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Abstract

Loblolly Pine Declinevas first noted in 1959 in the Oakmulgee and Tuscaloosa
Ranger Districts in th&alladega National Foredbcated in the southeastern United
States This slow mortaliy is not new to the area, histjust beginning to be understood
and proper managemessessedLoblolly Pine Decline has been detected primarily
throughout Alabama and Georgia, but there have been reports from eastern Texas to
North Carolira. This study was conducted tihe 9 stats of Alabama, Arkansas, Florida,
Georgia, Mississippl.ouisiana, North Carolina, South @#na, and eastern Texas. The
studywas made up d78 counties covering approximatdl§2,836,00Mectares.

A comprehensive view of predisposing site factors needed to be developed as a
tool to use in maaging forests and investmentBrevious research has identified the
symptomology, fungi, insect vectors, and predisposing factors involved. pidject
utilized slope and aspect dataftother understand how sit@nditionspredispose stands
to this decline, and created a comprehensive map for the southeastern United States, from
Texas to North CarolinaThe map was created using Arc&l&r ¢ MapE 10, For e
InventoryandAnalysis Data (United States Forest Service), and ERIMAGINE® 9.3
spatial analyst modeldt will serve as a valuable tool to understand loblolly pine sites
that are already at risk fewoblolly Pine Declineand thus the proper allocation of

resources for management practicesvill also serve as a gdeé for proper



tree species placemem Loblolly Pine DeclineHazard sites to reduce fututeblolly

Pine Decline



Acknowledgements

| owe a large debt of gratitude to my major professor Dr. Eokihardt. She
offered me an opportunity to expand my knowledge irfigde of forestry and pushed
me to find my full potential. Under her instruction | excelled in my studies, met
individuals from manylisciplines and saw forestry in different partstbé world. lam
very fortunate for her ass@ice my time in her graduate office will always benefit me.

In addition | would like to thank my committee members Dr. Scott Enebak, Dr. Luke
Marzen, and B John Riggins. Their contiabiassistance in wiitg, and GIS work made
my thesis a well @fted product, anthy morning talks with Dr. Enebak made school feel
more like home.

| would like to thank the U.S. Forest Service Forest Healthifdong Division
for fundingthis project, especially Mr. Roger Menard and Mr. Dale Starkey. Also the
Forest Health Cooperative at Auburn University for funding a portion of my research
project. Without these two funding sources my time at Auburn University would not
have been po#sde.

Mr. Donn Rodekohr a spatial analyst at Auburn University, Mr Sam Lambert with
theU.S. Forest Service FIRivision, and Ms. Rosemary Riveraith theUSGS
GeospatiaData Gateway, without youmours of assistance | would not havproduct to
write a thesis aboutYou took time to help me understand what | needed, how to process

my data, and finally how to ssss the accuracy. | thank you.



My previous lab manger Mrs. Rebecca Kidd | thank you for assisting me in my
transition into graduate school and your help beginning my project. The current lab
manager Mr. Dan Anderson, thank you for your insight and the hours of conversation,
you are a great eworker and friend. To the fellow graduate students in the Forest
Health Dynamics Laboratory, Ben, Amrit, and Yuan, thank you for the hours of fun and
laughter. We made work as fun as it could be, | will never forget our time together.

To Dean Richard Brinker, thank you for putting the idea of graduate school in my
mind. Jobs were hard to come by and you suggested an alternative, one that has changed
my life.

Finally to my family and friends, | would list you but you know who you are.

Even though we were states away at times you always let me know you were there for
me.Gr aduate school is a trying and rewardin
support system you all provided | would natvk been able to accomplish my woik

thank you and I love you.



Table of Contents

Y 6111 = Lo PP PPPRRPPPPPPPPRPPPPN Il

ACKNOWIEAQEMENLS. ... ..o eeee e e e e e e e e nensn e \Y

S o T = SRR viii

LISt Of TADIES ... eenr e e e e Xi

Chapter LLIterature FEVIEW...........covviiiiiiiiiii e e e e e e e emnma s s e e e e e e e e aaeeeees 1.

1.1 Early Southern AQEUItUIE............oovviiiiiiie e eeeere e 1

1.2 Loblolly Pine Pinus taedd..).........ccoeeeeeeiiiiiiiieeeeee e 2

1.3 FOreSt DECHIER.......eeeiiiieiiiiiii et e e e 3

1.4 LobIOIY PiN€ DEIINE.......oeveeeiiieee et eeeer e 5

1.5 Hazard and RiSK BPPING..........uuuuiiiiiiiiei e eeeeereeee e 9

1.6 Loblolly Pine Decline Haard Mapping........ccccceeeeeeeeiiiiiiieeeiee e, 13

1.7 Southeast Utad States LPD Hazard Map.............ccoeoeeiiiiieeeiiiiiieeeeee 13
Chapter 2Hazard and Risk Mapping of Loblolly PinBifius taedd..) Decline

in the southeastern United States..............cccvviiviceeee e 15

2. L ADSIIACT ..ot 15

2.2 INETOAUGHDN. ...t et ee e e e et e e e e e e eennes 16

2.3 ODJECHIVES. ...ttt e e e 17

2.4Materials and MthOAS..........cccuiiiiiiiiii e 18

2.4.1 Four Class Hazard Map CreatiQn................eeveeeeieemiivvvneneeeeeen. 18

2411 MOSAIC.....cceiii ittt e e e eeeenese e neees 18

Vi



24012 Flll SINKS..utinieeee e 21

2.4.1.3Slopeand Aspect Calculations...........cccceeeveeeeeceeernnnns 22

2.4.1.4Slope and Aspectétlassification................cccceevvvvveenn. 25
2.4.1.5Weighted OVerlay........ccooeivieieeiiiiieiiieeees e 26

242 EXITAQION....ciiiiiiiiieeee et 29
2.4.2.1Extractby StateMaskK...............ccoevvvriiiiiiccce i 29
2.4.2.2Special State EXtractions...........ccccoeevvvvvviemeeeeeeeeinnnnns 31

2.4.3 Loblolly Coverage/RiSK...........ccoouiiiiiiiiiiieee e 33
2.4.31 COVBIAQE ...ceuviruriiiiieee e eeeeeea e e e e e e e e e e e enee e e e e 33

2.4.32 Loblolly at RiSK......cccoeeiiiieeiiiiiieiiieeee e 36

2.433 Area Catulations..........ccuvveiieiiiiiiieeniee e 38

2.4.4 Map Validation/Groun@ruthing.........ccccceeeeeiiiiiiiiiccc e 38
2.44.1 Slope and Aspedbround Truthing.............ccevveeeeeenns 38
2.4.4.2Ecological Ground Truthing..............evviiiiiiiiieeciiiinnnns 40

2.5 RESUIES. ...t 44
2.51 Loblolly Pine Decline FouClass Hazard Maps..................oo.... 45

2.5.2 Loblolly Pine Decline FauClass RiSKMaps..........cccccevvvieeeeennns 55

2.5.3 Ground TOthiNg........ccuviiiiiiiii e 65

2.6 Discussion and C@MUSION...........eviiiiiiiiiiiiiiiieee e 68
RETEIENCES. ...t e 71

vii



List of Figures

Figure 2.1. ERDAS IMAGINE® 9.3 Data Preparation Mosaic Images steps
USING MOSAIMIIECT........cceeiiiiiiieeeieiiit e e 20

Figure 2.2. Alabama 10m Digital Elevation Model mosaic image with three
PAICEl ZOOML.cciiiiiiiieeee e 21

Figure2.3. 6 Fi | | Si fix3®niodeE tBpled Sircle is input and bottom is

[0 11 1o 1 | PSPPI 22
Figure 2.4.  ArcGIS® 10 Project RASLEMOO ........c.ceveeeeeeeeeeeeeeeeseeeereeeee s 23
Figure 2.5. ArcGIS® 10 Spatial Analst: SIOPE t0O0L.........cvoveeeeereeeeeeeeeeeereeeeens 24
Figure 2.6. ArcGIS® 10 Spatial Analyst: ASPECt tOO.........cecvrveereereeeeeerernen, 25
Figure 2.7. ArcGIS® 10 Spatial Analyst: ReclassifPol ............cocvveevereereeeernnn. 26
Figure 2.8. ArcGIS® 10 Spatial Analyst: Wighted Overlay tool..............c.c......... 27

Figure 2.9. Top left a reclassified aspect raster data set and top right a
reclassified slope raster processed through Alf@I8 ¢ MapE 10
Weighted Overlay tool to produce the Four Class Hazard Map
rasterdata set (Alabama)..........ccoooeveiiiiiiiiiccc e 28

Figure 2.10. ArcGIS® 10 Spatial Anajlst: Extact by Mask toal.................cccccc.e..e. 29

Figure 2.11. State border used as a mask to extract State Four Class Hazard Map
from unclipped State Four Classzdad Map (Alabamay.................... 30

Figure 2.12. Available 10mDigital Elevation Modelshown in green for the
studyarea of the southeast United StatesS............cccoeeeeeevveeeccceeeeeeennn. 31

Figure 2.13. FloridaFour ClassHazard Map processed througcGIS® 10

Extraction by Mak tool using available 10nhgital elevation
model IMage as MASK ........couviiiiiiiiiii e 32

viii



Figure2.14.

Figure 2.15.

Figure 2.16.

Figure 2.17.

Figure 2.18.

Figure 2.19

Figure 2.20.

Figure 2.21.

Figure 2.22.

Figure 2.23.

Figure 2.24
Figure2.25
Figure2.26
Figure2.27.
Figure2.28
Figure2.29

Figure2.30

Figure2.31

Figure2.32

The contiguous United States Loblolly Coverage reduced to the
Southeast Loblolly Coverage then each State Lob{dlyerage
selected (Alabama)...........ooooiiiiiiiiiiee s 34

Southeast Loblolly Pineange with the areas of use for Texas and
Florida demarcated............ccooeeiiiii e i ceeecicie e eeeeeen e 35

Individual State Loblolly Coverage used as a mask on State Four
Class Hazard Map to extract Loblolly Risk ArdgsState (Alabama)..37

ArcGIS® 10 Spatial Analyst: Extractalues to Points toal.................. 40
ArcGIS® 10 GO TOXY 00 ..cvveveieiiveiieecieisiceneeie e A
Center plot and subplot Forest Health Monitoring layout................: 42
ArcGIS® 10 Data Management Tools: Create Fishnet.taal.............. 42

Alabama Loblolly Pine Decline Risk Map with zoom of plotted
POINt (SEVEre RISK).......ccoiiiiiiiieiiieeee e 43

Risk sites with plotted point and plot circle, top: High Risk, bottom
left: Medium Risk, and bottom right: Low RiSK...........ccccooviiiiiieeeen. 43

Alabama Four Class Hazard Map walzoom in of Marshall County. 45
Arkansas Four Class Hazard Map watzoom in of YellCounty........... 46
Florida Four Class Hazard Map with a zoom in of Calhoun Caunty47
Georgia Four Class Hazard Map with a zoom in of Emanuel Count8
Louisiana FoucClass Hazard Map with a zoom in of Winn County...49
Mississippi Four Class Hazard Map with a zoom in of Rankin Coubty
North Carolina Four Class Hazard Map with a zoom in of Lee Coubly

South Carolina Four Clastazard Mapwith a zoom in of Laurens
(@70 11 11PN 52

East Texagour Class Hazard Map with a zoom in of Rusk County53

Southeast United States Four Class Loblolly Pine Decline Hazard



Figure2.33
Figure2.34
Figure2.35
Figure2.36
Figure2.37.
Figure2.38
Figure2.39
Figure2.4Q
Figure2.41
Figure 2.42

Figure 2.43

Alabama Loblolly Pine Decline Risk Map..............uuuuiiiiiiicaceeinnnnnns 55

Arkansas Loblolly Pine Decline Risk Map.........ccccccoviiiiiimannnnnnnn. 56
Florida Loblolly Pine Decline RiSk Map...........ceeviviiiiiiiiieemniiieeieeen. 57
Georgia Loblolly Pine Decline Risk Map............ccuuuviiiiiiccneeeeeinnnnns 58
Louisiana Loblolly Pine DeclinRiSK Map..........ccoovveeiiiiiiiiiicccneeeenn. 59
Mississippi Loblolly Pine Decline Risk Map.............cuuveeiiiiiicaseennnnns 60
North Carolina Loblolly Pine Decline Risk Map............ccccceviiiiiicecs 61
South Carolina Loblolly Pine Decline Risk Map..............ccccvvvvveeen.. 62
East Texas Loblolly Pine Decline Risk Map..............ceevviiiiiieecnnnnee. 63
Southeast United Statd.oblolly Pine xcline Risk Map.................... 64



Table 2.1.

Table 2.2.

Table 2.3.

Table 2.4.

Table 2.5.

Table2.6.

Table 2.7.

Table 2.8

Table 2.9.

Table 2.10.

Table 2.11.

Table 2.12.

Table 2.13.

List of Tables

Slope and Asps reclassifed category values.............cccevvvvvvvvieeeenn. 26

Alabama Four Class Hazard Map area calculations by class in
NECLArES ANECIES. ... .uueiiiei e eeaee 45

Arkansas Four ClasHazard Map area calculatidmg class in
NECtAreRNUACIES ... .uueiie i eeeee e 46

Florida Four Classlazard Map area calculatiohg class in
NECLArERNUACTES ... uue i e e e eeeenee a7

Georgia Four ClasHazard Map area calculatioog classn
NECLAreS @aNECIES........uuiiiei i 48

Louisiana Four ClasHazard Map area calculatioog class in
NECTArERNUACTES ... .uueeiiie e eeeeeee 49

Mississippi Four ClasHazard Map area calculatidmg class in
hectare@Nd ACIES.........ciieii i eeeeee e 50

North Carolina Four Cks Hazard Map area calculatidnsclass in
NECtArERNUACTES ... .uueiieie e ceeee e nnne e e e e eeeeeees 51

South Carolindour Class Hazard Mape& calculationby class in
NECIArERNUACTIES. ...ttt a e e 52

East Texas Four Clagdazard Map area calculatidmg class in
NECLArERANT ACIES... . uuuiiei e eeeee et rnne e e e e e e e eeeeeee 53

Southeast United Sts Four Class Hazard Map acsdculations
by class in hectas antacres............coooeviviiiiiiicceiie e 54

Alabamal oblolly Pine Decline Risk Magprea calculations by
class in hectares and aCIES.........cooevvviiiiiiieeei e 55

Arkansas Loblolly Pine DeclenRisk Maparea calculations by
Class IN NECLAreS AN ACLES .. .. cu e e eaeeeees 56

Xi



Table 2.14.

Table 2.15.

Table 2.16.

Table 2.17.

Table 2.18.

Table 2.19.

Table 2.20.

Table 2.21.

Table 2.22.

Table 2.23.

Table 2.24

Table 2.25

Florida Loblolly Pine Decline Risk Map area calculatitiys
Class iN NeCtarEBNAACIES. .. ....oee e 57

GeorgialLoblolly Pine Decline Risk Maprea calculations by
class in hectares and ACLES........oooeeiiiiiiiiiieeee e 58

LouisianaLoblolly Pine Decline Risk Maprea calculations by
class iN hectares and ACLES.......o.eeu e 59

MississippiLoblolly Pine Decline Risk Magprea calculations by
class in hectares and ACLES........oooeeiiiiiiiiiieeee e 60

North CarolinaLoblolly Pine Decline Risk Magprea calculationsy
class in he@res and ACrES.........ovvivveiiiiiii e 61

South Carolind.oblolly Pine Decline Risk Maprea calculations by
class in hectares and ACIES........oooeevvviiiiiiieeee e 62

East Texatoblolly Pine Decline Risk Maprea calculations by
class in hectares and aCLES.........ccoeeviiiiiiiieeee e 63

Southeast United Statesblolly Pine Decline Risk Maprea
calculations by class in hectares and acres...........cccvevvvvieeeeeeeennnnd 64

Southeast United States Four Class Hazard Map reclassified slope
ACCUracCy asSESSMENT (20)....cevuurrureiiiiii i e et e e e e e e e e e emenreas 66

Southeast United States Fdliass Hazard Map reclassified aspect
accuracy assSeSSMENT (20).......ccoouuuuvirririieeeiiiiiie e e 66

Southeast United States Four Class Hazard Map accuracy
ASSESSIMENT (U0). ittt ieeeii bbbttt e e e e e e e e e s eeer e e e e e e e e e e aeeeeeeas 67

Ecologicd ground truthing resuliplotsbased on fungal presence
(o= 0 1Y= o [o = USSP 67

Xii



Chapter 1

Literature Review

fiForests are complex dynamic communities of living and dead trees
interacting among themselves and with an array of microbes, pests,
environmental, human and other factors to continuously shape and

reshape the community over timeeddh of trees is as inevitable &irth

and growth to the vitality of the forest, but when death interferes with our

financial or emotional expectations, we consider it abnormal and look for

a simple explanatian ( Mani on and Lachance, 1992).

1.1 Early Southeastern Agriculture

Landusage and management have changed considerably since th&aogl
whencotton Gossypiunsp.) wasking. In 1896 in Alabama alone, 1.3 million ha (3.2
million acres) were planted to cotton, and 1 million of its then 2 million residents were
directly involved in the cotton industry (Hawk, 1934J.otton was said to have
influenced religion, law, politics, and art in the south (Smith, 200@nhd that was not
cultivated for cotton was planted to corn, o#@ggna sativd..), and cowpea\igna
unguiculata(L.) Walp.) forage (Mitchelet al, 2008).

With much of the early agricultutacking properlandmanagementhe soil
became depleted of nutrients and highly erodHtese conditions weigausedy excess
tillage, repeated crop cultivation and tgritionaltoll that cottontook on the soil

(Trimble, 1974). Despite the poor sodonditiors, the cotton industrgventuallylet



go of its stronghold on southeayriculture,duein largepart to the itroduced boll
weevil (Anthonomous grandiBoheman) The boll weevil was so devastating that some
historians say its impact extended wil#yond agriculture and economics. This invasive
pest, coupled with a rural economy that had not fully recoveredtfrer@ivil War,
brought poverty and changed southern rural agriculture (Strickland, 1994induatry
based on foregiroducts

After the cotton crashargescale loblolly pine Rinus taedd..) plantings were
initiated to convert thesgbandoned agriculturédnds into productive forestsat would
mitigate the extensive soil erosioNatural regeneration of cut oviarests also assisted
in making loblolly pine the predominant conifer species of the sourtedstited States
(Shultz,1999).
1.2 Loblolly Pine (Pinus taedal..)

Loblolly pinewas first described in 1753 (Coder, 2086gwas a minor
component of the southeastéonestlandscape Prior to European settlemetite
original southern forests were dominated by longleaf ghgglustrisMill.), mixed
hardwood uplands, mixed hardwood bottomlamds swampsLoblolly pine was an
important component of moist sites that were protected from frequielfite (Shultz,
1999).

Loblolly pine naturally rangesdm east Texas to Floridgandthe eastern seaboard
to southern New Jerseyl.he species ialso known a8 u | | Pine, North
and -fAQledl d pien e 2a@ M®ystrokthe loblolly pinerangeis contiguous
with the exception of the Mississippi River flood plaimd a separaggopulation in Texas

c al | elakt pinds eWithin its range, loblolly pine overlaps with the native ranges of

Car



other southern pingbkatinclude longleaf pine, shortlepfne (P. echinataMill. ), slash
pine (P. elliottii Engelm), pitch pine P. rigida Mill.), Virginia pine (P. virginianaMill.)
and pond pineR. serotinaMill.) .

Loblolly pinehas a number of favorable characteristics that have attributed to its
widespread planting in the southeaBhespeciess ideal for siterestaation as it easily
regenerateand is the hardiesif the southern pinda terms of its reproductevability
and rapid growth rate on diverse sitd$is prolific seeder also provides large yields per
hectare at a relatively early age, and canterbaneficial wildlife habitat when stands of
varying ages grow in close proximig@hultz, 1997).This adaptability has led to it being
planted extensively across the saabt, both on and aofitespreferredby the speciesit
alsohas ashallowersystem of lateral roots instead of a larger tap root like that of
longleafpine These characteristicaadeloblolly pineideal for the heavily eroded soils
of the early 28 century and he diverse sites that the foréslustrymanagesoday.

With geneticallyimprovedloblolly pine availablethe opportunity for expansive
plantings on a full range of site conditions, wgémnetically similar trees has becothe
new normwithin the forest industry (Byrarmat al, 2005).

1.3Forest Declines

A Dec !l i geretaltéerm applied by forest pathologists to a reduction in tree
vigor thatbegins slowly, later increasing in seveltitysymptomologyver time The
declineusually being expressed byaquencef symptoms beginning with &
discolorations and chlosis,leaf and twig size reductions, bramie-back thinning
crowns, total leaf loss, and reduction in annual stem radial growth (Mani@ty, 19

Manion and Lachance, 1992The reduction in vigor increasingly weakens the tree,



making it moresusceptibléo insects andiotic organisms such as fungDecline
mortality differs in thasingle tree selection is nttte norm but rathesselection of a
singlespecies at the landscape level (Skelly, 1993).

The concept ofdrestdeclinesas put forth by Manion1®81)is nota new
phenomenoms brestdeclines can be traced as far back as 1739 with oak decline in
Germany (Edmonet al, 2000) Otherexamples of forest decline includee d o0 a k
Quercud.nublea !l i newha ncdh noocrctuaririetdy i n t he Nan:
Forest in the | ate 19et04da®Beln CroJuke rsadadd s 0|
suber) i nitthee rMemean babseienn oifn Tduend Isii rme hfaovre t
decadeshavétsdigege Coed ©Dlakds et migoebsaiisn as s
tree phya&t.ohloygOplHe . Tanzawa Mountains of Jap
beech f olreesn sr ehcaovrededasi ncleut e 10888ids; pol |
and insec(tl smiémsmdazd oln) .

Declines are ¢ haraddtodriiczfeadt dboyw iseo ttshearti etso g
reduce the vigor of a cetrrtrea@rn adp adyiee sstamd
| evieHese factors are rebtmeried tobras disstiesc
predisposing, inciting, or contributing’redisposing factoygnost commonly abiotic
stressorsare in place prior to the tree or stand inhabiting a Sitgographic features
such as slope angect (Eckhardt and Menar2)38) or highly eroded soils (Manion,
1991)are some examplesnciting factors occur otrees once they are weakened by the
predisposing factorsMoisture stress can act as an inciting factor or a contributing factor
(Jurskis, 2005), as well as logging damage (Ee@geat, 1976)or highway deicing salts

(Horsleyet al, 200Q. Abiotic stressors can be any of the three factors, but have high



incidence as a predisposing facto€ontributing factoreventuallylead the tree to
mortality. Thus the declinecomplex involves a number of factors that work in concert
andresults in tree mortality, unlikéiseases such @ nosumRoot Rot Heterobasidion
irregulare Otrosna & Garbelotto formerly HeterobasidiorannosuniFr.) Bref. syn.
Fomes annosutfirr.) Cooke or Pitch Canker caused Bysarium circinatuniNirenburg
& Oo6Donnel |
1.4 Loblolly Pine Decline

Loblolly Pine Decline (LPD) was first noted 1®59in the Oakmulgee and
TalladegeRanger Districts in the Talladega National Forest (TNF), located in the
southeastern United States (Broamd McDowell, 1968). fiee mortalitywasinitially
referred to as Loblolly Pine Di@ff. Historically, the doming species in the TNF was
longleaf pine, bulike most of the southernnited States after harvestingnd agriculture
abandonmentnuch of the area wasplarned to loblolly pinglJohnson, 1947)Forest
Service prsonnel hadeportedpoor tree health andee mortality that could not leasily
explained.Based on reports of this unexplained condition in loblolly pinefthisdb € f 0
and mortality usually occurred in sawtimber sized trees that were in recently cutover
areas. The symptoms associated withdie-backwereshortchlorotic needles with
short retention timesn live branches. It wasoted that the trees next to seWwere
affected trees wereealthy Many agenciesuch as the Southeastern Forest Experiment
Station, Alabama National Foresisd Insect and Disease Control Offieesmined
theseaffected areaslinitial cause®f tree mortality included soil conditions due to
deviations of normal temperatugd precipitation.Precipitation and temperature did

naot indicateanything thatcouldbe correlatedo thetree®poorcondition. Studies



revealed thalboblolly pine in the affectedreas wergrowing on soil that was bett

suited for hardwood specieBurther examinationf theroot systemsrevealed thamany
feeder roots wereitherdeador dying. It was unknown whether tHae feeder root
mortality occurred prior tpor after the above grown symptomology (Roth and Peacher
1971).

The mortality of loblolly pinan these areasasbelievedto be due to
Phytophthora cinnamonfRand$, the fungus responsible for Littleleditease (LLD)
(Rothetal., 1948;Campbelland Copeland, 195&0th, 19540ak andTainter, 1983
However,Roth and Peacher (1971) concluded thatrbe mortalitywas not due teither
H. irregulare (formerly Heterobasidion annomsyrformerly Fomes annosjsr P.
cinnamomi While H. irregulare was recovered from recently cut stumgsgd admittedly
caused some tree mortalithis pathogenvas notresponsible fothelarge areas of
mortality. In addition,Phytophthoracinnamomivas isolated fronsome plots, but not
enough for the pathogen to tiee causal agent of the widpread mortalitgither.
Littleleaf disease has been found more predominamtihortleaf pinen areas of high
moisture retention, andhere shortlegbinewaspresenin theareas; this tree species
wasnot affected.Roth and Peach¢t971)also concluded that the sytomps were not
due to insectdoliage diseases, or heartrofEhe final conclusion wathe affected
loblolly pine weregrowing off site and therefore would be expected to hskerter life
rotationandreduced vigor at an earliage than other stands.

With loblolly pine the tree of choioen both industrial and private lands in the
southeastern tlted States the specigis now usean 80% of all plantations.The large

areaof loblolly pine planted increased the incidence of premarooetality throughout



central AlabamaThese areas included Bibb and Tuscaloosa counties as well as Anniston
and Heflin National Forest lands (Allen, 1994; Hess, 19¢7rdm 19932003 further
work was conducted to examine theexplainedoblolly pine mortalityin those agas.
Research by Bdardtet al.(2007) reported the mortalitwas a decline thancluded
bothmutualistic rootfeeding bark beetles amative andntroduced fungi in the genus
Leptographium The main roofeedng bark beetlesecoveredvereHylastes salebrosus
(Eichhoff), H. tenuis(Eichh.),H. porculus(Erickson), as well asdylobius palegHerbst)
Pachylobius picivorugGermar)and the lower bole and root collar feedegtle
Dendroctonugerebrans(Olivier). Thesebark beetlesector the sticky spores of
Leptographumspp.as theyinfest and colonizstresseginetrees( K| eetz.ilap 9 1 ;
Jacobs ana@o0Wilikg tkehtea Iradl 2 Dhé Fegtlswould not cause tree
mortality alone but coupled with the funghateventually blockoot transportation of
water anchutrients, the tree is further compromised and evegtdads. Leptographium
spp. are anamorphs of the ge@resmannigZipfel et al, 2006), formerlyOphiostoma
(Harrington 1987). Leptographium terabrantiBarras and Perry (Barras and Perry,
1971),L. procerum(W.B. Kendr.) M.J. Wingf (Horner and Alexander, 1983)serpens
(Goid) Siemaszko, an@rossmania hunti{R.C. Rob. Jeffr.) Zipfel, Z.W. dBeer & M.J.
Wingf are the four main fungi in theclineconmplex (Matusick, 2010) These
mutualisticfungi inhabit he roottissue of stressedees, making the root tissuemre
inhabitabletotherodt e e di ng bar k beet |[defensebSpme obthee r i n g
beetles even feed on the fungi itself (Eckltat al., 2007).

In addition to the insect and fungi associatiepgographical features have also

been linked witlthe decline. bblolly pine planted oextremely diverse sites across the



southern Wited States a number of stands diecatedon historicallyunfavorable sites.
Loblolly pine stands on sites of increased slope and south/southwest aspects have been
found to be more prone to develop LPD symptassvell as other southern yellow pines
(Eckhardt and Menard, 20p8The complex interatton of abiotic and biotic factors
responsible for tree mortality anew described as Loblolly Pine Decline, in which

loblolly pine from 20-60 yeardecome stressl and begin to decline, leadittgeventual

premature tree and stanbrtality.



1.5Hazard and Risk Mapping
To properly create and use hazard and risk maps, it is vital to understand the

terminology that goes with them, they are well stated in Noson (2002).

fiHazard Mapping: éthe process of identif
variation of hazard events or physical conditions (e.g. potential ground
shaking, steep slopes, flood plains, hazardous na&tgtes, climate

zones, etcJ.

fiHazard Assessment: The probability or chance of an event occurring in
a particular area basean geological evidence, historical data, and

projectionsderived from theoretical analysts.

fiRisk: Risk may be defined as the likely consequences (damage, loss, etc.)
that may result from the impact of an event on exposures (values at risk)
with specifc event related vulnerabilities. Risk may be considered the
combination of hazard, vulnerability, and exposure. An event resulting in
unacceptable consequences may be consideredrisigbven if the

frequency might be low.

fiMitigation: Actions takero eliminate, prevent, or strengthen community
exposures to achieve target risk levels. Occurrence of a hazard tests the
effectiveness of mitigation measures to improve performance and lower

damage, injuries, and/or financial loss@s.



Hazard and risk maare cosstructecdto accomplish a wide range ofitcomes.

They can range in use as a tool to study secmnomic purpose @ community to
provingvital in areas of the world with high incidences of seismic activity (Noson, 2002).
Tsunami hazard mapsealso valuabléhroughout the world, not only to rate areas of

high hazard and risk, but to establish evacuation routes to minimize risks in high hazard
areas (Venturatet al, 2007). In addition, fooding is aconcern in developed ambn
developedareas Flooding riskscould be due to thproximity to a river for

transportation ad food, or urban sprawl creagitarge ruroff events and oveoading

small waterbed systems. In both scenariaadother similar examplesiazard mapping

can assistn takingprecautions to minimize risksgn Westeret al, 2002 Adeaga,

2005 Bucheleet al, 2006.

Hazard and risk maps can also be useful when looking at frozen wathigher
altitudes avalanchéazard and risk maps serve as tdolminimizelosses of lives and
property In the late 18 and early 28 certuries avalanches increasedceland
Icelanders &d always lived witmatural disasters, but avalanches ckdtihe most lives.
Therefore a need arose for the citizens to become radueated regardinghere to live
and how to plan evacuation routes in the case of an aval@@dnesdottir, 2008).

Similar to natural disasters, the impattandusehas taken a tollIRisk mapping
has been used in combination with rens#asing to dueve a broad area loak lard
use anddegradatiofH a b o ua ta.n,& | 2 ddedsed urbanization can lead to more
impervious surfaces for water, and improper farming techniques can quickly deplete soil
nutrients and make it vulnerable to erosion. Remote sensing can create a large view of

areas to better understand cumulatiiects$.
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Hazard maps can serve thaturalresource as well asdbe thatlepend on it.
Areas in developing countries that rely on groundwater to drink and irrigate crops have
concerns of contaminat with eitherpesticidesor fertilizers. Parameters #t include
depth to groundwater, recharge capability, aquifer media, soil media, aglappy can
beput into a Geographical Information System (GIBJjith the use of a GIS, a
groundwater vulnerability map can be created to help the community unddfrstand
effect on the vital resource and assist in mitigation of over usagéd#hatet al.,
2003).

When working withinvasive pests, risk mappirguld beuseful forthe
allocation of resources for mitigation effortSor an exotic pest to successfutistablish
itself many factors must properly aligh.risk map can give potentialrangean invasive
pestcouldinhabit and the threat level/possibility of becomiegtablished.For example
a geographic region not only needs to be favorable for the invasive pestiays
have to ben place from itgoint of entry. For this reason many invasive pestger
become established risk map for anew invasive pest can predigtovemenbase on
available pathways teuitable geographic regionSuch a risk map coulde effective in
the slowing and possibleradication of the pest with the proper allocation of
phytosanitary efforts (Yemshanov et al., 2010

A current look aSirex noctilio(Fabriciug in North Ameri@ is an example of an
invasive forest pedieing mappedsing geographic hot spots and pathways in order to
implement mitigation effortfYemshano\et al, 2009). Native to Europe, western Asia,
and northern AfricaS. noctiliois currently established in southeastern Ontario (de Groot

et al, 2006), as well aslew Yorkand Pennsylvania in the United Stat&SG 2012).
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Due to broad bioclimatic tolerance of the woodwasp (Carretgaé, 2006) survival is

possible in the entire range thie eastern United State temperate forests. Although little

is known on the popation ecology in North Americaome behavioral knowledge can

be explored from studies in Australia (Hauggral, 1990)and Argentina (Corlegt al.,

2007). Based on the inse@its b e h a v i countrigs,’$ naztilidiseconsidered toda

serious threat to pines iha United States and Canada (Borcbkedl, 2007). Therefore,
steps to | i mit ardwasantedrustieeotonmdlegistscan detarening the
insectods ability to become peddikatbelSirexhed i n
woodwvaspwill continue to be an issua the expanding global marketplace.

Despite attempts to limit the movementaoin-native pestsnvasive species are
widely seen as a serious economic problem in North AmeEstimates in 2009 for
economic impacts ontited Statesigricultural, forestry, and public health due to
invasive exotigestspecies exceeded US$120 bitliannually, costs for Canada were
near CDN$7.5 billionThese estimates were considered low because they do not include
all the indirect and market costs associated with these logsttsmpts to mitigate these
lossesan the United States the Nationalvkasive Species Council was established by
Executive order 13112 (Clinton, 19990his order served to coordinate the efforts of
federal agencies, in particular the United St&@®st Service antthe United States
Department oAg r i ¢ u Animalrared ®lant Health Inspection Service (APHIS
These agencies conduct research, management and regulatory activities to manage

invasive speciefYemshano\et al, 2009).
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1.6 Loblolly Pine DeclineHazard Mapping

In 2003 a number dfiteswere idenified in central Alabamahat were associated
with aspects and slopesth LPD symptomologyi.e. sparse crowns with tied,
chlorotic needles (Eckhardt and Men&d08. The correlatiorof aspect and slope
were of interest due to studies where topography played a role in decline complexes
involving other tree speciesn Pennsylvania declining sugar mapheér sacharrum
Marsh) stands were noteat higher elevation and S, SW, W, and Ni&pects (Drohaet
al., 2002). Horslet al.(2000) also linked sugar maple decline to topographic position
on the Allegheny Plateaun 2001 it was reported that altitude, slope and aspect were
correlated with fir decline in the Vosges Mountains @frfeée (Thomast al., 2002).
Menard (2007) further mappedPD risk sites in central Georgioking at ares forrisk
within Red Cockaded Woodpeck@ticoides borealid/ieillot) habitat. Because of these
trials (Eckhardt, 2003: Menard, 20pthe parameters for hazard sitesloblolly pine
stands at risk are better understo&dr example, gpect risk ratings range fro887.5°
to 67.5° for lowrisk, 67.6° to 115° and 292.6° to 337.4° for mediumk, 247.6° to
292.5° for highrisk, and 112%6° to 247.5° for sevenesk. Percent slope risk ratings range
from O to 5% for low, 5.1 to 10% for mediyrh0.1to 15% for high, and >15% for severe
risk (Eckhardt and Menard, 20p8Combining these two risk factors allows for the
creation of hazard rating system based on the slope and aspect parameters.
1.7 Southeast United States LPD Hazard Map

Theareagprevously mapped b¥ckhardt (2003) and Menard (2007) cover parts
of central Alabama and Georgia. Loblolly Pine Decline has been detected primarily

throughout Alabama and Georgia, but there have been reports from eastern Texas to
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North Carolinahat have been confirmeldrough positive identifications at the Forest
Health Dynamics Laboratory at Auburn Universifihe long rotation of timbedoesnot
lend itself to rapid changes in stand objectiBeEcause of the uncertainty that surrounds
the extent of LPD, land managetesea an accurate tool to determine the potential risk of
futureoutbreaks of LPD. This projetttends tadevelop anap acrosghewiderange on
which loblolly pine is found. fie Four Class Hazardapcreatedcan be used as a
management tool in the attetaggo mitigate current and furiLPDin the southeastern

United States.

14



Chapter 2

Hazard and Risk Mapping of Loblolly Pine (Pinus taedd..) Decline
in the southeasérn United States

2.1 Abstract

Loblolly PineDeclineis adiseaseeomplex that poses a threat to the forests and
economy of the southeashUnited States This treemortality is not new tahe area, but
scientistshave just begun to understand the ismo@ proper managemerethniques are
beingasessed.Once the symptomaf Loblolly Pine Decline are visible, the foredand
is at risk of continued mortalityA comprehensive view giredisposing site factors
neededo be developed as a tdolusein managing forests and investmenBevious
researchdentified the symptomology, fungi, insect vectors, and predisposing factors
involved This project utilized slope and geect data to further identifsitesthat may
predisposetands to this decline, and crehéecomprehensive map ftire southastern
United States, from Texas to North Carolirfdne map can serve asaml to understand
loblolly pine sites that are already at risk fooblolly Pine Declineand thus the proper
allocation of resource®f management practices. It caso serve as a guide for proper
tree species placememt Loblolly Pine DeclineHazard siteso reduce futuré.oblolly

Pine Decline
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2.2 Introduction

Loblolly Pine Decline is a disease complex that poses a threat to the forests and
economy of the sou#iin United StatesMaps of Loblolly PineDecline (LPD) Sites have
been produced on small asdaut not on theange on whichhe decline complex occurs.
From19992003siteswere mapped igentral Alabama study areas that were associated
with aspects and slopesth LPD symptomology of thinsparse crowns with tied,
chlorotic needles (Eckhardt, 2003The correlatiorof aspect and slopeere of interest
dueto other examplewhere topogrnahy played a role itreedeclines. Menard (2007)
further mapped BD risk sites in central Georgi@oking at areawithin Red Cockaded
Woodpecke(Picoides borealid/ieillot) habitat. Because of these trial&¢khardt, 2003;
Menard 2007 the parametarfor hazard sitesf loblolly pine stands at risk weteetter
understood.For example, spectrange from337.5° to 67.5° for lowisk, 67.6° to 115°
and 292.6° to 337.4° for mediunsk, 247.6° to 292.5° for highsk, and 112.6° to
247.5° for severeask. Percent slope risk ratings rangenir® to 5% for low, 5.1 to 10%
for medium, 10.20 15% for high, and >15% for severigsk (Eckhardt and Menard,
2008. Combining these two risk factors allows for the creatioalwdizard rating system
based onlte slope and aspect parameters.

The areas thdtave been previously mappeover parts of central Alabama and
Georga, where LPD has been reportgtckhardt, 2003Menard, 2007.) Eckhardt
(2003) mapped the Oakmulgéelladega, and Shoal CreRinger District. The
OakmulgeeRanger Districts located in westentral Alabama and covers portions of
Bibb, Hales, Perry, Dallas, Chilton, and Tuscaloosa counties,apyaiely 63,130

hectares The Talladega Ranger District and Shoal Creek Ranggri®iare located in
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northeast Alabama. These two districts cover par@atiioun,Cherokee, Clay
Cleburneand Talladega counties.

Loblolly Pine Declinehas been detecte¢ldroughout Alabama and Georgia, but
there have been reports from eastern Texas to North Carolina through positive
identifications at the Forest Health Dynamics Laboratory at Auburn Univeidity.lbng
rotation of timbeidoesnot lend itself to rapid cmges in stand objective®ue tothe
uncertainty that surrounds the extent of LPDgdlamanagers need an accurate naap
determine the potential risk of future outbreaks of LPI2veloping such a map will
create a usefuhanagement todhat can be utitedby land managerattemptingo
mitigate currenaind future LPDOnN the southeastern United States.

2.3 Objectives

Theobjective of this research wasdreate a Loblolly Pine Decline hazard map
based on predisposing slope and aspect stress parafr@tesevious research and
field obserations where decline has been repart€ce the hazard map was created a
risk map was tte created using the most updatgulolly pine coverage layer available.
The hazard and risk mapere then to be ground thed using relevant parameters.
These objectives were created in order to tstdad the amount of hazaadross the
southeast United States landscape. Furtherrtioeg were intended to quantifye

amount of loblolly pine currently at varyiigvels ofrisk across the study area.
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2.4 Material sand Methods
2.4.1. Four Class Hazard Map Creation

2.41.1. Mosaic

The study was set up to span from easte

Woodsod, to North Car ol i n6&8countiedcoverin st at e

approximately102,83%,000hectares. Such an increase in area led to larger computations
and data acquisitionA Four Class Hazard Map was created for eafcthe 9southern
statesto create dinal FourClass Hazard Map for the sbehstern &tes of interest.
States were processentividually due to thdarge size of the 10miBital Elevation
Model (DEM)files. The 10mDEMs used for this project weigart of the National
Elevation Dataset (NED) created by the tddiState$seological ServicellSGS Earth
Resources Observation andeédce (EROS) data center. TRED is a collection of the
bestavailable elevation data in a seamless mo3d&ie DEMs were acquired from the
USGSGeospatial Data Gateway (GD{®Bratedonline at
http://datagateway.nrcs.usda.goVenmeterDEMs were acquiredor Alabama,
Arkansas, Florida, Georgia, Louisiana, Mississippi, North Carolina, South Carolina and
easterirexas

Digital Elevation Modelsvere createthy the USGS GD@Gising 7.5minute
elevation data at orthird arecsecond resolution (approximately 10m). For some areas
the 10m EMs were created from resampledDAR (Light Detection and Ranging) or
aerial photographyPhotogrammetrical tediques usedn aerial photogghy scanned
theaerial photographwith mapping softwaréo collectx, y, andz coordinate®verlarge

areas This was done in combination with known y, andz) coordinatesised as
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control points The elevation pointsom the derived Digital Terrain Model (DTMyere
thenstoredas rasteDEMs (GeospatiaData Gateway, 20)2

The DEMs were received either by DVD or FTRiog; they were delivered in
small parcels as thegre stored with the Geospatiadta Gateway. For example thate
of Alabama consisted of 2,813 files, 936 of those being TIFF image files that needed a
mosaic process torm a contiguous 10EM for that state. The other files were data
reference files for each TIFF file.

ERDASIMAGINE® v. 9.3 was used for the mosaic processing of the individual
TIFF files into a gigle statectOmDEM. The mosaic processed wadviosaic Direct
locaedundet he Dat a PataBpapat opthi 6 nMosditdseati c | ma g e
(Fig. 2.1). In the Mosaic Direct window the TIFF filésr the desired state were selected
as a group from their saved | ocation. The
an ouputlocation and nameerespecified and saved as an IMGagefile. Once
completed, this process created a nosaage of the parceled 10dgital elevation

models for eachktate (Fig.2.2).
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Fig. 2.1.ERDAS IMAGINE® 9.3 Data Preparation Mosaic Images steps using Mosaic

Direct
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Fig. 2.2.Alabama 10m Digital Elevation Modeiosaic mage with thre@arcel zoom

2.4.1.2.Fill Sinks
Each Sate mosaitmage was processéisfou gh a O Fi | ,|dowBloaded s 6 mo

from erdas.comin ERDASIMAGINE® 9.3, A sink in a DEM is a low point that cannot
drain. The ERDA& model identified the sinks by identifying elevations where the focal
elevation point was the minimum elevation of a grid window surroundatgetavation
point (Fig. 2.3). This process removed sinks in the DEM mosaic that were a result of
error. Theimagemosaicwas chose for the input; aname and location wesesssignd for
the outputconditioned image. In the output window along with thene and location
the Data Type was-bchéanged nho 98l gpsedwébe ¢
the statistical calcuteons. Signed 1®it was selectethstead of &it due to the change
in elevation from the coastal portions of states to higharations. A 1&it number is a
binary number code thaan store integaraluesthat rangdrom 0 to 32,767 including
zero as a numberA signed number takes the first number and asstgsspositive or
negative. A signed 1Bit can store integer values froi6,383 to +16,383. This range

will cover the highest point on Mount Everest, in meters, to the deepest part in the
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Marianas TrenchT he O Fi | | Sinksd model al sentht r uncat
decimal place. Treh decimal place was all that was desii@dhe computations as

satellite imagery is not generally precise enough to measure past that point.

[*#% c:/mbm/models fill dem sinks/fill_sinks.gmd o [=])E3|
File Edit Model Test Process Help

sE DES § BRA S £ 3@

Fill Sinks in a DEM W

conditional nB_Custom_Float

d_si
v
<] »

| 4
Fig.23.6 Fi | | Si fi%3¥niodeEtBpDed Sircle is input and bottom is
output.

2.4.1.3. Slope andAspectCalculations

Once the DEM parcels weoembined intane mosaic image amwnditioned
t hroughl t Bée n ktbebmageavdseitocesstiough separatarcGIS® Arc
Ma p EO Spatial Analyst tool® obtain slope and aspect. Tdwculationf slope and
aspect were later joined aftertiuer processing to create the FQlass Hazard Map

Slope
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To figureslope the image was projected usiAgcGIS® 10 Data Management
Tools\Projections and ransformation®gRatekProject Rater (Fig. 2.4). The projection
c h o s e USAv@ostigunusAlbersEqual_AreaConicprjoor Albers Equal Area

(AEA). This projection of the state mosamage washen used for slope calculation.

ArcToolbox [éi

-8 3D Analyst Tools
-8 Analysis Tools
- &P Cartography Tools
+- & Conversion Tools
+ @ Data Interoperability Tools
- &P Data Management Tools
+- 8¢ Data Comparison
+- & Database
+- & Distributed Geodatabase
4.8 Domains
+- 8¢ Feature Class
()-8 Features
+- & Fields
+- 8y File Geodatabase
+- 8 General
-8 Generalization
+- & Graph
-8 Indexes
+- &y Joins
()-8 Layers and Table Views
+- & Package
=&+ Projections and Transformations
- & Feature
= % Raster

# Flip

= .
#, Project Raster

# Rotate
# Shift
# Warp

i pah g il ahin Spbiadinm:

m

»

Fig. 2.4. ArcGIS® 10 Project Rastepol.

Slope was calculated usirgcGIS® 10 Spatial Anbyst TooldSurfacéSlope (Fig.
25. A0 Fi I I Si nk sFA pojectedstate DEMmwastput and an output
location and name asassigned for the slope raster data set. Output measurgqment
was changed form ¢DEGRBE®RReZfacdorem#nedRa€tENT _ RI SE

default of6 1 6
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ArcToolbox
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-8 Surface
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#, Contour
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# CutFill
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i = ints
< # Slope >
\, viewshed
o -

Fig. 2.5. ArcGIS® 10 Spatial Analyst: Slope taol

Aspect was calculated using ArcGI$0 Spatial Analst TooldSurfacéAspect

(Fig. 2.6) .

A

6 ¢onditidnedState EMIBGthes t at e 6 S

UTWaspr oj ect i

input and an output location and namasvassigned for the aspeaster data set.
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Fig. 2.6.ArcGIS® 10 Spatial Analyst: Aspect tool

ArcToolbox
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N AR

i

. Contour with Barriers

2.4.1.4. Slope and AspecReclassification

Both slope an@spect calculations were reclassified itte four hazard

categories based qmevious researcfEckhardt and Menard, 20P8Reclassification

was carried out using ArcGTSL0 Spatial Analyst ToolReclastReclassify(Fig. 2.7).

The previous slope arabpect calculationsere reclassified to numericategories of 1,

2, 3, and 4 whiclecorresponded with the values in TaBl&. Slopeclassification usethe

6Manual

clebsificationchdicewith 4

breaks

of

which the

percent. The percent break values were entered as 5.1, 10.1, 15.1, and/éhedasts

t

he

ma X i

mu m

classification usetl h e

e |

evat.

6 Matmauda 8

on

v al

ue

n

t Mgpect al cul a

a s 6 lreakslentered aslidegredhe

values were entered 8s67.5,112.5, 247.5, 292.5, and 337.5 to achieve the desired

aspect degree intervals.
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Predisposing Hazard Factors
Slope Aspect
1. 01 5.1% 1. 337.571 67.5°
2: 5.17 10.1% 2: 67.6°1 112.5° and 292.6 337.4°
3: 10.1i 15.1% 3: 274.61 292.5°
4. >15.1% 4: 112.671 247.5°
2.4.1.5. Weighted Overlay

ArcToolbox
] @ Multidimension Tools
-8 Network Analyst Tools
-8 Parcel Fabric Tools
-8 Schematics Tools
o) @ Server Tools
=& Spatial Analyst Tools

-8 Conditional
- & Density
+- & Distance
&) % Extraction
()-8 Generalization
)-8 Groundwater
+- & Hydrology
- & Interpolation
48 Local
- & Map Algebra
- & Math
+- & Multivariate
&) %‘ Neighborhood
- & Overlay
+- & Raster Creation
= % Reclass
": Lookup
#, Reclass by ASCII File

#

- & Solar Radiation
-8 Surface
-8y Zonal

-8 Spatial Statistics Tools
(-8 Tracking Analyst Tools

> =)

Fig. 2.7. ArcGIS® 10 Spatial Analyst: Reclassifgol.

Table 2.1.Slope and Aspectclassified category values.

The Weighted Overlay togFig. 2.8) in ArcGIS® 10 allowedtwo sets of the same

dat a

types,

raster i n t

hi

S

application,

allotted to each data seAt this point in the process the rassifiedslope raster dataset

wasin Albers Eual Area and the aspect waghe Geographical Coordinate System

corresponding with each statd$M zone.
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The AEA projected slope andiTM state zonaspect raster datasets were added
to the O0Wei ght efatheWegghtddOyerlay, SimliaeAdalyst toad.
Based on field observatioitsvas determined that 60% influence would be assigmed
aspect and 40% influee to slope.Percentages were basedaspect leading to more
stress as the site is more prongeather conditions on a constant basis and slope is tied
to water retention ability during a rainfall everthe output retained the four class

categories by default

ArcToolbox =)
8 Cartography Tools A
4-@p Conversion Tools I
- & Data Interoperability Tools
- &P Data Management Tools ‘
+- @ Editing Tools }

I
\

-8 Geocoding Tools
-8 Geostatistical Analyst Tools
| -8 Linear Referencing Tools
& @ Multidimension Tools
-8 Network Analyst Tools
-8 Parcel Fabric Tools
- Schematics Tools
] @ Server Tools
-8 Spatial Analyst Tools
+- & Conditional
+)- & Density
+- & Distance
+- & Extraction
-8 Generalization
+- & Groundwater
+- & Hydrology
+- 8¢ Interpolation
+- &y Local
+- & Map Algebra
+- & Math
+. 8y Multivariate
+- 8 Neighborhood
=& Overlay
#, Fuzzy Membership

= o
2. Weighted Overla;
y Weighted Sum

R S

m

Fig. 2.8. ArcGIS® 10 Spatial Analyst: Weighted Overlay tool

The produtof theweighted overlay of aAEA slope andh UTM state zone
aspect raster dataseas a UTM state zorfeourClass Hazard Maffig. 2.9). At this
stagethe maps were not defined by state boundamesusing anextractiontool, were

separated by state
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N/

Weighted Overlay

Fig. 2.9. Top left a reclassified aspect raster data set and top right a
reclassified slope raster processed through Alf@I$ ¢ MapE 10 Wei gh
Overlay tool to produce the FoutaSs Hazard Map raster data @dabama)
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2.4.2. Extraction

2.4.2.1. Extract by State Mask

EachFourClass Hazard Map was extractegits state boundarmgxported from the

ESRFP United States shagiée in ArcGIS® 10. All extractiors wereimplemented with

ArcGIS® 10 Spatial Analyst TooMExtractionExtract by MasKFig. 2.10). The6i np u't
rasterd assigned as thenFohe gregssotiazatdp
raster or feature mask datado was the coinc
named vas assigned and saved to a location. This process resulted in an ekwacted

Cl ass Hazar d NleopndabyyFig2H) h st ateo

ArcToolbox (=]

[@] ArcToolbox -~
+1- 8 3D Analyst Tools
-8 Analysis Tools
- Cartography Tools
- Conversion Tools
- Data Interoperability Tools
- & Data Management Tools
- Editing Tools
&P Geocoding Tools
+- ) Geostatistical Analyst Tools
& Linear Referencing Tools
+- & Multidimension Tools 2
& @ Network Analyst Tools
) e Parcel Fabric Tools
+- & Schematics Tools
+- &P Server Tools
=P Spatial Analyst Tools
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] & Density
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-8 Extraction
# Extract by Attributes

= b
! N ixtracl Iy 'oints

y Extract by Polygon
y Extract by Rectangle
y, Extract Multi Values to Points

MWW N

y, Extract Values to Points
y Sample

-8 Generalization

-8+ Groundwater

s

Fig. 2.10. ArcGIS® 10 Spatial Analyst: Extract by Mask tool
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/
Extract by Mask

l

Fig. 2.11. Stateborder used as a mask to extract State Four Class Hazard Map
from unclipped State Four Class Hazard Najabama)
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2.42.2. Special StateExtractions

TenmeterDEMs were available for the majority of the southeast United States
but not its entirety A small partwas unavailable iGeorge County, Mississippi and
manyportions were not available Florida (Fig2.12). Florida and Mississippi Four
Class Hazard Maps were clipped as a final process to remove areas of hazard that were
not figured from DBMs (Fig.2.13) using the Extract by Mask tool in ArcGi%wrc

MapE. 10

Fig. 2.12. Available 10mDigital Elevation Modelshown in green for the studyea of
the southeast United States.
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Fig. 2.13. FloridaFour ClasdHazard Map processed througtcGIS® 10 Extraction by
Mask tool using available 10udtigital elevation model image as mask.
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2.4.3. Loblolly Coverage/Risk
2.4.3.1. Coverage

ForestHealthTechnologyEnterpriseTeam (FHTET) a department of the United
States Forest Service, providetbhlolly pine f. taedal.) coverage layer for the
contiguoudJnited States.The most recent coverage versiBeta 3,not available to the
public,was provided for thiproject. The loblolly ceerage was created lay30m pixel
modelusing the criteria whethéoblolly pine was present or absenthelmodel did not
takeloblolly density into accountThe 30m cells were then aggregated to a 240m pixel,
each 240nconsistiry of sixty-four 30m cells. The coverage was delivered as @@o
frequencythe number of 30m cells with loblolly pipgesent waslivided by thetotal
possible numbeB4,within the 240m pixeto achieve a frequency percentddien
EllenwoodFHTET Modéer, personal communication). For the purposes of the risk map
a 60% frequency was chosersbed on Loblolly Pine Declinedid observations.

Theloblolly pinecoverage layer wabenextractedoy a mask (Fig. 2.04f the
state borderfor the chosen statefjabama, Arkansas, Florida, Georgia, Louisiana,
Mississippi, North Carolina, South Carolina, and TexHse Southeast Loblolly
Coverage as therseparatetby state using bordees masks to extract by ma$kg.
2.14). For Texas and Fladaonly partial state areas were chosee to the lower

percentage loblolly range in those states (Ei@5).
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Fig. 2.14.The ®ntiguous Unid States Loblolly Coverage reduced toSoaithast
Loblolly Coverage then ea@tate Loblolly Coverage select@dlabama)
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Figure 2.15 Southeast Loblolly Pineange with the areas of use for Texas and Florida demarcated.



2.4.32.Loblolly at Risk
The Loblolly Coerage files for each state wanearaster file formaandthe
Four Class Hazard Mapvere extractedsing the Loblolly Coverage as a m&big.
2.16 by Sate The Loblolly StateCoverage raster files were converted to shape files for
each statand used as masks in an extractidhe extraction resulted samapby state
of the hazard sitesn which loblolly pine were located according to the FHTET Loblolly

Coverage filgFig. 2.16).
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Fig. 2.16. Individual State Loblolly Coverage used amask on State Four Class Hazard
Map to extract Loblolly Risk Aredsy Statg(Alabama)
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2.4.3.3. Area Calculations

The ArcGIS10 6Field Cal cul at ornbotwedaresangéd t o
acresanévas done for each stateds raster Four
Map. The attribute tables were accessed for each raster dataset and a new field was
added for OHecttahree sl6o nagn di nbieréetiieevaredordatdg e O . T
outsice of an editing session then calculated insidediting session and savedhe
field calculator was sl as mentioned and hectares wigered by the equation
O[] Count ]/ 1b9pD[6Cawnmdt Ja/r . 4 7diwastheumberd o unt 6 f i
10m pixels, 100m? in each of the four hazard categori@e calculations resulted in
the number of hectares and acres in each of the four hazard categories per state for the
Four Class Hazard Map and the Loblolly Risk Area M@&pese calculations were
processed on raster files before pyramigse built in order to obtaiaccurate
calculations. Pyramids we built later to project alitate maps as one.
2.4.4 Map Validation/Ground Truthing
2.44.1. Slope and AspectGround Truth ing

Forest InventorandAnalysis (FIA) slope and aspect data wesed as ground
truth measures by United States Forest Service personinetedassifiel slope and
aspect datasets from this study were providedster datasets for use on ArcGIR). A
6. sqgl 6 oruergltanguage statersedt wgy written with Oracle software to query
the FI A database, extracti nfje(shapei®3hp) and 6C
was created in ArcGI510 using actual, not fuzzed or altered, X and Y coordinafs.
point file was tlen exported and saved in the same projection as the state the file was

created to truth Spatial Analyst TooMextractionExtract Values to Poini{gig. 2.17)
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was used, point features, PLOT and CONDITION data for each state, and raster by state
were inputto extract slope and aspect data by X and Y coordinates. This process was
implemened for each state, creating a slope and aspect file forséateh Thelatabase
files (.dbf) were converted into Microsoft Excel spreadsheétope and spect per
Souheast state with the andY coordinates for each FIA plot removed prior to
receiving

Using Microsoft Excel 2010, IF/THEN statements were created based on the
predisposing hazard site conditions (TaBlé). The IF/THEN statements created a
coumnst ati ng whether the ground data matched
good®éd. These 6okdéd and O6no goodd cell s wer
the slope and aspect map readings compared to the FIA ground data. Tolerances were
created for both slope and aspect to accommodate for errors that could have occurred in
calculations and ground readingso tolerance values were figured as well asl¥b for

slope values and +56, 10, and 15 degrees for aspect values.
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Fig. 2.17. ArcGIS® 10 Spatial Analyst: Extract Values to Points tool

2.4.4.2. Ecological Ground Truth ing

Positiveand negativédentificationsof ophiostomatoidungi from the Auburn
University Forest Health Cooperativ@atabasenade from sampled loblolly pine roots in
research plota/ere plotted orthe Loblolly Pine Decline Hazatdap. Theplot GPS
coordinates were stored in the database then plotted on the Loblolly Pine Decline Risk
Map using ArcGIS1 0 6 Go T qFigXX8) in theonmaih toolbar. Once a point
was plotted its risk level was assessed.

Thefield plots consigtdof a center plot and three subplatensistent with the
United States Forest Service Forest Health Monitoring plot design2(E@g.(Dunn,
1999) The center and subplots have a radius of about 7VBhen the GPS plot
coordinates were plotted on the Loblolly Pine Decline Risk Map, the center 10m cell that
contained the point was considered to be plot center. This assumption had to be made as

mostof the points did not fall in the center of a 10m pixel due to GPS error and plot
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location. The 10m cells on the 10m resolution raster file were delineated by a Fishnet
created in using ArcGf510 Data Management Totfeature Clad€reate Fishne(Fig.
2.20. Thi s 0 F i-reféreneed diid downton the 1@neraster file which was
needed in areas that consisted of the same color pixels.

The 7.3m radius of each plot overlapped 9 pixels on the 10m (BsjeR.21)
These 9 pixels were averagedachieve the risk rating of the plot. Numbers were
assigned to the color pixels based on their risk level to achieve the average plot risk.
Green/Low Risk =1, Yellow/Medium Risk = 2, Orange/High Risk = 3, and Red/Severe

Risk = 4(Fig 2.22)

GoTo XY (Decimal Degrees) =
fH Qe L= >
Long: Lat: |

Fig. 2.18. ArcGIS® 10 Go To XY tool.
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Fig. 2.19 Center plot and subpl&torest Health Monitoring layout.
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Fig. 220. ArcGIS® 10 Data Management ToolGreate Fishnet tool.
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Fig. 2.21. Alabama Loblolly Pine Decline Risk Magith zoom of plotted point
(SevereRisk).

Fig. 2.22 Risk sites withplotted point angblot circle, top: High Risk, bottom left:
Medium Risk, and bottom right: LoRisk.
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2.5 Results

The southeast United&@es was mappddr om east Texas, t
North Carolinaconsisting of seven entisgates, the northern half of Florida and east
Texas. It overed 67&ounties across 9 stat@sdapproximatelyl02,83%,000hectares.
The Four Class Hazard Mgplabama Fig. 2.23, Table 2.2; Arkansas Fig. 2.24; Table
2.3; Florida Fig. 2.25, Table 2.4; Georgia Fig. 2.Péble 2.5; Louisna Fig. 2.27/Table
2.6; Mississippi Fig. 2.28Tale 2.7; North Carolina Fig. 2.29ale 2.8; South Carolina
Fig. 2.3Q Table 2.9; East Texas Fig. 2,3lable 2.10ronsisted 0#9,190,99hain the
Low hazard clas€0,306,79(ha in the Medium clas26,761,872a in the High class

and6,854,10tha in theSeverehazardslass(Fig. 2.32 Table 2.11) The Loblolly Pine

Risk Map(Alabama Fig. 2.33, Table 2.12; Arkansas Fig. 2.34; Table 2.13; Florida Fig.

2.35, Table 2.14; Georgia Fig. 2,3kable 2.15] ouisianaFig. 2.37 Table 2.16;
Mississippi Fig. 2.38Tabk 2.17; North Carolina Fig. 2.3%abke 2.18; South Carolina
Fig. 2.4Q Table 2.19; East Texas Fig. 2,4lable 2.20ronsisted of 13,203,108 in the
Low hazard clas¥/,700,494ha in the Medium clas9,819,89(ha in the High class and

2,346,953a in the Severe hazards cl@sg. 2.42 Table 2.21)
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2.5.1. Loblolly Pine Decline Four Class Hazard Maps

Fig. 2.23 Alabama Four Class Hazard Map with a zoom in of Marshall County.

Table 2.2 Alabama Four Claddazard Maparea calculations
by class in hectares and acres.

Alabama Hazard Site Area

4,397,919 3,182,964 4,378,961 1,426,200 Hectares
10,867,108 7,864,997 10,820,269 3,524,091  Acres
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Fig. 2.24 Arkansas Four Class Hazard Map with a zoom in of Yell County.

Table 2.3 Arkansad-our ClasdHazard Maparea
calculations by class in hectares and acres.

Arkansas Hazard Site Area

7,032,372

2,734,882

3,747,354

1,372,216

Hectares

17,376,753

6,757,802

9,259,584

3,390,700

Acres
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Fig. 2.25 Florida Four Class Hazard Map with a zoom in of Calhoun County.

Table 2.4 Florida Four Class Hazard Map area
calculations by class in hectares and acres.

FloridaHazard Site Area
3,140,648 743,506] 919,539 54,046| Hectares
7,760,434 1,837,178 2,272,151 133,545 Acres
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Fig. 2.26 Georgia Four Class Hazard Map with a zoom in of Emanuel County.

Table 2.5 GeorgiaFour ClasdHazard Maparea
calculations by class in hectares and acres.

Georgia Hazard Site Area

7,047,833

3,054,756

4,084,941

1,008,609

Hectares

17,414,957

7,548,200

10,093,752

2,492,238

Acres
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Fig. 2.27 Louisiana Four Class Hazard Map with a zoom in of Winn County.

Table 2.6 Louisiana Four Class Hazard Magea
calculations by class in hectares and acres.

Louisiana Hazard Site Area
8,381,799 1,744,490 2,054,096/ 233,074| Hectares
20,711,142 4,310,577 5,075,603 575,918 Acres




Fig. 2.28 Mississippi Four Class HazaMap with a zoom in of Ranki@Gounty.

Table 2.7. Mississippi Four Class Hazard Map area
calculations by class in hectamasd acres.

Mississippi Hazard Site Area

5,674,857| 2,679,424 3,253,004 715,345| Hectares
14,022,380 6,620,765 8,038,064 1,767,594  Acres
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Fig. 2.29 North Carolina Four Class HazaMap with a zoom in of Le€ounty.

Table 2.8 North Carolina Four Class Hazard Marea
calculations by class in hectares and acres.

North Carolina Hazard Site Area

4,397,919

3,182,964

4,378,961

1,426,200

Hectares

10,867,108

7,864,997

10,820,265

3,524,091

Acres
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Fig. 2.3Q South Carolina Four Class Haddvlap with a zoom in of Laurer@ounty.

Table 2.9 South Carolina Four Class Hazard Mapa
calculations by class in hectares and acres.

South Carolina Hazard Site Area

4,295,658

1,394,912

1,878,646

420,616

Hectares

10,614,425

3,446,780

4,642,071

1,039,328

Acres




Fig. 2.31 East Texa$our Class HazdrMap with a zoom in of Ruskounty.

Table 2.10Q East Texasour Class Hazard Map area
calculations by class in hectares and acres.

EastTexas(Piney WoodsHazard Site Area

4,821,992 1,588,892 2,066,370 197,794| Hectares
11,914,978 3,926,098 5,105,930 488,742] Acres
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Fig. 2.32 Southeast United States Four Class Loblolly Pine Decline Hazard Map.

Table 2.11 Southeast United States Four Class Hazard Map
area calculations by class in hectares and acres.

Southeast Loblolly Pine Decline Hazard Area
| Medium |
49,190,997 20,306,790 26,761,872 6,854,100 Hectares
121,549,285 50,177,394 66,127,685 16,936,247 Acres




2.5.2. Loblolly Pine Decline Four Class Risk Maps

Fig. 2.33 Alabama Loblolly Pine Decline Risk Map.

Table 2.12 Alabama Loblolly Pine Decline Risk Map
area calculations by class in hectares and acres.

Alabama Loblolly Pine Risk Area

1,406400

1,488884

1,981,525

700629

Hectares

3,475,167

3,678,983

4,896,281

1,731,230

Acres

55



Fig. 2.34 Arkansas Loblolly Pine Decline Risk Map.

Table 2.13 Arkansas Loblolly Pine Decline Risk Map
area calculations by class in hectares and acres.

Arkansas Loblolly Pine Risk Area

1,326,379 589,816| 833,463| 179,345| Hectares
3,277,437| 1,457,416 2,059,459 443,155] Acres
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Fig. 2.35 Florida Loblolly Pine Decline Risk Map.

Table 2.14 Florida Loblolly Pine Decline Risk Map
area calculations by class in hectares and acres.

106,937

FloridaLoblolly Pine AreaRisk

53,688

67,778

8,408

Hectares

264,238

132,661

167,477

20,775

Acres
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Fig. 2.36 Georgia Loblolly Pine Decline Risk Map.

Table 2.15 Georgia Loblolly Pine Decline Risk Map
area calculations by classhectares and acres.

Georgia Loblolly Pine Risk Area

2,133,506 1,342,831

1,715,106

412,885

Hectares

5,271,821 3,318,090

4,237,970

1,020,225

Acres
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Fig. 2.37 Louisiana Loblolly Pine Decline Risk Map.

Table 2.16 Louisiana Loblolly Pine Decline Risk Map
area calculations by class in hectares and acres.

Louisiana Loblolly Pine Risk Area

1,425,540 867,496| 1,034,115 159,269| Hectares
3,522,460] 2,143,554 2,555,264] 393,547| Acres
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Fig. 2.38 Mississippi Loblolly Pine Decline Risk Map.

Table 2.17 Mississippi Loblolly Pine Decline Risk Map
area calculations by class in hectares and acres.

Mississippi Loblolly Pine Risk Area

1,767,852

1,453,300

1,729,991

461,004

Hectares

4,368,302

3,591,054

4,274,750

1,139,124

Acres
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Fig. 2.39 North Carolina Loblolly Pine Decline Risk Map.

Table 2.18 North Carolina Loblolly Pine Decline Risk
Map area calculations by class in hectaresaames.

North Carolina Loblolly Pine Risk Area

| Medium | |
1,622,277 553,250 733,791] 131,140
4,008,591 1,367,063 1,813,173 324,043

Hectares
Acres




