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Abstract

Theprogressofremotesensingtechnologyhasmadesignificantcontributionstovarious

fieldsinlandusemanagement,suchasfOrests.Thegreatadvantageofsatelliteremote

sensingdata,suchasLANDSATTM,isthatitcanbeobtainedonaregularbasisat

relativelylowcost.Inseveralcountries,remotesensingdataisalreadybeingusedto

dealwithactualfOrestmanagementproblemslikeinsectoutbreaksandforestdecline.

Inthem可orityofthesecases,vegetationindex(VI),whichisgreatlyloweredbyinsect

defoliation,wasusedfOrtheseanalysesbecausefOliagequalityandquantitygreatly

innuencefOrestspectra.Becausethereareavarietyoffactorsthatcouldpossibly

innuenceVI,itisnecessarytoinvestigategroundtruthdatatoinvestigatecausalfactors
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whenthemeanVIvaluefbralargeareaislowerthanstatisticsrecordedinthepast.

Possiblecausesotherthaninsectdefbliationinclude:decreaseoffbrestedareaby

cuttingorbuming,increaseinthepercentageofweakordied-backtrees,andequivalent

deteriorationofindividualtrees.Howeveritwouldnegatethevalueofremotesensing

tocollectgroundtruthdatafbreachandeverypixelinthetargetarea・Therefbre,the

developmentofmixelanalysistechnologyinconjunctionwithgroundtruthdatawill

becomeanextremelyimportantkeytomonitoringoffbresthealthviaremotesensing

data

1.Introduction

hsectsanddiseaseannuallyclaimanestimatedmorethanlmillionm3ofwoodvolume

fromJapaneseForests[1].Thesetimberlossesaffectboththefbrestryatresource

managementlevelandwoodlandconservationatlevelsofenvironmentprotectionand

oflandpreservation.Forestershavetraditionallyreliedonaerialphotography,aerial

sketchmapping,andgroundsamplingtechniquestomaintainandupdatetheirfbrest

inventoryrecords.Theseinventorytechniquesarecumbersome.Theprogressof

remotesensingtechnologyhasmadesignificantcontributionstovariousfieldsinland

usemanagement,suchasfbrests.Therapidimprovementofcomputertechnology

makesitpossibletohandlelargeamountsofdata,andGISsoftwaregreatlysimplified

landscapemanagement,asthecapabilitytooverlaymanykindsofdatasetsenables

scientiststomonitoralargeareaofterrain.Thegreatadvantageofsatelliteremote

sensingdata,suchasLANDSATTM,isthatitcanbeobtainedonaregularbasisat

relativelylowcost.hafieldoffOrestpestmanagement,remotesensingdatais

alreadybeingusedtodealwithinsectoutbreaksanddiebacks.Severalattemptshave
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beenmadetodetectfbrestdeclineoverperiodsofyearsviastatisticalanalysisoftime

seriesdatasetsofthesametargetarea,suchasLANDSATTMdata.Inthemajorityof

thesecases,vegetationindex(VI)wasusedfbrtheseanalysesbecausefbliagequality

andquantitygreatlyinfluencefbrestspectra.Insectdefbliationisoneofthefactors

thatgreatlylowerVI｡SuchanextremedecreaseinVIisatemporalphenomenon,but

vegetationindexisstillbelownonnallevelsintheyearsfbllowingseveredefbliation

becausefbliagedecreasesandrelevantnitrogendeficitsbothprecipitateadecreasein

thechlorophyllcontentsoffbliage,resultinginalowerVI.Secondarypestssuchas

barkbeetlesattacktrees,therebycausingarecognizablechangeinleafspectraofthese

trees,butreflectanceofinfraredradiationhadalreadydecreasedbefbretheonsetof

beetleattacks,showingthatthesetreeswerealreadyinaweakenedstate.Naturally,if

largeamountsofvegetationaredecimatedduetodiebackorharvesting,thiscausesa

tremendousdecreaseinVI,andrecoveryisquiteslow.

2.InsectDefOliationandVegetationlndex

2.1TypeoflnsectDefOliators

Insectdefbliatorsinclude:chewinginsectssuchasLepidoptera･Coleopteraand

Hymenoptera,andsuckingorgall-fbnninginsectssuchasHempteraandDiptera.

sawflies(Hymenoptera)andmothcaterpillar(Lepidoptera)arethemostpopular

defbliatorsamongstthem.Someoftheseoutbreaksareknowntooccurperiodicallyor

quasi-periodically,withintervalsof8-llyears(beechcaterpillar,Sy"り伽加p""αqre"α

[2];larchbudmoth,ZE"αp/zemd加iα"α[3];autumnalmoth,EPirr"αα“"""α"[4];

Douglas-firtussockmoth,Orgympsel"ﾉ""gfzm[5]);30-40years(sprucebudwonn

c加廊SrO"el"-α血加推、"α[6]).
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observedinthenaturalbeechfbrestsfacingsoutheasternslopeofMt.Kushigaminein

Hakkohdamonuntains,AomoriPrefecture[101.Thebeechcatelpillarreached

outbreakdensity,and280hectaresofbeechfbrestswerecompletelydefbliatedAugust

1982(Fig.la).Itwasextremelyhotanddryinthesummerofl984.Conspicuous

diebackstaltedthissummerandcontinueduntill987.Thedie-offareaspreadsca.100

hectareswithvolumeofca.10,000cubicmeters(Fig.1a)．Withinthisarea,47%of

individualtreeswerekilled,21%weresuffereddamagesontrunkwithconspicuous

decreaseinfbliage,20%decreasedtheircrownfbliagewithoutnodamageontrunk,no

conspicuouschangewasfbundononly9%ofindividualtrees.

b 凌

八
、誰.，季，．．｡

･･－"･予・--..γ弗ｴ謡.--乳,少-.,..坪.･･‘･須伊,･釘～幹

InsectDebliationinl982

Fig.11Dcationofdefbliatedfbrestbythebeechcatelpillar,

Sy"I)pis"sp""αα花"α,anddie-offfbrest:

(a)amapdrawnbyagroundtruthdata,

(b)agray-scaleimageofLandsatTMdata(band4).
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2.4DetectionoftheDie-offbyLandsatTMData

ALandsatTMdataobservedinJunel985wasusedfOranalysisofthedied-offbeech

fOrestsinHakkohdamentionedabove[ll,12]・Renectanceofband4(0.83.m)in

died-offareawaslowerthanthatofsurroundingbeechfOrests,andthedifferencewas

statisticallysignificant(p<0.0001,ANOVA)(Fig.2).Died-offareawasclearly

differentiatedfromthesurroundingbeechfOrestsbygray-scaledimageprocessedbythe

renectanceofband4(Fig.lb).
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Fig.2RenectanceofBandl,4,and5ofLandsatTMdataofdie-offarea(bottom)

andthesurroundingbeechfOrests(upper).

2.51nsectDefbliationandSubsequentDeteriorationofFoliageQuality

InsectdefOliationusuallydeterioratesqualityoffOliageinthefOllowingseasons;1.e.

decreaseinfOliarnitrogenandincreaseinfOliarphenolics[13,141.Becausemostof

thefOliarnitrogenisusedinchloroplasts,colorofindividualleavestumsbrightergreen.
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WeightoffOliageperindividualtreealsobecamealmosthalfintheyearfbllowing

insectdefOliation.Thisdecreaseinweightwascausedbydecreasesinbothareaand

LMA(leafmassperarea)ofindividualleaves.TheSeinnuenceSareStrongonclimax

plantspeciesand/orplantslivinginenvironmentswithlownitrogenavailabilitybecause

thesedeteriorationsafterinsectdefOliationsal℃closelyl℃latedtonitrogendeficitatan

individualtreelevel[14].Ittakesmol℃thanthreeyearsfOrtheSiebold'sbeechto

recoverfOliarnitrogenlevelfromthedamageofcompletedefOliation[15].

3.Die-OffCausedbyMicroorganismsAssociatedWithlnsectVector

3.1PineWiltDisease

APinewiltdisease,whichiscauSedbypinewoodnematode(B"『sap/iele"cID"s

xylOp〃"IJs)carriedbyCeranbycidbeetles(Mo"oc/I"""spp.),iSoneoftheserious

fOrestpestsinAsiancountries[16].hJapan,thevolumeofpinekilledbythispest

exceedsamillioncubicmeterseveryyear.Japaneseblackpine,Japaneseredpine,and

someotherpinespeciesoriginatedinAsiaaresusceptibletopinewoodnematode

althoughthosefromNorthAmericaareresistant.

3.20akDeclineandLeafRenectance

OaKdeclinebecameanotherseriousfOrestprobleminJapan.Itisprovedthata

pathogenicunknownfUngusassociatedwithanambrosiabeetle(PI"""9脚〃cﾊﾉo『“

(Murayama))isrelatedtothisdecline[17]・Thispathogenicfimgusdidnotbelongto

theknowngenus.Anambrosiabeetleisatypicalsecondarypestwhichcannotliveon

healthytrees.AmbrosiabeetlesareknownasagroupofColeopteraninsectswhich

cultivatespecificfUngifOrtheirfbodinsidetheirtunnels.Thesebeetleshaveaspecial

organ,calledmycangia,inwhichtheycaITythefUngitoanewhost・However,the
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unknownfmgusrelatedtothediebackisnotanessentialone.Itisspeculatedthatthe

pathogenicfungilefiatthetimeofinitialattacksoftheambrosiabeetlesgradually

weakentheoaktree,whichmakesmassattackoftheambrosiabeetlessuccessful.

Leafreflectanceofattackedandnon-attackedoaktreesweremeasuredbya

spectrummeter.Leavesoftwooakspecies,Q"erc"sserr"mandg.cr""/a,living

togetherinthesamestandinMt.Kariyasuyama,IshikawaPrefecture,weresampledon

3,Junel999.Adultbeetleshavenotemergedatthatmoment.Alltheentrance

holesofthisambrosiabeetlewereonesattackedthepreviousyear.Becauseapeak

reflectanceofinfiaredradiationat753nmseemedtobeinnuencedbyinsectattack,

effeCtsofinsectattack,treespecies,andtheirinteractionontherenectanceweretested

by2-wayANOVA・Boththeinsectattackandtreespecieshadasignificanteffecton

thereflectance,butnosignificanteffectwasfbundintheinteraction(Tablel).This

resultsuggeststhatleafrenectanceoftreesattackedbythebeetleswasweakerthanthat

ofnon-attackedtreesforbothtwooakspecies.

TablelEffectsoftreespecies(Q"erc"sserrα"α×g.cr""/a)andinsectattack

(attacked×withoutattack)onrenectanceofinfiaredradiationat753nm

(Two-wayANOVA).

SumofSquares FRatio DF Prob>F

Species 135960209 67．8091 1 ＜､0001

Insectattack 232661701 116.0382 1 ＜､0001

Interaction 1332225.1 0．6644 1 0．4174
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4.VariedⅥ:Whatareweseeing？

Naturally,iflargeamountsofvegetatiOnaredecimatedduetodiebackorharveSting,

thiscausesatremendousdecreaseinvegetationindex,andrecoveryisquiteslow.

BecausethereareavarietyoffactorsthatcouldpossiblyinfluenceVI,itisnecessaryto

investigategroundtruthdatatoinvestigatecausalfactorswhenthemeanVIvaluefOra

largeareaislowerthanstatisticsrecordedinthepast.Possiblecausesinclude:

decreaseoffCIestedareabycuttingorburning,increaseinthepercentageofweakor

died-backtrees,andequivalentdeteriorationofindividualtrees.Howeveritwould

negatethevalueofremotesensingtocollectgroundtruthdatafOreachandeverypixel

inthetargetarea.TherefOre,thedevelopmentofmixelanalysistechnologyin

coIUunctionwithgroundtruthdatawillbecomeanextremelyimportantkeyto

monitoringoffOresthealthviaremotesensingdata.
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