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ABSTRACT

MODELING THE RISK FOR PHYTOPHORA
RAMORUM WITH AN ANTHROPOGENIC
FOCUS IN NORTHERN CALIFORNIA
by
Alexandria S. Thornton
Master ofEnvironmental Science
California State University, Chico

Fall 2018

Phytophthoracamorumis anoomycete plant pathogen found in both North
America and Europthat is commonly referred to as Sudden Oak Death (SGeits initial
detection in California in 1995, SOD has killed over a million trpamarily tanoaks
(Lithocarpus densiflorys coast live oakQuercus agrifolia, California black oakQuercus
kellogi),a nd S h r eQuercduspareutvir. skfrevel. Northeastern California has thus far
remained uninfected with the exception of &teododendromreein PlacerCounty. In order to
contribute to the prevention of SOD spreéadhortheastern Californid created severahodelsthat
depict where the risk f&OD development is highest based on four variahtest vegetation
climate suitability, proximity to roadways, angroximity to nurseriesand lumber nils. | used a
weighted overlay analysis to combine theagables atiffering weightsunderfive conditions. |

applied the same analyses in Mendodc@aanty,where sampling for SOD has resulted
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positivecasesand 326 negative casde assess the accuracy of each conditlaralculated

Cohents Kappa coeffici ent eachcondigonandtheerecdrdeee agr e
points. ThougltheKappa values do not show strong agreement in the conditicaysdo

illustratea trend of increase in agreemairith the additiorof proximity to roadways and nurseries.
Suitable climate and host vegtabn for SODalso existalong the coastal Pacifidorthwest and

mostof that area lies too far away froBOD incidence for natural spread to be the primary

concern. Similar risk wdels incorporating human introductigariablescould be applied to all

of this area.
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CHAPTER 1

INTRODUCTION

Overview

Phytophthora ramorurRathogen

Phytophthoraramorum(Werres et. al, 20Qlis anoomycete plant pathogen found in
both North America and Europleat is commonly referred to as Sudden Oak Death (S@D)
was found on both continents during the +h##D0s, wherelifferent woody plant species were
experiencing disease sympts(Svihra, 2001).Researchers ingots of Gemany and the
Netherlandd$ounddieback on species &hododendrospp. andViburnumspp.(Werres et. al,

2001), while central California had multiple reportgarfoaks I(ithocarpus densiflorysdying
suddenly (Svihra, 1999a). On both contine®®BD isconsidered an invasive species and
although the first incidents likely trace its entry wigected nursery plants, its origin is unknown
(Werres et. al., 2001).

P. ramorumcan spread asexually when sporangia or zoospores are distributed by
waterways, however it more commonly spreads via wind or rain splash (Davidson et. al., 2001).
Chlamydsporescan also be produced on host species, and though they are inadequately
undersbod in current resear¢®mith and Hansen, 20Q0&re thought to have an important role in
the survival of the pathogen in more extreme condit{tvéangandKo, 1978. Sporangia that
disperseonto foliage typically spreads to twigs, branches, and trusksader is carried down the
tree (Parke and Lucas, 2008).he r ol e of soi l in the SOD path
well understood, however some research sugghst it serves as a reservoir for the inoculum
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during drier and hotter seasortsyfe and Garbelotto, 2015fooley and Carras, 2011)The
pathogen can infect unwounded bark and cause canks®8 infectsover 96 different woody
plant species which allk@ibit different symptoms, including cankers, foliage dieback, and death
(Davidson etal., 2003).Many oak speciesan have a sudden browning of the foliage crown after
the pathogen has inoculatedhich is the origin of its common name.

The devastatig effectf justtwodecadesan be seen al ong the
coast, wherever onemillion tanoaks, coast live oakQ(ercus agrifoli, California black oak
(Quercus kellog and S h rQeercesdparvulavarkshrgvel have perished fra SOD
infection(Garbelotto etal., 2003 Lee et. al, 2010)0therspeciesact agpathogerhostsandsuffer
from foliage decay and brancliebackbut survive and continue to remain a sourt@oculum
spread for other treegor exampleCalifornia BayLaurel(Umbellularia californi@) is a primary
host thasurvivesthepathogerandis astrong vector of inoculum spregédelly and Meentemeyer,
2002). TheUnited States Department of Agriculture (USDA) has a complete list of all recorded
species96in total, found to be associated with the SOD pathogerL{&dy, 2013) It is updated
regularly as new associated species are discovered

The consequences for both humans and wildlife {8 are abundant. The costs of
the treatment, removal, and repla@hd infectedtrees has been estimated at $7.5 million in
California alone (Kovacs et. al., 2011), and deaedsand diseased foliagecreasduelsresulting
in greaterfire risk in high mortality area§~orrestel et. al., 2015)The reduction irecoystem
structure, habitat, and food fomanywildlife speciesthat rely heavily on oaks predicted to
reduce the diversity and abundance of those spdeamshér and HadiChikh, n.d; Monahan and
Koenig, 200§. The ability of high SOD mortality areas tsequester carbon coulso be
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significantly reduceabn a regional scaland take decades to recover (Hicke et. al., 20The
long-term damages are yet to be seen as we enter the third decade of SOD infestation.

There is no know cure for trees inféed with SOD The only way taestrict itsspread
is throughpreventative methods ¢o remo\e infected materials.Preventative methods include
reducing the number @ alifornia Bay Laureltrees near susceptible oaksstricting pruning of
susceptiblegecies to certain seasons, and the strategic use of the chemical tre&gndnos, a
fungicide (Lee et. al., 2010). All of these methods are relatively tediepscially the most well
proven preventative treatmemgri-Fos, since itrequires sprayig or injecting individual tree
trunks (Agri-Fos, 2017 Lee et. al., 2010)This demonstrates need toinvestin large scale
prevention which isjust as important, if not more so, than actively removing infected mlateria
from forestland. The processof preventing SOD spread can be extensaspecially since the
presence of the pathogen must be confirmed by laboratory methods (Lee et. al., 2048 et
of a predictive riskmodel for uninfected areasan bea vital resource to ensure effodse as
effective as possible.

PreviousGeospatial Modeling

With a combination of climate suitabilithost species presendata, and topography,
researchers have generaggbspatial model® highlight where favorable conditions overlap to
host the productiolf spores, and thus where the risk for the development of the pathogen is
highest. Thesemodelsdepict the relative risk for the development of SG&sed on current
conditionsacrossspatial scalesincluding the entire United States and the individuates of
Oregon and CaliforniéKelly et. al., 2006; Kluza et. al., 200Mieetenmeyer et. al., 2004; Vaclavik
et. al, 2010), and witlconsideration opotential future climate predictions (Meetenmesgeral,
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2011). All of the aforementionethodelsshowthatthe northeastern portion of Califorrhas both
theclimatic conditionsand host speciasecessaryo create moderate risk for SOD development
(Meetenmeyer et. al., 2004; Meetenmeyer, 20Ivo northeastern counties, Butte and Yuba,
have been predied to be infected with SOD by 202fbm the expansion of existing SOD
infections(Kovacs, et. al., 2011). Thus fdrere ha been only oneonfirmedcase of SOn a
Rhododendromearthis area, which was found RlacerCounty in 2014SOD Blitz, 2014. The
rest of thenearestonfirmed cases of SOD are 08&rkm away from these moderate risk patches,
which has reducetthe overall riskpredictedn many models since it iglikely that natural sources
of SOD span that greaf adistance.

Nurseries aga Potential Infection Source

In 2004,a Californiawholesale distributiomursey shipped SOD infected host plants
aaoss the United Statés 783othernurserie{Stokstad, 2004 Nationwide efforts ensued to
remediate the situation through regulai@nd import bans.SOD pathogesurveys conducted
in nurseriebetween 2001 and 200§ the USDA found 466 positive cases of infecilioeleven
statesacross the U.S., including Califorr(idliejunas 2011) The most recent survepnducted
in 2017 found 16 nurseries positive with SOD infectionCalifornia The USDA has
implemenedregulations and Best Management Practices (BMdts)urseries in infected states
underTitle 7, section 301.92 of the Code of Federal Regulations (CA&]jitional state
regulations existhat are enforcedy the California Department of Food aAdriculture
(CDFA) for California nurseries in quarantined counti@sspite the risk that nurseries pose to

the spread of the SOD pathogen, they have yet telagvely scorec@ndincluded in aisk



assessmemhodel Similarly, lumber mills that handleaw logs have potential to carry infected
tree species, thoughey have not been included in any USDA nursery surveys.

Roads as Vectors &pread

Sincespores oP. ramorumcan be aerially dispersed, the transport of infected plant
materials has the pential to spread the SOD pathogen to areas adjacent to roadvesmysng
trucks or even the average consumer that carries plant materials in open back vehicles are
providing asource of inoculum aair passes over the infected plantglditionally, infected soils
have the potential to be carried on vehicle tires and distributed along roadhygsgh
roadways have been incorporated into some risk models in Ofegterson etal., 2014) they
have yet to be utilized in California and have not bheged relative to their travel frequency.

Research Objectives
To contribute tahe prevention of SOD spread to northeastern Califoradgiessed the
following objectives:
(1.) Examineal the relationship between nursery and lumber mills containing host species
and proximity to confirmed sites of SOD infection,
(2.) Examineal the relationship between relative travel on roadways to confirmed sites of

SOD infection, and

(3.) Creata multiple geospatial modelthat depict the combination of host vegetation
presence, climate suitability, hesdrrying nursery proximity, and roadway

proximity in five weightedanalysedo asses the risk for SOD pathogemfection.



CHAPTER L.

METHODS

Site Description

Study Area

My sevencountystudy area encompasses 26,848 in north eastern Californiand
includesButte, Plumas, Sierra, Nevada, Placer, Yuba, and El Daadtties(Figure ). Itis
divided by three different ecoregiorike GreaCentral Valley, the Sierra Nevatiéountain
Range and Cascade RangeBhe area receives between 260 mm of precipation annually
(PRISM, 207), with lower elevations receivir@Omm and higher elevations receivi2§90
mm. Annual minimum temperates range from4 to 12°C, while average maximum
temperatures range from23°C. The western side of the study areaithin the Central Valley
with the lowest elevation at 9 meteksind use is predominantly agriculture aragjetation is
dominated by oiitards and farmlandSlightly east of this the vegetation chanbesadlyto
Californian Annual Grassland & Forb Meadows, then to Californian Broadleaf Forest &
Woodland which is dominated by Coast Live Qdkalifornia Black OakCanyon Live Oak
(Quercuschrysolepi$, Blue Gak (Quercus douglag)j Valley Oak Quercus lobatg)and Interior
Live Oak Quercus wislizeni(USNVC, n.d). Continuing east into the Sierra Nevada mountain
range, elevations reach 3,038 meters and vegetation is domina@adifoynian Montane
Conifer Forest & WoodlandSNVC, n.d). Theeastern sidalso includes four national forests:

Lassen, Plumas, Tahoe, and El Dorado.



Model Validation Area

| chose Mendocin€ounty as a model validatidacationbecause many cases of
SOD infedion currently exist in the ard&igure 1) MendocinaCountyis locatedon the
northern coast of California and encompasses 8%7 The coast is dominated by the
Redwood and Douglas Fir vegetation alliararg]j California Montane Conifer Forest and
Woodland(USNVC, n.d). Elevation ranges from2010 metersAnnual precipitation ranges
from 883mm at the lower elevations and increase486mm at higher elevationRISM,
2017. Annual minimum temperatures range fr@am0°C, and average maximum teenatures

range from 1224°C.

[
Portola

? %
hi
Bugte

Oroville

L]
Sierra Loyalton

Nevada
*|

bo? Placer *

* ‘fg Dorado

Legend ﬂlacerville

% Confirmed SOD Cases

X Nurseries ¥* r/f

O Accuracy Assessment Area
4 1
B8 Study Area Q 2 30 80 km

Figurel: Thestudy area includinButte, Plumas, Sierra, Nevada, Placer, Yuba, and El Dorado
counties in yellowMendocinoCounty, the model validation area, in orangk.coast SOD
incidences are representing as blagkesalong the coast, while nurseries included in the
weighted overlay analyses are represented gvigbnstars.
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Host Vegetation
Data Source

The Classification and Assessment of Visible Ecological Groupings (CALVEG
USDA 2004 is a polygon feature ida déa layer that divides California into ecological zones
based on dominant plant speci€erived from Landsat satellite imagery (30 m resolution), it is
currently the highest resolution vegetation map that completely covers the study area plus
Mendocno County for accuracy assessm@dSDA, 2009. The ecological zones that cover the
study area were updated in 198801 and 2005Thezones that covdvlendocino Countyvere
updated in 2007, 2013, and 2014.

Procedure

There are 46 primary host spedesthe SOD pathogefAPHIS, 2013).Each species
was assigned a score based on its ability to host and pass on the inoculum (AppeBdich
host species received a starting score of one point. An additional two wenaetasdded for each
type of sporgchlamydospores and zoospores) that can develop on that species, as demonstrated
in previous studiefKliejunas, 2019 California Bay Laureldue to extreme efficacy to host and
pass on the inoculunwas assignedan additionatwo points (for a total ofseven points}o
represent its relative high risk.

Species level data is not directly in 8ALVEG GIS data, but rather each polygon is
assigned a vegetation alliance. All alliances are detailed in nine manuals whichtigebfit
describe the specigsr esence within each one using ter ms
wi t(WSDA, 2004).1 assigned each of the different phrases used to describe the presence of the
species a abundancscore from 110 (AppendixB). This scorewas then multipliedy therisk
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score of the individuahost species (Figur®). For example, m excerpt from theCALVEG

alliance manual description for tBagarPine Alliance is shown in Figure 2. This quote is broken
down into the two compamts that were used to qudwyta partialrisk score. The descriptor of
the host species fAtypical é associateodo was (gi Ve
Canyon L icalcalate@iakksée is one.The abundance score and the hpsicges risk

score were multilied together to get the total risk score that Canyon Live Oak contributes to the
Sugar Pine Alliance. Each sentence in each alliance that mentioned any dfitise gliecies was
similarly deconstructed and scorethe produts of the individual speciescores and their
abundance scoragere summed so that each alliance had a total host vegetation presence score.
Eachvegetationpolygon was themssigned thikiost presence score baseditsncorresponding
CALVEG alliance. This feature layer was then tagzed. The raster was reclassified to-201

score range to allow for easy visibility of variation within the study afidgsse scores made up

the host vegetation variable in the weighted overlay geospatial an@igise 3jMeetenmeyer

et. al, 2009.

“The typical hardwood
associate is Canyon Live Oak
(Quercus chrysolepis).”

Abundance Score Host Score
”typical...associate”] ‘ “Quercus chrysolepis”
: = l ,
1 | 5 ’ X [ 1 ‘=5:TotalScore \

Figure2: Depiction of the equation used to quantify @&LVEG alliance manual descriptions.
Each description had multiple sentences like the one above to describe the vegetation in each
alliance.



() Host Vegetation Variable

Department
of Agriculture
planthost
species list

scored. Host
Score=1+
2(# of spore
types

supported) i 2 = O
(Table1) 143 Vegetation CalVegFeature Reclassin
—

Raster
addedto
—_— Weighted
Overlays

Alliances scored: Al Rasterized and equal

i 2 f asterized an

s 2 (Abundance Score » Jomec:atoe(ia Veg » intervalsto
calVeg * Host Score) 4 1-20 scale

—

Alliance

manual /
abundance
descriptions

(rable2)
Figure3: Workflow depicting each step taken to ate host vegetation variable before adding it
into the final weighted overlay analysédl. individual host species scores are listed Appendix
A, and all abundance description scores are listed in App&ndix

resampledto 30
meter resolution

SRy

Climate Suitability

Data Source

| used clim&e data provided by the PRISM (Parametigvation Relationships on
Independent Slopes Mod€éRRISM, 2017)database as the basis for the climate suitability
variable. To identify areas thatould potentiallysustain the pathogehgcombined five variabke
from PRISM at 80dmeter resolution (the finest available): maximum temperature, minimum
temperature, meatew temperature, average temperature, and precipitation into one predictor
variable of climate suitability. Each variable was the average of tye&@0Onormals for the
months of December through Maich isreproductive season for SOD.
Procedure

Relatve Humidity. | calculated relative humidity with the mean temperature and

mean dew temperature rasters and the forifMiéss, 2007 in Figure4. The SOD pathogen
thrives in areas with the highest relative humidity (RH) and cannot survive in areasswithde

40% RH(Browning et al, 2008)The RH in the study area ranged from&b, so ndocation
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wasbelow the lethal lower limit. This range wdisided into 20 equal intervats clearly see
variation within the study aresnd designated scores 6£Q, with 84% receiving the highest
score of 20.

TemperatureMild temperatures, ranging from 182° C, aradealfor the growth
and natural spreaaf the SOD pathogefVenette and Cohen, 2006 he average minimum and
maximum temperatures in the studgaranged fror9°C to 19°C during its reproductive
season. Previous research on extreme temperature effect on the pathogen demonstrates lethal
temperatures limits 0f25°C and+40°C (Browning et al, 2008)Scores were assigned a gradual
decrease as temperatures decreasedaddacationreceived a score of zero as none reached the
lethal limits Temperatures in the optimal range received the higisésscore of 20, decreasing

by one point for every twdegrees Celsius (Tablg.

Tablel: Risk scores assigned to the minimum and maximum temperature ranges of the study
area and Mendocino County.

Temperat A€ Rat Ri sk Score
-10--8 6
-8--6 7
-6--4 8
-4--2 9
-2-0 10
0-2 11
2-4 12
4-6 13
6-8 14
8-10 15
10-12 16
12-14 17
14-16 18
16-18 19
18-20 20
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Precipitation Precipitation appears to aid in the dispers&©D butdoes not seem
necessary for suiwal as long as relative humidity is high enough (Browning et. al., 2008). In the
study area, iegcipitation ranged from 3860 mm monthly average during the reproductive
season. The range was divided ifequal intervalswith the highest range receigi@a score of
20, decreasing in increments of one until the lowest range was re&tkethitation scores
started at one

Climate Suitability VariableThe value for each of the four variables were combined

within their own weighted overlay analysis to igrate a new layer that represented the total
climate suitability for the SOD pathogé@rigure 4) These relative weights were assigned based
on their importance for pathogen survival according to the current literd@@uogning et al,
2008) The percenbf influence for each variable were relative humidity 60%, minimum and
maximum temperatures, 10% each, and precipitation ZD8mperatures and precipitations were
assigned relatively lower weights because their rangebenstudy area are all within the
pat hogends sur vi vraslltingrastgruvasrthemreatassed. to-20Lscdlehamd

resampled to 3@neter resolution.
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Climate Suitability Variable T

Weighted
Precipitation 30-year Overla
MNormal December-May -
Analysis:
Mean
Reclassified into 20 Precipitation:
- equal intervals 20%
Relative
30-year Normal //—Find Saturation Vapor Pressure (SVP) | Humidity: 60%
December-Ma using Raster Calculator
Y — Minimum
Mean SVP=6.11*10.0**(7.5*X/(237.7+X)) Temperature:
Temperatures ‘Where X is mean temperature in C° —_—
p B - 10%
N / [ Find Relative
Humidity (RH) in Maximum
Raster Calculator
Temperature:
RH= AVP/SVP * 10%
Ve ™, \ /
30-year Normal (' Find Calculate Actual Vapor Pressure | 100 . _d
December-May (AVP) using Raster Calculator
Mean Dewpoint
Temperatures AVP=611°10.0°4 (1.5 X237.74%) |7
Where X is mean dew temperature
[0 Reclass in
equal intervals
to 1-20 scale
30-year Normal and resample
December-May Y m_eter
Minimum Temperature resolution
\ Mean Y. h d
Reclassified to 1-20 scale
> based on relative
30-year Normal inoculum survival —
December-May added to
Maximum Weighted
Temperature Mean Overlays

Figure4: Workflow depicting each step taken to prepare the four climate suitability variables;
precipitation, relative hmidity, and minimum and maximum temperatures, into one climate
suitability variable to be added into the final weighted overlay analyses.

RoadwayProximity

Data Source

The California Road Systeinofficial Functional ClassificatioGCDOT, 2017)was tle
foundation for the variable of proximity to pathways transporting potentially infected materials.
Managed byCalifornia Department of Trapsrtation CDOT, 2017, all roads in California are
classified as one of seven functional classifications: intersteeeways/expressways, principal

arterial, minor arterial, major collector, minor collector, and local r¢a@@OT, 2017.
13



To estimag the relative travel on each road, | creaqubpulation density multiplier
for eachoneusinghuman population @a from thel.S. Census Bureau, Geography Divigios
(2018)collection of blockgroup level shapefiled)SCB, 2018. The most recent datagstfrom
a 20B update of the 2010 US census.
Procedure

Each of the seven road functional classifications wsigasd a value in descending
order, with interstate given the highest score of 9 and local roads given the lowest score of 3.
These classificationadicatehow frequently the roads are traveled, andsequently how likely
infected plant materials are be transported on them.

| hypothesized that the second predictor of the average volume of traffic on these
roads would be the population density of the area immediately surrounding the road. Each road
was assigned a population density multiplier basethe census block poputat, divided by
the block size in square kilometers. Its population multiplier was then multiplied by its functional
classification score to get an estimated frequency of use score (bjgure

Previous research has demonsttdtet the SOD pathogen ctavel up to 15 meters
by natural transmission methods, primarily rain splash (Davidson et. al, 2001). In order to
represent this distance, | added amié&ter buffer to the road feature layer. The frequency of use
scores wergransferred to the buffefThis buffered feature layer was then rasterizezhat
meter resolution, reclassed to scores-801and added to the final weighted overlay analyses

(Figureb).
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Road Proximity Variable

Calculate field
assigns function
classscoresin
Department of
Transportation P e N
(DOT) Road Layer: ( calculate Road .
Fuii:ce)l:a}gl;:.s Assignroads R?:QS[CEO:E ( Create 15 Rasterize b Reclassin Raster
\Lber’/ thepopulation || Functional Class n’jeterbuf‘fer - road layer - equal - ad§edtc
density value Score * quh attached at 30 mgter intervalsto Weighted
l{/”—' Geriie frss I FrE risk scores resolution 1-20 scale Overlays
Calculate geometry ~

which itresides Y, Density

finds population

density of individual
block groups using
United States

Census Bureau block

\, group layer v

Figure5: Workflow depicting each step taken to create roadwayimity variable before
adding it into the final weighted overlay analyses.

Nursel and Lumber Mill Proximity

Data Source

| created a database of all nurseries and lumber mills wthkm of the study areand
the assessment areaing the Yellow Pages websitéhttp://www.yellowpages.comaccessed
August 2017. After establishing initial contact witthese 15®usinesses, | used Google Earth to
map each of their locations. | asked each of these locations to quantify how much of each of the
planthost species they sold or processed annwalya short survey | thencalculateda nursery
risk scoreusing the érmula in Figures.
Procedure

Each of the nursery/lumbermill locations was contacted either via telephone or email or
both andasked if thg sold any of the 46 species on Bd F Aligt®f host species for the SOD
pathogen. If those species were sold myseries, or processed by the lumber mills, an
approximate number of annual individuals sold/processed was requested. The nuhdstr of

individualssoldwas multiplied by the individual species scores used in the host vegetation layer
15



(Appendix A. These scores were then summed to get a total risk value for the location. A total
of 38 nurseriead scoregreater thazero. Locations #it sold no host species were not included
in the layer.

Multiple ring buffers were created around eachiserylocation to assign relative risk to
thesurroundingarea. Each buffer consisted of three 10 km wide rings. The first ring encompassed
the nursey and any area within 10 km, the second ring encompassed the &@e&mhaway, and
the third encompassed the ag8a30 km away.Each of the nursery buffer ringgs individually
scored as a function of its distance from the nurséng score of thaursery was divided bgach
r i noyitérdimit distance to decrease the score as the distance from the locatiasedctéa
given area was in between two areas where buf
sum of thebuffer ringintersetions. The scores represented the variable known as the proximity
to the nurserie®r lumber millscarrying potentilly infected materialand was added to the

weighted overlay geospatial analysis model.
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Nursery and Lumbermill Variable
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Figure6: Workflow depicting each step taken teate the nursery and lumbermill variable.

Weighted Overlay Analyess Combining AllFour Variables
After eachoneof thefour variables was completéhey were reclassified into ranges
of 1-20. | generated a corresponding map for each of the thawivariables, to visualize and
identify spatialpatterns in each onél'he finalmodek were developed by incorporating the four
variables at various weights and combinati¢igure 7)into five different weighted overlay

analyses in ArcGIS 16.1 (ESR| 2018) The resulting rasters weadsoreclassified inta one to
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five scale of SODisk, where one is considered very low, two is low, three is moderate, four is
high, and five is very high SOD risk.

Condition 1weighted climate and vegetation eve(Bp% vegetation, 50% climate)
andwas used as a control to see how the subsequentioasditfectedthe risk scores associated
with each of the73confirmed points of SOD infectioand 326 confirmed points of no infection
(Figure7). Condition2 more havily weighted vegetatioat 60% with climate at 40% examine
the overall effect offegetation.| carried this heavier weighting of vegetation at 60% because of
the necessity for the vegetation to exist in any given area in order for a SOD infectawelap.
Condition 3 and 4 added the nurseflambermills and roads respectively hiyremselves to
determine if they alone contributed to higher risk valeash weighted at 20%, with climate also
at 20% Condition 5combinedall four variables to obsee the effects of their interactionsith

climate at 20%, roads and nursetii@mbemills each at 10%, and vegetation remaining at 60%.

e s e N 'S N
CONDITION 1 CONDITION 2 CONDITION 3 CONDITION 4 CONDITION 5

: " : . : . = Vegetati = Climat:
u Vegetation = Climate ® Vegetation = Climate ® Vegetation = Climate = Roads | g Vegetation & Climate = Nurseries cgetation imate

Roads = Nurseries

%

%
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\

10%

SR
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Figure7: Percent weighting of each variable in each of the five conditions.

Accuracy Assessment
| utilized 73 points confirmed positive fad8OD infectionand 326 points confirmed
negative(SOD Blitz, 2017)for SODlocated within Mendocin€ountyto assess the accuracy of

each condition | executed theameweighted overlay processand reclassificatiom
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Mendocno Countyand therextractedhereclassifiediisk values of each conditis@ateach of
the399points. Thenumberof pointsin eachreclassified risk categoryere recorded to identify
which of the five conditions best predicted heghsk values

In addition to comparing the positive and negative point scores in each category, |
calculatedCohen'sKappacoefficient to assess the agreement between the recorded points and
each of the five conditions using a binary categorizatom h e n 6 s Kaptpageafoef f i ci
negative one tpositiveone showshe agreement between each @& thodels while accounting
for agreement by chance, where perfect agreement is equal #llgu@ints with risk scores one
and two were categorized asgative for SODand allpoints with risk scores three to five were
categorized apositivefor SOD

Output

Each of the conditions has three corresponding risk maps: itmesglassified one to
five scalerisk values depicting Mendocir@ounty, one of the study area under gane
reclassed conditions; and onetloé study area without reclassification. These maps without
reclassifications were based on the raw scores from the weighted overlay analyses which

consequently depict greater variation.
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CHAPTER III.

RESULTS

Host Vegetation
The relative risk scores from host vegetation in both the assessment area and my
study arearedepicted in Figur®. The highest risk is shown in red on the coast of Mendocino
County wherdanoaks and redwoods are abundant. Withintistysarea therera some patches
of moderate risk that run mostly through®@ierra Nevada ecoregion in the middle of the area
where there are relatively few tanoaks, mainyother less susceptible oak species and conifers

like California Black Oak, Cayon Live Oak andDouglas FirdPseudotsuga menziesii).
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Figure8: Risk scores of host vegetatimetlassified to a-R0 scale in both the study area on the
right, and the accuracy assessment area on the left. Patches of very low risk are depictad in brig
yellow, while the highest risk is shown in red and follows the coastline on the west, narrowing
toward the northern en@USDA, 2004).
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Climate Suitability

The risk scores for climate suitability are pictured in Figuré&ince these scores
were determmed bythe absolute suitability for the SOD pathogen, no areas received greater than
a score of fteen, as they were not more suitable. Similarly, no score received a 1, as no areas
were on the extreme end of unsuitablde highest risk is pictured ailg the coast of
Mendocino where high relative humidity contributes to the higher total sCoegatches of
deep orange and red in my study area are attributed to the higher annual precipitation and higher
relative humidity. The east side of the studyeardrops in risk value due to lower precipitation,

lower relative humidity, and lower minimum teeratures.
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Figure9: Risk scores of climate suitabilitgclassified to a-R0 scale in both the study area on
the right, and the accuracy assessment arélaedeft. The highest scores are shown in red near
the coast in MendocinGounty, while the lowestcores are shown in yellow on the east side of
the study area.
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Road Proximity

The rasterized and reclassified road buffer variable had high variatisk scores
(1-20) ona localscale(Figure10). Patterns are difficult to observe on county scales because of
the relatively smaller size of tHi&-meter road buffersHigher rik, shown the by the red and
orange colors in FigurgQ, is attributed to thfunctionalclassification assigned to them. These
roads are freewayand principal arterial roads that handle heavy intercity traffic. The shorter,
yellow colored roads are mofiequently residential roads that are less frequented with no
through trafic. The population density of the census bbekso create variation within the
residential areaskigure 11 depicts roads in the city of Mendocino, which are all scored

relatively low due to the low population density in the area.

Figurel0: Riskscores ofl5 meter road bufferseclassified to a-R0 scale irthe study area in
northern ChicoThe highest scores are shown in red, while the lowest scores are shown in
yellow.
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