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Abstract

TheForestInventoryandAnalysis(FIA)ProgramoftheU.S.Department
ofAgricultureForestServiceisintheprocessofmovingfromasystemof
quasi-independent,regional,periodicinventoriestoanenhancedprogram
featuringgreaternationalconsistency,annualmeasurementofaproportion
ofplotsineachState,newreportingrequirements,andintegrationwiththe
groundsamplingcomponentoftheForestHealthMonitoringProgram.This
documentationpresentsanoverviewoftheconceptualchanges,explains
thethreephasesofFIA’ssamplingdesign,describesthesamplingframe
andplotconfiguration,presentstheestimatorsthatformthebasisofFIA’s
NationalInformationManagementSystem(NIMS),andshowshowannual
dataarecombinedforanalysis.ItalsoreferencesanumberofWeb-based
supplementarydocumentsthatprovidegreaterdetailaboutsomeofthemore
obscureaspectsofthesamplingandestimationsystem,aswellasexamples
ofcalculationsformostofthecommonestimatorsproducedbyFIA.

Keywords:Annualinventory,FIA,foresthealthmonitoring,forest
inventory,plotdesign,samplingframe.
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ExecutiveSummary

TheForestInventoryandAnalysis(FIA)ProgramoftheU.S.Department
ofAgricultureForestServicehasbegunamovefromquasi-independent,
regional,periodicinventoriestothenationalEnhancedFIAProgram,
whichfeaturesgreaternationalconsistency,acompleteandsystematic
annualsampleofeachState,newreportingrequirements,andintegration
withthegroundsamplingcomponentoftheForestHealthMonitoring
Program.ThetransitiontoEnhancedFIAhasbothresultedfromandcaused
conceptualchangesinapproachestoconductingforestinventories,which,
inturn,haverequiredcorrespondingtechnicalchanges.Thisdocument
providesbackgroundontheconceptualchangesandarticulatestechnical
aspectsoftheEnhancedFIAProgramasameansofensuringacommon
understandingandpracticeamongtheregionalprograms.Itfacilitates
furtherdevelopmentofthenationalcoreprogram,providesadefensible
statisticalbasisfortheprogram’ssamplingandestimationcomponents,and
fostersgreatercredibilitywithusersandstakeholders.Althoughthisversion
ofthedocumentationprimarilyisintendedforaninternalFIAaudience,
additionaldocumentationofmoregeneralinterestwillbedevelopedasthe
programmatures.

TheEnhancedFIAProgramisconductedinthreephaseswithobjectivesas
follows:

1. InPhase1,FIApersonnelstratifylandareastoincreasetheprecisionof
 estimates.

2. InPhase2,FIAfieldcrewsobtainobservationsandmeasurementsofthe
 traditionalFIAsuiteofvariables.

3. InPhase3,FIAfieldcrewsobtainobservationsandmeasurementsof
 additionalvariablesrelatedtothehealthofforestecosystems.

Thesethreephasesprovidethebasicframeworkfortheprogram’sstructure.

Thedocumentationemphasizescurrent,nationallyconsistentFIApractices
wheretheyexist.Examplesincludetheglossaryofterms,theplotconfigu-
ration,samplingdesignandprotocols,conditionclassesandmappedplots,
computedvariables,andestimationprocedures.Thedocumentationalso
notesaspectsoftheFIAPrograminwhichregionaloptionsarenotonly
practicedbutaredeemednecessary(e.g.,theregionalapproachestostratifi-
cation).Althoughitisbeyondthescopeofthisdocumentationtoprovide
detailonallregionaldifferences,suchdifferencesandoptionshavebeen
notedwhereessentialtothetopicsdiscussed.
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Aftercompletionofthefirstdraftofthismanuscript,anexternaleditorcoor-
dinatedtechnicalreviewsbysubject-matterandstatisticalspecialistsfrom
theuniversity,government,andforestindustrysectors.Theeditorsolicited
ninereviewerswhoparticipatedinadouble-blindreviewprocess(i.e.,the
identitiesoftheauthorsandreviewerswerenotknowntoeachother).After
severalroundsofreviewsandrevisions,theeditorgavewrittenapprovalto
releasethisdocumentationasapeer-reviewedpublication.

Finally,documentationoftheEnhancedFIAProgramisanongoing,dynamic
process.AdditionaldocumentationofotheraspectsofEnhancedFIAis
currentlyplanned.ThisincludessuchtopicsasPhase3estimation,model-
basedupdatingprocedures,dataqualityassuranceandqualitycontrol,long-
termprogramdirection,andmoredetailregardingregionaldifferences.
Regionaloptionsandenhancementstotheprescribednationalprocedures
discussedhereinarecurrentlydocumentedatthediscretionoftheregional
programs.AlthoughanimportantfocusoftheEnhancedFIAProgramis
nationalconsistency,itisthroughregionalenhancementsthatinnovations
andnewtechnologieswillbeintroduced.Asthesedemonstratetheirvalue,
stabilize,andbecomegenerallyaccepted,manywillbeincorporatedinto
EnhancedFIA,andadditionaldocumentationwillensue.
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1 TheEnhancedForestInventory
andAnalysisProgram

RonaldE.McRoberts1

1.1 PurposeandScopeoftheDocumentation

TheAgriculturalResearch,Extension,andEducationReformActof1998
(PublicLaw105–185),alsoknownasthe1998FarmBill,prescribed
conceptualchangesinapproachestoforestinventoriesconductedbythe
ForestInventoryandAnalysis(FIA)ProgramoftheU.S.Department
ofAgriculture(USDA)ForestService.Realizationoftheseconceptual
changesrequireddevelopmentandimplementationoftechnicalchanges,
someofwhicharesubstantial.Theunderlyingpurposesfordocumenting
theconceptualandtechnicalfeaturesoftheresultingEnhancedFIA
Programarefourfold:

1. ToensureacommonunderstandingandpracticeamongtheregionalFIA
 programs

2. Tofacilitatefurtherdevelopmentofthenationalcoreprogram,including
 FIA’sNationalInformationManagementSystem(NIMS)

3. Toprovideadefensiblestatisticalbasisforthesamplingandestimation
 componentsoftheprogram

4. Topromotecredibilitywithusersandstakeholders

Theprimaryintendedaudienceforthisversionofthedocumentationisthe
nationalFIAProgramitself.Nevertheless,ourusersandstakeholderswill
alsofinditusefulforunderstandingFIAmethodsand,astheEnhancedFIA
Programmaturesandasinternalissuesareresolved,documentationspecifi-
callyintendedforexternalusewillbepublished.Totheextentpossibleat
thepresenttime,thisdocumentationaddressesthefullrangeofconceptual
issues,technicaldetails,andstatisticaltechniquesforsample-based
estimation.

1RonaldE.McRoberts,MathematicalStatistician,USDAForestService,NorthCentral
ResearchStation,St.Paul,MN55108.
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1.2 OverviewoftheEnhancedForestInventoryand
 AnalysisProgram

1.2.1 HistoricalPerspective

ForestinventoriesconductedundertheauspicesofthenationalFIAProgram
historicallyhavebeencommodityoriented,withemphasisonestimatingthe
areaandvolumeoftheNation’stimbersupply.Thesestatewideinventories
typicallyhavebeenconductedonproductivetimberland2butnotonother
forestlands,notonreservedforestlands,anddependingontheregion,
notonNationalForestSystemlands.ThedesignandimplementationofFIA
inventorieshavebeentheresponsibilityofthefiveregionalFIAPrograms
thatadministerthem;andplotconfigurations,samplingdesigns,measure-
mentprotocols,analyticaltechniques,andreportingstandardsfrequently
havebeentailoredtoregionalrequirements.Thoseinventorieswerechar-
acterizedasperiodicsurveysbecausefieldcrewswereconcentratedinone
ortwoStatesuntilthemeasurementofallplotswascompleted.Stateswere
selectedforinventoriesonarotatingbasiswithtimeintervalsbetweeninven-
toriesforthesameStaterangingfrom6to18years(Gillespie1999).Theplot
measurementcomponentofperiodicinventoriesforanygivenStaterequired
from1to4years,dependingonthemagnitudeoftheresource,thenumber
ofplotstobemeasured,andthenumberoffieldcrews.Theanalysiscom-
ponentrequiredanadditional2to5years,duringwhichtimeFIAstaff
analyzedthedataandthencompiled,published,anddistributedreports.

Thetimeliness,quality,andusefulnessofestimatesobtainedfromperiodic
inventoriescameunderscrutinyinthe1980sand1990s.Estimatesobtained
fromtheseinventoriesweredegradedbytheeffectsofconductingthem
overmultipleyears,whilethebiasanduncertaintyofestimatesincreased
overtimeduetofactorssuchaschangeinlanduse,treegrowth,tree
mortality,andremovalsbetweeninventories.Theperiodicnatureofthese
inventoriesmadeconsistentinterstateestimationdifficult,evenwithin
regions,whileinterregionestimationwasevenmoredifficultduetovarying
plotconfigurations,samplingdesigns,andmeasurementprotocols.These
factors,whencompoundedbythelackofmeasurementsonallforested
lands,causednationalcompilationstodependonavarietyofadhoc
techniques.Finally,theenvironmentalandforestecosystemhealthinterests
ofgroupschallengingthecommodityfocusofFIAinventoriesweredifficult
toaddressusingonlytraditionalFIAmeasurements.

2Thefirstuseofaglossarytermineachchapterisinboldface.
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FIAclientsrecognizedthedeficienciesinherentintheseregional,periodic
inventories.Theyregisteredtheirdissatisfactionandproposedsolutions.
Concernsrelatedtocyclelengthledtoproposalstoincreasethesampling
intensity,reducecyclelengths,andconductmidcycleupdates.Clientsalso
advocatedconsistencyacrossregionsandmeasurementofallvegetationon
allforestedlands.Varioussolutionswereproposedtoresolvetheseissues,
butmostwereexpensivetoimplementandrepresentedonlyapiecemeal
approachtodealingwithproblemsinherentintheperiodicinventories.

1.2.2 ForestHealthMonitoring

Inresponsetouserconcernsregardingthehealthofforestecosystems,the
ForestHealthMonitoring(FHM)Programwasestablishedin1990.Itwas
anindependent,cooperativeeffortamongmultipleStateandFederal
Agenciesfocusedonassessingandmonitoringthehealthandsustainability
oftheNation’sforestsusingnationallystandardizedinventoryprocedures.
TheFHMProgramconsistsoffourprimaryactivities.Inthefirst—detection
monitoring—fieldcrewsmeasureselectedbioticandabioticfeaturesof
forestscalled“indicators”duringabaselineperiod.Thesamefeaturesare
remeasuredatregularintervalstoidentifychangesassociatedwithnatural
forestsuccessionandecosystemdisturbances.Inthesecondactivity—
evaluationmonitoring—teamsofecologists,entomologists,hydrologists,
pathologists,silviculturists,andothersconductintensivefieldsamplingand
providecombinedinterpretationswhenthecausesofdetectedchangesare
unknown.Inthethirdactivity—intensivesitemonitoring—long-term
researchisconductedonwatershed-sizedsitesthathavediverseforest
typesandbiomestypicalofthosefoundintheUnitedStates.Inthefourth
activity—researchonmonitoringtechniques—researchersfocusondevel-
opingandrefiningindicatormeasurementstoimprovetheefficiencyand
reliabilityofdatacollectionandanalysis.Together,thesefourFHMactivi-
tiespermitpredictionsofwhereandhowfutureecosystemsmightchange
undervariousenvironmentalandmanagementconditions.

1.2.3 AnnualInventories

Theimpetusforthetransitionfromregional,periodicinventoriesto
nationallyconsistent,annualinventoriescamefromtwopilotstudiesinthe
1990sandthereportsoftwoBlueRibbonPanels.In1990,theNorthCentral
ResearchStationbeganapilotstudywiththeobjectiveofproducingannual,
statewideinventoryestimatesthatwerenomorecostlyandnolessprecise
thanthoseobtainedfromperiodicinventoriesintheyearoftheircompletion.
The1992reportofthefirstBlueRibbonPanel(BRP-I)recommendeda
nationallyconsistentapproachtothecollection,analysis,andreportingof
forestinventorydata(AmericanForestCouncil1992).Thefirststeptoward
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thisgoalwasadirectiveissuedin1995bytheUSDAForestService,Deputy
ChiefforResearchinstructingFIAtoadopttheFHMplotconfigurationasa
nationalreplacementforthevariousregionalplotconfigurations.3Inthe
mid-1990s,theSouthernResearchStationbeganasecondpilotstudythat
featuredannualinventoriesaugmentedwithStatesupportandbasedona
5-yearmeasurementcycle.ThecumulativeeffectoftheNorthCentraland
SouthernResearchStations’pilotstudies,thereportofBRP-I,andthereport
ofthe1998BlueRibbonPanel(AmericanForestandPaperAssociation
1998),whichaffirmedtherecommendationsofBRP-I,waspassageofthe
1998FarmBill[AgriculturalResearch,Extension,andEducationReform
Actof1998(PublicLaw105–185)].

The1998FarmBilldirectedtheSecretaryofAgriculturetoproduceastrategic
planforforestinventorywithseveralfeatures—anannualforestinventory
program;Statereportsevery5years;asetofprescribedcorevariables,
standards,anddefinitions;andintegrationofthegroundsamplingcomponents
oftheFIAandFHMPrograms.Thislegislation,togetherwiththecoalescing
ofthetwopilotstudiesandnationalcooperationinstandardizinginventories,
resultedinanannualforestinventoryprogram,designatedEnhancedFIA,
withidentifiablynewfeatures:

1. Anationallyconsistentplotwithfourfixed-radiussubplots

2. Asystematicnationalsamplingdesignforalllands

3. Acomplete,systematic,annualsampleofeachState

4. Reportingofdataordatasummarieswithin6monthsofcompletionof
 designatedproportionsofplotmeasurements

5. Provisionforseveralestimatorstocombinedatafrommultiplepanels,
 someofwhichincorporateupdatingtechniques

6. Stateinventoryreportsevery5years

7. IntegrationoftheFIAfieldcomponentandthegroundsampling
 componentoftheFHMdetectionmonitoringactivity

Implementationofthelastfeaturewasfacilitatedbythe1995USDAForest
ServicedirectiveinstructingFIAtoadopttheFHMplotconfiguration,and
takesadvantageofefficienciesgainedbyconsolidatingthefieldcomponents
ofthesetwoforestinventories.

3Sesco,JerryA.1995.LetterdatedMarch30toStationDirectorsandWOResearchStaff
Directors.Onfilewith:FIANationalProgramLeader,USDAForestService,ForestInventory
andAnalysis,RosslynPlaza,1620NorthKentStreet,Arlington,VA22209.
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1.2.4 NationalConsistency

ConcernamongFIAclientsregardingthelackofprogramconsistencywas
comparabletotheirconcernsaboutthelackoftimelyFIAestimatesandthe
needtomonitorforestecosystemhealthandsustainability.Asameansof
emphasizingnationalconsistencyintheEnhancedFIAProgram,itstechnical
aspectsaredescribedusingtheEnds-Ways-Meansstrategicplanningmodel.
Endsarethecriteriathatmustbesatisfiedfortheprogramtobecharacterized
asnationallyconsistent;Waysaretheproceduresandprotocolsthatleadto
achievingtheEnds;andMeansaretheresourcesthatarecommittedtothe
effort.ThefollowingdiscussionfocusesonselectingasetofEndsthatlead
tonationalconsistency,andidentifyingtechnicalWaystoachievethem.
SomeEndsrequireprescribedWaystoachievethem,whileothersrequire
flexibilityintheselectionofWays.TheguidingprincipleisthatWaysareto
befacilitating,notinhibiting,andthattheyaretobeprescribedonlywhere
necessarytoachievetheEnds.Thus,theEndsleadingtonationalconsistency
areachieved,whilecreativityandinnovationtofurtherenhancetheFIA
Programareencouraged.

TheEnhancedFIAProgramisdescribedintermsofsixEnds:

End1: astandardsetofvariableswithnationallyconsistentmeaningsand
 measurements

End2: fieldinventoriesofallforestedlands

End3: consistentestimation:

 (a) theabilitytoobtainestimatesforareaslargerthanthesingle
  countylevelforwhichFIAusuallyreportsestimates

 (b) theabilitytoobtaindataandestimatesforuser-defined
  applicationsandareasofinterest

End4: nationalprecisionguidelines

End5: consistentreportinganddatadistribution

End6: credibilitywithusersandstakeholders

TheseEndsdescribethemajorfocioftheEnhancedFIAProgramand
providedirectionformethodologicalresearch.

Toensurethatthe6Endsareachieved,10Wayshavebeenprescribed.To
achieveEnd1,Ways1and2havebeenprescribed:

Way1: anationalsetofprescribedcorevariableswithanationalfield
 manualthatprescribesmeasurementproceduresandprotocolsfor
 eachvariable
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Way2: anationalplotconfiguration

Corevariablesareidentifiedinthenationalfieldmanualandaremeasured
oneachplotineveryStatebyfieldcrewsfromeachofthefiveregionalFIA
programs.Additionalenhancedprescribedcorevariablesandnonpre-
scribedoptionalvariablesmaybeincluded,butnoprescribedcorevari-
ablemaybedeleted.Agreementonmeasurementprotocolsandprocedures
hasrequiredcompromiseamongrepresentativesofthefiveregionalFIA
programs,butthathasledtoabroadnationalconsensus.

ToachieveEnd2,Way3hasbeenprescribed:

Way3: anationalsamplingdesign

Thenationalsamplingdesignemergedasaresultofitsdevelopmentand
implementationinoneregionalFIAprogramanditssubsequentacceptance
andimplementationintwoothers.Boththenationalsamplingdesignand
thenationalplotconfigurationrepresentbroadconsensus,andbothare
describedingreaterdetailinchapters2and3.

AchievingthetwocomponentsofEnd3isfacilitatedbythethreeWays
alreadydescribed.However,tofullyachieveEnd3a,afourthWayalsohas
beenprescribed:

Way4: estimationusingstandardizedformulaeforsample-basedestimators

End3bwasdeemednecessarytoaccommodatethelargenumberofnon-
FIAresearchers,bothwithinandoutsidetheUSDAForestService,who
seektouseFIAdatafortheirownapplicationsandareasofinterest.To
achieveEnd3b,twoadditionalWayshavebeenprescribed:

Way5: anationalFIAdatabasewithcorestandardsanduser-friendly
 publicaccess

Way6: anationalinformationmanagementsystem

Ways5and6arenecessarytomakeuserfriendlyFIAdataavailabletothe
generalpublicwhilealsoyieldingestimatesthatareconsistentwiththose
presentedbytheFIAProgram.Inaddition,Ways5and6greatlyfacilitate
Way4,inparticular,andestimationwithintheFIAProgram,ingeneral.

CompliancewiththenationalFIAProgram’sprecisionguidelines(U.S.
DepartmentofAgricultureForestService1970)associatedwithEnd4
requiresflexibilityinprescribingWays.Thecurrentguidelinesprimarily
relatetoestimatesofforestareaandinventoryvolume,andareformulated
quantitativelyas:



7


where

theestimateoftheattributeofinterest

theestimateofthevarianceof 

S=ascalingfactor—onemillionacresforareaestimatesandonebillion
cubicfeetforvolumeestimates

PREC=thetargetprecisionperSunits,whichis0.03forareaestimates
or0.05forvolumeestimatesintheEasternUnitedStatesand0.10inthe
WesternUnitedStates

Guidelinesfortheprecisionofestimatesofotherattributesmaybe
consideredonacase-by-casebasisastheneedarises.

Budgetaryconstraintsandnaturalvariabilityamongplotsprohibitsample
sizessufficienttosatisfyprecisionguidelines,unlesstheestimationprocess
isenhancedusingancillarydata.WithFIA’straditionalsample-basedesti-
mation,enhancementhasbeenachievedviastratifiedestimationusing
remotelysenseddataasthebasisforstratification.However,regional
differencesinspeciesdiversity,topography,forestmanagementpractices,
andotherfactorsmayrequirequalitativelydifferentapproachestostratifica-
tiontoachieveEnd4.Thus,noWaysregardingstratificationareprescribed
otherthanthatthestratificationsshouldbestatisticallydefensibleand
feasibleforincorporationintoNIMS.However,assumingthatthehistorical
levelsofsamplingvariabilityandthebenefitsofstratifiedestimationwould
continue,thenationalsamplingintensityintermsofnumberofplotsper
unitareawasselectedsothat,onaverageacrossmuchoftheNation,
compliancewiththeprecisionguidelineswouldbeachieved.

End5reflectsFIA’sresponsetousersandstakeholderswhodesireconsis-
tencyandtemporalcompatibilityincross-Stateandcross-regionestimates
ofprescribedcorevariables.

TwoWaysareprescribedtoensurethatEnd5isachieved:

Way7: anationallyconsistentsetoftablesofestimatesofprescribedcore
 variables

Way8: publicationofstatewidetablesofestimatesofprescribedcore
 variablesat5-yearintervals
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Finally,achievingEnd6,credibilitywithusers,willrequirethattheFIA
Programnotonlydevelopandimplementanationallyconsistentprogram,
butthattechnicaldetailsoftheprogrambetransparentandsubjecttostake-
holderandpublicscrutiny.Thus,twoadditionalWayshavebeenprescribed:

Way9: thetechnicalaspectsoftheFIAProgram,includingprocedures,
 protocols,andtechniques,aredocumented

Way10: thetechnicaldocumentationispeer-reviewedandpublishedfor
 generalaccess

1.3 OverviewoftheDocumentation

Thedocumentationisdividedintochapters,ofwhichthefollowingsections
arebriefoverviews.

1.3.1 SamplingFrame

Chapter2describesindetailtheEnhancedFIAProgram’sthreephasesin
thecontextofsample-basedestimation.Phase1isdesignedtoproduce
stratificationsoflandareainthepopulationofinteresttoreducevariancein
theestimates.Itentailstheuseofancillarydata,includingremotelysensed
imageryintheformofaerialphotographyand/orsatelliteimagery,tostratify
thelandareainapopulationofinterestandtoassignplotstostrata.In
Phase2,fieldcrewsvisitpermanentgroundplotsandmeasurethetradi-
tionalsuiteofFIAvariables.ThePhase2sampleisbasedonanational
arrayofapproximately6,000-acrehexagonscontainingonepermanent
groundploteach.ItisdesignatedtheFederalbasesample.InPhase3,field
crewsmeasureadditionalvariablesrelatedtothehealthofforestecosystems.
ThePhase3samplecomprisesa1/16thsubsetofthePhase2plots,resulting
inasamplingintensityofoneplotperapproximately96,000acres.Because
Phase3plots(previouslydenotedFHMplots)arealsoPhase2plots,they
includeallmeasurementsmadeonPhase2plots,plusmeasurementofthe
FHMbioticandabioticfeaturesassociatedwithforestandecosystemhealth.
Thechapter2documentationdescribesthethreephasesingreaterdetail,as
wellasthegenesisofthenationalsamplingframeanditstheoreticalbasis.

1.3.2 PlotDesign

Chapter3describesthehistory,rationale,andconfigurationofPhase2and
Phase3groundplots,aswellasexplanationsofprotocolsusedformapping
(orpartitioning)plotsbyconditionclass.ThebasicFIAareaandtree
attributesaredescribed,includingthosemeasuredinthefieldandthose
computedfromfieldmeasurements.Specialsituationsthatinfluencedata
collectionandprocessingalsoareaddressed.
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1.3.3 Sample-BasedEstimators

Chapter4focusesonthesample-basedapproachtoestimationanddescribes
theestimatorsusedforareaandforestattributetotalsunderassumptionsfor
simplerandomestimation,stratifiedestimation,anddoublesamplingfor
stratification.Varianceestimatorsareprovidedsothatsamplingerrorsmay
becalculatedforeachcellineveryoutputtable.Estimatorsarederivedto
accommodatesampleplotsthatcontainmultiplelandusesand/orstraddle
populationboundaries.Ratio-of-meansestimatorsaredescribedsothat
estimatesmaybecomputedonper-unit-area,per-tree,andper-standbases.
Methodsarealsodescribedforestimatingthecomponentsofchange
betweenmeasurementssuchasgrowth,mortality,andremovals.

1.3.4 CombiningDataforMultiplePanels

Chapter5providesabriefoverviewofconsiderationswhenselectingtech-
niquestoobtainmultiplepanelestimatesofforestattributesfortherequired
5-yearreports.Severalstrategiesarenotedincludingmovingaverageesti-
mation,atemporallyindifferentmethodthatignoresthemultiyearnatureof
themultiplepaneldata,andmodel-basedupdating.Specialattentionisgiven
tothemovingaverageandtheweightedmovingaveragemethods.Asofthe
dateofthispublication,nonationaldefaultestimatorhadbeenselected.

1.3.5 NotationandGlossary

Chapter6providesareferencefortheconsistentmathematicalandstatisti-
calnotationusedthroughoutthisdocumentation,andchapter7providesa
comprehensiveglossaryoftermsandexpressions.

1.3.6 Web-BasedSupplementaryDocumentation

Thesupplementarydocumentsreferencedinthismanuscriptarepostedonthe
Websitehttp://srsfia2.fs.fed.us/publicweb/statistics_band/stat_documents.htm.

Thepurposeofthesedocumentsistoprovidedetailsaboutthealgorithms,
equations,andotherspecificsofthenationalFIAProgramthataretoo
technicalforthechapterdiscussions.Thesedocumentsarepostedonthe
Internetbecausetheyaredynamic.Theyarecurrentlyinvariousstagesof
completion,andperiodicallywillbeupdatedandrevisedtoaccommodate
changesinprotocolanddemandfortechnicaldetail.Moreinformationmay
beaddedtothisWebsiteinthefutureasunresolvedandnewissuesare
presentedandaddressed.
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2 TheForestInventoryandAnalysis
SamplingFrame

GregoryA.Reams,WilliamD.Smith,
MarkH.Hansen,WilliamA.Bechtold,

FrancisA.Roesch,andGretchenG.Moisen1

2.1 OverviewofForestInventoryandAnalysisSamplingDesign

2.1.1 ForestInventoryandAnalysisPopulations

Forpurposesofsamplingandestimation,ForestInventoryandAnalysis
(FIA)subdividesthetotallandareaoftheUnitedStatesintomutually
exclusivepopulations2andsubpopulations.Populationsareusuallydefined
bycountyboundariesorbypublicownershipsthatmayormaynotcross
countyboundaries(e.g.,nationalforests).Incaseswherethesamplesize
forindividualcountiesisinsufficient,groupsofcountiesmaybecombined
intoasuper-countytoformasinglepopulationwithadequatesamplesize.
Basedonuserrequest,countiesoccasionallyaresplitintosubpopulations
toaccommodateenumerated(known)acreagessuppliedbypublicagencies
(e.g.,NationalForestSystemandTheBureauofLandManagement).Thisis
donetoensurethatFIAtotalsmatchthecounty-levelacreagesreportedby
therequestingagencies.EachFIApopulationandsubpopulationhasaknown
numberofplotsandaknownareaofland,obtainedfromtheU.S.Census
Bureau,fromwhichpopulationestimatesarederived.Eachissampledand
processedasaseparateentity,soestimatesofgrandtotalsandtheirvari-
ancesforgroupsofpopulationsandsubpopulationsareadditive.For
example,State-levelestimatesareobtainedbytotalingtheestimatesfrom
allpopulationsandsubpopulationsboundedbytheState.

NotethatFIAestimationisbasedonlandareawhichexcludescensuswater
(4.5acresinsizeandatleast200feetwide).Censuswateristhussubtracted

1GregoryA.Reams,FIANationalProgramManager,USDAForestService,1601NorthKent
Street,Arlington,VA22209;WilliamD.Smith,ResearchQuantitativeEcologist,USDAForest
Service,SouthernResearchStation,ResearchTrianglePark,NC27709;MarkH.Hansen,
ResearchForester,USDAForestService,NorthCentralResearchStation,St.Paul,MN55108;
WilliamA.Bechtold,ResearchForester,USDAForestService,SouthernResearchStation,
Asheville,NC28802;FrancisA.Roesch,MathematicalStatistician,USDAForestService,
SouthernResearchStation,Asheville,NC28802;andGretchenG.Moisen,Mathematical
Statistician,USDAForestService,RockyMountainResearchStation,Ogden,UT84401.

2Firstuseofaglossarytermineachchapterisinboldface.
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fromthetotalareaoflandandwateratthebeginningoftheestimation
process.Weanticipatethatestimationeventuallywillbebasedontotalarea,
includingcensuswater,whenprecisedigitizedcensuswaterboundaries
becomeavailablefromtheU.S.CensusBureau.Thecapacitytotabulate
theareaofcensuswaterfromdigitizeddatawillimproveFIA’sabilityto
generateforeststatisticsforuser-definedpolygons.

FIAengagesinthreetypesofsampling—Phase1,Phase2,andPhase3.
Allthreetypesareperformedforeachpopulationorsubpopulationof
interest.Thesamplepointsassociatedwitheachphasearesubsetsofthe
previousphase,butfromthedescriptionsthatfollowitshouldbeclearthat
thisisnotintendedtobeanapplicationofclassicalthree-phasesampling.

2.1.2 Phase1

Phase1isdesignedtoreducevariancethroughstratification.Althoughthe
detailshavedifferedamongFIAunits,allhaveuseddoublesamplingfor
stratificationsinceaerialphotographybecamewidespreadinthe1950s.
Foragivenpopulationofinterest,asupplementalgridofPhase1sample
points(i.e.,photopointsorsatellitepixels)issuperimposedoverthePhase
2samplepoints,suchthatPhase2canbeviewedasasubsetofPhase1.
Allsamplepoints,bothPhase1and2,arethenassignedtostratabasedon
theirclassificationfromremote-sensingimagery.

TheremotesensingmediumselectedtoaccomplishPhase1islefttothe
discretionoftheFIAregions,butsatelliteimageryisreplacingaerial
photographyasdiscussedinsection2.1.2.1.Thenumberofphotopoints
orpixelsclassifiedandthefrequencyofPhase1samplingareregional
decisions.Thenumberofstrata,ifany,andthedefinitionsofthesestrata
alsoarelefttothediscretionoftheregions,butmostrecognizeaminimum
oftwo—forestandnonforest.FactorsinfluencingthedetailsofPhase
1stratificationincludethehomogeneityofthepopulation;thetiming,
availability,andcostofremoteimagery;andtheavailabilityofpersonnel
availabletoperformthework.Nationallyprescribedcoremethodology
relatedtoPhase1islimitedto:

• Ifavailable,acquisitionofnewimageryatleastonceforeachnewcycle
 ofpanelmeasurements(e.g.,every5yearsforStatesona5-yearpanel
 system)

• Applicationofthedoublesamplingforstratificationestimationtechniques
 describedinchapter4

Theonlydifferenceinestimationtechniquesassociatedwiththedetailsof
Phase1samplingiswhetherthestrataweightsaretreatedasestimatedor
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known.Withwall-to-wallsatelliteclassification,strataweightsareknown.
Whenphotopointsorsatellitepixelsaresampled,strataweightsaretreated
asestimated.Evenwhenwall-to-wallimageryisavailable,pixelsareoften
sampledtoeasethecomputationalburdensofworkingwithhigh-resolution
imageryandmultipledatalayers.FIAunitsthuscanchoosebetweentwo
approachestostratifiedsampling:

1. Thedoublesamplingforstratificationapproachusedwhenstrataweights
 areestimated(sec.4.2.2)

2. Thestratifiedestimationapproachusedwhentheweightsareknown
 (sec.4.2.1)

Thechoiceislargelybasedonlocalefficiencies,butmostunitsaremoving
towardthelatterassatelliteimageryreplacesaerialphotography.

2.1.2.1 AerialPhotographyvs.SatelliteImagery

Sincethe1950sandpriortosatelliteimagery,FIAusedaerialphotography
toassignplotstostrataatPhase1andinsomecasestoestimateforestarea
(Bickford1952).Theintensityofphotoplotshasvariedovertimeandamong
FIAregions,rangingfromonephotopointper230acresintheSouthand
Northeast,toonepointper248acresintheRockyMountainregion(assuming
thateachphotopointhasaradiusof50feet).Photopointsusuallywere
establishedbyoverlayingasystematicgridon1:40,000black-and-white
aerialphotos,althoughotherscales(e.g.,1:20,000)andmedia(e.g.,color
infrared)alsohavebeenused.Decisionsregardingscaleandmediahavebeen
basedonavailability,timing,price,andcoverage.Agoodhistoricalover-
viewofFIAPhase1samplingisprovidedbyFrayerandFurnival(1999).

AllFIAunitshavebegunreplacingphoto-pointclassificationswithsatellite-
based(pixel)classificationsoflanduse.TheprimarysourceofFIAPhase
1satelliteimageryistheLandsatThematicMapper(TM)series.TheTM
sensorhasarepeatcycleof16daysandaswathwidthof115miles.This
multispectralsensorhas6nonthermalbands—threeinthevisible,oneinthe
nearinfrared,andtwointhemidinfrared,allwith100-footresolution.TMis
theremotesensingplatformofchoicedueto:

• Historicandplannedcontinuityofwall-to-walllandcoverclassifications

• Moderatespatialandspectralresolutionofthesensor

• Ascaleofresolutionappropriateformatchingground-truthunitsto
 pixelsforthecomputationofstandarderrorestimates

BecauseTMsatelliteimageryhasbeenusedmoreoftenandwithmore
successforforestassessmentsthananyothersatellitesensor,thereisa
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vastbodyofliteratureonclassificationalgorithmsusingvariousanalytical
approachesincludingunsupervised,supervised,andvarioushybridclassi-
ficationapproaches.Fromthisworkitisknownthatlandcoverclassification
accuracies>80percentaredifficulttoachievewithsatelliteimagery,which
isnotablylessthanthe95-percentaccuraciesattainedbyexperiencedFIA
photointerpreters.Thisdifferenceinaccuracyshouldnotbedisregarded
becausethegapisevenwiderwhenclassificationisattemptedbeyondforest
andnonforestcovertypes.Italsomeansthataerialphotographywillremain
ausefultoolevenafterthetransitiontosatelliteimageryiscomplete.
Althoughphotoclassificationisdemonstrablymoreaccuratethansatellite
classificationonapoint-by-pointbasis,satelliteclassificationhasseveral
distinctadvantageswhencomparedtoaerialphotos(Waymanandothers
2001,Wynneandothers1999):

• Satelliteclassificationaccuracyisexpectedtoimproveasclassification
 algorithmsandancillaryground-truthdataimprove.

• Thegaininprecisionfrom80percentaccuracywithwall-to-wallsatellite
 coverageoffsetsthe95percentaccuracyattainedfromacomparatively
 smallsampleofphotopoints.

• Satellite-derivedthematicmapsusuallyaregeneratedfromobjectiveand
 consistentprocesses(althoughsomehumaninterpretationisneededto
 labelclassifiedcovertypesandotherlandfeatures).

• Satelliteimageryprovidesanopportunityformorefrequentupdates.

• Spectralchangedetectionisrelativelyeasyandparticularlyusefulwhen
 analyzingchangeassociatedwithtimberremovals,aswellascatastrophic
 disturbances.

• Spatiallyexplicitenumerationsoftheentirelandscape(i.e.,maps)canbe
 automated.

TheFIAProgramhasnationalprecisionstandardsof3percentpermillion
acresoftimberlandand5percentperbillioncubicfeetofgrowing-stock
volumeintheEasternUnitedStates.RecentPhase1applicationsusingTM-
basedclassificationsfortheNationalLandCoverData(NLCD)indicatethat
FIAcancomeveryclosetomeetingtheprecisionstandards(Hansen2001).
Withaforest/nonforeststratificationbasedonthemostrecentNLCD,
theFIANorthCentralResearchStationregionproducedsamplingerrors
rangingfrom2.83to3.71percentpermillionacresoftimberlandsforfour
States(Indiana,Iowa,Minnesota,andMissouri).ForthesesameStates,
samplingerrorsrangedfrom6.03to6.73percentperbillioncubicfeetof
growing-stockvolume.
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ImprovedPhase1techniquesofferanefficientopportunitytomeetor
exceedthestatedprecisiongoals,andtheFIAProgramplanstocontinue
investigatingalternativemethodsforimprovedstratification.TMimage
classificationcanbeimprovedbyauxiliaryinformationfromothersources
(seeWebpagehttp://www.fs.fed.us/ne/rsb).Potentiallyusefulauxiliary
informationcurrentlyunderstudyincludestheGapAnalysisProgram,the
ModerateResolutionImagingSpectroradiometer,theNaturalResource
InformationSystem,topographicandecologicaldatalayers,andhigh-
resolutionlow-altitudephotographyandsatelliteimages.Useofhigh-
resolutionimagery,witheithervisualordigitalinterpretation,mayincrease
FIA’sabilitytoclassifyhighlyfragmentedlandscapesmoreprecisely,butit
maynotbecosteffectiveformoregeneralapplications.Onealternativeto
stratification,whichhasbeenusedwithmoderatesuccessinAlaska,isuse
ofregressionmethodstocorrelateplotdatawithindividualpixelvalues.
Thisallowspixelstobesummedtoprovideestimatesfortheareaofinterest
andisactivelybeinginvestigatedforsmall-areaapplications.However,
becauseitcanbecomequitecumbersomeoperationally,thistechniqueisnot
readyforgeneralapplicationattheStatelevel(Scott1986).

2.1.3 Phase2

Phase2relatestoFIA’snetworkofpermanentgroundplots,whichhas
aspatialsamplingintensityofapproximatelyoneplotper6,000acres.
Fieldcrewsinstall,monument,andmeasuregroundplotsifanyportion
ofaplotcontainsaforestlanduse.Detailedfieldremeasurementsof
forestplotsarerepeatedatregularintervalsaslongastheplotsremainin
forest(notethatprotocolsforhandlingplotsthatcannotbesampleddue
toaccessrestrictionsarediscussedinsection3.4.3).Nonforestplotsare
assignedanonforestusecode(nonforestland,censuswater,ornoncensus
water)andcheckedateachscheduledinventoryforpotentialreversion
toforest.Forestplotsareinstalledifreversionoccurs.Notethatneither
LANDSATimagerynorstratificationisusedinthedecisiontovisita
groundplot.Fieldcrewsphysicallyvisitallgroundplotsthathaveany
chanceofbeingforested.However,toavoidunnecessarycostsinextensive
areasofnonforestorininnercities,someFIAregionsuserecentaerial
photographytoidentifyandassignlandusestoplotsthatobviouslyhave
nochanceofbeingforested.Phase2plotsareassignedtostratabasedon
theirclassificationatPhase1,whichmayormaynotbeconsistentwiththe
landuseassignedbyfieldcrewsatPhase2.Discrepanciescanresultfrom
misclassificationorfromchangessincetheimagerywasobtained,andare
factoredintotheestimationprocessdescribedinchapter4.

FIA’songoingremeasurementprocessisdesignedtoaccommodatechanges
inprotocolsandplotdesignovertime.Thisisaccomplishedbyremeasuring
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thepreviousplotinstallationateachnewinventory.Forexample,asFIA
movesfromhorizontalpointsamplestofixed-areamappedplots,thepro-
gramisbeingcarefultopreservechangeestimatesthatspanthetransition
period.Tocompletethiscalibrationovertime,thehorizontalpointsamples
areremeasuredforchangeestimateswhennewmappedplotsareinstalled.
Themappedplotswillberemeasuredatfuturevisits.

Tobeclassifiedasforest,anareamustbeatleast10percentstockedwith
treespecies,atleast1acreinsize,andatleast120feetwide.Stocking
protocolsarefurtherdiscussedinsection3.3.2.2.1,aswellasthesupple-
mentarydocument“NationalAlgorithmsforStockingClass,StandSize
Class,andForestType”athttp://srsfia2.fs.fed.us/publicweb/statistics_band/
stat_documents.htm.Previouslyforestedlandthatisnotstocked,andwhich
hasnotbeendevelopedtoanotherlanduse,isstillconsideredforest(e.g.,
clearcuts).Landthatmeetstheminimumrequirementsforforest,butis
developedforanonforestlanduse,isconsiderednonforest(e.g.,cityparks
orcampgrounds).

DiscussionsareunderwaywithintheFIAProgramaboutpresentingboth
useandcoverestimatesoflandarea.Researchersinvolvedwithremote
sensinghavebeenexploringthedevelopmentoflandcoverestimatesbased
onpercenttree-crowncover,butthisworkhasyettobeusedoperationally.
Themostsignificantimpedimenttoestimatingattributesofinterestby
coverclassisthecostofincreasingthescopeofFIAsuchthatfieldcrews
arerequiredtomeasuretreesanddetailedareaattributesonlandthatis
simplyclassifiedasnonforestundercurrentprotocols.

2.1.4 Phase3

Phase3plotsincludeallofthefeaturesofPhase2,plusadditionalmeasure-
mentssuchastree-crownassessment,soilsampling,lichencommunities,
understoryvegetationstructure,ozonebioindicators,anddownwoody
material.Every16thPhase2plotisalsoaPhase3plot,soPhase3sample
intensityisapproximatelyoneplotper96,000acres.AllPhase3plotsare
combinedwithPhase2plotsforPhase2-basedestimationsofattributes
commontobothplottypes(i.e.,doublesamplingforstratificationapplies).
AttributesuniquetoPhase3areestimateddirectlyfromthePhase3subset.
UseofPhase1stratificationandPhase2samplestoenhancetheestimation
ofattributesuniquetoPhase3iscurrentlybeingstudied.BecausePhase
3isasubsampleofPhase2,theuseofdoublesamplingwithregressionis
beingconsideredforestimatingsomePhase3attributes.Detailedestimation
proceduresforattributesspecifictoPhase3willbeprovidedinfuture
documentation.
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AsummaryofthegeneralattributesassociatedwithPhases1,2,and3is
providedintable2.1.

Table2.1—SummaryofgeneralattributesassociatedwithFIAPhase1,
Phase2,andPhase3sampling

Attribute Phase1 Phase2 Phase3

Sampletype Photopointor Groundplot,subset Groundplot,subset
 satellitepixel ofPhase1 ofPhase2

Sample Pointorpixel Clusteroffour SameasPhase2a

configuration  1/300-acremicro-
  plots,four1/24-
  acresubplots,and
  optionalfour1/4-
  acremacroplots

Purpose Stratificationbofthe SamplesFIAtradi- SamplesFIAtradi-
 landscapeforthe tionalattributesof tionalattributesof
 purposeofvariance interest,primarily interest,cplusaddi-
 reduction relatedtotree tionalattributes
  speciesofallsizes associatedwith
   foresthealth

Tesselation Supplemental Systematicnational Systematicnational
method regionalgridsuper- hexagonalcellgrid hexagonalcellgrid
 imposedoverthe  (subsetofPhase2
 populationof  grid)
 interestd

Base-grid Atthediscretion Oneplotperevery Oneplotperevery
intensity ofeachFIAunit 6,000-acrehexa- 1/166,000-acrehexa-
  gonalcell gonalcell(i.e.,one
   per96,000acres)

FIA=ForestInventoryandAnalysis.
aNotethatadditionalsampledesignsassociatedwithforesthealthindicators(tobedescribed
inafuturedocument)aresuperimposedoverthePhase2sampleconfigurationonPhase3
plots.
bMostFIAunitsrecognizeaminimumoftwostrata—forestandnonforest.Censuswateris
currentlysubtractedfromthetotalareapriortoanystratificationorestimation.
cPhase3plotsalsodoubleasPhase2plotsforestimationofattributesassociatedwithPhase2.
Phase3plotsareuniqueonlywhenusedtoestimateattributesuniquetoPhase3.
dRegionalPhase1gridsaresystematicgridsofvaryingdensity(uptowall-to-wall)thatarenot
necessarilylinkedtothenationalhexagonalgrid.TheonlyprescribedrequirementisthatPhase
2plotcentersmustbeasubsetofthePhase1points.
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2.2 DevelopmentofthePhase2/Phase3SamplingFrame

Withpassageofthe1998FarmBill[TheAgriculturalResearch,Extension,
andEducationReformActof1998(PublicLaw105–185)],Congressdirected
majorchangesinthewayFIAconductsinventories.Thislegislationpre-
scribesanannualinventorywhereaproportionofplotsineachStatemust
bemeasuredeveryyear.Theswitchfromavarietyofregionalperiodic
surveystoanationallystandardizedannualinventoryrequiredFIAtoimple-
mentanewsamplingframe.The1998lawalsoprecipitatedtheintegration
ofForestHealthMonitoring(FHM)withFIA.Whenthetwoprograms
merged,FHMhadalreadyimplementedanationalsamplingframewitha
plotnetworkthatwassystematicallydividedintopanelsmeasuredonan
annualbasis.Anationalsamplinggridwasviewedasamoreconvenient
andconsistentmethodfortessellatingthelandscapeandpopulatingthe
sampleframethanthecounty-by-countyapproachpreviouslyusedbymost
FIAunits;especiallybecausecountyboundariesoccasionallychange,and
countiesmaybedividedintodifferentsubpopulationsatdifferenttimes.
Whenthetwoprogramsintegrateditwasdecidedtobuildontheexisting
FHMsamplingframe,wheretheFHMpanelswereredefinedassubpanels
ofthelargerFIAplotnetwork.

2.2.1 HexagonalSamplingFrame

TheU.S.EnvironmentalProtectionAgency’sEnvironmentalMonitoring
andAssessmentProgramoriginallydevelopedthesamplingframeusedby
FHM(Overtonandothers1990,Whiteandothers1992).Thisframeworkis
actuallybasedonatriangulargrid,butthecellssurroundingeachpointon
atriangulargridformahexagonalshape,sothesamplingframecanalsobe
viewedasanetworkofhexagonalcells.Thehexagonalframewasprojected
ontothelandscapebycenteringalargebasehexagonoverthecontinental
UnitedStates(fig.2.1).Similarhexagonswerethenextendedfromthebase
hexagontotessellatetheplanet.Theresultisdescribedasatruncatedicosa-
hedron(Whiteandothers1992)madeupof20hexagonfacesand12penta-
gonfaces,whichgivetheframeworka“soccerball”appearance(fig.2.2).
ToachievethedesiredsampleintensityforFHM,thebasehexagonwasthen
subdividedintoapproximately28,000smallerhexagonswithcentersabout
17milesapart.Toavoidalignmentwithpropertyboundariesthatfollowthe
publiclandsurveysystem,thehexagonconfigurationwasrandomlyoffset
fromcardinaldirections.Toaccommodatethesamplingintensityand
frequencydesiredbyFIA,thehexagonalsamplingframewasfurther
modifiedasdescribedinthenextsection2.2.2.
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Figure2.2—Truncatedicosahedronmadeupof20hexagonfaces
and12pentagonfaces.

Figure2.1—BasehexagonpositionedovertheconterminousUnited
States.



20

2.2.2 DivisionoftheSamplingFrameintoPanels

TheoriginalFHMsamplingframeconvenientlyaccommodated3-,4-,7-,
9-,and11-panelrotations,andmultiplesofthese.Inotherwords,the
centersofthehexagonsinagivenpanelformedatriangularpatternof
equidistantpointsforthesepanelrotations.Figure2.3showsthetriangular
patternofthefour-panelsystemoriginallyusedforFHM.FIArequiresa
five-panelrotationtoaccommodatethemeasurementfrequencymandated
bythe1998FarmBill(20percentperyear).Unfortunately,thefive-panel
systemdoesnotconformtoanequidistanttriangularconfiguration.
TosatisfythedesiredsamplingfrequencyforFIA,theprogramuseda
parallelogram-shapedpatternofhexagoncenterstoassignhexagonsto
panels(fig.2.4).Althoughhexagonswithinagivenpanelarenolonger
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Figure2.3—Hexagonpanelassignmentsillustratingthe
triangularpatternofafour-panelrotation.

Figure2.4—Hexagonpanelassignmentsillustratingthe
parallelogrampatternofafive-panelrotation.
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equidistant,theparallelogramconfigurationprovidesthemostuniform
spatialarrangementpossibleforfive-panelrotations,andmultiplesthereof.

TosatisfythedesiredsamplingintensityforFIA,FHMhexagons(approxi-
mately160,000acres)weresubdividedin27smallerhexagons,resultingin
hexagonsof5,937acres.Figure2.5[fromBrandandothers(2000)]shows
thespatialarrangementoftheFIAhexagonsrelativetotheoriginalFHM
hexagons.Figure2.6fromBrandandothers(2000)detailsthesystematic
coverageresultingfromthepanelassignmentprocess.Again,notethe
parallelogrampatternthatresultsfromconnectingthehexagonsinany
givenpanel.

FHMhexagon

FIAhexagon

3.27mi

2 4 1 5 2 4 1 3 5

3 5 2 4 1 3 5 2 4

2 4 1 3 5 2 4 1 3 5

3 5 2 4 1 3 5 2 4

2 4 1 3 5 2 4 1 3 5

3 5 2 4 1 3 5 2 4

2 4 1 3 5 2 4 1 3 5
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3

Figure2.5—TheFIAhexagonlattice(eachblackdot
isatthecenterofanFHMhexagon).

Figure2.6—Assignmentofhexagonstooneoffivepanels
(shownbynumber).
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2.2.3 PopulatingtheSamplingFrame

OncetheFIAhexagonframewasestablished,andhexagonswereassigned
topanels,onefieldplotwasallottedtoeachhexagonasfollows:

1. IftheFIAhexagoncontainedanFHMplot,theexistingFHMplotwas
 selected.

2. Ifnot,thenanexistingFIAplotwasselected.

3. IfthereweremultipleFIAplotsinthehexagon,theoneclosestto
 hexagoncenterwasselectedandtheotherswereabandoned.

4. IftherewerenoFHMorFIAplotsinthehexagon,anewsample
 locationwasselectedbasedonarandomazimuthanddistancefrom
 hexagoncenter.

BecauseFHMplotsoriginallyweremeasuredonafour-panelannualsystem,
someadditionalconstraintswerenecessarywhenreassigningthoseplotsto
FIApanels.Thefollowingconstraintsresultedinminorperturbationsofthe
parallelogrampattern,whichwereacceptedsothathistoricmeasurement
sequencesandcohortswouldremainunchanged:

1. NoexistingFHMplotsweredropped.

2. FHMpanelsretainedtheirhistoricmeasurementsequence,socolocated
 Phase2andPhase3plotskepttheirpreexistingFHMpanelnumber(this
 constraintwasrelaxedinStatesthathadintensifiedFHMsampling
 frames).

3. ThesubsetofPhase3plotswasincreasedby20percenttoaccommodate
 afifthpanel(topreservethesameannualsamplingintensityestablished
 underthefour-panelFHMsystem).

Additionaltechnicaldetailsrelatedtopanelassignmentsandpopulation
ofthesamplingframeareavailableinthesupplementarydocument“The
Hexagon/PanelSystemforSelectingFIAPlotsUnderanAnnualInventory”
athttp://srsfia2.fs.fed.us/publicweb/statistics_band/stat_documents.htm.

2.2.4 DeviationsfromtheFive-PanelAnnualSystem

Panelsandtheirassociatedplots,arescheduledformeasurementbasedon
theirpanelassignment.Panelsaremeasuredinsequence,oneatatime.
Afterallfivepanelshavebeencompletedtheprocessisrepeated.Ideally,
exactlyonepanelperyearwouldbecompletedineachState.However,the
realitiesofbudgetaryconstraintsandlogisticalproblems(e.g.,forestfires)
preventsomeStatesfrombeinginventoriedattheprescribedrateofone
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panelperyear.Thissituationcanleadto“panelcreep,”wherethelengthof
timetocompleteaninventorypanelexceeds1year.Thissituationismost
commoninStatesthatdonothaveadditionalresourcestomovefromthe
federallyfinanced7-yearcyclelengthtoa5-yearcyclelength.

Theconceptofsubpanelingthefive-panelsystemisanalternativethatwill
beimplementedifthemeasurementcyclebecomestooprotracted.Anumber
ofsubpanelingschemescouldbedevelopedtoyieldtimelierinventory
resultsandstillretainuniformspatialcoverage.Forexample,theFIA
WesternPacificNorthwestandRockyMountainregionsarenowfundedto
collectdataona10-yearcycle.Toaccommodatethefundingdisparity,those
tworegionsareusingthefive-paneldesignwhereeachpanelhasbeendivided
intotwosubpanels(eachwithcompletespatialcoverage);onesubpanelis
scheduledformeasurementeachyear.Thisisanalogoustoa10-panelsystem.

2.2.5 TheoreticalBasisfortheFIASamplingFrame

ItisclearfromthepreviousdiscussionthatthecurrentFIAsamplingframe
wasforgedfromavarietyofpreexistingregionalFIAandnationalFHM
samplingframes.Thegoalofthisapproachwastomaintainlinkagewith
historicaldatatotheextentpossible(topreservetemporalconsistencyand
continuityfortrendestimation),andtosmooththetransitionfromthenumer-
ousvariationsofperiodicsystems.Thisapproachrelatestoestablished
samplingtheoryinanumberofways.Inthissectionwegiveonegeneral
descriptionofthejointdistributionresultingfromthemarriageofvarious
periodicdesignswiththecommonannualdesign.

Sampleplotsarelinkedtoasystematictriangulargridwithtime-interpene-
tratingpanels.Inatriangulargrid,thecellssurroundingeachgridpoint
arehexagonalandthegridissystematicallydividedintopanels.Assuming
onepanelperyearismeasuredforTconsecutiveyears,theneveryTyears
thepanelmeasurementsequencebeginsagain.Ifpanel1weremeasured
in1998,italsowouldbemeasuredin1998+T,1998+2T,andsoon.Panel
2wouldbemeasuredin1999,1999+T,and1999+2T.Ofthenumerous
methodsthatmighthavebeenusedtochooseexistingsample-pointlocations
forretentioninthenewdesign,thepreferredoptionwastoassignexisting
plotstothenearesttriangulargridpoint(i.e.,hexagoncenter).Extraplots
ineachgridcell(hexagon)weresubsequentlydeleted,andnewplotswere
randomlyaddedtoemptygridcells.Althoughthemethodologydoesnot
producearegulargridofsamplepointsatafinescale(i.e.,grid-pointinter-
sections);itdoesatacoarsescale(i.e.,grid-pointcells).Thisfeaturehasthe
advantageofmaskingtheexactlocationofgroundplots,whichisrequired
bylaw.
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Assumethatthesamplepointsfromtheentirecollectionofperiodicinven-
toriesconstitutearandomsamplefromtheinfinitesetofpointscontained
withintheboundariesoftheUnitedStates.Panelassignmentsaremadeto
hexagonsinasystematicfashion.Althoughpanelassignmentsarenotrandom
withrespecttothetriangulargrid,theyarerandomwithrespecttotheunder-
lyingarea-basedpopulation,duetotherandomestablishmentofthegrid
combinedwithascale-dependentassumptionofrandomlyarrangedpopula-
tionelements.Theentiresamplingframeisathree-dimensionalcube—two
dimensionsincorporatethelandareaandthethirdrepresentstime.

Assumethatrandomtessellationofthelandareaintoidentical,mutually
exclusivehexagons(H)definestwosamples:

S
1
=Aselectionfromthepreviousrandomlychosenplotlocations,where

eachchosenpointisassignedtothehexagonfromwithinwhichitwas
selected.TheindividualelementofS

1
foreachhexagonjisdenoteds

1j
.

S
2
=Asampleofrandompointsresultingfromarandomtessellationofthe

landareaintoidentical,mutuallyexclusivehexagons.Arandompointis
chosenforthesamplefromtheinfinitesetofpointswithineachhexagon.
TheindividualelementofS

2
foreachhexagonjisdenoteds

2j
.

Let:



Thenasinglesamplepointischosenforeachhexagonjsuchthat

s
j
=I

j
s

1j
+(1–I

j
)s

2j
,j=1,…,N.

I
j
randomlyselectsanelementfrom1of2randomsamples.Wealsoassume

thatHrandomlyassignsoneoftheTpanelstoeachsampleelement.

Addingthedimensionoftimetothetwodimensionsthatconstitutetheland
areaoftheUnitedStatesproducesapopulationwhichisathree-dimensional
cube.Theprimarysamplingunit(PSU)isaseriesoflinesegments,linear
intime.Thatis,whenthetimedimensioniscollapseddownontothearea
dimensions,eachseriesoflinesegmentscollectivelyappearasasingle
pointonthearea.Whentheareadimensionsarecollapseddowntothetime
dimension,eachlinesegmentwithinaseriesisofanapproximatelength
of1day.IndividualsegmentsoccureveryT+1yearswithineachseries.

iffaprevioussamplepointwasselectedfromwithinhexagonj

otherwise
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Withinasufficientlysmallsegmentoftime,allpointswithinthelandarea
dimensionsofthevolumecommontoeachareasegmentcreatedbythe
overlappinginclusionareasofallpossiblesubsetsoftreesoccurringonthe
landarea[inthesenseofRoeschandothers(1993)]couldbeviewedasa
temporallyspecificsamplingunit.However,becausethesesegmentschange
overtime,thePSUappearsasapointinthetemporallyspecificlandarea
dimensionsofthecube.Thatis,ifweslicethepopulationinto,say,annual
volumes,suchthatlandareaconstitutesthebaseandtimeconstitutesthe
height,andthenviewtheannualsubpopulationfromthetop,we’llobserve
asetof1/Tpointsonthelandareabase.Eachpointexistswithinatemporally
specificinclusionareaforaspecificsubsetoftrees.Thetemporalslices
actuallycouldbeofanyheight;however,thethinnertheslice,thesmaller
thesampleperlandareaofinterest.Thewidertheslice,thefuzziertheseg-
mentboundaries,asthesubsetsoftreeschange.FormostofFIA’spurposes,
annualsliceswillconstitutetheminimumheightthatformsareasonable
compromisebetweentemporalspecificityandland-areagenerality.

Theplotmeasurementsprovidesupporttothepoint(line)fromwhichthey
werechosen.Theplotmeasurementsforanindividualsamplepoint(sample
line)aremultipliedbytheinverseofthelandarea(landarea/temporalvolume)
uponwhichtheywerebased,resultinginavalueperacreforeachsample
point(avalueperacrepertemporalunitforeachsampleline).Thecollec-
tionofsamplepointsperareaofinterest(samplelinesperarea/temporal
volume)contributestotheestimatesforthatarea(area/timevolume).The
samplingunitshaveknowninclusionprobabilities,whichareusedinthe
estimationequations.

Thisdiscussionsupportsthedetailedestimationproceduresdescribedin
chapter4,whichassumesthattheFIAsystematicsampleforPhase2and3
canbetreatedasasimplerandomsample.Thesystematiccoveragepro-
videdbythehexagonalgrideliminatestheclumpingofsamplesandlossof
precisionthatwouldoccurwithapurelyrandomassignmentofplots.The
useofthehexagonalgridalsoincreasesthechancesofsamplinginfrequent
foresttypes.Giventhatplotlocationsarerandomlyassignedwithinhexagons,
thechanceofthesamplenetworkcoincidingwithasystematiclandfeature
orspatiallyperiodicphenomenonisgreatlyreduced.Researchontheperiodi-
cityconcernindicatesthatthehypotheticalhaslittlechanceofoccurring
(Milne1959).Cochran(1977)providesthefollowingjustificationforthe
useofsimplerandom-sample-basedestimatesforsystematicsamples:

ConsiderallN!finitepopulationswhichareformedbytheN!permu-
tationsandanysetofnumbersy

1
,y

2
,…,y

N
.Then,ontheaverageover

thesefinitepopulations,E(V
sy
)=V

ran
.NotethatV

ran
isthesameforall

permutations.
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MadowandMadow(1944)statethatiftheorderoftheitemsinaspecific
populationcanberegardedasdrawnatrandomfromtheN!permutations,
systematicsamplingis(onaverage)equivalenttosimplerandomsampling.
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3 TheForestInventoryand
AnalysisPlotDesign

WilliamA.BechtoldandCharlesT.Scott1

Thischapterdescribestheprescribedcoreplot2designcurrentlyusedby
ForestInventoryandAnalysis(FIA)forPhase2andPhase3ground
sampling.FIAgroundplotsrelatetothesamplingframediscussedinthe
previouschapterasfollows:

• Oneplothasbeenrandomlylocatedwithineach6,000-acrehexagon.

• Eachplothasbeenassignedtooneoffivepanelsasdescribedinsection
 2.2.2.

• EachplothasbeendesignatedPhase2orPhase3basedontherules
 outlinedinsection2.2.3.

• Thecenterpointofeachplotconstitutestheprimarysamplingunit
 (PSU)describedinsection2.2.5.

• Theareaandvegetationdatagatheredoneachplotservetosupportand
 quantifytheinformationassociatedwitheachPSU.

Theplotdesigncharacteristics,fieldprotocols,andcalculationsdiscussedin
thischapterareintendedtoprovideadditionalbackgroundtotheestimation
proceduresoutlinedinchapter4;someexplanationofthemostimportant
derivedvaluesproducedbyFIA;anddiscussionofsamplingandestimation
issuesassociatedwiththeplotdesign.Moredetailisprovidedintherefer-
encedsupplementarydocumentation,andacompletedescriptionofallfield
measurementscanbefoundintheFIAPhase2fieldguide3availableonthe
Websitehttp://fia.fs.fed.us/library.htm#manuals.

AllofthemeasurementsdescribedhereinlikewiseapplytoPhase3,because
Phase3plotsareasubsetofPhase2.Additionaldetailedmeasurements
associatedwithPhase3foresthealth“indicators”(e.g.,treecrowns,soils,

1WilliamA.Bechtold,ResearchForester,USDAForestService,SouthernResearchStation,
Asheville,NC28802;andCharlesT.Scott,FIAProgramManager,USDAForestService,
NortheasternResearchStation,NewtownSquare,PA19073.
2Firstuseofaglossarytermineachchapterisinboldface.
3U.S.DepartmentofAgricultureForestService.2004.Forestinventoryandanalysisnational
corefieldguide:fielddatacollectionproceduresforphase2plots,Version2.0.[Notpaged].
Vol.1.Intern.Rep.Onfilewith:USDAForestService,ForestInventoryandAnalysis,Rosslyn
Plaza,1620NorthKentStreet,Arlington,VA22209.
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lichens,downedwoodymaterial,andunderstoryvegetation)aredescribed
inthePhase3fieldguides,alsopostedontheaboveWebsite.Someofthese
indicatorshavespecializedplotdesignssuperimposedoverthebasicPhase
2plotdesign.SpecializeddesignsuniquetoPhase3indicatorsarebeyond
thescopeofthismanuscriptbutarecoveredindetailinthefieldguides.
SeparatemanuscriptsthatdocumentspecializedPhase3plotdesignsand
associatedestimationprocedureshavebeenwrittenandarecurrentlyin
review.

TheprescribedcoreplotdesignoriginatedwiththeForestHealthMonitoring
(FHM)Programin1990andwasselectedasthenationalstandardforFIA
in1995.Shortlythereafter,FIAbeganconvertingitsvariousregionalplot
designstothenationalstandard.MostFIAunitshadbeenusing5-or10-
pointclustersofprismpointsarrangedinavarietyofpatterns.WhileallFIA
unitschangetothenationalplotdesign,previouslyinstalledplotconfigura-
tionsarebeingremeasuredtoprovideestimatesofchange(growth,removals,
andmortality).Asearlierdesignsareremeasuredtoestimatechange,the
newdesignissimultaneouslyinstalledtoyieldcurrentinventoryestimates
andtoprovidethebasisforchangeestimationuponfutureremeasurement.

3.1 OverviewoftheFIAPlotDesign

Phase2andPhase3groundplotsareclustersoffourpointsarrangedsuch
thatpoint1iscentral,withpoints2through4located120feetfrompoint1
atazimuthsof0,120,and240degrees(fig.3.1).Eachpointintheclusteris
surroundedbya24-footfixed-radiussubplotwheretrees5.0inchesdiam-
eteratbreastheight(d.b.h.)andlargeraremeasured.Allfoursubplots
totalapproximately1/6acre.Eachsubplotcontainsa6.8-footfixed-radius
microplotwheresaplings(1.0to4.9inchesd.b.h.)andseedlingsaremea-
sured.Allfourmicroplotstotalapproximately1/75acre.Microplotsare
offsetfromsubplotcenters(12.0feetatanazimuthof90degrees)tomini-
mizetrampling.Eachsubplotissurroundedbyaprescribedoptional
58.9-feetfixed-radiusmacroplot,whichcanbeusefulforsamplingrare
occurrencessuchaslargetrees(e.g.,40.0inchesd.b.h.andgreater)or
mortality.Macroplotsencompasssubplots,aswellastheadditionalarea
from24.0to58.9feetbeyondthesubplotcircumference.Allfourmacroplots
totalapproximately1acre.Whenusedtogether,microplots,subplots,and
macroplotsconstituteatri-arealplotdesignforsamplingtreesinthree
differenttree-diameterranges.Inregionswheretheoptionalmacroplotsare
notused,theplotdesignisbi-areal.

Forattributessuchaslargetreesthatarealwaysmeasuredwithinsubplots,
whetherornotmacroplotsareutilized,itissometimesusefultodescribe
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thetreesbetween24.0and58.9feetontri-arealplotsasbeinglocatedinan
annularring.Forexample,thisdescriptionavoidstheneedtoredefinethe
rangeofdiameterssampledonthesubplotifthediameterthresholdfor
samplinglargetreesischanged.Theoretically,distinctionsbetweenmacro-
plottreesintheannularandinnerportionsofthemacroplotdonothaveany
implicationsfortheestimationproceduresdescribedinchapter4.

InadditiontothetreesmeasuredonFIAplots,dataarealsogatheredabout
theareaorsettinginwhichthetreesarelocated.Areaclassificationsare
particularlyusefulforpartitioningtheforestintomeaningfulcategories
(i.e.,domains)foranalysis.Someoftheseareaattributesaremeasured
(e.g.,percentslope),someareassignedbydefinition(e.g.,ownershipgroup),
andsomearecomputedfromtreedata(e.g.,percentstocking).

Toenabledivisionoftheforestintovariousdomainsofinterestforanaly-
ticalpurposes,itisimportantthatthetreedatarecordedontheseplotsare
properlyassociatedwiththeareaclassifications.Toaccomplishthis,plots
aremappedbyconditionclass.Fieldcrewsassignanarbitrarynumberto
thefirstconditionclassencounteredonaplot.Thisnumberisthendefined
byaseriesofpredetermineddiscretevariablesattachedtoit(i.e.,landuse,

Macroplot:
58.9feetradius

Subplot:
24.0feetradius

Azimuth1-2=360˚
Azimuth1-3=120˚
Azimuth1-4=240˚

Microplot:
6.8feetradiuscenter
is12feethorizontal
@90˚azimuthfrom
thesubplotcenter

Distancebetween
subplotcentersis
120feethorizontal

2

1

4 3

Figure3.1—FIAplotdesign.
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foresttype,standsize,regenerationstatus,treedensity,standorigin,owner-
shipgroup,anddisturbancehistory).Additionalconditionsareidentifiedif
thereisadistinctchangeinanyofthecondition-classvariablesontheplot.
Furtherdetailsareprovidedinsection3.2.

Sometimesaplotstraddlestwoormoredistinctconditionclasses.Boun-
dariesofconditionclassescanbisectthesubplots,ormayoccurbetween
subplots.Whentheybisectasubplot,conditionboundariesaremapped
usingtwoorthreeazimuthsasdescribedinsection3.1.2.Similarly,micro-
plotsandmacroplots,ifused,alsoaremapped.Soforeachgroundplot,the
microplot,subplot,andmacroplotareaineachconditionclassareknown,
asisthelocationandconditionclassofeverytreetallied.BecauseFIA
primarilyisconcernedwiththeclassificationandmonitoringofforestland,
notreedataarerecordedfornonforestlanduses.

Atfirstglance,anunwieldynumberofcondition-classpermutationsseems
likelyattheregionalscale,especiallybecauseconditionclassesfromthe
samedatasetmustbeprocessedindifferentcombinationsfromoneinventory
summarytabletothenextdependingonthedomainofinterest.However,
mostplotshaveonlyoneortwoconditionclassesanddatasummarizations
areeasilymanagedwithindicatorfunctionsasdescribedinchapter4.

3.1.1 MotivationBehindtheFIAPlotDesign

FIAhashistoricallyusedclusterplots,primarilybecausetheyreduce
between-plotvarianceand,therefore,thetotalnumberofplotsnecessaryto
achieveagivenaccuracystandard(Scott1993).The4-pointclusterwas
chosenbecauseexperiencewithFHMandFIApilotstudiesshowedthaton
average,crewscancompleteone4-pointclusterplotperday.Itisconceiv-
ablethatthenumberofpointscomprisingthenationalstandardmaybe
revisedinthefutureifthefieldworkloadchangessuchthatadifferent
numberofclusterpointsismoreefficient.

Themapped-plotfeatureofthedesignarosefromtheneedtocorrectly
matchtreedatawithareaclassificationswhenplotsstraddlemultiplecondi-
tions.Beforetheadventofmappedplots,someFIAunitsmovedplotsinto
asingle,uniformcondition.Thisgeneratedabiasbyalteringtheselection
probabilitiesoftrees,especiallythosenearconditionedges(Williamsand
others1996).OtherFIAunitsaddressedtheproblembyprohibitingthe
movementofplots,butthenblendedareadatafromdistinctlydifferent
conditions.Althoughunbiasedforareaandvolumetotals,thisprocedure
resultedindomainmisclassifications.Forexample,aplotthatstraddled
apureoakforesttypeandapurepineforesttypemightbeclassifiedasa
mixedoak/pineforesttype.
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In1991,FIAprojectleadersandinventoryspecialistsmetwithapanelof
universityandforestindustrybiometricianstodiscusstheproblemand
exploreavarietyofpotentialalternatives.Acommitteewassubsequently
appointedbytheFIAprojectleaderstoreviewthealternativesandrecommend
asolution(Hahnandothers1995).Thetri-areal,fixed-radiusmappeddesign
wasultimatelyselectedbecauseitsolvedboththebiasandclassification
problems,ithadtheflexibilityneededtosatisfyagrowingFIAcustomer
base,anditpermittedgreateruseofthedataforsuchnontraditional
purposesasforesthealthmonitoring.

Thetri-arealdesignisadeparturefromthepolyarealplotsampling(pps)
approach(Huschandothers1982)originallyimplementedbyFIAinthe
early1960s.Theppsdesignismoreefficientforsamplingtimberandesti-
matingvolume,butfixed-radiusplotsaddversatilitybypreservinginforma-
tionaboutthespatialrelationshipsamongtrees.Fixed-sizedplotsalsoare
morecompatiblewithmapped-plotdesigns,becausetheareathatmustbe
mappedisconstant.Inaddition,ppssamplinginconjunctionwithmapped
plotsoftenleadstoasituationwherethefullrangeoftreesizesisnotsam-
pledinallconditions(ScottandBechtold1995).Thishasnegativeconse-
quencesthataredifficulttocorrectwhenareaattributessuchasforesttype
andstandsizearecomputedfromthetreedata.Thisproblemrarelyoccurs
withthetri-arealdesignandismucheasiertomanagewhenitdoesoccur.

3.1.2 FieldProtocolsforMappingPlots

Fieldcrewsspecifyanddefine(ifnotpreviouslydefined)theconditionclass
ateachsubplotcenter,asdescribedinsection3.2.Ifasubplotstraddlestwo
ormoreconditions,theythenspecifytheconditionclassthatcontrastswith
theconditionatsubplotcenter.Standingatsubplotcenterandfacingthe
contrastingcondition,theyrecordthetwoazimuthswherethecondition-
classboundarycrossesthesubplotperimeter.Athirdazimuth(witha
distance)ispermissibleiftheboundarycontainsasharpcurveoracorner
(fig.3.2).Alltreestalliedarethenassignedtotheconditionclassinwhich
theyoccur.Horizontaldistanceandazimuthtothecenterofeachtreeare
recordedforremeasurementpurposesandtoestablishspatialrelationships
amongthesampledtrees.Microplots(andmacroplots,ifused)aremapped
inasimilarfashion.Itisnotnecessarytomatchboundariesattheedge
ofeachplottype,somicroplots,subplots,andmacroplotsallaremapped
independently.Microplot,subplot,andmacroplotareasineachcondition
classarecomputedfromfieldmeasurementswhenthedataareprocessed
(sec.3.3.3).

Fieldcrewsaretrainedtorecognizeandmaponlythoseboundariesthatare
distinctandobvious.Avarietyoflogicchecksareprogrammedintofield
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datarecorderstocheckboundarydataforerrorsandtoverifythatthetree
locationandconditionobservationsareconsistentwithcondition-classand
boundaryobservations(ScottandBechtold1995).Mostcondition-class
boundariesdonotrequiremappingbecausetheyoccurbetweensubplots,or
areindistinct.Thefrequencyofmappedsubplotsdependsonthehomoge-
neityofthelandscape,butistypically<5percentofthetotalnumberof
subplotsinaregion.Thereissomeconcernoverthelevelofdetailtowhich
plotsaremapped,aswellastherepeatabilityofboundaryrecognitionand
placement.Weexpectthatmappingprotocolswillbeevaluatedaspartof
theFIAqualitycontrolprogramandadjustedasnecessary.

3.1.3 DifferencesinMappingForestandNonforestPlots

Anyplotthatintersectswithaforestlanduseisdesignatedasaforestplot.
Otherwise,theplotisclassifiedasnonforest,censuswater,noncensus
water,or(ifinaccessible)nonsampled.Inordertoreducethefieldcosts
associatedwithnonforestplots,mappingisinitiatedonlyinthepresenceof
accessibleforest.Forthoseplotsthatcontainnoaccessibleforest,onlythe
conditionstatus(e.g.,nonforest,censuswater)atthecenterofsubplot1is
recorded,andthatconditionisassignedtotheentireplot.

Similarly,forestplotsmayincludeindividualsubplotsormacroplotswhere
noaccessibleforestispresent.There,onlytheconditionstatusatsubplot
centerisrecordedandthatconditionisassignedtotheentiresubplot.Thus,
whentwoormoreconditionclassesoccurwithinasubplotormacroplot,
boundariesbetweenthemaremappedonlywhenoneorbothconditionsare
classifiedasaccessibleforest.Boundariesbetweenadjacentnonforest,census
water,andnonsampledconditionsaremappedonlyonsubplotscontaining
someaccessibleforest.

Leftazimuth

Cornerazimuth




Rightazimuth

Figure3.2—Usingazimuthstoreferenceaboundaryto
asubplotcenter.
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3.2 ConditionClassificationBasedonDirectFieldObservation

Somecondition-classvariablestriggerthemandatoryidentificationofa
distinctconditionclassinthefield;othersareancillary,recordedonlyaftera
newconditionclassisrecognized.Bothmandatoryandancillarycondition-
classvariablestypicallyareusedtospecifythedomainsofinterest(e.g.,a
specificforesttypeandphysiographicclass)forwhichpopulationestimates
aregeneratedforsomeattributeofinterest(e.g.,acresorvolume).

3.2.1 DiscreteVariablesThatTriggerRecognitionofa
 UniqueConditionClass

Therearesevendiscretecondition-classvariablesthatrequirerecognition
ofauniqueconditioninthefield:conditionstatus(landuse),reservestatus,
ownergroup,regenerationstatus,treedensity,foresttype,andstandsize.If
oneofthesevariableschangesduringplotmeasurement,anewconditionis
definedandmappedifnecessary.Allaresubjectivefieldcalls,someof
whichhaveguidelinesand/orsubsamplingprotocolstoassistcrewsmakea
determination.

3.2.2 AncillaryCondition-ClassVariables

Ancillarycondition-classvariablesarerecordedinthefieldwheneverunique
conditionsaredefined,butthesevariablesdonottriggertherecognitionof
newconditionclasses.Theseancillaryvariables,obtainedforallforested
conditionsincludedetailedownerclass,privateownerindustrialstatus,
artificialregenerationspecies,standage,disturbancehistory,treatment
history,andphysiographicclass.

3.2.2.1 SiteIndexEquationsandSiteProductivityClasses

Inadditiontoancillarycondition-classvariables,oneormoresitetreesare
measuredineachuniqueconditionclassifqualifiedtreesareavailable.If
thereisnoreasontosuspectadifferenceinsitequalityamongcondition
classes,thesamesitetree(s)maybeusedformultipleconditionsonaplot.
Sitetreesareusedindeterminingsitequality(i.e.,thecapacityofforest
landtogrowtrees).Asiteindexorsiteproductivityclassisthusassociated
witheachforestedconditionclass.

Siteindexistheaveragetotalheightthatthedominantandcodominanttrees
infullystocked,even-agedstandswillobtainatkeyages(Huschandothers
1982).Siteproductivityclass,alsoknownassiteclassoryieldcapacity,is
themaximummeanannualincrementincubicfeetperacrethatcanbe
expectedinfullystocked,natural,even-agedstands.Usingregionallyspecific
equations,siteindexiscomputedasafunctionofthestandageandthe
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averageheightofdominantorcodominanttreesasdeterminedfromthe
species,d.b.h.,andtotalheightofqualifyingsitetreesonorneartheplot.
Thefollowingselectioncriteriaarepreferredforsitetrees:acceptable
species,freeofdamage,dominantorcodominantcrownposition,between
15and120yearsold,andatleast5.0inchesd.b.h.Resultingsite-index
valuesarethenappliedtosite-productivityequations,orlook-uptables,
todeterminethemaximummeanannualincrementforagivencondition
class.Thesiteindexandsiteclassequationreferencesusedbythevarious
FIAunitsareBrickel(1970),Clendenen(1977),andEdminsterandothers
(1985)intheInteriorWest;Carmeanandothers(1989)intheNorthCentral
region;4ScottandVoorhis(1986)intheNortheast;Hansonandothers
(2002)inthePacificNorthwest;andVissageandGreerintheSouth.5

3.3 ComputedAttributes

Incontrasttoattributesthatareobservedandclassifieddirectlyinthefield
suchasthecondition-classvariablesintheprevioussections;othersarecom-
puted.Someattributesarecomputedatthetreelevel;somearecomputedat
thecondition-classorplotlevel.Computedattributescanbethemeasures
uponwhichpopulationestimatesarebased(e.g.,acres,numbersofindivi-
duals,andvolume)ortheymightbeusedtospecifydomains.Anexample
ofthelatterwouldbeplacementofcontinuousvariablesintodiscreteclasses
(e.g.,volume-per-acreclass)inordertoestimatetheareaineachclass.Some
attributesarecomputedinadditiontobeingobserveddirectly(i.e.,forest
typeandstandsize),sothesehavebothfield-assignedandcomputedvalues.

3.3.1 ComputedTree-LevelAttributes

Tree-levelattributesarevariablesassociatedwiththeindividualtreestallied
onFIAgroundplots.Expressionsoftreevolumeandweightareamongthe
mostbasicstatisticsreportedbyFIA.Thefunctionsusedtocomputethese
valuesaretypicallystatisticalmodelsdevelopedorcalibratedbyStateor
region.Themostcommonlyreportedvolumeandweightstatisticsare
describedinthesupplementarydocument“FIAVolumeCalculations”at
http://srsfia2.fs.fed.us/publicweb/statistics_band/stat_documents.htm.

4Forsite-indextosite-classconversionsusedbytheNorthCentralFIAunitseethe
supplementarydocument“SiteProductivityAssignmentfortheNorthCentralFIAunit”
athttp://srsfia2.fs.fed.us/publicweb/statistics_band/stat_documents.htm.[Dateaccessed:
December9,2004].

5Vissage,JohnS.;Greer,TravisR.,Jr.Siteclassandsiteindex–twoestimatesofsitequality
fortheSouthernResearchStationForestInventoryandAnalysisunit.12p.Internaldocument.
Onfilewith:J.S.Vissage,USDAForestService,NorthCentralForestExperimentStation,
1992FolwellAve.,St.Paul,MN55105.
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3.3.2 ConditionClassificationBasedonComputedAttributes

Computedcondition-classattributesfurtherdescribeconditionclassesand
thedomainstheyrepresent.Theseattributesusuallyarederivedfromtree-
level(vegetation)data.Theycanbediscrete(e.g.,foresttype)orcontinuous
(e.g.,percentstocking).

3.3.2.1 Condition-LevelPer-AcreRatios

Formodeling,orforsummarizationsofareadatabydiscreteper-acreclasses,
tree-levelstatistics(e.g.,volumeorbasalarea)canbeusedtocompute
per-acreratiosforindividualplots,orper-acreratiosforspecificcondition
classeswithinaplot.Condition-levelratiosarecomputedbysummingthe
tree-levelattributeofinterest(e.g.,basalarea)foralltreesinthecondition
classandthendividingbytheareaoftheplotinthatcondition:






       

(3.1)

where

theattributeofinterestassociatedwithtreetonmicroplot,
subplot,ormacroplotjcoveringconditionkonploti

areausedtoobservetheattributeofinterest(microplot,subplot,
ormacroplotj)coveringconditionkonploti

Whencombiningsubplotandmicroplotvalues,condition-levelratiosare:

 
     

(3.2)

where

=theattributeofinterestassociatedwithtreetonmicroplotj
coveringconditionkonploti

areaofconditionkonmicroplotjonploti
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3.3.2.2 Condition-LevelAttributesBasedonStocking

Stockingclass,stand-sizeclass,andforesttypeareimportantcondition-
levelattributesofinterestthatarecalculatedfromthestockingcontributions
ofindividualtrees.Althoughforesttypeandstand-sizeclassareassigned
inthefield,theseattributesarealsocomputedfromthetreetallywhenthe
fielddataareprocessed.Theprimarypurposeofthefieldassignmentsis
todelineatetheuniqueconditionclassesencounteredoneachplot,andto
supplyanalternativevalueincasetheareasampledistoosmalltoderivea
calculatedvalue(i.e.,calculatedvaluesforforesttypeandstandsizearenot
producedforconditionsthatoccupy<25percentofaplot).

3.3.2.2.1 AlgorithmtoAssignStockingValuesto
 IndividualTrees

FIAusesacomplicatedalgorithmtoassignstockingpercentagestoindivi-
dualtrees,thedetailsofwhichareprovidedinthesupplementarydocument
“NationalAlgorithmsforStockingClass,Stand-SizeClass,andForestType”
athttp://srsfia2.fs.fed.us/publicweb/statistics_band/stat_documents.htm.
Asimplifiedexplanationfollowstosummarizetheconcept.Thealgorithm
isbasedon“A-line”values,whicharedescribedbyGingrich(1967)as
thenumberoftreesperacrewhereaveragemaximumstockingoccursin
undisturbedstands.A-linevaluesarenegativelycorrelatedwithmeanstand
diameter,sotheyvarybydiameterclassaswellasbyspecies.Theformula
usedtoassignpercent-stockingvaluestoindividualtallytreesis:

        
(3.3)

where

=thepercentstockingassignedtotreeton(microplot,subplot,or
macroplotj)coveringconditionkonploti

A
max

=theA-linevalue(treesperacre)associatedwiththespeciesand
diameterclassoftreet

Once isassigned,divisionby adjuststhesampletreetoaper-acre
basisasshowninequation3.1when issubstitutedfor .Equation
3.1thenyieldsthetotalpercentstockingforconditionclasskonploti.For
reportingpurposes,condition-levelstockingpercentagescommonlyare
groupedintotheclasseslistedbelow:
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Stockingclass Classstockingrange

  percent

Nonstocked 0–<10

Poorlystocked 10–<35

Moderatelystocked 35–<60

Fullystocked 60–<100

Overstocked >100

3.3.2.2.2 Stand-SizeClassofEachConditionClass
 BasedonStockingAlgorithm

Tree-levelstockingvaluesalsoareusedtocategorizeeachconditionby
stand-sizeclass.Eachtreeisfirstassignedtooneofthefollowingsize
classesbasedonitsd.b.h.:

Stand-sizeclass Stand-sizeclassd.b.h.range

Seedling-sapling d.b.h.<5.0inches

Poletimber 5.0inches<d.b.h.<9.0inchesforsoftwoods

 5.0inches<d.b.h.<11.0inchesforhardwoods

Sawtimber 9.0inches<d.b.h.forsoftwoods

 11.0inches<d.b.h.forhardwoods

Foragivenconditionclass,stockingvaluesforeachtree(i.e., / )are
thensummedacrossalltreesineachstand-sizeclass,andforallstand-size
classescombined.Stand-sizeclassisthenassignedonthebasisofwhichof
thefollowingstockingrequirementsissatisfiedfirst:

Stand-sizeclass Stockingrequirement

Nonstocked Totalstockingacrossallsizeclasses<10percent

Seedling-sapling Seedling-saplingstocking>50percentoftotalstocking

Poletimber Poletimberstocking>sawtimberstocking

Sawtimber Poletimberstocking<sawtimberstocking
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3.3.2.2.3 ForestTypeofEachConditionClassBasedon
 StockingAlgorithm

Tree-levelstockingvaluesalsoareusedtocategorizeeachconditionby
foresttype.Theforesttypeassignmentalgorithmisquitecomplicated
andstillundergoingevaluation.Detailsareprovidedinthesupplementary
document“NationalAlgorithmsforStockingClass,Stand-SizeClass,and
ForestType”athttp://srsfia2.fs.fed.us/publicweb/statistics_band/stat_
documents.htm.

3.3.3 CalculationsofAreainEachConditionClass

3.3.3.1 MathematicalFunctions

Geometricandtrigonometricfunctionscanbeusedtocalculatethearea
withineachconditionclassasspecifiedbyScottandBechtold(1995).

3.3.3.2 ComputerSimulation

Mathematicalfunctionsareusefulforcalculatingareasatanyonetime,or
whenperformingdatarecorderlogicchecks;buttheycanbeunwieldyfor
someapplications—particularlythecalculationofareachangematrices
betweeninventories.Changematricesarenecessarytoquantifyland-use
andcondition-classchangeandtoenablethepartitioningofgrowth,removals,
andmortalitybycondition-classattributesateithertheinitialorterminal
inventoryofameasurementcycle.

Changematricesareproducedbyoverlayingacomputer-generatedmapof
eachsubplotattimet(thepreviousinventory)withasimilarmapofthe
samesubplotattimet+1(thecurrentinventory)(fig.3.3).Theareaofthe

12

Timet

3

Timet+1
Intersectionof
Timetandt+1

2-3 1-3

2-2 1-22

Figure3.3—Condition-classchangematrixbetweentwopointsintime.
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intersectionofallcombinationsofinitialandterminalconditionclassesis
thencalculatedbyusingacomputertocountdotsonanelectronicallygen-
eratedgridsuperimposedontotheintersectedmaps(Bechtoldandothers
2003).Foreachcelloftheintersectionmatrix,anobservationiscreated
thatincludesareapercent,aswellasallofthecondition-classvariablesat
bothtimetandtimet+1.Subplot-levelchangedataarethencombinedto
produceplot-levelmatrices.Similarmatricesareproducedformicroplots
andmacroplots.Notethatitisnotnecessaryforfieldcrewstoretainspecific
condition-classnumbersovertime.Numbersassignedtoconditionsremain
arbitraryandaredefinedbytheseriesofcondition-classvariablesattached
tothem.

3.4 SpecialCases

3.4.1 PopulationBoundaries

Plots(andportionsofplots)areassignedtothepopulationinwhichtheyare
locatedwithindicatorfunctions.Plots(andportionsofplots)inthepopula-
tionofinterestarethenpooledtocomputepopulationestimatesasdescribed
inchapter4.

FIAsamplingprotocolsrecognizefourtypesofpopulationboundaries:
(1)County,(2)National,(3)Federalagency(e.g.,NationalForestSystem,
BureauofLandManagement),and(4)Censuswater.

Allexceptcountyboundariesarecurrentlymappedinthefield.County
boundariesareoftennotobservableinthefield,sowholeplotsareassigned
tothecountyinwhichthecenterofsubplot1islocated.Theinabilityto
recognizepopulationboundariesisnotconsideredaproblembecausethis
impliesthatforestconditionsarethesameonbothsidesoftheboundary,
sonobiasisintroducedbysamplingareaoutsidethepopulationofinterest
(i.e.,thenumeratorsanddenominatorsofratio-of-mean(ROM)estimators
areincrementedproportionately).

3.4.2 Slivers

Sliversaredefinedasconditionsthatoccupylessthanonefullsubplotand
notencounteredonanyothersubplotsofagivenplot.Slivershavethepoten-
tialtocreatedataprocessingoranalysisissues,butinmostcasesthediffi-
cultiesareminor.Alternativedesignsthatdonotrequiremappingcreate
differentormoreseriousproblemssuchasclassificationanomaliesandtree
selectionprobabilitiesthatresultinbiasedestimators(Hahnandothers1995).
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3.4.2.1 SliversandContinuousVariables

Oneconcernregardingsliversisthatextremelysmallvaluesinthedenomina-
torsofper-acreratiosmightunreasonablyinflateestimatesofper-acrevalues.
ThisisnotaproblembecausetheROMestimatorsprescribedinchapter4
avoidtheuseofplot-levelratios.Sliversarepooledwithsimilarconditions
fromotherplotsinthecalculationofpopulationmeansandtotals.Although
usersofFIAdatashouldbeawarethataslivermayyieldanunrealistic
meanper-acreratioforararedomaininasmallpopulation,thatpossibility
isusuallyoflittleconsequenceforstandardFIAestimations.Adomain
thatrarelywouldnotbeisolatedinanystandardoutputand,forreporting
purposes,wouldbepooledwithotherdomains.

Modelingistheonlyapplicationwheresliversandpotentiallyinflatedper-
acrevaluesareisolatedandusedasindividualobservations.Themodeler
hasavarietyofoptionstodealwiththisproblem,suchasacceptingthe
increasedvariance,poolingsliverswithotherconditionsonthesameplot,
poolingsliverswithsimilarconditionsfromdifferentplots,ordeleting
sliversfromtheanalysis.

3.4.2.2 SliversandClassificationVariablesBasedonTreeData

Slivershavethepotentialtoinflateper-acrecontinuousvariablesthatare
computedforindividualconditionclassesandthengroupedintodiscrete
classesforpresentationinsummarytables(e.g.,areabyvolume-per-acre
class).Suchinflatedvaluesarerareandneverstandalone.Theyaresimply
groupedintothehighestclasspresentedinthesummarytable.Themost
seriousconsequenceisincreasedwithin-classvariancecausedbyestimates
fromplotsofdifferentsizes.

Sliverscanposeaslightlydifferentproblemforcomputedclassification
variablesthatarenotper-acreestimates(e.g.,foresttype).Whenthetree
tallyonagivenplotfallsbelowacertainthreshold,sufficientdatamay
notbeavailabletomakeanaccurateclassification.Insuchcasesitis
necessarytoacceptthecomputedclassificationatfacevalue,reverttoa
subjectivefieldclassification,orengageinauxiliarysamplingtoobtain
enoughfielddatatocomputetheclassification.Theamountoffielddata
requiredforreliableareaclassificationsdependsonthespatialscaleof
thevegetationuponwhichtheclassificationisbased(Williamsandothers
2001).FIAisstillevaluatingtheminimalareasrequiredforclassifications
mostcommonlycomputedfromtreedata,foresttypeandstandsize,so
subjectivefieldcallsareavailableinadditiontocomputedvaluesforthese.
Preliminaryanalysessuggestthatcomputedvaluesforforesttypeandstand
sizeareunreliableforconditionsthatoccupyareassmallerthanonefull
subplot.
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Arelatedprobleminvolvesattributes,usuallyindices,forwhichitisimpor-
tanttobasetheclassificationonplotsofequalsize(e.g.,speciesdiversity
index).ThisisnotacommonapplicationofFIAdataandthereisnopre-
scribedmethodforhandlingthissituation,butananalysthastheoptionto
adjusttheindex(e.g.,species/areacurves),deletepartialplotsfromtheanaly-
sis,orpooldatafromotherconditionsontheplot.Itisnoteworthythatpool-
ingvegetationdataisnotanoptionforplotsthatcontainnonforestlanduses,
becauseFIAprotocolsignorevegetationonlandusesdefinedasnonforest.

3.4.3 NonsampledPlotsandPlotReplacement

Forvariousreasons,someplots(orportionsofplots)withinagivenpopula-
tioncannotbesampledatthetimetheyarescheduledformeasurement.Such
plotsareclassifiedas“nonsampled”,a“nonsampledreason”isassigned,
andnoadditionaldataarerecorded.Themagnitudeoftheproblemhasnot
beenfullyevaluated,butnonsampledplotshavethepotentialtobeasignifi-
cantfactorinpopulationswithrelativelyfewforestedplots(e.g.,Plains
States).FIAcurrentlyassumestheseplotsarerandomlydistributed,sonon-
sampledplotsassumethestratameansforallestimatedvaluesasdiscussed
inchapter4,whichensuresthatestimatesareproducedfortheentirepopula-
tion—notjusttheaccessibleportion.Thisapproachpresumesthatconditions
onnonsampledplotsaremissedatrandom,whichmaynotbevalidunder
somecircumstances.Moreprecisemethodsofassigningattributestonon-
sampledplotsarebeingconsidered,andwillbeimplementediftheyyield
betterresults.

Accessrefusalbylandownersisthemostcommonreasonfornonsampled
plots,butplotsoccasionallyareinaccessibleduetohazardoussituations
encounteredbyfieldcrews.Toavoidalteringthesamplingnetworksuch
thatitbecomesnonrepresentativeofthepopulation,inaccessibleplots
usuallyarenotreplaced.However,inaccessibleplotsmaybereplacedwhere
nonreplacementcausesinadequatesamplesize,orwherethereisevidence
thatreplacementresultsinestimatorsthatarelessbiased.

Lessoften,missingdataorcorruptedplotfilesarediscoveredafterthefield
measurementsforapanelarecompleted.Whenitisimpracticaltocorrect
thesituation,suchplotsalsoareclassifiedasnonsampled.Theyarethen
resampledattheirnextscheduledmeasurement.

Fieldcrewsoccasionallyfailtorelocatepreviouslyestablishedplots.Upon
verificationthataplotistrulylost,areplacementisinstalledattheapproxi-
matelocationoftheoriginal,andthelostplotisretiredfromthepanel.
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4 Sample-BasedEstimators
UsedbytheForestInventoryand

AnalysisNationalInformation
ManagementSystem

CharlesT.Scott,WilliamA.Bechtold,
GregoryA.Reams,WilliamD.Smith,

JamesA.Westfall,MarkH.Hansen,and
GretchenG.Moisen1

4.1 PanelsandEstimation

Thischapteroutlinesprescribedcore2proceduresforderivingpopulation
estimatesfromattributesmeasuredinconjunctionwiththePhase1and
Phase2samples.TheseestimationproceduresalsoapplytothosePhase
3attributesincommonwithPhase2.Giventhesamplingframeandplot
designdescribedintheprevioustwochapters,manyestimationapproaches
canbeapplied.Infact,onegoaloftheoveralldesignistomaximizeflexi-
bility,soForestInventoryandAnalysis(FIA)datacanbeusedtoaddressa
varietyofanalyticalneeds.

MuchoftheflexibilityinherentintheEnhancedFIAdesignisderived
fromthewaypanelsarecombinedforanalysis.Thistopicisaddressedin
chapter5.Forestimationsinvolvingasinglepaneloraperiodicsurvey,
theapproachtoestimationwouldproceeddirectlyasoutlinedinchapter4.
Whentheestimationisforsomecombinationofannualpanels,thenthe
estimationproceduresdiscussedhereinmayrequiremodificationdepending
onthemethodusedtocombinethepanels.Relatedmodificationsare
discussedinconjunctionwiththetwospecificmethodsforcombining
panelspresentedinchapter5(secs.5.2.1and5.2.2).

1CharlesT.Scott,FIAProgramManager,USDAForestService,NortheasternResearch
Station,NewtownSquare,PA19073;WilliamA.Bechtold,ResearchForester,USDA
ForestService,SouthernResearchStation,Asheville,NC28802;GregoryA.Reams,FIA
NationalProgramManager,USDAForestService,1601NorthKentStreet,Arlington,VA
22209;WilliamD.Smith,ResearchQuantitativeEcologist,USDAForestService,Southern
ResearchStation,ResearchTrianglePark,NC27709;JamesA.Westfall,ResearchForester,
USDAForestService,NortheasternResearchStation,NewtownSquare,PA19073;MarkH.
Hansen,ResearchForester,USDAForestService,NorthCentralResearchStation,St.Paul,
MN55108;andGretchenG.Moisen,MathematicalStatistician,USDAForestService,Rocky
MountainResearchStation,Ogden,UT84401.
2Firstuseofaglossarytermineachchapterisinboldface.
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4.2 Phase1

Stratificationisastatisticaltoolusedtoreducethevarianceofattributes
ofinterestbypartitioningthepopulationintohomogenousstrata,suchas
forestandnonforest.Itmayalsoinvolvepartitioningoutahighlyvariable
butsmallportionofthepopulation.

Tousestratifiedsamplingmethods,thestratasizes(weights)mustbeeither
knownorestimated.Asdiscussedinchapter2,strataweightscommonly
areestimatedbyclassifyingpointsonaerialphotographsorpixelson
satelliteimagery.Fullenumerationofanentirelandscape(population)is
possiblewithwall-to-wallsatelliteimagery,resultinginstrataweightsthat
canbetreatedasknownvaluesinthevarianceformulations.Whetherthe
strataweightsareknownorestimated,strataclassifications(e.g.,forest
andnonforest)fromremotesensingareneverperfectlyaccurate.Although
thisincreasesthevarianceoftheresultingpopulationestimates,itdoes
notintroduceanybiasduetotheinteractionbetweenPhases1and2inthe
estimationprocess.

4.2.1 SatelliteClassificationandKnownStrataWeights

Usingwall-to-wallsatelliteimageryandcomputer-aidedclassification,
thepopulationcanbedividedintostrataofknownsize—typicallyforest,
noncensuswater,nonforest,orcombinationsofthese.Inthiscasethe
classifiedimagerydividesthetotalareaofthepopulation(A

T
)intopixels

ofequalandknownsize(e.g.,30msquarewithLandsatTM),andthe
classificationassignsoneofHstratatoeachofthesepixels.Here,the
stratumweight,W

h
(h=1,…,H),typicallyisdeterminedasthenumber

ofpixelsclassifiedasstratumhdividedbythetotalnumberpixelsinthe
populationofinterest.Theweightsareknownquantitiesthatarefixedby
theclassificationsystemandselectedstrata.Asusedhere,“pixel”indicates
eitheranindividualpixel,oranon-overlappingblockofmultiplepixels.
Eachstratum,h,thencontainsn

h
groundplots,eachselectedwithknown

probability,wherethePhase2attributesofinterestareobserved.Notethat
thestratasamplesizes,n

h
,arerandombecauseground-plotlocationsare

chosenpriortostratification.

Satelliteclassificationsystemsseparatethereflectancevaluesfromeach
pixelintoasetofHdistinctvalues(i.e.,ranges).Suchsystemscanrange
fromverycomplicatedfunctionsdependantonanumberofdifferent
reflectancebandvaluesandancillarydatalayers,toverysimplestep
functionsofasinglereflectanceband.Avarietyofautomatedclassification
schemesareavailable,buttheserarelymatchFIAstratificationrequire-
ments.Thesemustusuallybemodifiedoradditionalclassificationsmustbe
performedtoproducestratathatarerelevanttoFIAestimationneeds.
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Whenusingclassifiedsatelliteimageryforstratification,onemustknow
thelocationofeachplotandeachpixel,sothatplotsandpixelscanbelinked
intheestimationprocess.FIAassignseachplottooneandonlyonestratum
usingthepixelcorrespondingtoplotcenter.Typicallythisisdoneusing
aglobalpositioningsystem(GPS)instrumentforgroundplotsandgeo-
referenceinformationassociatedwiththeimageryforpixels.IfGPSfield
dataarenotavailable,plotlocationscanbedigitizedmanuallyfromaerial
photosormaps.

Mostoftheestimationpresentedhereisbasedontheassumptionofequal
probabilitysampling,whereallelementsofthepopulationhavethesame
probabilityofbeingsampledbyagroundplot.Thisassumptioncanbe
violatedifground-plotinformationisusedtohelpclassifysatelliteimagery.
Inevitably,ground-plotdatawillbeusedinthedevelopmentofsomeclassi-
ficationalgorithms.BreidtandOpsomer(2004)showthatforalgorithms
basedongenerallinearmodels,thisapproachprovidesvalidresultsand
variances.Othertypesofclassificationalgorithms(e.g.,nonparametric)
havenotbeensimilarlyevaluated.

Itisalsoimportanttoremembertheimportanceofthepixel-plotlinkwhen
changingorconsideringachangeinthestratificationalgorithm.Twosimilar
algorithmsmaydivideapopulationintoverysimilarstratathathavesimilar
oridenticalnames.Theapplicationofadifferentclassificationsystemwill
notonlychangetheW

h
(evenwhentheyhaveidenticalnames),butalsothe

strataassignmentsofgroundplots.

4.2.2 AerialPhotographyandEstimatedStrataWeights

Insomecases,especiallywhenusingaerialphotos,itisnotpracticalorcost
effectivetodivideimageryintostrataofknownsizes.Stratasizesthenmay
beestimatedusingphoto-plotsamplingwithmanualinterpretation,and
applyingdoublesamplingforstratificationasopposedtothestratified
estimationthatoccurswhenstrataweightsareknown.Whendouble
samplingforstratificationisusedinconjunctionwithsatelliteimageryor
otherspatiallayers,onlyasampleofpixelsisclassified,asopposedtothe
wall-to-wallestimationdescribedintheprevioussection.Thisrelievessome
ofthecomputationalburdenofmorecomplexcomputer-aidedclassification
methods.Thelossofprecisionwhensuchmethodsareappliedtoasubset
ofpixelsisminimalwhenlargePhase1samplesizesareused(Moisenand
Edwards1999).

Underdoublesamplingforstratification,asetofsamplepoints(i.e.,Phase1
plots)isplacedonaerialphotoorsatellitecoverageofthepopulation.Phase
1plotsarethenassignedtostratabyphotointerpretationorcomputer-aided
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classificationalgorithm.Phase1plotsareusuallyplacedonagrid,typically
every200to300acres.ThePhase2andPhase3plotsusuallyareasubset
ofthePhase1photoplots.AnyPhase2andPhase3plotsthatarenotmust
alsobeclassified,buttheirvaluesarenotusedindevelopingtheestimates
ofstratasizes.Here:

=totalnumberofPhase1plots(pixels)sampledinthepopulation

=numberofPhase1plots(pixels)classifiedasbelongingtostratumh
(h=1,…,H,H=totalnumberofstrata)

4.2.3 CombiningSmallStrataandPopulations

Becausesamplesizesarerandomwithrespecttostrata,somemaycontain
toofewplotstocomputeareliablemeanandvariance.Experienceindicates
thataminimumoffourPhase2plotsperstratumarerequired.Iflessthan
four,thensimilarstratamustbecollapsed(combined)untiltheminimumis
attained.Becausestratificationschemesmayvaryregionallytoaccommo-
dateresourcedifferences,therearenoprescribedrulesbywhichstrataare
combined.

Theminimum-sample-sizerulealsoaffectssomesmallpopulationsorpopu-
lationswithlittleforest(e.g.,somecountiesintheEasternorGreatPlains
regionsoftheUnitedStates).Populationswithfewerthan12forestedPhase2
plotsshouldthusbecombinedwithadjoiningcounties(i.e.,populations)
formingwhatistermedasa“super-county.”Theuseofsuper-countieswill
beespeciallyimportantwhenusingonlyasubsetofpanels.

4.3 Phase2

Thischapterbuildsonchapter3byspecifyingthepopulationestimators
usedforcalculationofareaandotherattributesofinterestassociatedwith
mappedplots.Generally,theseattributesaresummedforeachplot(after
adjustmenttocorrectforanyplotsthatoverlapthepopulationboundary),
andthenaveragedacrossplotsinthestratum.Thestratameansarethen
combinedusingthePhase1strataweightstoformapopulationmean.This
meanisthenexpandedtoatotalusingthetotallandareainthepopulation.
Thisapproachtoestimationisfirstdescribedforareaattributes,andthen
otherattributes,becausetheformulasaresomewhatdifferent.Examplesof
theestimationproceduresdiscussedbelowareprovidedinthesupplementary
documents“ExamplesofFIAPoint-in-TimeEstimationProceduresfor
SeveralCommonCases”and“ExamplesofFIAChange-Component
EstimationProceduresforSeveralCommonCases”athttp://srsfia2.fs.fed.
us/publicweb/statistics_band/stat_documents.htm.
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4.3.1 EstimationofAreabyStratumbyDomain
 (RowandColumn)Attributes

Foragivenattributeofinterest(e.g.,forestarea),estimatesofpopulation
totalsanddomaintotals(e.g.,areabyforesttypeandstandsizeclass)are
producedsimilarly.Theonlydifferenceisthatdifferentrestrictions(filters)
areplacedoneachcellofanoutputtabledependingonwhichdomain(row
orcolumn)thecellisin.Mappedconditionclasses(e.g.,foresttype)are
oftenusedtospecifydomains,butotherattributesalsocanbeused(e.g.,
species).

Rowandcolumnattributesmustbediscretecategoricalvariables.Continu-
ousattributescanbeconvertedintodiscretecategoriesbydividingtheminto
classes(e.g.,diameterclasses).Theattributeofinterestis“summed”intoa
cellonlywhenitsatisfiestherowandcolumnrequirements(i.e.,whenitis
inthedomainofinterest).Eachplotandtreehasanassociatedindicator
function, (or ),whichis1iftheattributeisinthedomaindof
interest,or0ifnot.Forexample,whenestimatingtheareainnorthernhard-
wood(row)saplingstands(column),theindicatorfunctionis1whenthe
specifiedforesttypeandstand-sizerequirementaresatisfied;otherwiseitis0.
ThismethodisdescribedinCochran(1977)forestimatingdomain(cell)
means.

4.3.1.1 ForEachTableCell,ComputetheAttributeofInterest
 forEachPlot

EachplotisassignedtoonlyonestratumbasedonthePhase1stratification
oftheplotcenter.Forareaestimation,theattributeofinterestisthe
proportionoftheplotinthedomainofinterest:

      

(4.1)

where

proportionofplotiinthedomainofinterestd,forplotsassigned
tostratumh,adjustedforstratumhplotsthatoverlapthepopulation
boundary

mappedarea(acres)ofsubplot(macroplot)jcoveringcondition
konplotiassignedtostratumh(Theareaiscomputedusingthelargest
areamapped,whichisthesubplotexceptinthePacificNorthwest(PNW)
wherethemacroplotisused.)
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zero-onedomainindicatorfunction,whichis1ifconditionk
onsubplot(macroplot)jofplotiassignedtostratumhbelongstothe
domainofinterestd

thenumberofconditionsthatexistonsubplot(macroplot)jofplot
iassignedtostratumh

a
m
=totalareaofthelargest-sizedplotonwhichareaattributesare

mapped(i.e.,fourtimesthesubplotormacroplotarea)

mh
=meanproportionofstratumhmappedplotareasfallingwithinthe

population(seeequation4.2)

Tablemargins(rowandcolumntotals)aretreatedlikeanyothercell.
Additivityisapropertyofthetableconstruction,nottheestimators.Most
tableswillbeadditive(i.e.,thecellsinthetablebodywilladdtototalsin
themarginssuchasareabyforesttypeandstandsize).However,atableof
theareacontainingcombinationsofspeciesanddiameterclasseswillnot
beadditive,becauseeachcellrepresentsthenumberofacresonwhichthe
particularspeciesanddiameterclasscombinationoccurs.

4.3.1.2 AdjustmentforPartialPlotsOutsidethePopulation

Equation4.1essentiallytreatsallareassampledonstratumhplotsequally—
everysquarefootisexpandedequallywhetheritispartofapartialplot
ornot.Foragivenpopulation,dividingby

mh
inequation4.1adjuststhe

plotobservationstoaccountforanyportionsofstratumhplotsfalling
outsidethepopulation.Notethat 0forconditionclassesoutsidethe
populationinequation4.1,becauseconditionsoutsidethepopulationare
neverconditionsofinterest.Reasonsforconditionclassesbeingoutsidethe
populationinclude:

• Partialplotsthatstraddleaninternationalboundary(i.e.,Canadaor
 Mexico)

• Partialplotsthatstraddleamappedownershippopulationboundary
 (e.g.,nationalforest)

• Wholeorpartialplotswithinthepopulationthatarenonsampled(e.g.,
 deniedaccessorhazardousconditions)

• Wholeorpartialplotsincensuswater(unlesscensuswaterisestimated,
 i.e.,includedinA

T
)(NotethatFIAcurrentlysubtractscensuswaterfrom

 A
T
,butanticipatesthatcensuswaterwillbeestimatedwhenprecise

 digitizedcensuswaterboundariesbecomeavailablefromtheU.S.Census
 Bureau.IfandwhencensuswaterisestimatedfromtheFIAsample,a
 Phase1stratumwilllikelybecreatedforit.)
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Ifallplotsareentirelywithinthepopulationboundaries,then
mh

would
be1.Otherwise,theaveragemapped-plotareaactuallysampledwithinthe
populationisdividedbythestandardplotarea,a

m
.Thisapproachwastaken

asawayofhandlingthepotentialbiasintroducedbyignoringportionsof
plotsstraddlingpopulationboundaries.Essentially,thiscreatesabuffer
aroundthepopulationtoensurethatplotswhichareonlypartiallyinsidethe
populationofinterestareincludedintheestimation.Moreareaissampled,
butmoreplotsarealsotakenintothesample.Multiplyingthetotalsbythe
largerareaisonaverageequivalenttotheadjustmentmadebyusing

mh
:

      

(4.2)

where

n
h
=numberofgroundplotswithPhase1assignmentstostratumh(For

initialareatables,thisincludesallplotssampledwithanyportionofa
subplot(macroplot)inthepopulation.Forsubsequenttables,anyplots
thatareentirelynonsampledareexcluded.)

zero-onein-sampleindicatorfunction,whichis1ifcondition
konsubplot(macroplot)jofplotiassignedtostratumhiswithinthe
boundariesofthepopulation(Nonsampledareasareincludedininitial
areatablesinordertoestimatetheirareas,butarezerootherwise.
Missingvaluesarealsotreatedaszerovalues.)

Clearly,therearecaseswhere
mh

willnotbe1,meaningthat
mh

isacon-
stantforagivenstratum,butvariesbetweenstrataandpopulations.The
variationduetononsampledplotsandplotsextendingbeyondpopulation
boundariesisexpectedtobesmallenoughtobeignored.Oneparticular
areaofconcernisthecheckerboardownershippatternintheWestwhere
NationalForestSystem(NFS)boundariesmaybetreatedaspopulation
boundaries.FIAisevaluatingthefrequencyofplotsthatstraddleNFS
boundariesandmayswitchtotheratio-of-meansestimatorsdescribedby
ZarnochandBechtold(2000),ifnecessary.

4.3.1.3 ComputeStrataMeansandVariances

Plotvaluesareaveragedwithineachstratum.Inthecaseofsimplerandom
sampling,thisisthefinalestimatebecausesimplerandomsamplingisjust
stratifiedsamplingwithasinglestratum.

Thestratummeanisthesumoftheplotobservations,P
hid

,dividedbythe
numberofplotsinthestratum,n

h
:
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(4.3)

withvarianceestimator:


      

(4.4)

Notethat isthemeanoffield-basedobservationsindomaindwithin
eachPhase1stratum.Thismeansthatsomeplotsclassifiedasforestonthe
groundmayhavebeenassignedtoanonforeststratumandviceversa.These
arenotviewedas“misclassifications”,butasstratawithlessthanideal
homogeneity.Theestimatorsremainunbiased.

4.3.2 EstimationofPopulationTotalsandTheirVariances

Generally,individualcountiesarethepopulationsofinterest(i.e.,thebasic
buildingblocksforestimation).Countiesmaybedividedintosubpopula-
tionsthatareprocessedindependently.Thisisthecasewhenaportionofa
countyhasanintensifiedPhase2samplinggrid,hasenumeratedacreages,
orhasameasurementcyclethatdiffersfromtherestofthecounty.These
scenariosarenotuncommonwhensamplinglandownedbypublicagencies
[i.e.,NFS,BureauofLandManagement(BLM),andNationalParkService
(NPS)].Becausepopulationsandsubpopulationsaremutuallyexclusive,
estimatedtotalsareadditive.Likewise,becausedifferentpopulationsand
subpopulationsareindependent,theassociatedvarianceestimatesarealso
additive.Thus,totalsfromgroupsofcountiescanbecombinedtoformulate
Stateandregionaltotals;orsegmentsofNFSland,bycounty,canbecom-
binedtoyieldtotalsforaspecificnationalforest.Countyareasprovided
bytheU.S.CensusBureau,whichareusedintheestimationofpopulation
totals,areupdatedatleastevery10years.NFSandBLMprovidesimilar
areatotalsfortheirlands,andtotalsbycountyiftheyhaveintensifiedor
otherwisealteredthesamplingeffortontheirlands.

Asfirstnotedinequation4.2,nonsampledplotspresentanestimation
problemthatrequiresmoreattentionthanplotsthatareotherwiseoutofthe
population.Becausefieldcrewscannotreliablyascertaintheactualland
useofsuchplots,initialareatablesinFIAreportswillreporttheproportion
oftotalareadesignatedasnonsampled.However,inallsubsequenttables,
theseplots(orthenonsampledportionsofthem)willbeprocessedasifthey

hd
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wereoutofthepopulation.Thisapproacheitherreducesthesamplesize
(n

h
),orthemeanproportionofstratumhobservedplotareasfallingwithin

thepopulation,orboth.Theresultistoadjustupwardthenumberofacres
representedbytheaccessedplots,orportionsofthem,ineachstratum.Thus
theareathatcouldnotbeaccessedisredistributedbasedontheaccessible
plotswithineachstratum.Thisessentiallyreplacesnonsampledplotswith
thestratameansandincreasesthestratavariancesduetothereductionin
samplesize.Thisapproachhastheadvantageofsimplicity,buthasthe
potentialtoincurbiasifthenonsampledplotsarenotrepresentativeofthe
restofthepopulation.Othermethodsofaccountingfornonsampledareas
areunderinvestigation,includingremotesensingbothfordirectmeasure-
mentofasubsetofattributesandforuseinidentifyingsimilarplotsfor
imputationpurposes.

Inthesimplerandomsamplingcase,thereisonlyonestratum,sototals
areestimatedbymultiplyingthepopulationmeanbythetotalareainthe
population.FIArarelyusessimplerandomsampling,butithasbeenused
forForestHealthMonitoring(FHM)andisusefulinrespondingtospecial
requestswherestratificationdatamaybelacking.Processingprotocolsfor
theFIAplotdesignunderasimplerandomsamplingapproachusingratios
ofmeansarediscussedindetailbyZarnochandBechtold(2000).

Toestimatethetotalareaineachdomainwhenthepopulationhasbeen
stratified,thestratameansareaveragedusingthestrataweightsandthen
multipliedbythetotallandareainthepopulation.Theestimatedtotalis
givenforthestratifiedestimationanddoublesamplingforstratification
cases,respectively,as:

    

(4.5)

and

where

A
T
=totalareainthepopulationinacres

estimatedproportionofthepopulationinthedomainofinterestd

W
h
=weightforstratumh(i.e.,theproportionofthepopulationarea,A

T
,

thatisinstratumh)
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Anapproximationofthevarianceofthetotalareainthestratifiedestima-
tion(andthesimplerandomsampling)case,wherestratasizesareknown,
isadaptedfromequation5A.42inCochran’s(1977)finitesamplingframe-
work.Anestimateofthispopulationvariance(finitepopulationcorrection
factorsignored)isgivenby:

   

(4.6)

Thefirsttermisforstratification,assumingproportionalallocation,andthe
secondtermreflectsthefactthatthesamplesizesarenotfixedbystratain
advance.

Doublesamplingforstratificationapplieswhenthestrataweightsareesti-
mated.Thevarianceoftotalareainthiscaseisadaptedfromequation12.32
inCochran(1977),againignoringfinitepopulationcorrectionfactors.The
secondtermaccountsforthefactthatstratasizesareestimated:

  

(4.7)

Asnotedabove,totalsandtheirvariancesfromdifferentpopulationsare
additive.Thusthevarianceofatotalacrossmultiplepopulationsorsubpop-
ulationsisthesumoftheirvariances.Examplesofhowtoapplyequations
4.1through4.7aregiveninspreadsheetforminthesupplementarydocu-
ment“ExamplesofFIAPoint-in-TimeEstimationProceduresforSeveral
CommonCases”athttp://srsfia2.fs.fed.us/publicweb/statistics_band/stat_
documents.htm(seesections“plotsummary”,“problemnumber1”,and
“problemnumber2”).

4.3.3 EstimationofOtherAttributes

Populationtotalsforattributesotherthanareausuallyarecalculatedby
summingattributestotheplotlevelandthenaveragingatthestratumlevel.
Indicatorfunctionsareusedtoidentifytheattributeofinterest(e.g.,total
volumeofwhiteoak)inthedomainofinterest(e.g.,oak-pinestands).The
attributeofinterestissummedforeachplotandthendividedbytheobserved
plotareaandthemeanproportionofstratumhobservedplotareasfalling
withinthepopulation,yieldinganestimateoftheattributeofinterestona
per-unit-areabasis:
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(4.8)

where

attributeofinterestfortreetonmacroplot,subplot,ormicroplotj
ofplotiassignedtostratumh

zero-onedomainindicatorfunction,whichis1iftreetonsubplot
jofplotiassignedtostratumhbelongstothedomainofinterestd

a
o
=totalareanormallyusedtoobservetheattributeofinterestonaplot

(i.e.,fourtimesthemicroplot,subplot,ormacroplotarea)

oh
=meanproportionofstratumhobserved-plotareasfallingwithinthe

population(seeequation4.9)

Inequation4.8,dividingby
oh

adjuststheplotobservationstoaccountfor
anyportionsofstratumhplotsfallingoutsidethepopulation:

   

(4.9)

where

areanormallyusedtoobservetheattributeofinterest(microplot,
subplot,ormacroplotj)coveringconditionkonplotiassignedtostratumh

Inequation4.8,dividingbytheobservedplotareaandbytheproportionof
plotsoutsidethepopulationallowsattributessuchasnumberoftreesacross
alldiameterclassestobesummedacrossplottypeswhileaccountingforany
differencesintheproportionofthevariousplottypesthatareoutsidethepopu-
lation.Forexample,ify

hid
isthenumberoftrees1.0-inchdiameteratbreast

height(d.b.h.)andlargersampledonmicroplotsandsubplots,thenequation
4.8shouldincludeatermforeachplottype.Thisadjustmentisthemain
differencebetweentheestimatorsdescribedhereinandtheratio-of-means
estimatorsoutlinedbyZarnochandBechtold(2000),wherepopulation
totalsarecomputedonthebasisofeachplotsizeseparately,thensummed
forallplotsizes.Becausetotalsforthelatteralternativearenotindependent,
thevarianceiscomplicatedbytheneedtoincludeacovariancetermamong
plotsizes.Weoptedforasimplerapproach,whereallestimatesarecombined
attheplotlevelandthentreatedasasingleattributeofinterestwhencalcu-
latingpopulationtotals.Usingthismethod,thevarianceismucheasierto
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compute,andtheresultingestimate(equation4.10)isequivalenttothe
separateapproach.Whencombiningsubplotandmicroplotvalues,the
attributeofinterestiscomputedas:





    

(4.10)

where

attributeofinterestfortreetonmicroplotjofplotiinstratumh

zero-onedomainindicatorfunction,whichis1iftreetonmicro-
plotjofplotiassignedtostratumhbelongstothedomainofinterestd

a9
o
=totalmicroplotarea

=meanproportionofstratumhmicroplotareasfallingwithinthe
population(equation4.9)

Theplotattributesfromeitherequation4.8orequation4.10arethen
summedacrossallplotswithineachstratumanddividedbythetotal
numberofplotsinthestratumtoyieldthestratummeanofthey

hid
:




        

(4.11)

withestimatedvariance:





      

(4.12)

Aswasthecaseforarea,thestratameansareaveragedusingthestrata
weights,thenmultipliedbythetotallandarea.Theestimatedtotalisgiven
forthestratifiedestimationanddoublesamplingforstratificationcases,
respectively,as:



      

(4.13)

oh
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or

where

populationmeanoftheattributeofinterestinthedomainofinterestd

Aswiththeareaestimatewhenstrataweightsareknown,anapproximation
tothevarianceoftheattributetotalinthestratifiedestimation(andthe
simplerandomsampling)casewasdevelopedinthesamewayasfor
equation4.6:

   

(4.14)

Theestimatedvarianceoftheattributetotalinthedoublesamplingfor
stratificationcaseisagainadaptedfromequation12.32inCochran(1977):

  

(4.15)

Asnotedinsection4.3.2,totalsandtheirvariancesfromdifferentpopula-
tionsareadditiveforagivendomain.Thusthevarianceofatotalacross
multiplepopulationsorsubpopulationsisthesumoftheirvariances.Although
theadditivitypropertyisalsotrueformeans,sumsofmeansgenerallyare
notuseful.Toobtainameanoverpopulations,thetotalsshouldbeadded
anddividedbythetotalareaofthepopulations.Theresultisameanweighted
bythepopulationareas.Anexampleofhowtoapplyequations4.8through
4.15isgiveninproblemnumber3ofthesupplementarydocument“Exam-
plesofFIAPoint-in-TimeEstimationProceduresforSeveralCommonCases”
athttp://srsfia2.fs.fed.us/publicweb/statistics_band/stat_documents.htm.

4.3.4 EstimationofRatios

Often,interestisnotinthetotalsbutintheattributeofinterestexpressedon
aper-acre,per-condition(stand),orper-treebasis.Anapproachthatisalso
compatiblewiththeaforementionedestimatesofpopulationtotalsisthe
ratio-of-meansestimator,whereinthenumeratoristheestimatedattribute
totalandthedenominatordependsontheratiotobeestimated.Thethree
casescanallbeestimatedusingoneofthefollowinggeneralformulas.
Thefirstisforstratifiedestimationwherestrataweightsareknownandthe
secondfordoublesamplingwherestrataweightsareestimated:
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or(4.16)




Thestratameansforthedenominator,,arecomputedinthesame
mannerasthenumerator.Notethatthenumeratoranddenominatorhave
differentdomainsofinterest,withdbeingasubsetofd9(e.g.,12-inch
oaksinoak-hickorystands).Ifthedenominatorisanareaattribute,then
x

hid9
isestimatedusingequation4.1andtheareaattributereplacesP

hid
.If

thedenominatorisatreeorotherattribute,thenx
hid9

isestimatedusing
equation4.8andtheattributereplacesy

hid
.Thechoiceoftheindividualplot

observations,x
hid9

,isdescribedinsections4.3.4.1through4.3.4.3forthree
commonsituations.

Thevarianceestimatorfromequation5.6.10inSärndalandothers(1992)is:

   

(4.17)

Inthestratifiedestimationcase,theright-hand-sidevariancesarecomputed
usingequation4.6forareaattributesandequation4.14forotherattributes.
Thecovarianceisestimatedas:





(4.18)

where




    

(4.19)
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Inthedoublesamplingforstratificationcase,thevarianceisapproximated
byassumingthecovariancecanbecomputedsimilarlytotheareaattributes
(equation4.7)andotherattributes(equation4.15)

(4.20)


Equations4.16and4.17canbeusedforallthreeestimationofratiocases—
toexpressvaluesonaper-acre,per-tree,orper-conditionbasis.

4.3.4.1 EstimationonaPer-AcreBasis

Ofteninterestisinexpressingtheattributeofinterestonaper-acrebasis.
Thiscanbeestimatedbydividing inequation4.13bythetotalsurface
areainthepopulation,A

T
.Becausetheareaisknown,thevarianceofthe

ratioissimplythevarianceofthetotal(equation4.14)dividedbythesquare
ofthetotalarea,A

T
.

However,interestismorecommonlyintheattributetotalexpressedonaper-
forested-acrebasis—aratioestimate.Thedenominatorofequation4.16can
betheestimateoftotalforestarea computedusingequation4.5,orthe
areaofanotherdomainsuchastheareainaspecificforesttype.Whenthe
denominatorisderivedfromequation4.5,thex

hid9
isequaltoP

hid
inequation

4.1whichisthenusedtocomputetheXvaluesinequations4.16through
4.20.

Indicatorfunctionsareusedtospecifythedomainsandattributesofinterest
thatdefiney

hi
andx

hi
.Thesemayormaynotchangeforvariouscellsinthe

tables,dependingontheratioofinterest.Forexample,thevalueofx
hid9

can
bethesameforallvaluesinatable,suchasthoseusedincomputing .
Thisisusefulforestimatingadditivetables,suchasstandtableswithnumbers
oftreesperacrebyspeciesanddiameterclass.Alternatively,thevalueof
x

hid9
mightchangeforeachcell,suchastheareabyforesttypeandstandsize,

sothattheattributeaveragecanbeestimatedforeachcombination(domain).
Anexampleofhowtoapplyequations4.16through4.20forestimationona
per-acrebasisisgiveninproblemnumber4ofthesupplementarydocument
“ExamplesofFIAPoint-in-TimeEstimationProceduresforSeveralCommon
Cases”athttp://srsfia2.fs.fed.us/publicweb/statistics_band/stat_documents.
htm.
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4.3.4.2 EstimationonaPer-Condition(Per-Stand)Basis

Afewattributesareonlyobservedatthecondition(orstand)level,suchas
standage.Tocomputeaveragestandagerequiresaslightmodificationof
theapproachtothey

hid
attribute.Theapproachistoweightthecondition

attribute,y
hik

,bytheareaintheconditionofinterestontheplot:




(4.21)

Thedenominatorreflectstheproportionoftheareasampledinthecondition
ofinterest:



(4.22)

Theresultistheaverageoftheattributeofinterestweightedbytheareain
whichitoccurs.Thesevaluesofy

hid
andx

hid9
arethenusedinequations4.16

through4.20.Anexampleofhowtoapplyequations4.16through4.22for
estimationonaper-standbasisisgiveninproblemnumber5ofthesupple-
mentarydocument“ExamplesofFIAPoint-in-TimeEstimationProcedures
forSeveralCommonCases”athttp://srsfia2.fs.fed.us/publicweb/statistics_
band/stat_documents.htm.

4.3.4.3 EstimationonaPer-TreeBasis

Forsomeapplications,theattributeofinterestisanindividualtreeattribute,
suchasaveragetreeheightorconkspertree,wheretheratioofinterestis
expressedonaper-treebasis.Theratioestimatorthenbecomestheestimate
ofthepopulationtotalfortheattributeofinterest, ,dividedbythetotal
numberoftrees, ,inthepopulation.Thus,y

hid
isthesumoftreeattributes

observedonplotiinstratumhinthedomainofinterest;andx
hid9

isthe
numberoftreesobservedonplotiinstratumhinthedomainofinterest.
Thosevaluesarethenusedinequations4.16through4.20.Anexampleof
howtoapplyequations4.16through4.20forestimationonaper-treebasis
isgiveninproblemnumber6ofthesupplementarydocument“Examplesof
FIAPoint-in-TimeEstimationProceduresforSeveralCommonCases”at
http://srsfia2.fs.fed.us/publicweb/statistics_band/stat_documents.htm.
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4.3.5 ComputationofSamplingErrors

SamplingerrorsareusedbyFIAtoreflecttheaccuracyoftheestimates.
Expressedonapercentagebasisinordertoenablecomparisonsbetweenthe
precisionofdifferentestimates,samplingerrorsarecomputedbydividing
theestimateintothesquarerootofitsvariance:





(4.23)

Assumingnormalityofthedistributionofestimates,thepercentsampling
errorcanbeusedtocomputeanapproximate67percentconfidenceinterval.
Ifthesamplingerrorisdoubled,thenanapproximate95percentconfidence
intervalcanbeformed.Abetterapproximationisachievedbyusingthe
appropriateStudent’st-values.

4.3.6 ComponentsofChange

FIAinventoriesaredesignedtomeasurenetchangeovertime,aswellasthe
individualcomponentsofchangethatconstitutenetchange(e.g.,growth,
removals,mortality).Changeestimatesarecomputedfortwosequentialmea-
surementsofeachinventorypanel.Uponremeasurement,anewinitial
inventoryisestablishedforremeasurementatthenextscheduledinventory.
Assuch,computationofchangecomponentsisnotintendedtospanmore
thanoneinventorycycle.Rather,thechangeestimationprocessisrepeated
cyclebycycle.Thissimplifiesfieldprotocolsandensuresthatchangeesti-
mationisbasedonshortandrelativelyconstanttimeintervals(e.g.,5years).
Changeestimatesforindividualpanelsarecombinedacrossmultiplepanels
inthesamemanneraspanelsarecombinedtoobtaincurrentinventory
parameterssuchastotalstandingvolume.

FIArecognizesthefollowingcomponentsofchangeasprescribedcore
variables;theyusuallyareexpressedintermsofgrowing-stockorall-live
volume,wheretistheinitialinventoryofameasurementcycle,andt+1is
theterminalinventory:

G
S
=survivorgrowth—thegrowthontreestalliedattimetthatsurviveuntil

timet+1.

I=ingrowth—thevolumeoftreesatthetimethattheygrowacrossthe
minimumd.b.h.thresholdbetweentimetandtimet+1.Theestimateis
basedonthesizeoftreesatthed.b.h.thresholdwhichis1.0inchforall-
livetreesand5.0inchesforgrowing-stocktrees.Thistermalsoincludes
treesthatsubsequentlydie(i.e.,ingrowthmortality),arecut(i.e.,ingrowth
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cut),ordivertedtononforest(i.e.,ingrowthdiversion);aswellastreesthat
achievetheminimumthresholdafteranarearevertstoaforest-landuse
(i.e.,reversioningrowth).

G
I
=growthoningrowth—thegrowthontreesbetweenthetimetheygrow

acrosstheminimumd.b.h.thresholdandtimet+1.

R=reversion—thevolumeoftreesonlandthatrevertsfromanonforest
landusetoaforestlanduse(or,forsomeanalyses,landthatrevertsfrom
anysourcetotimberland)betweentimetandtimet+1.Theestimateis
basedontreesizeatthemidpointofthemeasurementinterval.Treesizeat
themidpointismodeledfromtreesizeattimet+1.

G
R
=reversiongrowth—thegrowthofreversiontreesfromthemidpointof

themeasurementintervaltotimet+1.Treesizeatthemidpointismodeled
fromtreesizeattimet+1.Thistermalsoincludesthesubsequentgrowthon
ingrowthtreesthatachievetheminimumdiameterthresholdafterreversion.

M=mortality—thevolumeoftreesthatdiefromnaturalcausesbetween
timetandtimet+1.Theestimateisbasedontreesizeatthemidpointofthe
measurementinterval(includesmortalitygrowth).Treesizeatthemidpoint
ismodeledfromtreesizeattimet.

G
M
=mortalitygrowth—thegrowthoftreesthatdiedfromnaturalcauses

betweentimetandthemidpointofthemeasurementinterval.Treesizeat
themidpointismodeledfromtreesizeattimet.Thistermalsoincludesthe
subsequentgrowthoningrowthtreesthatachievetheminimumdiameter
thresholdpriortomortality.

C=cut—thevolumeoftreescutbetweentimetandtimet+1.Theestimate
isbasedontreesizeatthemidpointofthemeasurementinterval(includes
cutgrowth).Treesizeatthemidpointismodeledfromtreesizeattimet.
Treesfelledorkilledinconjunctionwithaharvestorsilviculturaloperation
(whethertheyareutilizedornot)areincluded,buttreesonlanddiverted
fromforesttononforest(diversions)areexcluded.

G
C
=cutgrowth—thegrowthofcuttreesbetweentimetandthemidpoint

ofthemeasurementinterval.Treesizeatthemidpointismodeledfromtree
sizeattimet.Thistermalsoincludesthesubsequentgrowthoningrowth
treesthatachievetheminimumdiameterthresholdpriortobeingcut.

D=diversion—thevolumeoftreesonlanddivertedfromforesttononforest
(or,forsomeanalyses,thismayalsoincludelanddivertedtoreserved
forestlandandotherforestland),whetherutilizedornot,betweentime
tandtimet+1.Theestimateisbasedontreesizeatthemidpointofthe
measurementinterval(includesdiversiongrowth).Treesizeatthemidpoint
ismodeledfromtreesizeattimet.
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G
D
=diversiongrowth—thegrowthofdiversiontreesfromtimettothe

midpointofthemeasurementinterval.Treesizeatthemidpointismodeled
fromtreesizeattimet.Thistermalsoincludesthesubsequentgrowth
oningrowthtreesthatachievetheminimumdiameterthresholdpriorto
diversion.

FIArecognizesthefollowingcomponentsofchangeasprescribedoptional
variables:

CI=cullincrement—thenetreductioningrowing-stockvolumedueto
reclassificationofgrowingstocktreestoculltreesbetweentwosurveys.
Cullincrementisthevolumeoftreesthatweregrowingstockattimet,
butcullattimet+1.Theestimateisbasedontreesizeatthemidpointof
themeasurementinterval(includescullincrementgrowth).Treesizeatthe
midpointcanbemodeledfromtreesizeattimet,timet+1,orboth.

G
CI

=cullincrementgrowth—thegrowthtothemidpointofthemeasurement
intervalbetweentimetandt+1oftreesthatweregrowingstockattimet,
butculltreesattimet+1.Treesizeatthemidpointcanbemodeledfromtree
sizeattimet,timet+1,orboth.

CD=culldecrement—thenetgainingrowing-stockvolumeduetoreclassi-
ficationofculltreestogrowingstocktreesbetweentwosurveys.Culldecre-
mentisthevolumeoftreesthatwerecullattimet,butgrowingstockattime
t+1.Theestimateisbasedontreesizeatthemidpointofthemeasurement
interval.Treesizeatthemidpointcanbemodeledfromtreeattimet,time
t+1,orboth.

G
CD

=culldecrementgrowth—thegrowthfromthemidpointofthemeasure-
mentintervaltotimet+1ontreesthatwerecullattimet,butgrowingstock
attimet+1.Treesizeatthemidpointcanbemodeledfromtreesizeattime
t,timet+1,orboth.

ExceptforR,D,G
D
,andG

R
,allcomponentslistedabovearecomputedfrom

plotareaswherelanduseisdefinedasforestatbothtimetandtimet+1.
Notethatitisnotpossibletomeasuretheterminald.b.h.ofalltreesthat
werecut,died,ordivertedtoanonforestlanduse.Tominimizepotential
biasassociatedwiththegrowthofthesetrees,estimatesofG

M
,G

C
,G

D
,D,

R,andG
R
aremodeledonthebasisofthemeasurement-intervalmidpoint.

Themidpointiscalculatedas∆
t
/2,where∆

t
isthetimeinyears(rounded

tothenearest10th)betweenmeasurementsforanindividualplot.Models
topredictmidpointtreesizesaredevelopedregionallyandmayinclude
avarietyoffactors,includingtermstoaccountforslowedgrowthon
mortalitytrees.
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Theuseofmidpointtreesizescreatesspecialsituationswherecarefulatten-
tionisneededtoaccountforallchangecomponents.Particularlynotableare
ingrowthtreesthatassumeastatusotherthansurvivor.Forinstance,between
timetandtimet+1,atreemaycrossthe5.0-inchesd.b.h.threshold(ingrowth),
growto5.4-inchesd.b.h.,andthendie.Underthosecircumstances,therewould
bethreecomponentsofchange:(1)Ingrowth(I),thevolumeat5.0-inches
d.b.h.;(2)Mortalitygrowth(G

M
),thevolumegrowthfrom5.0-inchesd.b.h.

to5.4-inchesd.b.h.;and(3)Mortality(M),thevolumeat5.4-inchesd.b.h.
Similarcircumstancesoccurwhereingrowthtreesareassociatedwithcut-
ting,reversions,anddiversions.Suchsituationsimplicitlyrequirethatmid-
pointtreesizesbemodeledforalltrees1.0-inchd.b.h.andlargerinorder
tocheckfortreesthatmayhavecrossedthetreediameterthresholdbefore
removalordeath.

Forreportinggrowthandchange,theindividualcomponentsareusually
combinedasfollows,andexpressedeitherintermsofgrowing-stockorall-
livevolume:

Grossingrowth=I+R

Accretion=G
S
+G

I
+G

R
+G

M
+G

C
+G

D

Grossgrowth=grossingrowth+accretion

Mortality=M

Removals=C+D

Netgrowth=grossgrowth–mortality

Netchange=netgrowth–removals

Theabovetermsforaccretionandnetgrowtharemodifiedasfollowsfor
FIAregionsthatelecttoproduceadditionaloutputcontainingoptional
expressionsofcullincrementanddecrement.Notethattheseoptionalterms
arerelevantonlywhencomponentsofchangeareexpressedintermsof
growing-stockvolume:

Accretion=G
S
+G

I
+G

R
+G

M
+G

C
+G

D
+G

CI
+G

CD


Netgrowth=grossgrowth–mortality+CD–CI

Inadditiontovolume,allchangecomponentsmayalsobeexpressedinterms
ofbasalareaorweight.Morecommonly,some(I,R,M,C,D,CI,andCD)
areoccasionallyexpressedasnumbersoftrees.

Avarietyofestimatorshavebeenproposedforthevariouscomponentsof
change(BeersandMiller1964,Gregoire1993,Roeschandothers1989,
VanDeusenandothers1986).Whenonlyonefixed-sizeplotisinvolved,
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estimationofchangecomponentsisverystraightforwardandmostestimators
areequivalent.ThisisthecaseformostFIAreportingpurposesbecause
volumesgenerallyarereportedintermsofgrowingstock,whichisbased
ontrees5.0-inchesd.b.h.andlargerthatareonlyrecordedonthesubplot
(exceptPNWwhichalsousesmacroplots).

Forregionsusingthemacroplots,orforexpressionsofgrowthinvolving
microplottrees(e.g.,growthoftrees1.0-inchd.b.h.andlarger),change
estimationiscomplicatedbytreesthatgrowfromoneplotsizetothenext.
Thisrequirestechniquesdesignedforvariable-radiusplots.Historically,
FIAunitshaveusedoneoftwomethodsforcalculatingcomponentsof
changeforvariable-radiusplots—BeersandMiller(1964)orVanDeusen
andothers(1986).BecausetheVanDeusenestimatorismoreappropriate
forprismsamplingandFIAhasmovedawayfromprismsampling,wehave
decidedtousethesimplerBeers-Millerapproach.

TheBeers-Millerestimatorweightsallsurvivorgrowth(G
S
)onthebasisof

plotsizeattimet:


(4.24)

where

s
2
=treesizeattimet+1weightedonthebasisofplotsizeattimet

s
1
=treesizeattimetweightedonthebasisofplotsizeattimet

Ingrowth,I,isdefinedasthosetreesonthemicroplotthatgrewacrossthe
1.0-inchthreshold:


(4.25)

where

s
dbh=1.0

=thesizeofaningrowthtreeatthe1.0-inchd.b.h.thresholdand
growthoningrowthas

(4.26)

Boths
2
andthesizeofthetreeat1.0-inchd.b.h.(s

dbh=1.0
)areweightedonthe

microplotbasisfortreesonthemicroplotthatwere<1.0-inchd.b.h.attime
tbutgreaterthan1.0inchattimet+1.NotethattheBeers-Millerestimator
ignorestreesthatgrowontothesubplotfromoutsidethemicroplot.

Whenestimatingchange,individualtreesareplacedintotheappropriate
change-componentcategory(s).Treeattributesassociatedwiththechange-
componentofinterestarethensummarizedtotheplotlevelusingequations
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4.8and4.10,annualizedbydividingplot-levelperiodicvaluesbythenumber
ofyearsbetweentheinitialandterminalmeasurementsofeachplot,and
summarizedtothepopulationlevelasspecifiedinequations4.11and4.13.
Thecomponentsofchangeareconvertedtoaverageannualvaluesas
follows,where∆

t
isthetimeinyears(roundedtothenearest10th)between

measurementsforanindividualplot:

Annualgrossingrowth=(I+R)/∆
t


Annualaccretion=(G
S
+G

I
+G

R
+G

M
+G

C
+G

D
)/∆

t

Annualgrossgrowth=annualgrossingrowth+annualaccretion

Annualmortality=M/∆
t


Annualremovals=(C+D)/∆
t


Annualnetgrowth=annualgrossgrowth–annualmortality

Annualnetchange=annualnetgrowth–annualremovals

Annualizedvaluesforaccretionandnetgrowthforregionsthatincludethe
optionalexpressionsofcullincrementanddecrementwouldbe:

Annualaccretion=(G
S
+G

I
+G

R
+G

M
+G

C
+G

D
+G

CI
+G

CD
)/∆

t

Annualnetgrowth=annualgrossgrowth–annualmortality+(CD–CI)/∆
t

Observethatsomeofthechangecomponentspertaintotreesonconditions
thatremainedinforestforanentireinventorycycle;somearebasedontrees
andareasthatbecomeforestbetweentheinitialandterminalinventoryof
acycle(reversions);andsomepertaintotreesonconditionsremovedfrom
theforestlandbase(diversions).Improvedestimatesofchangecanbe
obtainedbystratificationonthebasisofbothinitialandterminallanduse:
(1)Foresttoforest,(2)Foresttononforest,(3)Nonforesttoforest,and(4)
Nonforesttononforest.Thismightalsobeexpandedtoincludethefiner
subsetsofforestrecognizedbyFIAsuchastimberland,reservedforestland,
andotherforestland.

ThisrequiresclassificationofthesamePhase1pointsatbothtimetand
timet+1—eitherphotointerpretationofthesamephotoplotsifphotography
wasusedorclassificationofthesamepixelsifsatelliteimageryisused.
Notethatthesamecollapsedstratashouldbeusedforbothcurrentand
changeestimatesiftheresultsaretobecompatible.

Oncethestrataweightsareassigned,estimationbydomainswithinstrata
followsthesameprocedureoutlinedforcurrentinventoryparameters.For
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standardreportingpurposes,domainsidentifiedorpartitionedbyforest
attributes(e.g.,ownergroup)usuallyaredefinedonthebasisofinitialclassi-
ficationsforforest-nonforestandforest-forestparameters;anddomainsfor
nonforest-forestinventoryattributesaredefinedonthebasisofterminal
classifications.Examplesofcomputationalproceduresforchangeestimation
areprovidedinthesupplementarydocument“ExamplesofFIAChange-
ComponentEstimationProceduresforSeveralCommonCases”athttp://
srsfia2.fs.fed.us/publicweb/statistics_band/stat_documents.htm.

4.4 ExpansionFactors

WhenperiodicinventoriesandflatfilesweretheFIAstandards,itwascon-
venienttocalculateasmallsetofexpansionfactorsbywhichindividual
plot-levelortree-levelobservationscouldbeconvertedtotheirpopulation-
levelequivalents.Thisallowedpopulationtotalstobeobtainedviasumma-
tion,whichgreatlysimplifiedtheestimationprocess.Expansionfactorswere
popularwithexternalFIAclients,manyofwhomusedthisconcepttobuild
theirownprocessingsystems.Thetradeoffforsuchsimplicityisthatthe
useofexpansionfactorsprecludestheabilitytocalculatevariances.Atbest,
thevariancesofestimatorsderivedfromexpandedvaluescanonlybeapprox-
imated,andtheseapproximationsareknowntobepoor(AlegriaandScott
1991).

Expansionfactorsarelesspracticalwithpanelizedinventorysystems,which
aredesignedtoincreaseanalyticalflexibilitybyallowingpanelstobecom-
binedinavarietyofways.Eachdifferentpanelcombinationproducesa
uniquesetofexpansionfactors,renderingexpansionfactorsassociatedwith
panelsystemslessstablethanthoseproducedbyperiodicsystems.

Theuseofexpansionfactorsisdiscouragedbecausetheyprohibitaccurate
varianceestimationandtheynolongerhavetheadvantageofsimplicity.
However,thereisstillademandforthem,anditmaytakeawhiletoconvert
processingsystemstotheestimationproceduresspecifiedinthischapter.
Therefore,FIAwillcontinuetoofferexpansionfactorsuntilademandis
nolongerapparent.Thederivationofexpansionfactorsisdescribedinthe
supplementarydocument“ComputationofFIAPlotExpansionFactors”at
http://srsfia2.fs.fed.us/publicweb/statistics_band/stat_documents.htm.
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4.5 Phase3

4.5.1 EstimationProceduresUsedforFHM(Phase3)Data

TheFHMProgramdidnotutilizeanyPhase1stratificationpriortomerging
withFIA.InordertoavoidreportingregionalandStatetotalsthatconflicted
withthosereportedbyFIA,FHMstatisticsusuallywerepresentedaspopu-
lation-levelmeansbasedoneithersimplerandomsamplingorGeneralized
LeasedSquares(GLS).ZarnochandBechtold(2000)developedone
suchapproachbasedonsimplerandomsamplingandratio-of-means
estimators.SmithandConkling(2004)usedGLSestimationprocedures,
wherepopulation-levelcurrentmeanvaluesandannualchangeestimates
areobtainedfromlinearmodelsforrepeatedmeasurements(Gregoireand
others1995,Urquhartandothers1993,VanDeusen1996).Theestimateof
currentvalueis:


(4.29)

where

y
t

=predictedvalueoftheattributeatyeart

b
t-1

=themeanvalueofattributeatyeart-1

b
1
=theannualchangeinyfromYeart-1toYeart

Bothb
t-1

andb
1
arecomputedbyestimatedgeneralizedleastsquaresusing

ProcMIXED®(SASInstitute1999).

4.5.2 CombiningwithPhase1

BecausetheFIAandFHMinventorysystemshavemerged,itisnowpossi-
bletocombinePhase1andPhase3datausingstratifiedrandomestimation
anddoublesamplingforstratification.WearestudyinguseofPhase1strati-
ficationtoenhancetheestimationofattributesuniquetoPhase3andplanto
documentestimationproceduresforattributesspecifictoPhase3insubse-
quentmanuscripts.

4.5.3 LinkingwithPhase2

ForinventoryparameterscommontobothPhase2andPhase3,usually
thereisnoadvantageingeneratingpopulationestimatesfromthesmaller
Phase3subset,becausetheestimateswillnotmatchandthePhase3vari-
anceswillbelargerduetoareducedn.Phase3plots,therefore,shouldbe
combinedwithPhase2plotswhenestimatinginventoryparameterscommon
tobothphases.
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ForthoseinventoryparametersthatareuniquetoPhase3,itispossibleto
modelrelationshipsbetweenuniquePhase3parametersandparameters
commontobothPhase2andPhase3.Suchmodelscanthenbeusedto
extrapolateestimatesofPhase3parametersontothemoreintensivePhase2
samplingnetwork.
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5 CombiningPanelsforForest
InventoryandAnalysisEstimation

PaulL.PattersonandGregoryA.Reams1

5.1 SinglePanelsvs.MultiplePanels

Thetermpanel2denotesasetofsampleswherethesameelementsaremea-
suredontwoormoreoccasions.Historically,ForestInventoryandAnaysis
(FIA)hasusedasinglepaneltoconductperiodicsurveys.Annualpanels,
however,allowgreaterflexibilitybecausetheycanbecombinedinavariety
ofways.NotethatFIAassumescompletespatialcoverageforeachpanel
acrossthepopulationofinterest.Whenestimatinginventoryattributesfor
asinglepanel,theestimationapproachproceedsasoutlinedinchapter4.
Whenestimatinginventoryattributesforcombinedpanels,however,such
proceduresmayrequiremodification,dependingonhowthepanelsare
combined.Relatedmodificationsarediscussedinconjunctionwiththetwo
specificmethodspresentedinsections5.2.1and5.2.2.

Dividingasinglelargeperiodicsurveyintoaseriesofsmallersurveysby
measuringpanels,oneatatime,hasseveralnoteworthyadvantages:

1. Individualpanelscanyieldinformationaboutvariationsthatoccurwith-
 inameasurementcycle;theycanestimateyeartoyearaswellaslong-
 termcyclesandtrends.Thisgreatlyimprovesourabilitytounderstand
 thecausesandtimingofchangesintheresource,asopposedtoassuming
 lineartrends.

2. Successivemeasurementofpanelscanprovidequickerfeedbacktofacili-
 tatedecisionsthatdependonknowledgeoffluctuationsinthesurvey
 attributes.Ifnecessary,fieldprotocolscanbemodifiedatthenextsche-
 duledpanel,ratherthanwaitingforafullinventorycycletobecompleted.

3. Panelsarehighlyresponsivetowidespreadcatastrophicevents.The
 impactofacatastrophiceventthatoccursinasingleyear(e.g.,fireor
 hurricane)canbegaugedimmediately.Inthepast,alternativemethods
 suchasinterimperiodicsurveyswereusedtodealwithcatastrophic
 events(SheffieldandThompson1992).

4. Panelsprovideanatural,temporallinktootherannualancillarydata.

1PaulL.Patterson,MathematicalStatistician,USDAForestService,RockyMountain
ResearchStation,FortCollins,CO80526-1891;andGregoryA.Reams,FIANational
ProgramManager,USDAForestService,1601NorthKentStreet,Arlington,VA22209.
2Firstuseofaglossarytermineachchapterisinboldface.
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Althoughannualinventoriesareconsideredsuperiortoperiodicinventories
forFIAapplications,conversioncomesataprice.Someadvantagesof
periodicsurveysinclude:

1. Travelcostisminimized.Annualinventoriesrequirefieldcrewstotravel
 acrosstheentirepopulationeachtimeapanelismeasured.

2. Changeestimatesapplytojusttwopointsintime(althoughfieldmeasure-
 mentsoftentake2to3yearstocomplete).Withmultiplepanels,change
 estimatesarestaggeredovertwoinventorycycles,ratherthanjustone.

3. Thelengthoftimerequiredtomeasureindividualpanelscanbeincon-
 sistentanddifficulttomanage.Budgetconstraints,regionalissues,and
 logisticalproblemsallinfluencethetimeneededtocompleteindividual
 panelsandsetsofpanels.Asaresult,thetimerequiredtocompletea
 panel(orsubpanel)typicallydoesnotequalexactly1year.FromState
 toState,thetimeneededtofinishonecompletesetofinventorypanels
 canrangefrom3to10yearsduetopanelaccelerationorpanelcreepas
 discussedinchapter2.

4. Thesamplesizeisnearlyalwayssufficient.Asinglepanelhassampling
 errorsthatare timeslargerthanwhenusingallPpanels.However,
 asFIAmovestotheannualsystemthiswillcauseashort-termproblem
 foranalystswhomustreportresultsfromonlyoneortwopanelsofdata.
 Theproblemalsomaymakesomeofthemoresophisticatedmethodsfor
 combiningpanelsinappropriateforsmallsamples.Forexample,recent
 datafrom220countiesinIndiana,Missouri,andIllinois,wheretwo
 panelshavebeencompleted,showedanaverageofonlytwoforested
 plotspercountyperpanel.

Additionaldiscussionoftheadvantagesanddisadvantagesofmultipleor
singlepanelsisprovidedbyKöhlandScott(2000).

FIAusespanelstomeasurebothcurrentinventoryandchange.Changecan
beestimatedinamultitudeofways.Onemethodusesthenetdifference
betweentwosequential,butdifferent,panels.Assumingthisapproach
involvesindependentsamples,thevarianceofthedifferenceisthesumof

thevariances,roughly .Measuringdifferentpanelsovertimeyields
estimatesofnetchange,butonlyremeasuredpanelscanprovideinformation
aboutspecificcomponentsofchangebehindthenetchange.Thelatterare
particularlyusefulforresearchingthedynamicsofcausationandassociated
relationships.There,changeisdirectlyobserved,sothevarianceisreduced

bythecorrelation,R,betweenmeasurements,roughly(1–R2)s2/n.Alterna-

tively,thiscanbeexpressedasthereductioninthevarianceofthedifference
duetothecovariancebetweenoccasions:
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.Theremeasuredpanels
approachisgenerallypreferredforitsrobustness,efficiency,andabilityto
isolateindividualcomponentsofchange.

5.2 CombiningPanels

Thereiscurrentlynoprescribedcoreprocedureforcombiningpanels.Due
todifferentspatial,temporal,andforestcharacteristicswithinandamong
regions,itisnotclearifanysingletechniquewillworkforall.Whatever
estimationstrategyisusedtoestimatecurrentconditions,variancereduction
usuallycanbeattainedbycombingcurrentdatawithearlierdatafrom
previouspanels.Severalestimationstrategieshavebeendevisedtotake
advantageofpreviousdata(Czaplewski1995,ReamsandVanDeusen1999);
thosenowbeinginvestigatedbyFIAinclude:

1. Themovingaverage(MA)

2. Thetemporallyindifferent(TI)method

3. Modeling[updatingplots,mixedestimators(VanDeusen2002),Kalman
 filters(BrockwellandDavis1996),andvarioustimeseriesmodels
 (Johnsonandothers2003)]

Thefirsttwoarerelativelystraightforward,highlycompatiblewiththeesti-
matorspresentedinchapter4,anddiscussedinfurtherdetailinsections5.2.1
and5.2.2.Thethirdtechnique,modeling,hassomanypossiblevariations
thatpotentialapproachesarebeyondthescopeofthischapter.

5.2.1 TheMovingAverageMethod

LetPdenotethenumberofpanelstobecombinedforanalysis.Let denote
thetruequantityforpanel ,where ;andlet denotetheesti-
mateof obtainedusingtheappropriatetechniquefromchapter4.Note
thateachpanelistreatedasanindependentestimate,whichpermits:

1. Theweightingofindividualpanels

2. Phase1stratificationinstrumentstodifferamongpanels(i.e.,different
 mapsmaybeusedtostratifydifferentpanels)

Usingtheabovenotation,theMAestimatorisgivenby:



(5.1)
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where


isasetofconstantpositiveweightsthatsumto1acrossall

combinedpanels(RoeschandReams1999)

Thevarianceformulafor is:

(5.2)

where

foreachpaneliscalculatedasspecifiedinchapter4

TheMAestimatorisappealingbecauseitissimpleandtheuseofprevious
panelscanleadtoasubstantialreductioninthevarianceoverthevariance
ofanestimatebasedonanindividualpanel(Gillespie1999).

RoeschandReams(1999)suggestthatequalweightingofallpanels

( ,for ),orheavierweightingofmorerecentpanelswould

beappropriateinequation5.1.Johnsonandothers(2003)haveshown,with
simulationbasedonFIAdata,thatinmostsituationsthemovingaverage
withequalweightshasthesmallestmeansquarederror.

BecausetheMAisaweightedsumofestimatesacrossallpanelsofinterest,
itcanbeviewedasanestimateoftheattributeofinterestatsometime
betweenthefirstandlastyearsofthetimeperiodfromwhichthepanels
weredrawn.Thespecificpointintimedependsontheweightsused,aswell
asthedirectionandmagnitudeofchangethathaveinfluencedthatattribute
frompaneltopanel.Also,movingaveragesandrelatedtechniquesresult
inestimatorsthatdampentrendsbyobscuringannualfluctuations,andin
thatsensedonotmeasurethecurrentstatusofafinitepopulation,butrather
atemporalaverageofthatpopulation.Suchestimatorswillmakechanges
appearsmallerthantheyare,andtheuseofolderpanelspotentiallycreates
alagbiaswhenestimatingcurrentconditions.However,intheabsenceof
somewidespreadcatastrophicevent,thesmoothingandlageffectsofmoving
averagesusuallywillbeinconsequentialandmorethanoffsetbythereduc-
tioninvarianceacquiredfromusingthemaximumnumberofavailablepanels
(Johnsonandothers2003).Still,thereissomeconcernthatpotentiallagbias
maymasktimetrends(RoeschandReams1999).FIAisnowresearching
whetherlagbiassignificantlyinfluencestrendsassociatedwiththeattributes
ofinterestoccurringonforestlands.Obviously,inthepresenceofawide-
spreadcatastrophicevent,lagbiascannotbeignored.Thebestwaytoadjust
methodsforsuchsituationsisalsoanareaofongoingresearch.
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Finally,theMAapproachdoesnotrequireseparatePhase1stratification
foreachpanel.Thus,theweightingfeatureoftheMAestimatormaystillbe
usedwhenapplyingthesamePhase1stratificationtoanyorallpanels.

5.2.2 TheTemporallyIndifferentMethod

Thetemporallyindifferent(TI)methoddiffersfromtheMAmethodinthat
allpanelsofinterestarepooledintotheequivalentofonelargeperiodic
inventory,andthesamePhase1stratificationisappliedacrossallpanels.
Althoughthisapproachlackssomeoftheflexibilityofferedbyalternative
methodsofcombiningpanels,itdoeshaveadvantagesoverperiodicinven-
toriesbecauseindividualpanelscanbeusedtoproducespatiallyunbiased
estimatesbeforetheresultsofacompleteperiodicinventoryareavailable.
Notethatinthesimplerandomsamplingcase,theTImethodisequivalent
totheMAwithweightsproportionaltothenumberofplotsineachpanel.

TheTImethodissimplerthantheMAapproachinthatestimationproceeds
directlyasspecifiedinchapter4,withouttheaddedcomplicationofweight-
ing(i.e.,equations5.1and5.2arenotused).Inadditiontosimplicity,useof
theTImethodmaybeadvantageouswhensamplesizesperpanelaresmall.
Forexample,whentheMAapproachisusedinconjunctionwithstratifica-
tion,thevarianceestimatesforindividualpanelsmaybeinflatedbysmall
samplesizeswithineachstratum.Thiscouldoffsetthevariancereduction
obtainedthroughtheMAestimator’sweightedsum.Whenthisisthecase,
thelargersamplesizesperstratumattainedwiththeTImethodcouldreduce
thevarianceconsiderablymorethantheMAalternative.

Finally,potentialsmoothingoftemporaltrendsandlagbiasassociatedwith
catastrophicdisturbancespresentthesameproblemsdescribedfortheMA
estimator,withtheaddeddisadvantagethatnoweightsareusedtoadjustfor
theseeffects.Ifweightingisnecessarytoovercomelagbiasortoadjustfor
catastrophicevents,theMAmethodispreferred.
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6 NotationforEquations

6.1 Indices

H=numberofstrata

P=numberofcompletepanelsbeingcombinedforestimation

T=numberofyearsnecessarytocompletePpanels

N=numberofsamplingunitsinthepopulation

n=numberofplots

h=stratumindex, 

weightforstratumh(i.e.,proportionofthepopulationthatisin
stratumh)

numberofgroundplotswithPhase1assignmentstostratumh
(Forinitialareatables,includesallplotssampledwithanyportionofa
subplot(macroplot)inthepopulation.Forsubsequenttables,anyplotsthat
areentirelynonsampledareexcluded.)

d=domainofinterestindex,typicallyreferringtoacellinatable,suchasa
combinationofstandsizeclass(column)andspecies(row)

i=plotindex,

j=subplotindex,

t=treeindex,

numberofconditionclassesonsubplot(macroplot)jofploti
assignedtostratumh

k=condition-classindex,k=1,…,K
hij

p=panelindex,

weightassignedtopanelp
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6.2 DoubleSampling

totalnumberofPhase1plots(pixels)sampledinapopulation

numberofPhase1plots(pixels)classifiedasbelongingtostratumh,

6.3 AreaRelated

totalacresinapopulation

estimatedacreswithinadomainofinterestd

zero-onedomainindicatorfunction,whichis1ifconditionkon
subplot(macroplot)jofplotiassignedtostratumhbelongstothedomain
ofinterestd

zero-onein-sampleindicatorfunction,whichis1ifconditionkon
subplot(macroplot)jofplotiassignedtostratumhiswithintheboundaries
ofthepopulation(Nonsampledareasareincludedininitialareatablesin
ordertoestimatetheirareas,butarezerootherwise.Missingvaluesarealso
treatedaszerovalues.)

totalareaofthelargestsizeplotonwhichareaattributesaremapped
(i.e.,fourtimesthesubplotormacroplotarea)

mappedarea(acres)ofsubplot(macroplot)jcoveringconditionk
onplotiassignedtostratumh(Theareaiscomputedusingthelargestarea
mapped,whichisthesubplotexceptinthePacificNorthwest(PNW)where
themacroplotisused.)

mh
=meanproportionofstratumhmappedplotareasfallingwithinthe

population

totalareanormallyusedtoobservetheattributeofinterestonaplot
(i.e.,fourtimesthemicroplot,subplot,ormacroplotarea)

areanormallyusedtoobservetheattributeofinterest(microplot,
subplotormacroplotj)coveringconditionkonplotiassignedtostratumh

oh
=meanproportionofstratumhobserved-plotareasfallingwithinthe

population
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totalmicroplotarea

=meanproportionofstratumhmicroplotplotareasfallingwithinthe
population

proportionofplotiinthedomainofinterestd,forplotsassignedto
stratumh,adjustedforstratumhplotsthatoverlapthepopulationboundary

meanoftheplotproportionsinthedomainofinterestdassignedto
stratumh

estimatedproportionofthepopulationinthedomainofinterestd

6.4 TreeandPlotRelated

attributeofinterestfortreetonmacroplot,subplot,ormicroplotjof
plotiassignedtostratumh

zero-onedomainindicatorfunction,whichis1iftreetonsubplotj
ofplotiassignedtostratumhbelongstothedomainofinterestd

attributeofinterestfortreetonmicroplotjofplotiassignedto
stratumh

zero-onedomainindicatorfunction,whichis1iftreetonmicroplot
jofplotiassignedtostratumhbelongstothedomainofinterestd

theestimateoftheattributeofinterestforplotiinstratumhin
domainofinterestd

stratumhmeanoftheplotestimatesoftheattributeofinterestinthe
domainofinterestd

meanoftheattributeofinterestindomainofinterestd

estimatedtotalfortheattributeofinterestindomainofinterestd

ratioofmeansestimator(peracre,percondition,orpertree)in
domainsofinterestdandd9

theestimatefortheattributeofinterestforpanelp


=themovingaverageestimatorfortheattributeofinterestforPpanels

oh

hd
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7 GlossaryofTerms

areachangematrix:theareaoftheintersectionofallcombinationsof
initialandterminalconditionclassesbetweentwopointsintime,compiled
foramicroplot,subplot,macroplot,orplot.

attribute:adiscreteorcontinuousvariable,usuallyassociatedwiththe
classificationormeasurementofareaorvegetation.

bi-arealplot:aplotdesignthatincorporatestwodifferentplotsizesateach
samplelocationforthepurposeofmeasuringtreesintwodifferenttree-
diameterranges.

bioindicator:theuseofabiologicalentity’scondition,frequency,and
abundanceasanindicatorofecosystemquality.

boundary(conditionclass):theborderbetweentwodistinctlydifferent
conditionclasses.

boundary(population):theborderofapopulationorsubpopulation.

censuswater:areasofpermanentwater>4.5acresor>200feetwide.

classifiedsatelliteimagery:amap(satelliteimage)thatdefinesand
displaysthespatialarrangementofeachclassifiedstratumonapixelbasis.

componentsofchange:thedifferentsubdivisionsofthechangesthatcan
occurtoatreebetweenmeasurements,suchasgrowth,mortality,and
removals.

conditionclass(orcondition):thecombinationofdiscreteattributesthat
describetheareaassociatedwithaplot.Theseattributesincludecondition
status(landuse),foresttype,standorigin,standsize,ownergroup,reserve
status,andstanddensity,aswellasotherancillaryandcomputedattributes.

contrastingcondition:Theconditionclassthatdiffersfromthecondition
classlocatedatthesubplotcenter(forboundariesonthesubplotormacro-
plot)oratthemicroplotcenter(forboundariesonthemicroplot),i.e.,the
conditionclasspresentontheothersideofaboundary.
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cycle:onesequentialandcompletesetofpanels.

cyclelength:theperiodoftimerequiredtomeasureacompletesetof
panels(synonymouswithmeasurementcycle).

diameteratbreastheight(d.b.h.):thediameterofatreestem,locatedat
4.5feetabovetheground(breastheight)ontheuphillsideofatree.The
pointofdiametermeasurementmayvaryonabnormallyformedtrees.

diameteratrootcollar(d.r.c.):thediameterofashrub-like“woodland”
treespecies,measuredoutsidebarkatthegroundlineorstemrootcollar.

domain:aclass(orcombinationofclasses)forwhichapopulationestimate
ismadeforsomeattributeofinterest.Domainsaretypicallytherowand
columnmarginsoftabularoutputtables(e.g.,sawtimberstandsonpublicly
ownedtimberland).

doublesamplingforstratification:asamplingmethodwherebyalarge
sampleofplotsarestratifiedinPhase1,thenasubsamplearemeasuredfor
allattributesinPhase2.Whenthestrataarehomogeneouswithrespectto
theattribute,thentheestimatorsaremoreaccurateversussimplerandom
sampling.

downwoodymaterial:deadpiecesofwood>3.0inchesindiameter.
Downwoodymaterialincludesdowned,deadtreeandshrubboles,large
limbs,andotherwoodypiecesthatareseveredfromtheiroriginalsourceof
growthorareleaningmorethan45degreesfromvertical.

enhancedprescribedcorevariable:allFIAunitsproduceavalueforthese
variablesandthereisaprescribednationalprotocolformeasuringorcalcu-
latingthesevariables.However,agivenFIAunitiscollectingdataingreater
detailthannationalprotocolrequires,andthedetaileddatacanbeaggregated
tocorespecifications.Examples:fifthmicro-plotinNE,additionaldistur-
bancecodesbeyondtheprescribedcodes.

forest(orforestland):landthatisatleast10percentstockedbyforesttrees
ofanysize,orlandformerlyhavingsuchtreecover,andnotcurrentlydevel-
opedforanonforestuse.Theminimumareaforclassificationasforestland
isoneacre.Roadside,stream-side,andshelterbeltstripsoftimbermustbe
atleast120feetwidetoqualifyasforestland.Unimprovedroadsandtrails,
streamsandotherbodiesofwater,ornaturalclearingsinforestedareasare
classifiedasforest,iflessthan120feetinwidthoroneacreinsize.Grazed
woodlands,revertingfields,andpasturesthatarenotactivelymaintainedare
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includediftheabovequalificationsaresatisfied.Forestlandincludesthree
subcategories:timberland,reservedforestland,andotherforestland.

hybridclassification:acombinationofsupervisedandunsupervised
classification(e.g.,guidedclassification).

indicatorfunction:avariablewithavalueof0or1thatisusedtospecify
attributesofinterest(e.g.,white-oakgrowing-stockvolume),anddomains
ofinterest(e.g.,northernhardwoodforesttypes)intheestimationprocess.

macroplot:acircularareawithafixedhorizontalradiusof58.9feet(1/4
acre).Macroplotcentersareco-locatedwithsubplotcenters.Macroplotsare
usedintheoptionaltri-arealdesign,primarilyforsamplingrelativelyrare
events.

mappedplot:aplotthathasbeenpartitionedintouniqueanddistinctcondi-
tionclassesbyestablishingtheboundariesbetweenthem.

microplot:acircularareawithafixedhorizontalradiusof6.8feet(1/300
acre),primarilyusedtosampletreeslessthan5.0inchesatd.b.h./d.r.c.

movingaverage:aweightedaverageoftheestimatesfordistinctpanels.

noncensuswater:bodiesofwaterfrom1to4.5acresinsizeandwater
coursesfrom30feetto200feetinwidth.

nonforest:areasdefinedasnonforestland,censuswater,ornoncensus
water.

nonforestland:landthatdoesnotsupport,orhasneversupported,forests,
andlandsformerlyforestedwhereusefortimbermanagementisprecluded
bydevelopmentforotheruses.Includesareasusedforcrops,improved
pasture,residentialareas,cityparks,improvedroadsofanywidthand
adjoiningrights-of-way,powerlineclearingsofanywidth,andnoncensus
water.Ifintermingledinforestareas,unimprovedroadsandnonforeststrips
mustbemorethan120feetwide,andclearings,etc.,morethan1acrein
size,toqualifyasnonforestland.

nonprescribedcorevariable:allFIAregionsmustproduceavalueforthe
variable;butthereisnoprescribedprotocolformeasuringorcalculatingthe
variable.Examples:treevolume,siteindex.
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nonprescribedoptionalvariable:avalueisproducedforthevariableatthe
discretionoftheFIAregions,andthereisnoprescribednationalprotocol
formeasuringorcalculatingthevariable.

otherforestland:forestlandotherthantimberlandandreservedforest
land.Itincludesavailableandreservedlow-productivityforestland,which
isincapableofproducing20cubicfeetofgrowingstockperacreannually
undernaturalconditionsbecauseofadversesiteconditionssuchassterile
soil,dryclimate,poordrainage,highelevation,steepness,orrockiness.

panel:asampleinwhichthesameelementsaremeasuredontwoormore
occasions.FIAdividesplotsintofivepanelsthatcanbeusedtoindependently
samplethepopulation.

periodicsurvey:anoncontinuousinventorysystem.Asurveystrategy
wherebyasetofinventorypanelsismeasuredsimultaneouslyoverashort
timeframe,often1to3yearsinthecaseofFIA,andthereisatimelag,
oftenmanyyears,beforethepanelsareremeasured.

phase1:FIAactivitiesrelatedtoremote-sensing,theprimarypurposeof
whichistoobtainstrataweightsforpopulationestimates.

phase2:FIAactivitiesconductedonthenetworkofgroundplots.The
primarypurposeistoobtainfielddatathatenableclassificationandsummar-
izationofarea,tree,andotherattributesassociatedwithforestlanduses.

phase3:asubsetofPhase2plotswhereadditionalattributesrelatedto
foresthealtharemeasured.

pixel:pictureelements—theelementsofadigitizedpicture.Theresolution
ofapictureisdependentonthesizeandnumberofelementsofwhichit
consists.

plot:aclusterof4pointsarrangedsuchthatpoint1iscentral,withpoints
2,3,and4located120feetfrompoint1atazimuthsof360,120,and240
degrees,respectively.Eachpointincludesamicroplot,asubplot,andan
optionalmacroplot.

population:abasicbuildingblockoflandareaforwhichthenumberof
plotsandthelandareabeingsampledareknown.Typically,thisisthe
county,butsomecountiesmaybegroupedintosuper-countiesduetosmall
numbersofforestedplotsortomaskalargelandowner.
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prescribedcorevariable:allFIAregionsproduceavalueforthesevaria-
blesandthereisaprescribednationalprotocolformeasuringorcalculating
thesevariables.Examples:d.b.h.,azimuth,distance,species.

prescribedoptionalvariable:avalueisproducedforthesevariablesat
thediscretionoftheFIAregions;but,whenmeasured,theprotocolmust
conformtoprescribednationalstandards.Examples:magneticdeclination,
subplotconditionlist,saplingdamage,percentroughcull.

ratioofmeans:anestimatorwhichiscomputedastheratioofthemeans
oftworandomvariates(attributes),suchasthevolumeperacreofforested
land.

reservedforestland:landpermanentlyreservedfromwoodproductsutili-
zationthroughstatuteoradministrativedesignation.

samplingunit:thesamplingunitisthebasicunitofselectionandobserva-
tion.AllFIAunitsusethecenterpointofthe4-pointclusterofsubplotsas
theprimarysamplingunit.

simplerandomsample:amethodofselectingnunitsoutoftheNsuchthat
everyoneofthesampleshasanequalchanceofbeingchosen.

siteindex:theaveragetotalheightthatdominantandcodominanttreesin
fully-stocked,even-agedstandswillobtainatkeyages,usually25or50
years.

siteproductivityclass(orsiteclass):themaximummeanannualincre-
mentincubicfeetperacrethatcanbeexpectedinfully-stocked,natural
even-agedstands.

sliver:aconditionclassthatoccupieslessthan25percentofaplot(less
thanonefullsubplotandnotencounteredonothersubplots).

stocking:atthetreelevel,stockingisthedensityvalueassignedtoasampled
tree,usuallyintermsofnumbersoftreesorbasalareaperacre,expressed
asapercentofthetotaltreedensityrequiredtofullyutilizethegrowth
potentialoftheland.Atthestandlevel,stockingreferstothesumofthe
stockingvaluesofalltreessampled.

strata:nonoverlappingsubdivisionsofthepopulationsuchthateachprimary
samplingunitisassignedtooneandonlyonesubdivision(orstratum).The
relativesizesofthesestrataareusedtocomputestrataweights.
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stratification:astatisticaltoolusedtoreducethevarianceoftheattributes
ofinterestbypartitioningthepopulationintohomogenousstrata.Itmayalso
involvepartitioningahighlyvariablebutsmallportionofthepopulation.

stratifiedestimation:estimationofpopulationattributesusingthetotal
areaofthepopulation,stratameans,andknownstrataweights.Stratameans
andweightsareobtainedfromthestratificationofthepopulationeither
beforeoraftertheselectionofsamplingunits.

subplot:acircularareawithafixedhorizontalradiusof24.0feet(1/24acre),
primarilyusedtosampletreesatleast5.0inchesatd.b.h./d.r.c.

subpopulation:asubdivisionofapopulationforwhichtheareasampled
isknownandcontrolledfor,suchastheareawithinacountyinnational
forestownership.Sub-populationsarenotnecessarilyasubsetofonesingle
population.

super-county:agroupofcountiesthathavebeencombinedtoformasingle
population.Countiesarecombinedintosuper-countieswhenthesample
sizeforindividualcountiesistoosmall.

supervisedclassification:trainingsiteswithknownpropertiesareusedto
extractspectralstatisticsfromanimagedatasetbyinteractivelyidentifying
sitesintheimage.Thesestatisticsareusedtoestablishstartingvaluesfor
clustermeans,andaclusteringalgorithmisusedtoclassifytheimage.

systematicsample:amethodofselectingnunitsoutoftheNsuchthat
restrictionsareplacedonthesampleschanceofbeingchosen.

timberland:Forestlandthatisproducingorcapableofproducinginexcess
of20cubicfeetperacreperyearofwoodatculminationofmeanannual
increment(MAI).Timberlandexcludesreservedforestlands.

tri-arealplot:aplotdesignthatincorporatesthreedifferentplotsizesat
eachsamplelocationforthepurposeofmeasuringtreesinthreedifferent
tree-diameterranges.

unsupervisedclassification:radiancevaluesofanimagedatasetare
usedinastatisticalclusteringalgorithm.Theclustersarelabeledafterthe
classification.
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8 Web-BasedSupplementary
Documentation

Thesupplementarydocumentsreferencedinthismanuscriptarepostedon
theWebsiteathttp://srsfia2.fs.fed.us/publicweb/statistics_band/stat_
documents.htm.

Thepurposeofthesedocumentsistoprovidedetailsaboutthealgorithms,
equations,andotherspecificsoftheFIANationalProgramthataretoo
technicalforthechapterdiscussions.Thesedocumentsarepostedonthe
Internetbecausetheyaredynamic.Currentlytheyareinvariousstagesof
completion;periodicallytheywillbeupdatedandrevisedtoaccommodate
changesinprotocolanddemandfortechnicaldetail.Moreinformationmay
beaddedtothisWebsiteinthefutureasunresolvedandnewissuesare
presentedandaddressed.Supplementarydocumentsavailableatthetimeof
publicationinclude:

• “TheHexagon/PanelSystemforSelectingFIAPlotsUnderanAnnual
 Inventory”

• “SiteProductivityAssignmentfortheNorthCentralFIAUnit”

• “FIAVolumeCalculations”

• “NationalAlgorithmsforStockingClass,Stand-SizeClass,andForest
 Type”

• “ExamplesofFIAPoint-in-TimeEstimationProceduresforSeveral
 CommonCases”

• “ExamplesofFIAChange-ComponentEstimationProceduresforSeveral
 CommonCases”

• “ComputationofFIAPlotExpansionFactors”



86



Bechtold,WilliamA.;Patterson,PaulL.,Editors.2005.TheenhancedForest
InventoryandAnalysisprogram—nationalsamplingdesignandestimation
procedures.Gen.Tech.Rep.SRS-80.Asheville,NC:U.S.Departmentof
Agriculture,ForestService,SouthernResearchStation.85p.

TheForestInventoryandAnalysis(FIA)ProgramoftheU.S.Departmentof
AgricultureForestServiceisintheprocessofmovingfromasystemofquasi-
independent,regional,periodicinventoriestoanenhancedprogramfeaturing
greaternationalconsistency,annualmeasurementofaproportionofplotsineach
State,newreportingrequirements,andintegrationwiththegroundsampling
componentoftheForestHealthMonitoringProgram.Thisdocumentation
presentsanoverviewoftheconceptualchanges,explainsthethreephasesof
FIA’ssamplingdesign,describesthesamplingframeandplotconfiguration,
presentstheestimatorsthatformthebasisofFIA’sNationalInformation
ManagementSystem(NIMS),andshowshowannualdataarecombinedfor
analysis.ItalsoreferencesanumberofWeb-basedsupplementarydocuments
thatprovidegreaterdetailaboutsomeofthemoreobscureaspectsofthe
samplingandestimationsystem,aswellasexamplesofcalculationsformostof
thecommonestimatorsproducedbyFIA.

Keywords:Annualinventory,FIA,foresthealthmonitoring,forestinventory,
plotdesign,samplingframe.
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