. Foresters
treatment included (1) verifying tree genus and species, (2) confirming a minimum trunk
diameter of twelve inches, and (3) assessing whatbevitality was high enough to warrant
treatmen{VDOF 2018d) The theslold of tree vitality adopted by the EABTP a maximum of
30% crown dieback, a rule of thumb recommended by resea(&iekset al. 2018)To ensure
reliability of assessent VDOF hed training sessions prior to program launch with instruction
and a photo guide of incremental ash tree canopy@ssmberlin 2018a)Of 107 total site
assessments, 17 were conducted by foresters from the Forest Health division at VDOF
headquarters. The remaining 90 assessments were conducted by 24 county foresterd, almost al
of whom hed the positions of Area Forester or Senior Area Forester.

Participation in the EABTP did not dramatically alter job descriptions of either arborists
or foresters but did temporarily change the-ttagay context for both. Foresters were asie
assesproperties a few acres in size instead of a few hundred acres, and to scrutinize the work of
tree services instead of logging contractors. For arborists, EABTP participation required waiting
weeks to months for VDOF approval but offered thesjiilgy of greater demand for ash tree

injection.

73



As intermediaries between program administrators and participants, practitioners had
great i nfluence on the programbébs initial year
program participants whotedarborist (25%) and VDOF or VCE employees (23%) as their
initial source of EABTP information. Conseqgue
will continue to affect its future succedhe objective of this research was to inform future
initiatives by eaminng the engagement of forest practitioners with the EABTP, and in urban
forest health more broadly. Topics investigated included potential associations between
professional experience and perceptions of threats posed by forest pestgmpreflinteest in

future program participation, and specific reasons for interest or disinterest in participation.

5.2Methods
5.2.1 Construction of Survey Sampling Frames

Survey research was conducted with samples drawn from both VDOF county forester
and Virginia arboristsUnlike homeowner surveys, in which recipients were contatitedtly
by mail and email, county foresters and arborists were contacted with survegtseitough
coordinating agencies. This method provided relatively large cdrgis, butless information
about recipientharacteristicscompared to homeowner sampling frames

The forester sampling frame included all VDOF county foresters who @arrie
responsibility in reviewing EABTP applications, defined as those holdingd$tgons of Area
Forester or Senior Area Forester. This group was estimated to include 105 f¢Be=sar®19).
On behalf of this research project, VDOF Forest Health officials contacted all members of the
sampling frame with survey requests, effectively conducting a completees&mgrh this
sample, a total of 19 usable responses were recorded, for asexgierof 18.1%For a 50/50

split response at 95% confidence level, these figures correspond to a 20.4% margin of error
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meaning that survey results can only be generatizélae sampling frame with a large amount of
uncertainty (£20.4%)

Similarly, arborists were contacted througte coordinating agencgf MAC-ISA, the
Mid-Atlantic chapter of the International Society of Arboriculture. While the taerporist
genericdly refers to a landscape tree care professiddatiified Arboristrefers to thos certified
through the ISAthe sampling frameas definedess stringently to include all arborists (tree
care professionalsyith a business address or clients in Virgifliaere were 1081 Certified
Arboristsin Virginiain a MAC-ISA database who formebd primary contact list, and who were
contacted by email with survey requests. Follgwsurvey recruitment posts in a MASA
online newsletter expanded the contact lishtdude all MAGISA membergn=1139) whose
membershiverlapped with the primamgontact list of Virginia Certified Arborist&nd also
included norcertified professionals, and members outside of Virgiafeer accounting for
recipients on both listshe total number of unique recipients was calculated to be 1590. A total
of 144 usble responses were recorded, for a response rate of 9.1%. Two specific survey items
allowed forposthocparsing of response data by state location and certification.gbHttrse
144 respondents, 134 reported either having a business or clients lacdieginia. For a 50/50

split response at a 95% confidence level, these figures correspond to an 7.8% margin of error.

5.2.2 Construction of Survey Instruments

Survey instruments for foresters and arborists were developed using Qualtrics and shared
mostsur vey items. The forestersd survey contai ne
time of 12 minutes, whil e t hendhadmaoesimateds 6 sur v
response time of 13 minutes. As with homeowner surveys, forest practgioneys were

designed to assess respondentso6 experience wi

75



intentions regarding future EABTP participatidnlimited number ofdemographic
characteristics were requested, along with professional charactesisticas certificatiostatus
years of experience, and job titlénally, a series of ranking questions were included that
measured respondentsd relative preference for
tree species, perceptions of forpsst threats, and ethejob recommendations for EAB
management. Aummary of survey items and measurement scales in included in Appendix C,
while the full survey instrument is available in Appen@ix
Because forester and arborist survey instrumenteghaost questions and wording, a
single pretest instrument was seby email to a group of twenfive Certified Arborists located
within and outside of Virginia. Response data and comments from fifteen responses informed

editing of final survey versiongcluding improvements in clarity of wording and logical flow.

5.2.3Data Collection
For both surveys, recipients were initially contacted with survey requests beginning in

late September 2018, and with follayp contacts through the end of Octol#dt.survey

recruitment materials and instruments were submitteddirtste Virginia Tech IRB and

subsequently approved by Western IRB. An IRB Exemption letter is included in Appendix H.
Foresters who had previously participated in the program (n = 25)wetreontacted by

email in late September 2018, with a surveyuesst message and unigue URL sent by VDOF on

behalf of this project. A followup survey recruitment post and link were included in an online

VDOF newsletter on October 2, sentto all VDOFeno y ees (n a 230). Whil e

of newsletter recipientwas greater than the size of intended sampling frame (n = 105), the post
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explained that only foresters with potential EABTP responsibility were encouraged to take the
survey.

Four separatsurvey requests were sent to arborists by M8& on behalf of his
project, beginning with a recruitment post in an online newsletter to chapter members in late
September 2018. Following this, two survey requests were emailed to Certified Arborisd loca
in Virginia, spaced by oneeek intervals. Finally, a recruignt post included in a second online
newsletter was sent to all chapter members in late October. After approximately three months,

survey response collection for both surveys was closedeoaniber 31, 2018.

5.2.4 Data Analysis

Tests for Nonresponse Bia

To create a reference group of foresters against which to compare survey respondents,
data were compiled from VDOF online records for all county foresters with the position of
Senior Aredrorester or Area Forestempositions with responsibility for EABTRpplication
review. This search yi el de dJlolttile Geralerandt er s . Fre
Locationby VDOF work area were recorded, and tested against the same characteristics f
forester survey respondents using astare test of indepeedce.

Testing for nonresponse bias in the arbori
fact that two contact lists with overlapping membership were used to distribute recruitment
mateials. However, with anonymized membership data provided by N2¥C limited tests for
nonresponse bias were conducted, again usingaelare tests of independence between

respondents within Virginia and a reference group of Certified Arborists withgmni&r
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Frequencies were compareddrpup for professionahrea ofpracticeand for county location,

aggregated biAB strata All chi-square tests were conducted in SPSS.

Factor Analysis of Attitudes Towards Urban Trees

As with analysis of homeowner rasse data (Chapter 3n Exploratory Factor
Analysiswas conductedf five equallyscaledsurvey items regarding attitudes towards urban
trees For this analysigesponses were aggregated between arborists and fetestacilitate

crosssectional compason From a scree plot @igenvalues, a-factor solution was selected.

Analysis was conducted iandoBPAusitagi omedpackag

Cluster Analyss: Motivations, Recommendations, and Perceptidofest Risk

Cluster analysis was efgyed topartition respondents according to three ranieaice

survey items. Analyses were conducted using aggregated forester and arborist data, for survey

items regarding motivations for preserving ash traedfor perceptions of threats posed by
spedfic invasive forest pests. For arborist response data only, a third cluster analysis was
conductedf ordered response data regarding EAB management recommendations.

For each cluster analysis, response data callexiasisted ordered vecsamf numbers

repreent i ng as many as seven ranked options.

number of clustera/as selectetbr each analysiffom a plot of BIC against an increasing
number of clusterCluster membersph was assignetb individual caseandtreatedas nominal

variables in further analyses.
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Analysis ofPest Risk Perceptions

Understanding differing perceptions of risks posed by pests in relation to specific
professional characteristics might be relewamecruiting practitioner suppofor future
iniatives.Many reasongouldaccount for diverging perceptions of riskor instance, in pockets
of Virginia that remain unaffected by EAB, perceptions of the severity of EAB damage may be
lower. Alternately,h e r ecent ar r i v aalterthefprioGtizationm of repoees fors, mi g
some foresters. One relevant example is the spotted lantdmdlgr(na deliculataVhite) first
detected in 2018 in VirginiéDay et al. 2018)Similarly, it is possible that experienced foresters
and arborists may have a better understanding of risks posed by longstaestimmfestations
such as the gypsyath, which may currently attract sesearch attention and funding than
recent arrivals.

Using chisquare analyses, null hypotheses of no associatoa testedhetween
perceptions opestrisk and five variablesepresenting professional experienéerceptions of
pestrisk were repreanted by pest threat cluster membership referenced alooreng aa four
level categorical variablBest threat clusteiFive variables representing aspects of professional
experence, recoded in categorical formeretested against these clustersdssociation. These
includedEAB stratarepresenting location within Virginia by local age of EAB infestatidork
experiencerepresenting years of professional experie@tientde acreage representing the
percentagef clientswith propertiedargerthan five acred-AB experienceepresenting
frequency of prior EABrelated work, anéPractitionertype r epr esenting a resp.
a forester or arborist. As a seriegwiltiple comparisongiith the same degmdent variable, a
Bonferroni correion was necessary to reduce farmalise Type | errorloweringthe

signi fi canc eCH-sguame testsswere ¢bndacted if IPSS.
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Linear Models of Program Participation

While survey response data suggested that foresters expressed greateirirdeses
share participation that arborists, this comparisamot necessarily meaningful. First, the large
difference in sample size complicates a comparison of means. Sedotetkyst in program
participation expressed by foresters, whose job dateshave required participation, were not
equivalent to respors from arborists, who had no obligation to the program. For these reasons,
only arborist response dateere include in models ofprogram participation. Additionally,
respondents withowtbusness address or clients in Virgimaere excluded from analysi
resulting na sample size of 134.

Using data drawn from survey responses and external sources, candidatenaoselels
fittedto the dependent variable lotterest in program participatiarirhis varable was drawn
from a single, ordinal survey itewhich asked arborists about their interest in future EABTP
participation, either ipricing workor carrying out insecticidal appations (seé\ppendix C for
summaryof survey temsor Appendix G for full sirvey irstrument).

As with models of homeowner intiéons, candidate models were constructed from
groups ofthree to eighindividual predictorsategorized by predictor cladrofessimal
Characteristics PersonalCharacteristics andAttitudes Seven candidateodels were
constructed from the combinatiofiindividual, paired, and grouped predictor classes. Each of
these models was fitted to the dependent variable using hierarchical multiple linear regression in
SPSS. Model selection was accorsipéd by rankingf candidate models in order of decreasing

Ak ai k e 6 sw),w propgrtiohal nfeasure of relative likelihood derived from AIC.
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Qualitative Analysis of Written Responses

In addition to rating their interest in program participaticacptioners wee also asked
to state their reasons for ingst, or lack of interest in EABTP participation. Written responses
provided additional insight into practitioner
aggregate respondents to both practitiosed s u enteecst & respodse for this item. These
respnses were coded by twelve common themes, and graded as positive, neutral, or negative

with regard to interest in program patrticipation.

5.3 Results
5.3.1Summary of Response Data

Respondent s suweyinhl®) were prezsiaminantlysnale (78%)their
mid-forties & = 44.0 years)and had completed a graduate degree 17.6 years of education).
Responding foresters represented 15 different counties, whexeemyge, EAB had been
detected recentlyi(= 4.2 years since detectiofespondents most commonly hélé position
of Area Forester and reported an average of 18.5 years of experience in.fuvbdtyonly
10.5% held Society of American Foreste®&\F) certification,73.7% held ISA certification.
Regarding their work prior to 2018, foresters reported 6n average, 20.0% of their working
hours were dedicated to forest heakhated projects and indicated their frequency of EAB
related work a2.5, on a scale from 1 (Very rarely) to 5 (Very frequently). Additionally,
foresters reported that on avera@®.2% of landowners they interacted with on thegained
more than five acres.

All respondents reported making EABT&lated property visits teeview applications.

The number of properties visited ranged one to twenty, averbgimgeen five and si¥orester
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respondent sdé average | evel of interest in fut
(Not at all interested) to 5 (Extremelyanested)R e s p o nldcationbyscoéuntyare displayed

in FigurelO; selected survey response data are sanzed in Tablel4. Additional attitudinal

response data are discussed below in relation to factor and cluster analyses.

Most arborist respondent83.1%) reported that either their business or clients were
located in Virginia. The remaining 10 (6.9%)tani-state responses were retained for initial
analyses but excluded from models of EABTP patrticipation. Respondents were predominantly
male (83%)pon average in their late forties € 47.2 years) and had continued their education
beyond a fouyear degreex(= 16.9 years of education). Arborist respondents represented 49
different Virginia counties, where on average, the EAB infestation was ishtbk = 6.8 years
since detectin). Respondents most commonly described their area of practicbas
forestry/Governmerdnd had on average 18.9 years of arboricultural experience. As with forester
respondents, a low percentage (7.0%) held SAHicatton, but almost all (98.6%) REISA
certification.

Regarding their work prior to 2018, arborists reported that on average, 33.0% of working
hours were dedicated to forest health, and indicated the frequency efdizi&d work as 3.3,
on a scale fnm 1 (very rarely) to 5 (very frequdy). Arborists also reported, on average, that
35.7% of landowners they interacted with on thegaimedmore than five acres. Of 144
respondents, 76 (52.3%) reported previously being aware of EARTEhese, the primar
source of information was VDOF ®CE employees (36.8%), followed by associates or friends
(34.2%), and VDOF or VCE publications (26.3). Only nine respondents (6.3%) reported making
EABTP-related property visits, either to submit bids or treat treesnliher of properties

visitedrangd from one to three. Arborist respondent
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participation was 2.8, on a scale of 1 (Not at all interested) to 5 (Extremely interested), lower
than the equivalent response for foeestCounty bcations of Virginia eboristrespondentare

displayed in Figurd0; selected survey responses are summarized in Tdble

Table 14. Summaryof selected survey responses and external data for foresters and arb

Foresters Arborists
Selected responses (n=19) (n=144)
X SD X SD

Years since local EAB detectibn 4.2 37 6.8 39
Gender (% female) 29 9 . 17.7 .
Age 440  11.8 472 127
Years of education 176 16 16.9 51
ISA Certified Arborist 737 B 98.6 _
SAF Certified Forester 10.5 B 70 .
Years of professional experience 185 12.0 18.9 12.0
Percentage of client properties > 5 acres

78.2 194 35.7 30.5
Percentage of work hours spent on forest health

20.0 14.8 33.0 26.1
Frequency of prior EABelated work (15)

2.5 1.1 3.3 1.2
Previously aware of EABTP (%)

- -- 52.3 -

Number of EABTP site visits or bids

5.2 5.6 0.2 1.2
Interest in future EABTP participation-g)

3.7 0.8 2.8 1.3

There weramanysurvey responses with unknown locations; estimates based on n=11 fo
foresters and n=111 for arborists.
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EAB infestation strata

- Established (pre-2015)
|:| Recent (2015 - present)

|:| Undetected

@ VDOF county foresters

o Virginia arborists

Figure 10.Map of Virginia displayingcounties byEAB infestation stratédefined byyear
of initial EAB detectiof), androughlocations of forester (n=19) and arborist (n=134)
surveyrespondents.

5.3.2 Tests for Nonresponse Bias

Tests for nonresponse bias using limited data avaifableoth practitioner groups

provided evidence of a representative response for foresters but raised questions about

nonresponsbias among arboristBetween forester respondents and a forestererefergroup,

chi-square tests showed no associations between groupesnatkr, Job titleor Location While

the foresterso

survey drew onl y I'Y®OFcoergyponses,

foresters who participated in the 2018 EABTP. Fromltiiged analysis, survey responses

appear to represent the gender ratio, experience level, and geographic distribution of a broader

group of ranking county foresters. Test results amnemsarized in Appendix C.

For arborist repondents, ebfuare ests indcated significant associations between group

membership and both variabliested Area of practiceandEAB stratg, although with only

moder ate effect si z e sPosthmsassessnaentofrstandardzgd reSidualsne r 6
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indicated thafrequenees of arborist respondents in listing their area of practice as
Research/Education/Trainingas higher than in the reference group, and lower than the
reference group for the categddyher. This categoryrepresentethndscape contractors,
landscape arctects, and nursery ownérgprofessionals who are less likely to be involved in
treatment of tree pests. Finalfyequencies of arborist respondents in counties within the
UndetectedEAB infestation strata were also lower than among the reference Jrakgn
together, these measures of associatiditatethatarboristsurvey respondents as a group,
relative to the sampling frame of all VirgilAC-ISA membersincluded fewer landscape
professionalsa greater number oésearchersr educatorsand fewepeople located in

southeastern Virginia countieBest reslts are summarizeid Appendix C.

5.33 Factor Analysis of Attitudes Towards Urban Trees

Factor ladings & survey itens on the two factors closely matched those of homeowner
responses. The first fact@gaintermedTree curb appealcombined high loadings for responses
to the belief statements regarding neighborhood character and prapédrtyve ( Cranbach s
0.67). Thesecond factor, termetree affinitycombined high loadings for responses to belief
statements regarding benefits provided by trees, relative importance of trees in the private
landscape, and a preference for preservatiaidofrees (Cronbdc 6 s U . Factdd indicés)
were then calculated casewise as the mean value of the combined belief statements. Attitudinal

statements, factors, associated loadings are summarized in Appendix C.
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5.3.4 Cluster Analyss: Motivations ReommendationsandPest Risk

Cluster analysis of aggregated forester and arborist response data regarding ranked
motivations forash tree preservation yielded four clustehslike rankedhomeowner
motivations, whicHocused on treésalue as landscapéeenents, op-ranked motivatios
includedash treesd pr otheinecasstynof preventsdnashdspecies drand
becoming rareln only one of four clusterswasashsee contri buti on to prop
in the top threeA summary of clusteanalysis of ranked ash pregation motivations is
included in Appendix C.

Cluster analysis of ranked responses regardingb or i st s most freqguen:
for EAB management yielded two clustdRanked recommendation patie were almost
idenical: the insecticidal optionsf imadicloprid and emamectin were rankedhe bottonfor
both clusterswhile thetwotopp | aces were held by the options ¢
A summary of c¢ | us tBEAB managanent ecosendations & indudedins t s 6
Apperdix C.

Finally, cluster analysis of aggregated forester and arborist data regarding their ranked
perceptions of threats posed by sewsfasive forest pests yielded four clusters. In three out of
four clusters, EAB was rankleas the top threatollowedeither by hemlock woolly adelgior
Asian longhorned beetl&heremaining cluster, which was also the largest single grouping,
ranked the southern pine beetle as the most threatening pest, followedpgttad lanterfly.

Table B summarize€luster aalysis of aggregated pest threat rankings
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Table 15. Aggregated forester and arborist response data: Cluster analysis of forest pes
ranked by level of perceived threat to Virginia's fordglsdal patterns represent most
common ranking of each cluster

Cluster 1 Cluster 2 Cluster 3 Cluster 4
Modal pattern of ranked pe$ts 6,1,2,3,4,5,7 6,1,4,3,5,7,2 5,4,1,2,3,6,7 6,2,4,3,7,1,5

Number of respondents 53 30 70 10
Proportion of survey 0.324 0.184 0.429 0.063
respondents

Forest pests were given d3:hemlock woolly adelgid, 2) Asian longhorned beetle, 3) gyp
moth, 4) spotted lanternfly, 5) southern pine beetle, 6) emerald ash borer, 7) walnut twig

5.35 Chi-sgquareAnalysis of Pest Risk Perceptions

Minimal assumptions for chéquare angbis were met for all tests: in each

crosstabulation, 80% of cells contained expected values greater than 5, and there were no

expected frequencies less tha ésts indicated no asciationsbetweerany of theprofessional
experiencevariablesand percepi ons of pest threats, at t
only variable approaching a significant association and moderate effect si@diavasle
acreage(p = 0.077, V = 200). This variable was originally recordasl acontinuousmeasure,
representing the percentage of clientetleo owned more than five actemd wasecoded into
three bins (B3%, 3466,% 67100%)for this analysisTest results from ckequare analysisf

pest threat perceptions are displayedable16.
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Table 16. Chi-square analyses of independence between practitioner pest threat clusters
professional characteristics. Variables listed represent measured aspects of profession:
experience, recoded in categorical form. Four pest thiestecs were tested agatrezh
variable listed for independence. Number of cases varied from 142 to 163.

Professimal characteistics Pear son' df p* Cramer's V
EAB strata 4.505 6 0.609 0.124

Work experience 8.158 6 0.227 0.158
Clientele acreage 13.382 6 0.077 0.200

EAB experience 11.566 12 0.481 0.161
Practitioner type 2.400 3 0.494 0.121
*Tested against a Bonferrecnior r ect ed signi ficance | eve

5.36 Linear Models of Program Participation

The data memultiple linear regressioassumptions for independee of observations,
linearity, homoscedasticity, lack of collinear predictors, and normality. No outliers or influential
points were identified; however, 11 points with high leverage were identified. Since a review of
the data proded no evidence of enrono cases were removed.

Of seven candidate models for the dependent varatdeest in program participation,
thetopr anked model b vy i) wagPaofessienal chanacterisgcalthoughwihis
model was poorhfitting and not significant Adj. R> = 0.033, p = 0.166)). An equivalent model
within 2 AICc of the topranked model waAttitudes,also with poor fit and nonsignificant F
ratio (Adj. R> = 0.034, p = 0.139yable17 displays model fit, error, amgb A | @rall candidate
models.

Within the modelProfessional characteristicghe lone significant predictoEAB
management recommendatio@luster2 ( =0.627, p = 0.02) was positively correlated with

program participation. This binomial variable grouped respondents into two clusiermdiiag to
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ranked preference for EAB management stratégteesel n Cl ust er 2-anpr ef err ec

seebd aqe tree eemdvallablel8 displays a summary of the mod#&iofessional
characteristicsThere were no significant predictors with the ealéntly-ranked model
Attitudes although the factor indekree affinitywas marginally significanf =0.222, p =.055).
This multiitem index combined agreement with statements regarding benefits provided by trees,
their relative importance next to other landscape elements, and a preference for preservation of
declining treesA second, marginally sigficant predictor within this moal wasSales
expectationg =0.157, p =.099).The positive correlation here indicates an expectation that
participation might be gooaf businessTable19 displays a summary of the modktitudes.

Table 17. Arborist response data: candidateodels forinterest in future

program participation
Model

Ad.R2 RMSE Al C w

K
Professional characteristics 8 0.033 1.269 0.000 0.422
Attitudes 5 0.034 1.269 0.578 0.316
3
8

Personal characteristics -0.026 1.307 2.010 0.154
Personal + Attitudes 0.013 1.282 4,538 0.044
Professional + Attitudes 13 0.055 1.255 5.132 0.032
Personal + Professional 11 0.200 1.278 5.405 0.028
Personal + Professional + Attitudes 16 0.054 1.256 9.720 0.003

Bolded rows shw top-ranking models. The modAttitudesis considereé competitoto
Professional characteristicsince it is within 2 AICc antias feweparametes.
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Table 18. Arborist response data: Summary of mdéedfessional characteristider the
dependent variableterest in future program participation.

Independentariables I coeft. p
EAB infestation strata Undetected - -
EAB infestation strata Recent -0.507 0.279
EAB infestation strata Established -0.223 0.645
Years of profgsional experience -0.006 0.607
Percentage of clientele with <5 acres -0.003 0.432
Percentage of forest health work hours 0.006 0.201
Frequency of prior EABelated work 0.034 0.781
EAB management recommendation cluster 0.627 0.0
Adjusted R2 0.033

F 1.582 0.166
Bolded items indicate significance at t

Table 19. Arborist response data: Summary of the madatudesfor the dependent variable
Interest in future program participation.

Independentariables I coeff. p
Factor index t Tree curb apeal -0.066 0.566
Factor index 2 Tree affinity 0.222 0.055
Ash preservation motivationrCluster 1 -- --
Ash preservation motivationrCluster 2 0.063 0.571
Ash preservation motivationCluster 3 0.116 0.368
Ash preservation motivation<Cluger 4 -0.085 0.480
Expected effect of EABTP on sales 0.157 0.099
Adjusted R2 0.034

F 1.658 0.139

5.3.7 Qualitative Analysi®f Written Responses

Aggregate forester and arboristitten responsesegarding level of interest in program
participationwere coded by 12 common themes, and each graded as positive (45), neutral (24),
or negative (29)The two most common themes givien program interest were the benefits of
EABTP towards ash preservatifm=19), and the assistance the program provideditmts
(19). Some examples of reasons for interest in the program, included:

AWe need to preserve a | arge enourgbi poppotathbdc
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1]

Giving myooplti emtss fmor ¢ r eat ment i s al ways a
AWe take of many trees. I f our <clients wish t

The two most common themes in reasons given for lack of interest were a regional low

abundance of ash trees=(2), and tle perceived unsustainability of the program modeéy.

Someexamples of reasons for lack interest in the program included:

A Cochesr EAB a wakeup call to replace tree div

1]

More government paper worpkertfoordme ado rvki twhe.l | T hoe
AMost of the ash that 1 geeeéd Fairfax Count

Finally, written responses graded as neutral consistently expressed the idea that participation in

t he EABTP was not r el ev a Manydftesetrdaspondensssvggeo ndent 06

employees or utility contractors whose work would noetdilem into contact with residential

clients

5.4 Discussion

While EAB managememasthe topranked pest threat fonostforest practitioners, it
wasoneof severatompeting concerns. Newly detected pests, new discoveries in research, and
changingecat gi ¢ al conditions all contribute to fore
may differ from that of the publitiebhold 2012) Testsfor association between professional
characteristics and perceptions of pest risk did not, howelestify anystronglinks between
professionakxperienceand perceptionf risk.

Models of arboris s 6 {1 imfutueeEABI P participation were poorly fitting and not
statistically significantSignificant and marginally significant predictors identified within-top

rarked models aref little substantive value, but perhaps suggest directions faefutgearch
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Thesignificance othe secondEAB management recommendatidaster in a model of program
participationmayindicatethatpreference for a slowanoving approeh to pest managemeist
associated with interest in EABTRIternately, thanverse relationkip may provide a clearer
explanationa preference for preemptive tree remawaly beassociated withow interest in
EABTP participationOther marginally sigtiicant predictors of program participation included
on one handTree affinity,a factor indexXavoringa nonmarket valuation of urban trees, aou
the otherSales expectatioemphasizing therofitability of program participation.

Written responsesontributed taa more nuancednderstanding gd r a c t i attiiludes e r s 6
towards EABP. Of thosavho perceived the program as relevant to their work, positive
responses outweighed negative responses by a rathmaf 3:2. The primary reasogiven for
interest in participatonwash e pr o gr a moé ash presgrnatioand how iemayf o r
benefitclients Mostpractitionersvho responded with reasons for lack of interest in EABTP
participation did so based ¢tmw abundance of ash trees in their localities, whether due to
historically low ash abundance or an established EAB infest&#ifew, howerer, expressed a
lack of interest in the EABTP based on a perception of its unsustainatsfigcifically, six
respondents stated a belief in the economic or ecological inefficiency of EABTP fuAding.
broader discussion of this topic and atbudy firdings, implications, and directions for further

study are included in Chapter 6.
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CHAPTER 61 THESIS CONCLUSION

6.1 Summary of findings
6.1.1 UrbanParticipantProperties

Properties of urban EABTP participants (n=28) were relativatyd and woded, with a
mean parcel size of 0.587 acres and tree cover of 48%, and on averagiewetreed in the
mid-20" century (mean house age = 61.6 years). A cluster analysis of 16 inventoried properties
using these three variables partitionedpenties inb three groups, termatfooded exurbgn
Historic urban andContemporary suburbarmoth pacel size and tree cover were highest for
the first cluster and lowest for the second.

A total of 365 trees and 57 species were inventoried across lértespvisied. Mean
species abundance was 10.1, with a mean Shannon intied df.99. Across alites, white ash
(Fraxinus americanaputperformed all other species in terms of relative abundance (16.6%),
relative basal area (34.3%) and other relateéces. Bycontrast, green askraxinus
pennsylvanicawas barely preseditrepresented by a singleé on one site. Measured by
relative abundance, other species commonly found across sites were reddoaiptalfrumL.i
8.5%), hackberryGeltis occiderdlis L. i 4.9%), flowering dogwoodGornus floridai 4.4%),
and silver mapleAcer saccharinunh.i 4.2%).

Comparisons of species composition between participant properties and surrounding
urban forests indicated clear differences. Measured as a peirtetat ca$ relative abundance
on urban participant properties was almost four times greaterthasidential areas of
surrounding municipalities. Measured by relative structural value, ash on participant properties
also outvalued those in surroundmgnicipaliies by a factor of three. Data for surrounding

municipalities were drawn from urban for@essessments conducted in 2@011, a period
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during which the ash borer was not yet present in most of Virginia. This fact serves to emphasize
the unusudy high nunber of ash trees on participant properties, relative even i8Alclevels.

Linear modés of site species composition as a function of property characteristics were
not successful in fitting the data. A model of &#ative importance valué the datgpoorly
(Adj. R? =-0.095) and did not contain any significant predictors. A second robdshRelative
structural valueshowed slightly better fit (Adj. R= 0.185) and contained one marginally

significant predictoryears since local EAB dattion(p =0.093).

6.1.2HomeowneEngagement ilandscapéree Preservation

Survey research oducted with homeowner participants of the EABTP and a general
household population indicated broad support for personal investment in tree preservation and
broadinterest incostshare fundingRespondents to both surveysre predominantly white,
majority male, andn their late fifties Apparentdifferences between the two groups inclditiee
much largemaveragearcel size oprimarily ruralparticipantrespondent§32.1vs. 0.44 acres)
andparticipantélower average householdcome($232,000 vs$312,000) Participants also
reported, on average, two more years of education than general household respondents. An
assessmermf whether choice ofurveyresponse modgnail or weh) was influence by
demographic characteristided notdemorstrateanystrongeffects although a smalssociation
wasevidentbetweerincreasing agandaweb responsé = .049,0ddsRatio= 0.977).

Models ofbehavioral intation consistatly demonstrated the importance of attitudes in
predicting behavior, asompared with personal or property characteris8agnificantor
marginallysignficantpredictors ofwillingness to pay for regular tree treatment includad

abstracagreement wit the importance of preserving trédesboth survey groups. For
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participants, thivariable was joined by a negative association with the factor ificexcurb
appeal while for general households, location in EstablishedEAB strata waslso positivéy
associated~or models of intereésn future costshare enrolimenggreement with the abstract
importance of tree preservation was again significant for both survey groups. Among general

householdsthe factor indexiree curb appealvas dso positivelyassociated

6.1.3PractitionerPerceptions ofCostShare Participation

Survey research conducted with VDOF county foresters and Virginia arborists
demonstrated many similarities between two groups. Both groups reparegglivalentevel of
professioml experience =19 years), with anean of 18 years of education for foresters, and 17
years for arborists. Responding foresters wereagparentlyyounger x =44 years) than
arborists x =47 years), and there was a greater proportion of female respondents arasteggor
(22%) than arborists (17%). Few from either group held SAF certification (11% of foresters, 7%
of arborists), while majorities held ISA certificatioM(@nd98%, respedtely). Notably, while
not directly comparable measures, interest in-sbateparticipation appeared higher among
foresters X =3.7 out of 5) than arboristz €2.8).

A cluster analysis of practitionevasi®@ ranke
pestsgrouped respondents in four clusters basedoommonalities in ranking patterns.
Membership in these clusters wasted for association against a series of five professional
characteristics, to assess the influence of these factors ongresjement prioritieNo
significant associations were detected.

Models of arborist interest in program participation werestigped using three predictor

classesProfessional characteristics, Personal characteristamsd Attitudes Neither of thewo
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top-rankingmodelswere significant or fit the dataell. However, vithin the modelAttitudes,
Tree affinitywas a significant ggdictor (p=0.055)potentiallyindicating the importance of nen
market valuation of trees in program participatiGther margaally significant predictors
included apreference fob wa i t BABdanageraeddpproachand the expectation of
increasedales due to program participation.
Written responses regarded interest or lack of interest in the program demonstrated that a
number of survey respondents did not work in a position where EA®BRlirectly relevant. Of
those for whom the program wadavant positive responses outweigheegative ones by a
ratio of 3:2.The most common reaséor interestof participation waso promoteash
preservation; the most common reason for ladktefest wasn insufficient local ash tree

population..

6.2 Implications
6.2.1 Urban ParticipantProperties

Comparisons of species composition between sites and cities demonstrated that ash trees
were roughly three times more abundant and valuable on participant properties than in
surrounding urban forestghis contrast suggests amportant research topcthe identification
of a threshold value or modeled relationship between site ash abundance and tree preservation
actions. For urban forest managers, this information, combined with detailed urban forest
inventay data could infornan efficient outreach stratedyor instance, in 2009 the city of
Milwaukee conducted a remote tree inventory of the entire urban forest using hyperspectral and
LIiDAR data. With ash trees identified on private property, offioaseable to alert clost

30,000 homeowners of the risk posed by EAB and the need to treat or remoysitnges
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2010) Efforts such as these could be fimmed with information regarding which homeowners
are most likely to act based on a threshold number or size of threatened trees.

Average charactetiss d urban participant properties describe a relatively large,
wooded, midcentury development. Notably, participants in urban areas made up less than one
third of all individual homeowner participant
year,funding was directed primarily to rural areas, and secondarlprge, wooded properties
on urban peripheries. Cluster analysis further helped illustrate that among urban properties
(n=28), likely only onethird of these were in moderately densghbkohoods (Cluster 2 median
parcel size = 0.39 acres).

Thegeograhic trendsdentifiedhave positive implications for preservation of ash
genetic diversity and some tree benefits. Compared to smaller, urban lots where most trees are
likely to be clonallyreproduced cultivars, on rural and wooded exurban properties, many more
trees have naturally regenerated from opeflinated seed. The genetic diversity preserved in
these trees represents an important resource for regsaeckoch et al. 201%8)nd the ongoing
survival of ash species. Atfidnally, the aboveground biomass of foregirown trees is greater
than of opergrown, maintained urban tre@dowak et al. 2013)This implies that preservation
of ash trees on wooded, urban edges will result in greatesrcatbrage than equivalent actions
in more densely populated neighborhaod

However, since an individual treeds canopy
retreat in the presence of fagbwing onegSpector and Putz 20Q6)et tree benefits are not
necessarily maximized dynding preservation of trees predominantlywooded lots Since
tree benefits such as energy savings, runoff avoidance, antqgrotemoval are related to the

physical di men s i(eaea al @FL6)tes in towexdnspy argaoman be able
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to provide greater pdree benefits. In addition to questions of tree benefits, since tvee iso
correlated with socioeconomic status in many U.S. giebwarz et al. 2015istribution of
funding to a citydés wooded perimeter also rai
concens abouttheintra i ty di stri bution of fgstatedideng wer e n.
policies, these topics likely would be relevant if similar programs were to be implemented on a
municipal level.

Consistently high relative importance and structuralevaluwhite ash across all
inventoried sites demonstrates the significasfdibese trees to the landscapes of program
participants. While there were several sites where other species where more numerous, white ash
ranked as the species with highest retastructural value on nine of sixteen properties
inventoried. The consiat abundance and value of white ash acrossaia@ssuggestshe
interesting topiof identifying a threshold level of asiee® or anotherthreatened speciésas
a predictor of hmeonvnerengagement itandscape trepreservation.

While white ash wasrgsenton all sitesgreen ash was represented by a single tree on
one property. White and green ash are the two most widely distributed ash species in North
America; while they diffein site requirements, both were common statewide in Virginia forests
before the arrival of EARGranger et al. 2017 ultivars of both green and white ash were
heavily planted as street trees from the 1940s to the 1P8tmnd and McCullough006) and
Urban Forest Assessment data from 20001 shows that greexsh were likely more abundant
than white ash in Roanoke and Charlottesville. The current disparity between the species evident
from onsite inventory data may reflect a differencéime s peci esd® resi stance

which has been documentedryltiple researchersee Koch et al. 2015The greater
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susceptibility of green ash to EAB, then, could inform tree preservation initidtiresugh
preferential funding for green ash treatment, or other priditizanechanisms.

While duster analysis provided an interpretatyleology of propertiesthecategories
produced were not significant predictors in linear models of site spesmgsosition. Models of
ashRelative importancendRelativestructural valie employed the predictors of cluster
membershipYears since EAB infestatipandHistorical ash abundancéNone of these
predictors were significant in either model, altholgtarssince EABNnfestation was marginally
significant for the mdel of Relativestructural value This negative association is intuitiveas
time haspasséd since a local initial EAB detection, the number and condition of ashteses
declinal, leading to a deease in value. With a greater sample size and a {fititey model,
this asociation could be used to model a decline in appraised value of ash trees for a single
property over the course of an EAB infestafianformation which might proveelpful to
homeowners or insurers. Researchers have constructedidigynodels for aisnilar purpose,
with the aim of informing decision makdgisee Vannatta, Hauer, and Schuettpelz 264 3adof
et al. 2017)A parcellevel analysis of value lost through inaction or preserved by tree treatment
could likewise assist homeowners in budgeting decssion

While predictive models of site ash importance ancctiral value wee not statistically
significant here, this mode of analysis has been successfully employed by other researchers. An
analysis of Boston, MA residential landscapes found associdteingen vegetation structure
and property characteristigaclude parcearea, year of construction, and architectural style
(Ossola et al2019) SchmittHarsh et al. (2013)escribed how tree species composition in
Bloomington, IN residentialgrcels varied by decade of property develop@aritably, whie

ash were comonly planted in that locality only in the 1950s and 1970s. A geospatial analysis of
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urban vegetation diversity in Ballarat, Austr
chaacteristics outperformed socioeconomic characteristiceeigding treecover and species
richnesgKendal et al. 2012)Noatably, in a 207 study, researchers found greater success in

using cluster analysis to classify street trees by land type or development era, compared to trees

on residential propertigdlitoslawski et al. 2017)This type of parcelevel species composition

modeling, while unlikely to be generalizable beyond a regional scale, caie pseful for

municipal forest planning in the absence of detailed inventory data.

6.2.2 Homeowner Engagementliandscapéree Preservation

The relative homogeneity of respondent demographic characteristics demonstrates the
relevance of broader ousreh both for cet-share programming and for conservation research.
Statewide, about 77% of Virginia residents identify as White, while 19% identify as Black, and
3% as AsiarfWikipedia contributors 2019Across racial groups, 9% identify as Hispaiftew
Research Center 2016) Respondents to the EABTP participa
were almost exclusively white and on average, in tlaér fifties. Dffering rates of
homeownership by race and ethnicity are unlikely to explain this dispaaityhe national level,
homeownership rates range only between 42% andar@étg ethnigroups (U. S. Census
Bureau 2017)For this reason, it is likely that there are sizeable populations of minority
homeowers in Virginia who may be unaware of or not engaged with conserfahding such
as the EABTP or conservation research, such as this project.

Additionally, younger homeowners were likely underrepresented among EABTP
participants and among househaluvey respondents. Nationally, homeownership rates for

those between®and 29 are just under 33%, and reach 57% for those between 35(&hd&39
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Census Bureau 20y In designing he gener al h a web+enhilalésigmadé s ur vey,
selecedbased on research indicating its effectiveness in increasing response rates among
youngermrespondentée.g, Sexton, Miller, and Dietsch 201de Bernardo and Curtis 2013)
Response data offered only mininsapport for this hypothesiswhile decreasing age was
significantly asociated with a web response, the effect was negligibly small. However, a choice
of response mode is only one of many survey design aspects relevant to response rates. For
researchergther strategies for increasing minority response including contaesidents
through community networkSwanson and Ward 199%)r the use of snowball samplitigerez
et al. 2013) Low participation or response rates among younger and minority homeowners calls
for a diversity of input and creative strategies to expand project outreaoktghare
programming and conservation research.

Models of homeower Tree preservation intentioandCostshare participation
demonstratethe congstentsignificance ofattitudinal predictorsas opposed texternally
observable characteristiCereepreservation intentiome a s ur e d a statedikghlmodd e nt 6 s
of investing personal funds in the leteym treatment of a threatened landscape whéde Cost
share participatiormeasured interest in a public subidy for tree treatnfemtall toprarking
models of either dependent variable, dfttitudinal predictoimportance of preserving ash/shade
treeswas significant or marginally significant. At first glance, this relationship is ob&idbsse
who feel strongly about the importance of preserving landscape trees from pests are also the
most likely to invest in tregeatment. However, this finding aldemonstrates a useful principle
for program planning thatstrong supporters of urban forest health initiativesy reliably be
enlisted from groups already involved in tree preservation. Tree stewardship groujpsaand

cooperative extension programs e examples of organizations based on shared interest in
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protection of urban natural resour¢®ay et al. 1997)Many membersf these groups possess
prior interest in tree preservatidiamiliarity with local urban forestsand social networks of
their own For these reasons, urbandsthealthinitiativescould benefit fom their involvement.

What is perhaps more surprising than the consistent importance of attitudinal predictors is
the apparentck of predictive power of most personal and property characteristassy of the
characteristics tested here, suchasslze or the age of a house, are available through public
databases, and for that reason have the potential to inform program outreach with few expenses
upfront. Yet almost none of these variables, from household mtoitthe number of trees on a
propety, showed any influence on the dependent variables of interest.

In constrat with thelack of findings hergthe literatue on costshare enroliment among
norrindustrial private forest (NIPF) landowngmnovides mangxamples ofhe predictive power
of personal or property characteristi&udies have documenttge significarce ofeducatioal
attainmen{Watson et al. 2013property siz€Kline et al. 200), andhousehold incomgloshi
and Arano 2009as predicta ofenrollment in cosshare programmindn a closer analogue to
this researchConway and Bang (20149und that while household income, ethnicity,
homeownership and canopy cover made no contribution to a model of sigp@artbantree
planting programeducational attainment and age of neighborhood developmesaipredictive
While in this resarch it is possible that legively homogeneousamples may have limited
statistical powerrelatedfindings indicate the po#slity of constructingpredictivemodels of
homeowner decisiemakingusingexternal characteristics.

Models of behavioral intentiodid identify one significantassocatiompart from
attitudinal predicto@ a positive associatiobhetween thé&stablished=AB straum and the

willingness to pay for tree treatmearhong general householdis counties withirthis stratum,
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EAB had been present for at least ten yeHnss findingindicateshatpersonal awareness or
experienceof EAB damageamay lead to greatavillingness b invest in tree preservation. It also
suggestshe importance of communicating with résnts living ahead of ampendinginvasion
front, since they may be less likely to act without an immediate reason to\dhise this
associatioormayseem seem unaotroversial there are confounding variables whigkakena
causal claimsFirst, relative to the rest of the statggusehold incomes high inmany ofthe
northern Virginia countiewithin the Establishedstraum. Secondlyrelative to theentire state
ash trees were historicallyghly abundantn the same geographic regisee Figure).
Consequentlywhile it is interesting tonote theassociation betwedacal age of EAB infestation
andwillingnessto pay for tree treatmerit is not possible tcknow, from these datayhether this

finding would begeneralizable acroske state

6.2.3 Practitioner Perceptionsf CostShare Paticipation

Survey responses from both foresters and arborists represerdgedegions of Virginia,
althoudh no forester responses were recorded from southwestern Virginia. Response rate was
low for foresters (18.1%) and even lower for arborists (9.186)ycing the generalizability of
study findings. While the final sample wasa@low for foresters (n=19), ithgroup represented
more than threquarters of all county foresters who had participated in the 2018 program.
Interestingly, almost 75% of foress reported having ISA certification, compared to a level of
10.5% for SAF ertification. By itself, this stistic is an interesting findildgdemonstrating the
growing the relevance of this primarily arboricultucattification to the current work of VDO
county foresters. Additionally, this statistic suggests that EABTP sits &isd approval of

individual trees for treatment were not far removed feomef or est er sd pri or
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Thetwotopr anki ng model s for ar b earticigatoa 6 i nt er es
included,separatelyattitudinal and professional characteristdsither model was signifant
nor fit the datawell. While of very little statistical value hie lone sigrficant predictor was the
binary variableEAB management recommeridatcluster in the modeProfessional
Characteristics This resulimayindicate a greater likelihood of ggeam interest among arborists
with apreferencdora O wai t and engeednmangipgra coarselof actienhto clients
with ash trees, instel of preemptive tree removal. This result highlights the fact that some
arborists may favor preemptive tneamoval above all other options. Because dead ash trees are
known to quickly beame brittle, there are likely significant safety concerns tiedith s
recommendatiofBarnes et al. 2019Not surprisingly, arborists expressing this preferenae we
also unlikely to express strong interest in the EABTP. These results todethenstrate how
arborists display a variety of attitudes and prsif@sal opinions regarding tree preservation and
EAB management. An awareness of these multiple points wfigigaluable in enlisting arborist
participation in future costhare initiative.

Finally, practitionerso6 wldkofinterestintheae ponses
EABTP help tofurther describenultiple viewpoints. About onguarter of those sponding
indicated that EABTP was not relevant to their line of worfigare that by itself reduces the
generalizability of remaining responsed.tle remaining responses, the ratio of positive
(interested in EABTP patrticipation) to negative (uninte@stvas roughly 3:2. Considering that
the work of foresters and arborists is esisd to program implementation, this is a relatively
narrow margirof support. Many of the negative responses regarded external conditions, such as
lack of financial need dEAB awareness among clients, or simply a local lack of ash trees.

Othersaddresde r espondentsé internal at tfor gapedverks, or op
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an opposition to chemical use, or the view that EABTP incentives were unsustainable. On the
other hand, the two most common (hagutral) responses overall were positive: dpinion that

EABTP was beneficial for ash preservation, and thiaion that the program was beneficial for

clients. These two opinions jeativasgfpresertilgsel vy wi t

popul ations of ash tr ee sgVagindr residentg@imamtedim t i ng o

2018a) These responses demonstrate that suppdB8ABITP, while not universal, is strong

among many practitioners.

6.3 StudyL imitations

Strength of conclusions partsof this researckverelimited by sample size. The mber
of participant property inventories (n=16) and the number of forester respondents (n=19) were
below a commonhaccepted threshold of 30 necagdar the application of the central limit
theorem (CLT) to nomormally digributed datgHowell 2013) For these datasetatistical
tests tharely on the CLTwere avoidedexcept fo linear models of ash importance and value on
participant properties. These models, which were not significant, were presented as a
exploratoryexerdgse.

In addition to limitations of absolute sample sigteength okurveyresearch conclusions
were asolimited by large margins of error in three out of four cases. Margin of error, or
sampling error, is a calculated percent range within which a abguimean is likely to fall, for

a given confidence levéVaske 2008)At the 95% confidence level, the calculated margin of

error for the generalhousehad s 8 sur vey was N4. 84 %, compared

arboristsd survey (N7.79%), EABTP participant

(£20.4%).
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Potential fomonresponse bias also affected the generalizabflspme survey results.
Forthe general household survey, tests for nonresponse bias indicated that educational
attainment of respondents was significantly higher than thatroéspondents. The same tests
also indicated marginally significant differesc@ household income levahd the proportion of
minorities. Taken together, nonresponse test results indicate that general household survey
responses reflect a sample that ighdly more educated, wealthier, and more racially
homogeneous than the samglframe.For the arboristsurvey, tests for nonresponse bias also
indicated thatesearchers or educators were overrepresented, and that landscape professionals
and arboristsn southeastern Virginia were underrepresented, compared with a referenre grou
of MAC-ISA members statewe.

Anotherimportant limitation in analysis of tree inventory data was the timing of data
collection. Since tree inventories were conducted afteidiegf, assessments of tree condition
were less accurate than if they had beede during the growing s&n.Conditionratings were
based orthe relative absence of dead limbs, the relative absence of wounds or defects, and the
relative presence of livieuds on branch tipslowever, these dormant season assessments
necessarily made use of much less information than a visual assessnmamntahtopy. A
second, related limitation was a lack of accurate informatich@treatment status of imtual
ash trees. Because much of the data collection was conducted without a homeowner present,
there was often no clear way to determine which @eshhad been treated in 2018 or before.

Even when homeowners were present,allonvere certain of the atus of individual ash trees.
This gap in data collection prevented comparison of the condition of trees treated prior to 2018 to
others treated in 2@] oruntreated treedt also precluded an analysis of factors that might

influence the treatment of ¢ain ash trees over others.
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Survey instrument design limited the number of usable responses, and possibly the
response rate itself. Because the gead househol dsd survey was des
from ash owners anabn-ash owners separatelycontained two logical paths. On the paper
version of the survey, the complexity of question structure may have contrib@edimober of
blank or umisable responses. Further, since the number ed\asing households was small
(n=10), these were exaed from analysis because much of the response data was not
comparable to that of remaining households and did not constitute an adequate saroplassize
own.

The topic of astowning households points to another signifiicimitation of
homeownergsr veys: the | ack of an -ewpimphageholdaaganstd c o nt
which to compare EABTP patrticipant responses. Comparison of parttaiesponses to those of
general households might prove interesting babisvalid for inferential tsting because the
circumstances faced by either group were completely different. Had a large number (>30) of ash
owning households been identified hetgeneral household sample, a meaningful comparison
could have been drawntixeen their interest in treggeservation and that of actual program
participants. Potentially, this mode of analysis could identify predictors of ash preservation
among a samplef specifically askowning householdsand measure thaotentialinfluence of
EABTP costshare assistan@mong a wider pool of eligible applicantsstead, remaining
households were asked about their intentions to preserve treea fh@oreticapestthreat,and
about their interest in a hypothetical cebare protam. Whilethese responsevereusefulon
their own they are less directly applicable to the present EAB infestation

Finally, the inclusion of rankedhoice item®n survey instrumentsmitedthe types of

possibleanalyss, particularly for practitioe r s 6 sThesevitemféad.been inclded in
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surveys for three reasor(g) to reduce survey length by collapsing several Likeele items

into a single ranking iten{2) to maintain respndent interest with varied item format, g8dito

gather infornation about relative preference that htigot be gleaned from sidg/-side Likert

scale items. While ranking items did serve the first purpose, and possibly the second, analysis of
the resiting data yielded very little information, as judged by testiltesArborist and forester

surveys corgtined ranking items regarding ash preservation, pest threat perceptions, and EAB
management recommendations. From these items, each contaihinagling options, only one
significant result was identified in furthanalysis. While it is possible rankiitgms could be

improved with clearer wording and stronger separation between options, anecdotal evidence

from this research suggests these items paopamethod of measuring preference.

6.4 Future Research

Many studies have been conducted on theat$f of emamectin benzoate and other
insecticides on EAB in controlled, experimental foréstg., Smitley, Doccola, and Cox 0
McCullough etal. 2011 McCullough et al. 2019)There ardewer examps of trials conducted
in conducted i n UJeghBicketilf2018Whlecornductng tal$ witlo n s
street and landscape trees adds many sources dfilfgrjahis experimental approach allows
for testing of insecticidal performance in tteessful, doan conditions where most treated trees
are located. Further testing of shand longtermoutcomes of insecticidal regimens for a
variety of urban planting sites could benefit the hamsvork of tree preservation.

Further study of urbaresidentialproperties and households can help inform forest health
initiatives in urban areas. The grawiavailability of urban FIA dattUSFS2014)may provide

oneavenue of pursuing this research. This USDA Forest Service program extends traditional
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FIA plot-based, cyclical inventory into urban areas. In onengit@, reseahers analyzed urban
FIA data and plot locations to map and measure levels of tree cangpityr(#ills et al. 2016)
Forlocations where these data are available, neighborleyeti projections of tree species
composition are possible. In contrast to this research, viloeiseholdsvere selected based on
relative tree cover, a survey sampling frame could be constructesl meighborhood level using
speciesspecific criteria from recent FIA data. This level of detailed urban inventory data has
previously only been avaltde for muncipalities which have conducted ploased tree
inventories. Urban FIA opens possibilities fegion or nationwide analyses of urban forest
composition coupled with targeted household survey research.

Increasing availability of tojplown uban foresassessments also creates possibilities for
research and management of forest pests. As icaseof assessments conducted by the city
Milwaukee in 2009Sivyer 2010) hyperspectral imagery combined with LiDAR data allows for
the identification of several tree genera with a accuracy of 80% oegréatontast with plot
based sampling, which helps estimate species composition of the surroundjngracte
sensing techniques have the potential to map out individual trees by genus on individual parcels.
Currently, the techniques involved are teichlly soplisticated and costly, and may be time
consuming conduct on a large scale. However, for lmgativhere such assessments have
already been conducted, fugeained analyses of pardelel tree inventory data coupled with
household data are pdsis.

A related, but somewhat contrasting direction for research is the construction of models
for treespecies composition at the parcel level. In this research, linearswbddk species
compositionasfunctions of property characteristics were ppditting and not significant, likely

due to small sample size. Other research has demonstrated thiitieat this approach for
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instance, modeling parcel carbon storage as a function of developmgdtlemattHarsh et al.
2013)or parcel vegetati on ayke bebavibiGroweetialo2006o f t he
These techniques, while likely to be highly regapecific,could potentially help urban foresters
characterie urban vegetation across a city using few data inputs, and at very low cost.

Finally, further research is needed regarding attitudes of urban property owners towards
tree preservation specifically, and urban ecosystems in general. Thishdsesafocsed on
identifying predictors of strong interest or disinterest in tree preservation arsheost
participation, with the intention gfrojectingthe appeal of these practices broadly. A related
direction for further study would focus on tleosith no stong inclination for or against tree
preservation and i dent ihichymightdelpgnoreaserthe hummberai nud g e
households supporting forest health objective
include new plicies or wgs of presenting information that influence behayiuhfuss et al.
2016) A comparison of the effectiveness of a financial incentive to normative influences of

behaviorakchange couldhelp inform methods of urban forest health outreach.
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Table 20. List of Urban Paicipant Properties (UPP) paired with nearest Urban Forest
Assessment (UFA) municipality. Sites within 15@@4 km)of UFA centroid were used in

analysis.

UPPsite number

UPP site municipality

Nearest UFA Distance from UPP to

municipality UFA centroid(mi)

1 Front Royal Falls Church 53.17
2 Fredericksburg Falls Church 42.94
3 Charlottesville Charlottesville 0.78
4 Harrisonburg Charlottesville 35.61
5 Roanoke Roanoke 5.51
6 Roanoke Roanoke 5.4

7 Charlottesville Charlottesville 1.37
8 Charlottesitle Charlottesville 3.44
9 Alexandria Falls Church 8.21
10 Charlottesville Charlottesville 0.82
11 Charlottesville Charlottesville 0.82
12 Charlottesville Charlottesville 1.02
13 Charlottesville Charlottesville 0.95
14 Roanoke Roanoke 10.63
15 Alexandria Falls Church 8.22
16 Charlottesville Charlottesville 1.02

Table 21. Summary of species composition variables fosiie inventories of Urban

Participant Properties.

Variable

Description Source

Abundance

Relative Abundance (RA)

Structural Value (SV)

Relative Structural ValueRSV)

Leaf Area (LA)

Relative Leaf Area (RLA)
Importance Value (1V)

Relative Importance Value (RIV

Number of trees
Proportional contribution
towards total site stem
count

Formuladerived estimate Calculated by Ecousing

of tree replacement cost CTLAZ? formula

Proportional contribution Calculated fronsite inventory
towards total site SV data

Calculated by Eco using tree
dimensions and allometric
relationships

On-site inventory data

Calculated from site inventor
data

Summed total leaf
surface area

Proportional contribution
towards total site LA

Sum of RA and RLA

Calculated from Eco output

Calculated from Eco output

Proportional contribution Calculated from Eco output;
towards total site IV equal to IV/2

Yi-TreeEco urban forest modeling software
2Council of Tree and Landscape Appraisers
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Table 2. Comparisons of inventoried and nmventoried Urban Participant Properti®svalue represda significanceof test

statisticfrom a comparison of meanssing Weéchés t-test for continuous data and &guare tests for praptional data.

Inventoied sites (n = 16) Noninventoried sites (n = 12)
min max median SD X min max median SD X p

Parcelsiz€" (acres) 0.13 1.67 0.53 0.41 0.60 0.14 2.04 0.39 0.53 0.57 0.847
Paceltree covet (%) 0.14 0.91 0.58 0.24 0.54 0.12 0.67 0.41 0.18 0.38 0.053
Years since EAB detectibn 2.0 11.0 25 3.2 4.1 0.0 11.0 25 3.2 3.6 0.659
Years snce home 0.17 6.80 444 217 3.20 0.17 7.15 444 221 411 0683
constructiof

Historical asivelative 12.00 146.00 42.00 37.61 59.25 19.00 95.00 63.50 22.17 64.67  0.289
abundancé(%)

IMeans conpared withWelchis t-test.
2Means compared with cisiquare tes

Table 23. Summary of ash species composition, sampling methods, and relative error fi
Urban Forest Assessments, by municipality.

Roanoke Charlottesville Falls Church

Year of data collection 2010 2011 2011
Total number of 01 acre plots 171 74 38
Stratified by land use yes yes no
Total residential 0.1 acre plots 83 28 --
Ash Relative Abundanée 1.179% 3.85% 0%
Relative S.E of ash abundance estirhate 75.00% 64.50% --
Ash Relative Structural Value 0.55% 10.43% 0%
Relative S.E. of astructural value estiméate 80.10% 95.70% --
Number of paired UHP properties 3 8 2
Mean distance to UHP properties (mi) 7.18 1.28 9.42

IRelative standard errors calculated as S.E./estimate*100
2Reported only for resideiat land use
3Reported foall land uses
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Table 24. Tree benefits by species across 16 Urban Participant Properties. Top ten species, by Total Annual Benefits are

C Total
Total C Gross C Runoff Pollution Energy emissions Annual Mean annual

Number storage seq. avoided removal savings avoided Benefits benefits (per

of trees  (Ibs) (Ib/yr) (ft3/yr) (ozlyr) (%) (Ib/yr) (%) tree, $)
Platanus occidentalis 6 645.03 17.82 26.31 8.56 0.94 2.44 99.59 16.60
Fraxinus americana 59 16453.93 251.27 212.34 69.08 9.75 23.38 954.30 16.17
Quercus palustris 10 2528.53 54.70 36.57 11.89 0.96 1.16 161.65 16.17
Acer saccharum 8 750.62 21.94 27.76 9.04 1.39 2.99 115.23 14.40
Acer saccharinum 8 1582.22  19.36 27.73 9.02 1.24 2.84 109.96 13.75
Liriodendron tulipifea 14 2400.94 44.82 52.03 16.94 0.41 0.93 179.74 12.84
Juglans nigra 9 968.59 20.74 37.74 12.28 -0.61 -2.76 100.11 11.12
Quercus rubra 9 1165.40 23.95 20.07 6.53 1.19 2.86 95.45 10.61
Pinus strobus 17 383.83 12.39 27.40 8.93 3.93 11.79 154.28 9.08*
Acer rubrum 32 2048.79  57.08 45.60 14.83 0.13 -1.99 169.48 5.30%***
Bolded values show significant treatment contrast from the reference Idvehofericana
*p<.05
*’E)*p<.001
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Table 25. Summary of site characteristics aspmecies camposition of inventoried Urban Participant Properties (n=16). Parcel s
and tree cover were compiled from public databases; the remaining data were derived from data colideted on

. Parcel Parcel Pacel - Number Total : . , Ash Ash
Site legal  inventoried tree of trees Basal Spemes Diversity Evenness Relative Relative
Number = acres cover  <4" ) 0 () richness  (H)?! (J")? Abundance Basal Area

(%) DBH (%) (%)
1 0.42 0.18 91.2 21 17.6 9 2.06 0.94 9.5 10.2
2 0.38 0.38 32.1 28 19.0 13 2.12 0.83 7.1 47.4
3 0.40 0.40 48.6 32 57.0 10 1.81 0.79 21.9 47.7
4 0.69 0.69 57.5 47 42.3 15 2.38 0.88 14.9 29.6
5 0.52 0.52 27 18 11.5 5 0.84 0.52 5.6 27.0
6 0.70 0.70 13.9 13 18.3 10 2.25 0.98 15.4 34.4
7 0.71 0.31 57.9 15 21.2 10 2.18 0.95 13.3 27.8
8 1.04 0.56 79.2 27 49.6 12 2.37 0.96 11.1 29.6
9 0.69 0.50 77.6 32 49.7 17 2.72 0.96 3.1 2.8
10 0.14 0.22 23.5 7 19.7 6 1.75 0.98 14.3 46.7
11 0.55 0.55 27.7 9 35.0 9 2.20 1.00 111 26.3
12 0.30 0.30 51.4 8 35.5 6 1.73 0.97 25.0 59.7
13 0.14 0.14 69.1 4 20.2 3 1.04 0.95 50.0 62.4
14 1.67 2.05 67.3 42 122.1 11 1.99 0.83 38.1 68.1
15 1.16 0.82 88.7 43 62.1 14 2.26 0.86 23.3 24.3
16 0.31 0.31 57.8 19 33.4 11 2.20 0.92 5.3 6.6

1Species diversity measured by Shannon's diversity ind@xormally rangefrom 1.5 b 3.5
2Species evenness measured by Pielbusnges from 0 to 1
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Table 26. List of geogaphic criteria andlata sourcesach were drawfrom,employed in
construction othegeneral household survey sampling frame.

Variable

Description Source

Urban location

EAB infestation strate

Residential zoning

Singlefamily
dwellings

Owner occupancy

Parcel size

Tree cover

Included Census Block Groups that
are at least 75% urban, as measure:
by Census Uran Areas polygons.

Counties stratified by EAB
infestation:Establishedpre-2015), VDOF records (Chamberlin

TIGER shapefiles (U.S.
Bureau of the Census 2017

Recen{(2015 to present), and 2018)

Undetected.

Included residential land usealy; Multiple county and
mixedresidential/commercial areas municipal tax parcel
were excluded. databases (see Table 26)
Included parcels with only one VGIN Address Points
associated address. Geodatabas@/GIN 2018)

Includedtax parcels for which owner' Multiple county and
mailing address matched the parcel municipal tax parcel
address. databases (see Table 26)

Attribute of VGIN Parcels

Minimum parcel area of 0.2 acres. Geodtabase (VGINO18)

Virginia Statewide Land
Minimum parcel tree cover of 25% Cover Database (VGIN
2018)
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Table 27. List of county and municipal data sources for land use zoning and property ownership, used in general househo
sampling frane constructn.

Jurisdiction

Data source URL

City of Falls Church
Arlington County
City of Alexandria
Roanoke County
City of Roanoke
City of Salem

City of Portsmouth

City of Chesapeake

City of Falls Church

Geospatial Services http://www.fallschurchva.gov/158/Maps

Arlington County
GIS Mapping Center

ArcGIS Open Data Hub
Alexandria Parcels

https://qgis.arlingtonva.us/GIS/gis_mappingcenter.asp

http://hubarcqis.com/datasets/AlexGIS::parcels

Roanoke County GIS Services  https://www.roanokecountyva.gov/index.aspx?nid=76

City of Roanoke @& Services https://www.roanokeva.gov/518/GeographiformationSystemsGIS

City of Salem https://salemva.gov/Departments/Community
Engineering Department Development/Engineering
ArcGIS Open Data Hub http://hub.arcgis.com/datasets/HRPIBTS::hamptorroadsregionat

Hampton Roads Regional Parcel parcels

ArcGIS Open Data Hub http://hub.arcgis.com/datasets/HRPIBIS::hamptorroadsregionat
Hampton Roads Regional Parcel parcels
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Table 28. Summary of sirvey itemsand measurement scales fimmeownesurveysLanguage differing between the two suyrve
instrumentss notedby APRofor items addressed only partidpantsanddGHG6for itemsaddressed only tgeneral housholds

Survey items Variable class

Measurement

PP: Likelihood of regularly treating btast one ash tree,

for the foreseeable future Tree
preservatiao
GH: Likelihood of regularlytreating at least one intention

threatened landscape tree, for the foreseeableefutu

PP: Likelihood of reapplying to the EABTP
Costshare

GH: Likelihood of appying to an EABTPFlike program Participation
for other threatened landscape trees

5-point scale: 1="Extremely unlikely', 2=
'‘Somewhat unlikely', 3= 'Neither likely nanlikely’,
4="Somewhat likely', 5= 'Extremely likely'

What isyour age? Person.al.
characteristics
How many people are iyour household? & activities

How many in your household are under dge of 18?

Which gender do you most identify with?

Which of the following best describe your racial diret
identity?

Is English youffirst language?

What is thehighest level of education you've had the
opportunity to complete?

143

6-point scale: 1="Under 24', 226 to 34', 3="'35 to
44', 4="45 to 54', 5= '55 to 64', 6= '65 or older'

Numerical entry
Numerical entry

Categorical:Male’, 'Female’, 'Other, please specif

Categorical: 'White', 'Black or African American’,
'American Indian or Alaska Native', 'Asian’, 'Nativ
Hawaiian or Pacific Islander’, Spanjdtatino or
Hispanic', 'Middle Eastern or North African’, 'Othe
please specify’'

Categorical: 0= 'No’, 1="Yes'

7-point scale: 1="Less thdmgh school’, 2= "High
school graduate’, 3= 'Some college’, 4year
degree’, 5= 4ear degreeb=
‘Graduate/Professional degree’, 7= 'Doctorate’



Whatwas your household's annual income in 2017 frol
all earners and all sources, before taxes?

Property ownership (GH only)

How long have you lived at this property?

In a typical year, how much is spent on tne@ntenance?

Before 2018, had you ever paid for insecticidal treatme
of trees?

Are you familiar with the mmerald ash borét (GH only)
Are there any ash trees on yquioperty? (GH only)
Before 2018, had you ever paid for treatment of ashr

Have you heard of VDOF's Emerald Ash Borer Treattm
Program?

If you know about the EABTP, please describe how yc
heard of it.

If you knew of the prgram, were eligible, yetecided not
to apply, what best describes your reason?

8-pointscale: 1= "$15,000 or less', 2= '$15,001 to
$25,000', 3= '$25,001 to $35,000', 4="$35,001 to
$50000', 5= '50,001 to $75,000', 6= '$75,001 to
$100,000, 7=$100,000 to $150,000', 8= 'Greater
than $150,000'

Categorical: 0=Renter’, 1="Owner"

7-point scale: 1="'< 1 year', 2=td 5 years', 3= '6 tc
10 years', 4="11 to Iyears', 5="'16 to 20 years', 6:
21 to 25 years', 7= "> 25 years'

7-point scale: 1="'0', 2= "$1$50', 3= '$51 to $250',
4="251 to $750, 5="$75d $1500', 6= '$1501 to
$2500', 7= 'Greater th$2500'

Categorical: 0= 'No’, 0= 'Not sif 1="Yes'

Categorical: 0="'No’, 1="Yes'
Categorical: 0= 'No’, 0= 'Not sure,' 1="Yes'
Categorical: 0="'No’, 0= 'Not sure,' 1="Yes'

Categorical: 0= 'No'1="Yes'

Categorical: 'From a VDOF employee’, 'Throwgh
VDOF publication’, 'From the VDOF website',
'From a friend or associate'

Categorical: Trees are unlikely to survive', 'EAB i
not yet in this region'Treatment is too costly’,
'Didn’t have enough information’

When was the house built?

Property
characteristics
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About how many trees amn the property in
unmaintained areas?

About how many trees are on the property in maintain
areas?

4-point scale: 1="0 trees', 2='1to 5', 3= '6 to 19',
I> 1OI
4-point scale: 1="0 trees', 2='1to 5', 3= '6 to 10,
I> 1OI

How strongly wouldyou agree or disagree with these
statements about urban trees:

Trees are an importantpaf the character of a
neighborhood.

Shade trees add value to a residentigherty.

Overall, shade tree benefits outweigh hazards or
nuisances

The condition of trees on my property matters more
than tre turf

I'd rather spend money to preserve than to remove
old tree.

How would you rate the importance of preserving ash
trees (GH: landscape trees) in the state of Virginia?

Rank the importancef the following reasons for
preserving ash tree (GH: landscape trees), from most
important (1) to least important (6)

Shade

Wildlife habitat

Contribution to property value

Tree species might become rareeadangered

Trees are an attractive part of landscaping

Other, please specify

Attitudes &
motivations

5-point s@le: 1= "Strongly disagree’, 2= 'Somewhi
disagree’, 3= 'Neither agree nor disagree’, 4=
'‘Somewhat agree’, 5= 'Strongly agree'

5-point scale: 1= "'Not at all important', 2= 'Slightly
important, 3='Somewhat important’, 4= 'Very
important’, 5= 'Extremely important'

Rankedchoice item
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Table 29. Tests fornonresponse bias amopgpgram partiipant and general household sampling frariiest statistics display
Welch's itest and Pearsorsé

Program participants (n=90) General households (n=1488)
Respondents ressc())rrlrjents Test 0 Respondents resglgr%env Test 0
(n=53) (n=39) statistic (n=333) (n=1155) statistic
Parcel size (acres) 43.8 45.4 t=1.752 0.953 0.469 0.401 t=1.75 0.0806
(F;Z')rce' tree cover 0.589 0526  &=0.181 0.671 0.45 0452  &<.001  0.986
Mean of Census
Block Group 44.6 44.9 t=-0.201 0.841 42.6 41.9 t=-1.4323 0.153
median age
Mean of Census
Block Group 78,706 72,693 t=1.13  0.26 116,197 104,966 t=2.5686 0.0105
median household
incomé ($)
Census Block
Group mean years 15.3 14.8 t=1.72 0.0891 15.8 155 t=4.12 <.001
of educatioh
Census Block
Group minority 10.2 13.1 ¢>=0.0185 0.9 17.6 24.0 &=5.48 0.0192
proportiort (%)
Bold text ndicates a sigficant result at the Bonferromior r ect ed U < . 008 significance

values derived from U.S. Bureau of the Census (2017) statistics for the Census Block Groups in which residential parcel:
were located
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Table 30. Exploratory Factor Analysifor aggregated homeowner response data: Loading
attitudinal statements on two factors. Bolded values indicate variable grouping for calcu
factor indices.

Factor 1 Factor 2

Attitudinal statements -
Treecurb appeal Tree affinity

Trees are ammportant part of the character of a

neighborhood 0.849

Shade trees add value to a residential property 0.660 0.477
Overall, beneﬂtg provided by shade trees outweigh tt 0.386 0.622
hazards and nuisances they cegnate.

The condition of trees on myggerty is more importan: 0.717
than the condition of the turf. '

I'd rather spend money to preserve a mature tree tha 0.669
remove and replace it. '
Cronbach's alpha 0.790 0.670
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Table 31 List of predictors used in models of tree preservatmbention and program
participation. Variables used only for program participant (PP) data and general househ

(GH) are noted.

Predictors

Predictor class

Years living at property

Annual tree maintenance budget
Prior treatmenof landscape trees
Familiarity with EAB

Age

Educational attainment

Annual household income

Personatharacteristics

Age of house

Number of trees in maintained areas
Number of trees in unmaintained areas
Parcel area

Parcel tree cover

Years since EAB detection (PP)

EAB infestation strata UndetectedGH)
EAB infestation strata Recen{GH)

EAB infestation strata EstablishedGH)

Property characteristics

Urban treeattitudes Factor A Tree curb appeal
Urban tree attitudelSactor B- Tree affinity
Importance of preserving landscape trees
Tree preservation motivatior? clusters (PP)
Tree preservation motivatiorCluster 1(GH)
Tree preservation motivatiorCluster 2(GH)
Tree preservation motivatiorCluster 3(GH)
Tree preservation motivatiorCluster 4(GH)
Tree preservation motivatiorCluster 5(GH)

Attitudes and motivations
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Table 32. Programparticipants: Ranking of candiddieearmodels for the dependent variak
Costshare participationNumber of respondents varibdtween models from 33 to 53.

Model K!  Adi.R? RMSE @AIlT w
Attitudes 4 0.223 0.717 0 0.996
Attitudes + Property 11 0.263 0.699 11.017 0.004
Property characteristics 7 -0.016 0.821 19.794 0
Personal characteristics 6 -0.073 0.843 28.041 0
Attitudes + Personal 10 0.037 0.799 33.774 0
Personal + Property 13 -0.292 0.925 53.394 0
Attitudes + Personal + Property 17 -0.19 0.888 72.359 0

Bold text indicates topanked model.

INumber of model parameters.

2Secondorder AIC, a small sampleorrected ersion of AIC, a measure of model fit which
minimizes information loss.

SAkai kedbs weight, a proportional measur ¢

Table 33. Programparticipants: Summary of the tapnking linearmodel
Attitudesfor thedependent variabl€ostshare participation(n=53)

Independentariables I coeff. p
Urban tree attitudes Factor-ATree curb appeal -0.167 0.405
Urban tree attitudes Factor-Bree affinity 0.059 0.784
Importance of preserving ash trees 0.513 <.001
Tree preservation motiviah - Cluster 1 -- -
Tree preservation motivatiorCluster 2 0.174 0.163
AdjustedY? 0.223

F 4.735 0.003
Bol ded items indicate significance
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Table 34. Generahouseholds: Ranking of candidditeear models for the depeedt variable
Costshare participationNumber of respondents varied between models from 239 to 310

Model K! Ad.R® RMSE @AIT( w
Attitudes 7 0.456 0.853 0 0.936
Attitudes + Property 14 0.464 0.847 5.363 0.064
Attitudes + Personal 14 0.471 0.841 27.98 0
Attitudes + Personal + Property 21 0.469 0.843 37.485 0
Personal characteristics 7 0.065 1.118 147.968 0
Personal + Property 14 0.057 1.123 157.857 0
Property characteristics 7 0.056 1.123 167.618 0

Bolded text indicates tenked model.

INumber of model parameters.

2Secondorder AIC, a small sampleorrected version of AIC, a measure of model fit which
minimizes information loss.

SAkai keds weight, a pr likgiwodt i onal measur ¢

Table 35. General households: Summarytof-ranking lineamodelAttitudesfor the
dependent variabl€ostshare participationn=310)

Independentariables I coeff. p
Urban tree attitudes Factor-A'ree curb appeal 0.11 0.044
Urban tree attitudes Factor-Bree affinity 0.018 0.754
Importan@ of preserving landscape trees 0.609 <.001
Tree preservation motivatiorCluster 1 -- -
Tree preservation motivatiorCluster 2 -0.012 0.784
Tree preservation motivatiorCluster 3 0.06 0.207
Tree preservation motivatiorCluster 4 0.081 0.078
Tree preservation motivatiorCluster 5 -0.026 0.544
Adjusted'Y2 0.456

F 37.584 <.001
Bol ded items indicateel significance
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Table 37. Summary of grvey itemsandmeasuremergcales fopractitionersurveys. Language and items differing between the
surveys are noteloly FORdfor items addresseahly toforestersand bydARBGfor items addressed only &rborists

Survey items

Variable class Measurement

How would you rate your level afiterest in participating ir
EABTP in future years?

Please describe your reasonsifierest, or lack of interest
in participating in this program.

Costshare
Participation

5-point scale: 1="Not at all interested’, 2= "Slight
interested, 3= 'Somewhat interestdd’,'Very
interested’, 5=Extremely interested’

Written response

What is your age?
Which gender dgou most identify with?

What is the highest level of education you've had the
opportunity to complete?

Personal
characteristics

6-point scale: 1="Under 24', 2='26 to 34-,'35 to
44', 4="45 to 54 5= '55 to 64', 6= '65 or older’

Categorical: 'Male', 'Female’, 'Other, please spec

7-point scale: 1=Less than high schoo2= 'High
school graduate’, 3= 'Somellege’, 4= '2year
degree’, 5= 4ear degree’, 6=
‘Graduate/Professional degree’, 7= 'Doctorate’

How many years of experience do you have working in
your field?

Are you an SAF Certified Forester?
Are you an ISA Certified Arborist?

What is your position at VDOF? (FOR)

What is your area of practice? (ARB)

Is your business or agency located in Virginia? (ARB)

Professional
characteristics
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8-point scale: 1="Less thal', 2="'1to 5', 3="6 to 10
4="11 to 15', 5="16 to 20', 6="21 to 30", 7='31 t0 4
6="41+'

Categorical: 0= 'No', 1= "Previously', 1= "Yes,
currently'

Caegorical: 0="'No’, 1="Rwiously', 1="Yes,
currently'

Categorical: 'Senior Area Forester’, 'Area Forest
Specialist', '‘Area Forester', "Technician', 'Other’

Categorical: 'Utity arboriculture’, '‘Comrarcial
arb.','Consulting or training', '‘Urban forestry’,
‘Other’

Categorical: 0= 'No', 1="Yes'



If outside of Virginia, do you have clients in Virginia?
(ARB)

In which county or independent city do you primarily wor

What percentage of the property owners you work with «
> 5 acres?

What percentage of your working hoanr® spent on forest
healh projects?

Prior to 2018, how frequently were you dealing with EAE
infested ash trees in your work?

Did you conduct angite vigs as part of the 2018 EABTP".
(FOR)

Are you aware of VDOF's EABTP? (ARB)
How did you hear about the program? (ARB)

How many bids for ash tree treatment, if any, did you
submit as part of EABTP? (ARB)

Categorical0="'No’, 1="Yes'
Categorical: list of 135 Virginia jurisdictions

Percentage: d100%

Percentage: €100%

5-point scale: 1= "Very rarely', 2= 'Rarely’, 3=
'‘Occasionally’, 4="Frequently’, 5= 'Very frequent

Numeric entry

Categorical: 0="No', 1="Yes'

Categorical: 'From a VDOF employee’, 'VDOF
publication’, 'VDOF whbsite', 'Afriend or assaate'

Numeric entry

How strongly would you agree or disagree with these
statements about urban trees:

Trees are an interested part of the character of a
neighborhood.

Shade trees add value to a residential prgpert

Overall, shadéree benefits outweigh hazards or
nuisances

The condition of trees on my property matters more
than the turf

I'd rather spend money to preserve than to remove
a declining tree.

Attitudes &
motivations
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5-point scale: % 'Strongly disagree’, 22Somewhat
disagree', 3= 'Neither agree nor disagree’, 4=
'‘Somewhat agree’, 5= 'Strongly agree'



Rankthe importance of the flmwing reasons for preservin
ash trees in urban forests, from most important (1) to le¢
important (6).
Shade Tree species might become
Wildlife habitat Attractive part élandscaping
Other, please specify Property value contribution

Rank the relative level of threat from the following insect
species to the forests in your region, from greatest level
to lowest level (7).

Hemlock woolly adelgid
Asian longhorned beetle

Gypsy moth
Spotted lanternfly

Southern pine beet
Emerald ash bore
Walnut twig beetle¢

Rark the following species aording their suitability as
residential shade trees, from most suitable (1) to least
suitable (9). Ignore the effects pésts.

Sugar maple Green ash
White oak American elm
Black cherry Yellgwoplar
Black walnut Eastern white pine

Rank the following EAB management strategies tw h
often you have recommdad them, from most often (1) to
least often (5)(ARB)

Tree removal

Imadicloprid soil application

Emamectin tunk injection
How do yai expect sales of ash treeatments would be

affected if homeowners in your service area were widely
aware of EABTP funding?

Wait and see
Other, please spec

Rankedchoice item

Rarked-choice item

Rankedchoice item

Rankedchoice item

5-point scale: 1="Large decrease in sales', 2=
'‘Small decrease’, 3= 'No effect’, 4= Small increas
5="Large increase in sale
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Table 38. Results from tests for nonrespons
squared tests of independence between characteristics of survey respondents and a re'
group of VDOF county foresters with @galent positions. Referee goup data are drawn
from online VDOF records. Table displays observed frequencies by forester group for g
job title, and region.

VDOF Survey Pearson's

records  respondents Total G 2 P
Gender Male 55 14 69
Female 9 4 13 0.701 0.402
Total 64 18 82
Job title Area Forestel 43 12 55
Sr. Area Foreste 21 6 27 0.002 0.967
Total 64 18 82
Region Western 17 4 21
Central 25 5 30
Eastern 22 10 32 2.101 0-350
Total 64 19 83

Bolded values display roand column totals.

Table 39. Tests for nonresponse bias among respondents to arborists' survegsiackd
tests of independence between characteristics of survey respondents and a reference ¢
MAC-ISA arborists in Virginia. Reference group data drawn from recoedof MAC-ISA
members within Virginia. Table displays observed frequencies by arborist group for ares
practice and EAB infestation strata.

MAC-ISA  Survey ..., Pearson’ Cramer's
records  respondents G 2 P v
Residential/
Commercial 31 @1 46¢L1) 177
Area Municipal/ _
of Government 28 €1.6) 50 (1.6) 146

prac  Utility/Vegetation 42 (0.2) 18(02) 60 50036 <001 0281

tice  Research/Training 17 (-4.3) 24 (4.3) 41
Other 55 (4.5) 2 (-4.5) 57

Total 341 140 481
Establishd 277 ¢1.0) 66 (L.0) 343
EAB Recent 196 (1.2) 49 (1.2) 245
strata Undetected 122 (2.7) 13¢27) 135 484 0024 0102
Total 595 128 723

Values in parenthesis represent standardized residuals.
Bolded values display row amdlumn totals.
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Table 40. Exploratory Factor Analysis for aggregated practitioner response data: Loadin
attitudinal statements on two factors. Bolded values indicate variable grouping for calcu
factor indices.

_ Factorl Factor 2

Attitudinal statements -
Tree curb appal Tree affinity

Trges are an important part of the character of a 0.899 0.308
neighborhood
Shade trees add value to a residential property 0.871 0.400
Overall, benefltsproylded by shade trees outweigh 0.329 0.507
the hazards and nuisaxthey can create.
The condition of trees on my property is more 0.565
important than the condition of the turf. '
I'd rather spend money to preserve a mature tree 0.677

to remove and regace it.

Cronbach's alpha 0.670 0.950

Boldedvalues indicate variable guping for calculating factor indices.

Table 41. Aggregated forester and arborist response data: Cluster analysis of ranked
statements of motivations for ash preservation.

Cluster 1 Cluster 2 Cluster 3 Cluster 4

Number ofrespondents 29 23 85 25
Proportion of survey responden 0.180 0.142 0.524 0.154
Probability of membership 0.839 0.880 0.817 0.912

Modal order of ranked beliefs 142536 135,246 4,12356 451,236

Motivations were given as: 1) Ash trees\pde shade, 2) Ash treesgwide wildlife habitat, 3)
Ash trees caincrease property values, 4) Ash trees might become rare or endangered, !
trees are an attractive part of landscaping, 6) Other, please specify.

Table 42. Arborist response dat&luster analysis of ranked BAmanagement
recommendations

Cluster 1 Cluster 2
Number of respondents 58 86
Proportion of survey respondents 0.402 0.598
Probability of membership 0.917 0.850
Modal order of ranked recommendations 1,4,2,3,5 4,1,2,3,5

Remmmendations were given d9:tree removal, 2madicloprid trunk or soil application,
3) emamectin trunk injection, 4) wait and see, 5) Other, please specify.
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Table 43. List of predictors used in models of program participation for arborist resgatese
organized by predictaclass

Predictors Predictor class

Age Personal characteristics
Gender

Educational attainment

Years of professional experience Professional characteristics

Percentage of clientele with > 5 acres
Percentage of forest akh work hours

Frequenyg of prior EAB-related work

EAB management recommendation (2 clusters)
EAB infestation strata UndetectedGH)

EAB infestation strata Recen{GH)

EAB infestation strata EstablishedGH)

Urban tree attitudes Factar- Tree curb appeal  Attitudes and motivations
Urban tree attitudes Factor-Bree affinity

Expected effect of EABTP on sales

Tree preservation motivatian2 clusters (PP)

Tree preservation motivatiorCluster 1(GH)

Tree preservation motivatn - Cluster 2(GH)

Treepreservation motivationCluster 3(GH)

Tree preservation motivatiorCluster 4(GH)

Tree preservation motivatiornCluster 5(GH)
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APPENDIX D:
2018 EABTP Application Form

Form 6.5 VIRGINIA DEPARTMENT OF FORESTRY fmﬁ
01/16/2018 EMERALD ASH BORER PROGRAM @
COST-SHARE APPLICATION

[ soil Drench [ injection Application Number:

SECTION 1 - Applicant Information

Landowner/Organization Name:

Note: In order to process this application, a Taxpayer ID Number is required. Therefore, please complete a State W-9
(Request for Taxpayer Identification Number and Certification) and return it with your application.

Mailing Address:

Contact: Phone: Email:
Property Location: County: Tract Number:
Latitude: Longitude:

SECTION 2 — Ash Preservation Strategy

Explain how you/your organization plans to approach maintenance, monitoring, re-treatment and outreach/education efforts
concerning your ash tree(s):

Estimated Total Cost: Note: In order to process this application, a treatment quote or bid must be attached.

SECTION 3 — Landowner Agreement

| request funding under the Emerald Ash Borer Treatment Cost-Share Program for the indicated project. | agree:

1. Assistance shall be 50% of direct project costs, not to exceed 4. To provide treatment quotes/bids with the initial application and
$1,250 per landowner (tax identification entity) or $5,000 per to provide receipts upon completion.
organization (tax identification entity) per federal fiscal year 5. To complete the project within the appropriate treatment time
(10/01-09/30). frame and 90 days from the date of approval by the Forest Health

2. To refund any incentive payments along with a 10% penalty fee, if Budget Manager. Otherwise, the project will be cancelled unless a
the project is not completed as prescribed. request for extension (Form 3.11 Cost-Share/AMP Project

3. To designate and assume responsibility for boundaries of the Amendment) is received within three weeks of the cancellation
parcel where service work is to be performed; and to give VDOF date detailed in the approval letter.
employees the right to enter the property for the purpose of 6. Failure to meet any of the standards described will result in
inspecting the progress and maintenance of the project. forfeiture of these cost-share funds.

[  1give permission to VDOF to share the information on this form with Virginia Tech for a study of treatment program outcomes.

Landowner/Agent Name (Print) Landowner/Agent Signature Date

| SECTION 4 - VDOF Approvals

Tree # Species DBH (in.) Live Crown (Percent) Treatment Type

Comments (i.e., historic site, rare species, amount of EAB damage, etc.):

| certify that the above project is needed and, if properly carried out according to the above recommendations, will qualify for incentive
payment under the Emerald Ash Borer Treatment Cost-Share Program.

Forester Name (Print) Forester Signature Date
Forest Health Budget Manager Name (Print) Forest Health Budget Manager Signature Date
VDOF | F-6.5 Original — Headquarters page 1 of 2
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Form 6.5 VIRGINIA DEPARTMENT OF FORESTRY fgmzﬂ
01/16/2018 EMERALD ASH BORER PROGRAM @
COST-SHARE APPLICATION

SECTION 5 — Certification of Completion

| certify that the above project was completed according to the above recommendations. Final Project Cost:

Final Cost-Share Amount:

(50% of Project Cost)
Landowner/Agent Name (Print) Landowner/Agent Signature Date
VDOF Headquarters Office/Finance Use Only
Cost Code: Amount: Approved for Payment:
VDOF | F-6.5 Original — Headquarters page 2 of 2
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APPENDIX E:
Tree Inventory Data Collection Form for Urban Participant Properties

Homeowner App. #
address Date
phone email Time

Property

Total area Notes:

% impervious

% tree cover

plantable area

elEp Aj0Wal

all trees > 10 cm

leaf area
height to
species dbh total if ash, height to iwn crown % crown crown dist. to  direction landscape
height  treated? live top base radius missing condition house tohouse setting

% crown missing Percent of the crown volume that is not occupied by branches and leaves (nearest 5%)
crown condition 100 minus the percent of the crown composed of dieback (i.e., dead branches) (nearest 5%)
direction to house azimuth from tree to the closest part of the building
landscape setting wooded, landscape bed, turf, fenceline, hardscape, riparian ...

treated? 2018, pre-2018, unknown, no
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APPENDIX F:
Survey Recruitment Materials

Introductory Email for EABTP Participant Survey

Hello (applicant name),

We are writing with a request for your participation in a survey study being conducted by
Virginia Tech in coordination with the Virginia Department of Forestry. This study seeks to
understand perceptions and outcomes of the Emerald Ash Borer Treatment Program (EABTP).

We're asking for the input of yourself and other EABTP applicants who gave VDOF permission
to share their application information with Virginia Tech. Using the survey results, we aim to
make recommendations that may help ash conservation planning by state forestry officials.
Your opinions and experiences with the program are important.

Please consider taking this opportunity to complete the survey, which can be found here
Your participation in this survey is voluntary and no personally identifiable information will be

requested in the survey or disclosed in summary reports. If you have questions or concerns
about the survey, please contact us at 540-583-6191 or stewartp@vt.edu

Thank you for considering our request and contributing to our efforts to improve the
sustainability of Virginia’s urban forests.

Peter Stewart P. Eric Wiseman, Ph.D.
Graduate Assistant Associate Professor
Department of Forest Resources & Dept. of Forest Resources &
Environmental Conservation Environmental Conservation
Virginia Tech Virginia Tech
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Introductory Letter for General Household Survey

September 21, 2018
~Request for Survey Input~

Dear Virginia Household:

We are writing with a request for your participation in a survey study being conducted by
Virginia Tech in coordination with the Virginia Department of Forestry. This study seeks to
understand opinions of Virginia homeowners related to shade trees, tree pests, and funding for
homeowners to help with the costs of tree preservation.

We're asking for the input of yourself and other homeowners from three of Virginia’s largest
metropolitan areas. Using the survey results, we aim to make recommendations that may help

tree preservation planning by state forestry officials.

In about 10 days we'll send you a copy of this survey in the mail, including a business reply
envelope. If you prefer, you could instead complete the same survey online, at any time.

Option 1: Wait for mail delivery of a paper survey.
Option 2: Take the survey online by visiting our website: eab.frec.vt.edu

Your access code for the survey is: Please enter this code at the requested

XXXXX location as you complete the online survey.

Your participation in this survey is voluntary and no personally identifiable information will be
requested in the survey or disclosed in summary reports. If you have questions or concerns
about the survey, please contact us at 540-583-6191 or stewartp@vt.edu

Thank you for considering our request and contributing to our efforts to improve the
sustainability of Virginia’s urban forests.

Sincerely,

T x

VA~ SAn f Z e
Peter Stewart P. Eric Wiseman, Ph.D.
Graduate Assistant Associate Professor
Department of Forest Resources & Dept. of Forest Resources &
Environmental Conservation Environmental Conservation
Virginia Tech Virginia Tech
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Introductory Email for VDOF Fo rester Survey

Hello (applicant name),

We are writing with a request for your participation in an urban forestry survey study being
conducted by Virginia Tech in coordination with VDOEF. This study seeks to understand
outcomes of the Emerald Ash Borer Treatment Program (EABTP) and perceptions of it from all
stakeholders.

Your input is requested as a VDOF forester with responsibility over EABTP applications.
Whether or not you were personally involved in reviewing applications in 2018, we want to
hear your perspective on the program. As part of this study, we are also sending surveys to
homeowners and arborists, with the goal of providing combined results helpful to ash
conservation.

Please consider taking this opportunity to complete the survey, which can be found here

Your participation in this survey is voluntary. Personally identifiable information will be not
requested in the survey, and respondents” identities will not be able to be inferred from
summary reports. If you have questions or concerns about the survey, please contact us at
540-583-6191 or stewartp@vt.edu

Thank you for considering our request and contributing to our efforts to improve the
sustainability of Virginia’s urban forests.

Peter Stewart P. Eric Wiseman, Ph.D.
Graduate Assistant Associate Professor
Department of Forest Resources & Dept. of Forest Resources &
Environmental Conservation Environmental Conservation
Virginia Tech Virginia Tech
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Introductory Email for MAC -ISA Arborist Survey

Hello Mid-Atlantic Arborists,

We are writing with a request for your participation in a survey study being conducted by
Virginia Tech in coordination with the Virginia Department of Forestry (VDOF). With this
survey we are studying perceptions and outcomes of VDOF’s Emerald Ash Borer Treatment
Program (EABTP). This program provides up to 50% of the cost of insecticidal treatment of ash
trees to eligible homeowners, organizations, and municipalities.

We're asking for the input of yourself and other arborists who work in Virginia. Whether or not
you’ve been involved in EABTP, your input is valuable. Using the survey results, we aim to
make recommendations helpful to ash conservation.

Please consider taking this opportunity to complete the survey, which can be found here
Your participation in this survey is voluntary and no personally identifiable information will be

requested in the survey or disclosed in summary reports. If you have questions or concerns
about the survey, please contact us at 540-583-6191 or stewartp@vt.edu

Thank you for considering our request and contributing to our efforts to improve the
sustainability of Virginia’s urban forests.

Peter Stewart P. Eric Wiseman, Ph.D.
Graduate Assistant Associate Professor
Department of Forest Resources & Dept. of Forest Resources &
Environmental Conservation Environmental Conservation
Virginia Tech Virginia Tech
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APPENDIX G:
Survey Instruments

List of Surveys

EABTP PartiCIPANt SUIMNVEY.....cciiii e e e e eeeieeeeeeeeees e e e e e ettt rmmme e e e e eesaessaaane e e s smmnnnnes 166
General HOUSENOIAUBVEY...........ooiiiieeeei et e e e e e e e e e e e aneen s 173
VDOF FOIESIEI SUIMNVEY.....cciiiiiiiiieiiieiii ettt e e e e e e s emenaa e as 181
MAC-ISA ATDOFISE SUIVEY. .. .uiiiiiii e e ettt ettt mmmr e e e e e e e st e e e s emmrnnnes 187
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EABTP Participant Survey

Survey 1: EABTP Applicants

Q1 For this property, | am the:
Owner (1)
Renter (2)

Other, please specify: (3)

Q2 When was the house built?
| don't know (1)
Before 1950s (2)
1950s (3)
1960s (4)
1970s (5)
1980s (6)
1990s (7)
2000s (8)

2010s (9)

Q3 How long have you lived at this property?
<1year (1)
1-5years (2)
6 - 10 years (3)
11 -15years (4)
16 - 20 years (5)
21 - 25 years (6)
> 25 years (7)

Do not wish to disclose (8)

Page 1 of 7
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EABTP Participant Survey

Q44 How strongly would you agree or disagree with these statements about trees in residential areas?

Strongly s h Neither s h Strongly
agree omewhat agree nor Somewl at disagree
agree (2) disagree disagree (4)

(1 & 5)

Trees are an important part of
the character of a neighborhood

(1)

Shade trees add value to a
residential property (2)

Overall, the hazards and
nuisances created by shade
trees outweigh the benefits they
provide (3)

| prefer not to have tall trees near
my house (4)
I'd rather spend money to
preserve a mature tree that is

showing signs of decline than to
remove it (5)

Q5
In a typical year, roughly how much do you spend on tree maintenance trees? Include costs for pruning,
removal, fertilization, or pest control.

less than $50 (1)
$50 - $250 (2)
$250 - $750 (3)
$750 - $1500 (4)
$2500 - $5000 (5)

greater than $5000 (6)

Page 2 of 7
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EABTP Participant Survey

Q6 Prior to 2018, had you ever hired a tree care company to fertilize or apply pesticides to trees?
Yes (1)

No (2)

Skip To: End of Block If Prior to 2018, had you ever hired a tree care company to fertilize or apply pesticides to

trees? = No

Q10 Prior to 2018, had you ever hired a tree care company to treat ash trees to protect against emerald
ash borer damage?

Yes (1)

No (2)

Q14 How did you hear about the Emerald Ash Borer Treatment Program?
From a VDOF employee (1)
Through a VDOF publication (2)
From the VDOF website (3)
From a friend or associate (4)

Other: (5)

Q12 What is the status of your application with VDOF?
Application was not accepted (1)
Application was accepted but treatment was not conducted this year (2)
Application approved and treatment complete; waiting on cost-share payment from VDOF (3)
Application approved and treatment complete; payment received from VDOF (4)

Other: (5)

Skip To: Q16 If What is the status of your application with VDOF? = Application was accepted but treatment was not

conaucted this year

Page 3 of 7
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EABTP Participant Survey

Q41 If ash tree treatment was not conducted this year, what best describes the reason?
Treatment was difficult to schedule (1)
Treatment was too expensive (2)
Trees have declined severely since the time of applying to the EABTP (3)

Other: (4)

Q16 How would you rate your level of interest in applying to the EABTP in future years?
Not at all interested (1)
Slightly interested (2)
Somewhat interested (3)
Very interested (4)

Extremely interested (5)

Q42 If funding had not been available through the EABTP, how likely is it that you would have treated ash
trees on your property this year?

Extremely likely (1)
Somewhat likely (2)

Neither likely nor unlikely (3)
Somewhat unlikely (4)

Extremely unlikely (5)

QB30 This final section asks for general demographic information to better understand our survey
participants. No personally identifying information is collected here. Only combined results will be
presented in our final summary report.

Q81 Including yourself, how many people live in your household?

Page 4 of 7
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EABTP Participant Survey

Q32 How many in your household are under the age of 18?

Q33
What is your age?

Under 25 (1)
2610 34 (2)
3510 44 (3)
4510 54 (4)
5510 64 (5)
65 or older (6)

Do not wish to disclose (7)

QB34 Which gender do you most identify with?
Male (1)
Female (2)

Other (3)

Do no wish to disclose (4)

Q35 Are you of Hispanic, Latino, or Spanish origin?
Yes (1)
No (2)

Do not wish to disclose (3)

Page 5 of 7
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EABTP Participant Survey

Q36 Which of the following describes your race? Select all that apply.
White (1)
Black or African American (2)
American Indian or Alaska Native (3)
Asian (4)
Native Hawaiian or Pacific Islander (5)

Other, please specify: (6)

Do not wish to disclose (7)

Q37 Is English your first language?
Yes (1)
No (2)

Do not wish to disclose (3)

Q38 What is the highest level of education you have had the opportunity to complete?

Less than high school (1)

High school graduate (2)

Some college (3)

2 year degree (4)

4 year degree (5)
Graduate/Professional degree (6)
Doctorate (7)

Do not wish to disclose (8)

Page 6 of 7
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EABTP Participant Survey

Q39 What was your household's annual income in 2017 from all earners and all sources, before taxes?
$15,00 or less (1)
$15,001 to $25,000 (2)
$25,001 to $35,000 (3)
$35,001 to $50,000 (4)
$50,001 to $75,000 (5)
$75,001 to $100,000 (6)
$100,001 to $150,000 (7)
Greater than $150,000 (8)

Do not wish to disclose (9)

Q40 Thank you for taking the time to respond to this survey. All survey responses will be aggregated in
the analysis with no identifying information present in the summary report.Please check back for more
information on our project page at eab.frec.vt.eduStudy results will be available in the spring of 2019

Page 7 of 7
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General Household Survey

Survey 2: Urban Households

Q1 For this property, | am the:
Owner (1)
Renter (2)

Other, please specify: (3)

Q2 When was the house built?
| don't know (1)
Before 1950s (2)
1950s (3)
1960s (4)
1970s (5)
1980s (6)
1990s (7)
2000s (8)

2010s (9)

Q3 How long have you lived at this property?
<1 year (1)
1-5years (2)
6 - 10 years (3)
11 - 15 years (4)
16 - 20 years (5)
21 - 25 years (6)
> 25 years (7)

Do not wish to disclose (8)

Page 1 of 8
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General Household Survey

Q43 How strongly would you agree or disagree with these statements about trees in residential areas?
Neither

S;I’O:;g;y Somewhat agree nor Somewhat jggnrgelg
g agree (2) disagree  disagree (4) (59)

Trees are an important part of
the character of a neighborhood

(1)

Shade trees add value to a
residential property (2)

Overall, the hazards and
nuisances created by shade
trees outweigh the benefits they
provide (3)

| prefer not to have tall trees near
my house (4)
I'd rather spend money to
preserve a mature tree that is

showing signs of decline than to
remove it (5)

Q5
In a typical year, roughly how much do you spend on tree maintenance? Include costs for pruning,
removal, fertilization, or pest control.

less than $50 (1)
$50 - $250 (2)
$250 - $750 (3)
$750 - $1500 (4)
$1500 - $2500 (5)
$2500 - $5000 (6)

greater than $5000 (7)

Page 2 of 8
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General Household Survey

Q6 Prior to 2018, had you ever hired a tree care company to fertilize or apply pesticides to trees?
Yes (1)

No (2)

Q7 Are you familiar with the tree pest called the emerald ash borer ?
Yes (1)

No (2)

Q9 Do you know if you have any ash trees on your property?
Yes (1)
Maybe (2)

No (3)

Skip To: End of Block If Do you know if you have any ash trees on your

Q10 Prior to 2018, had you ever hired a tree care company treat ash trees to protect against emerald ash
borer damage?

Yes (1)

No (2)

Q11 Have you heard of Virginia Department of Forestry's Emerald Ash Borer Treatment Program ?
Yes (1)

No (2)

Skip To: Q15 If Have you heard of Virginia Department of Forestry's Emerald Ash Borer Treatment Program ? = No

Page 3 0of 8
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General Household Survey

Q14 How did you hear about the program?
From a VDOF employee (1)
Through a VDOF publication (2)
From the VDOF website (3)

From a friend or associate (4)

Other: (5)

Q12 If you have heard of the program, and did not decide to apply, what best describes your reason?
Trees are unlikely to survive (1)
The emerald ash borer is not in this region yet (2)
Treatment is too costly, even with assistance (3)
Didn't have enough information (4)

Other: (5)

Q15

The emerald ash borer is an invasive beetle that has spread rapidly across most of Virginia. It kills almost
all ash trees within 5 years. However, individual trees can be successfully protected against the beetle by
applying an insecticide every two years.

The Emerald Ash Borer Treatment Program (EABTP) is a Virginia Department of Forestry program which
assists homeowners with the costs of ash tree treatment. Eligible applicants can receive a payment
covering 50% of the treatment cost.

For example, a treating a medium-sized ash tree about 16 inches in diameter could cost up to

$250. Through the EABTP, a homeowner could be receive a payment for half of that amount, or $125, up
to a maximum of $1250 per household.

The EABTP enrollment period for is closed for 2018 but will reopen in early 2019.

Page 4 of 8
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General Household Survey

Q16 How would you rate your level of interest in applying to the EABTP for 2019?
Not at all interested (1)
Slightly interested (2)
Somewhat interested (3)
Very interested (4)

Extremely interested (5)

Q18 Have you heard of Virginia Department of Forestry's Emerald Ash Borer Treatment Program ?

Yes (1)

ip To: Q21 If Have you heard of Virginia Department of Forestry's Emerald Ash Borer Treatment Program ? = No

Q19 How did you hear about the program?
From a VDOF employee (1)
Through a VDOF publication (2)
From the VDOF website (3)

From a friend or associate (4)

Other: (5)

Q21

The emerald ash borer is an invasive beetle that has spread rapidly across most of Virginia. It kills almost
all ash trees within 5 years. However, individual trees can be successfully protected against the beetle by
applying an insecticide every two years.

The Emerald Ash Borer Treatment Program (EABTP) is a Virginia Department of Forestry program which
assists homeowners with the costs of ash tree treatment. Eligible applicants can receive a payment
covering 50% of the treatment cost.

For example, a treating a medium-sized ash tree about 16 inches in diameter could cost up to

$250. Through the EABTP, a homeowner could be receive a payment for half of that amount, or $125, up
to @ maximum of $1250 per household.

The EABTP enroliment period for is closed for 2018 but will reopen in early 2019.
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Q22

If you don't have any ash trees on your property, or aren't sure, we still want your opinion.

How would you rate your level of interest in applying to a program like this one, but with funding available
for tree preservation on your property?

Not at all interested (1)
Slightly interested (2)
Somewhat interested (3)
Very interested (4)

Extremely interested (5)

Q30 This final section asks for general demographic information to better understand our survey
participants. No personally identifying information is collected here. Only combined results will be
presented in our final summary report.

Q31 Including yourself, how many people live in your household?

Q32 How many in your household are under the age of 18?

Q33
What is your age?

Under 25 (1)
2610 34 (2)
351044 (3)
4510 54 (4)
5510 64 (5)
65 or older (6)

Do not wish to disclose (7)
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Q34 Which gender do you most identify with?
Male (1)
Female (2)

Other (3)

Do no wish to disclose (4)

Q35 Are you of Hispanic, Latino, or Spanish origin?
Yes (1)
No (2)
Do not wish to disclose (3)
Q36 Which of the following describes your race? Select all that apply.
White (1)
Black or African American (2)
American Indian or Alaska Native (3)
Asian (4)
Native Hawaiian or Pacific Islander (5)

Other, please specify: (6)

Do not wish to disclose (7)

Q37 Is English your first language?
Yes (1)
No (2)

Do not wish to disclose (3)
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Q38 What is the highest level of education you have had the opportunity to complete?
Less than high school (1)
High school graduate (2)
Some college (3)
2 year degree (4)
4 year degree (5)
Graduate/Professional degree (6)
Doctorate (7)

Do not wish to disclose (8)

Q39 What was your household's annual income in 2017 from all earners and all sources, before taxes?
$15,00 or less (1)
$15,001 to $25,000 (2)
$25,001 to $35,000 (3)
$35,001 to $50,000 (4)
$50,001 to $75,000 (5)
$75,001 to $100,000 (6)
$100,001 to $150,000 (7)
Greater than $150,000 (8)

Do not wish to disclose (9)

Q40 Thank you for taking the time to respond to this survey. All survey responses will be aggregated in
the analysis with no identifying information present in the summary report.Please check back for more
information on our project page at eab.frec.vt.eduStudy results will be available in the spring of 2019
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Survey 3: VDOF Foresters

Q53
How many years' experience do you have in a forestry-related position?

lessthan 1 (1)

1-5 (2)

21-30 (6)
31-40 (7)

41+ (8)

Q51 Are you an SAF Certified Forester?
Yes - currently hold certification (1)
Previously held certification (2)

No (3)

Q43 Are you an ISA Certified Arborist?
Yes - currently hold certification (1)
Previously held certification (2)

No (3)
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Q55
What is your position at VDOF?

Senior Area Forester (1)
Area Forester Specialist (2)
Area Forester (3)
Technician (4)

Other: (5)

Q58 In which county or independent city do you primarily work?
¥ Accomack County (1) ... Winchester city (134)

Q26 How strongly would you agree or disagree with these statements about trees in residential areas?

Strongly Neither Strongly
agree Somewhat agree nor Somewhat

agree (2) disagree  disagree (4) disagree
w () (5)

Trees are an important part of
the character of a neighborhood

(1)

Shade trees add value to a
residential property (2)

Overall, the hazards and
nuisances created by shade
trees outweigh the benefits they
provide (3)

| prefer not to have tall trees near
my house (4)

I'd rather spend money to
preserve a mature tree that is
showing signs of decline than to
remove it (5)
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Q48

How would you rank the following tree species as residential shade trees? Drag and drop to indicate
sugar maple (1)
white oak (2)
black cherry (3)
black walnut (4)
pignut hickory (5)
white ash (6)
America elm (7)
tulip tree (8)
eastern white pine (9)

Q47
How would you rank the relative level of threat to Virginia's forests from the following insect
species? Drag and drop to indicate

hemlock woolly adelgid (1)
Asian longhorned beetle (2)
__ European gypsy moth (3)
______ spotted lanternfly (4)
southern pine beetle (5)
emerald ash borer (6)
walnut twig beetle (7)

Q45 Roughly what percentage of the property owners you work with own more than 5 acres?

0 10 20 30 40 50 60 70 80 90 100

0% () '
Q44

Roughly what percentage of your working hours are spent on projects related to forest health (tree
nutrition, pests, or pathogens)?

0 10 20 30 40 50 60 70 80 90 100

0% () '
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