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ABSTRACT I The nisiotr ol drc Fo,rst Invorory .nd Analyis (FIA) prcsraD of Lhe FoNst scrvcc, U.S. Depdhaed of
Agric tr.c, ls to conducl Lle national lbrcst inventory of tte Unitcd Statcs of America ior purposcs ot cstnnattng rhe dea of
lir$t la0d; thc volune, groslh, und rcmoral of forest resourcest and thc hcalth of thc foFsr. Use$ of litA data, esrimLes. drd
rclatcd pFducts incude lnd tu$lgds, lolicy and decisionjnrkds, lbrrsr indusrry, drliroftndnt oryaniznrioN, and univdsiry
escrEbcrs. To accomplish iG mission, tu llA frcgsm 1 s cstablisled a sanrlling dcsign wilh d intcnsiry of afprcximaEly
ooe lcnnnDc0t flot i)cr 2,400 I[ dcross thc c.rjrc coutr! Delendiry un the Egior of tbe counLry, edch nld N rcnNNurco aL
iderv.ls ol fivc or i0 ycaN, 'l'he pioEdfl relcascs data amually md relods esrin.rcs ar the courty lelel ibr cactr starc cvcry
lve yea$. Due lo budgclaDr constEinrs ard ftturr variabiliLy anong plor obs{vrrions, suffcicot numbqs of plds c{nhor bc
neasued lo s isiy f,lcisioh sxidcLl!.s for thc csti,n{rcs of amy vadabhs uness rhc csrihatlon proce$ is enlHrcd $ing
a,Eilitry dara. ClNsilled satcllitc lnrocoy has been dc.Dnirhrcd ro bc a so!$e ol arcilhry dltd rhal can be used wi(h snattitcd
cslioratio, rechrilues to ircrcusc lhc p.ccisioD of es(i$(rcs wth litlc corcsponding inorersc ln costs. ,^ cnDial Lirctor kslriotiilg
drc uLiliry of f1A dAh is tlM( thc cxdct lo*Lions of irlvcrnory tlors cdrhor bc BLeased to rhc fubtic lhus, uses nrc gcueftlly
Dot ablc to obtdin csLlnnles lb! $n ll urcls of for $eir owD dcns of jnrcar lf cxacr tlot locrtioDs rc roqrircd To cohpe.sae,
s{ellnc im(gory, invcnto,y plot drln. rDd thc k,Ncm$r Neishbo$ leohtrlrrc rrc bolig uscd ro conshror lnlcmdbascd nrdDs of
i-olcst dt(ributcs from whch cniDrtes lor dbitMrt WcFdeliled ar!{s oi inrcrcst Dlty bc otihined

Koywords i Stmtillcrdon, Selcllitc im0goy, Qudlily 0ssumroc, Modcl bnsd t ircncc

EDd lr A standard scl ol va ablcs with naxionally

consislcDt meanings and measu.ctncnls.

End 2: Ficld inveniories ol all lbrcsted lands.

End l: tlonsislent cstimation.

lnd 4: Satjsfaction ol nalioral precision gxidelines.

End 5: ConsisrcDt repofting and data djsflibuliolr.

End 6r ftedibility with userc and stakeholders.

Thcse ends describe the major foci of the progmm and

provide dircclion lor methodological research. To iitcilitate

achievn€ ftc cnds. l0 ways have been prcscnbcd:

W.ry I : A naiional se1 of corc vanables with a national

licld nanual thar prescribes measurcment pro-

cedures and protocols for each variable.

Way 2: A natbnal plot coniguration-

INTRODUCTION

Thc Forest lnventory and Analyis (FIA) progran of rc

Forest SeNjce. U.S. Dcpatment of Agricxlturc. conducts

the narional foresr in\rentory of the Unired Srates of

,^]nerica (USA) Lo cstimate ihe area of lbrcst land; rhe

volLnne, grc\l1h, and removal ol lbrcst rcsources; and thc

health oL the lbrcsl Thc FIA program uses thc cnds-

ways-means stralegic planning model to pronote and

1-acililatc nalional consistency. t dr are the criteria ihat

must be salisfied for the program to bc characterized as

nationally consistent; ,u.)6 are thc procedurcs that lead to

achieving lhe ends; and uear! are the resoxrces thar are

conrmitted to the effod. lhe progranr is dcfined in temN

* Corcsp.ndlns author: (E nnil) mrobe,ls(,tfs.fcdu
xAdvancc in Forcst ManagmenL dd lnve or-rr{clcctcd papes

Cluchcon, (orca, Ocl. L3 Ll. 2008.
Aorn the intenutional confcrc.cc of 1UFRO (Div 4.01, .1.02, 4.0,1).
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W'ay 3: A natonal sandng d€sig1

way 4: Standadizcd foffnu]ac for probability-based

(d e si gn-b as e d) int e rc nc e.
'$Iry 51 A rrti{Nl dliabN o{ FIA data with core

standards and user-Fi€ndly public access.

Way 6: A national infbnnation management system

Way 7r A nationally consistent set of tables of estlnates

of pr€scribed core varjables

Way 8: Publication of statewide tables of estimates

for prescribed corc variables at 5-year intefr'ah

Way 9: Documentation of the technical aspech ofthe

progmm inclr,rding procedurcs, protocols, and

techuques,

Way l0: Peer review of and public access to the

technical documentation

Thc sectbns that follow providc more details on key

aspects ol dre FIA Program.

SAMPLING DESIGN AND PLOT CONFIGURATION

The FIA prograh lMs established pennanent field plot

locations using a sahpling design dut is assumed to

producc a fandom. equal probabiliiy sample (McRobcns

et al., 2005, Bechtold ard Pattcrson. 2005). The sampling

design i. ba'ed orr a retsellalior of thc USA inlo approri'

.?nte 24rLtu beusrls {Fjs,tle J) ,'ith 2 lDD}no't PtDt

eslabtshed at a randonrly sclected location in each hexagon

Sorre states conlrbute addidonal tunding to doLrble or tnple

the saiALe size. in which cale the sanpling intensity 1s

apgoximately one plot per 1,200 ha or 800 ha" rcspectively.

The hexagonal anay has been divided into five non-

overlapping, interpenetating panels, and measurement of

all plots in one panel is compl€ted before measuement of

plots in the next panel is initiated. Panels are iargeted fol

selectjon on a 5- or l0-year rotating basis, dcpending on tlre

region of rhc couniy. Wlth tlis approach a complcte sample

of each state is obtained evcry year.

In general, locations of forested or previously lbrested

ploN are detcnnined using global positioning sysleh

(cPS) reccivers, whilc locations of non'forcsted plots are

detennined usirg aerial imagcry and digitization methods

Each field plot consisls of four 731'm (24-ft) radius

cjrcula.r subplots (Figue 1). Tlrc subplots aJe configured

as a ccntral subplot atd tlvee peiipheral subplots with

cenlers locatcd at 36.58 m (120 ft) and azimuths of 0',

120", and 2400 from the center of the central subplot.

Each subploi includes a 2.08-rn (6.8 ft) radius microplol

on which seedlings ard saplings are measured and a

r€gionally optional 18.0-m (58.9-ft) rudius amular mncloplot

ou which additional large tr€es ate measured.

0 4 h a ( 1

Fig. I. FIA smpling hexaSotr and plot oonfi8lrarion.



THREE-PHASE PROGRAM

The FIA Fogram conducts inventories in tlnee phases.

Phase I entails thc usc ol renolely sensed data lo obtain

inilial plot observarions and to snatiry hnd area m tlre

population of inicrcsl. Phase 2 entails field crew visits to

fie physical locations of pernranent field plots to obtall

measrcments ol variables such as tree species. dlameter.

and height. Phase 3 eDtails ficld crcw visits to a subsel

of thc Phase 2 plots to obtain measurements tor an

additional suite of va lbles asso0iated with fbrcst and

Pbale l. Rcnrotcly sensed data in the fonn oi aerial

photographs and satellitc nnagcry alc uscd to acconrplish

two Phasc I tasks, inilial plot Land cover obser"r'ation and

slralilication. In this phssc, :tnalysts dctcmrinc a digitizcd

gco$rphic location ibr each freld plot, and a hlL0rarr

inte&reter ol' acirl photogntphy assigfls the plol to a land

covcr/use category. Plol bcatiors with ftncst land uscs

xhat arc Acccssiblc to licld crcws arc sclccled ibr lu|ther

nrcasurcnenl via lield crew visits irr Phase 2. Despite thc

cosr of pholognphy drd photo'interpretalion, considerobl€

savjngs arc achieved with this Approach bccausc thc

expensc ol travcl Lo ind lroln plot localions is dle greatest

component of the tdal cosl ol mcasr.rirg a phl.

Thc conbination of natural variabiliiy among pLot

obseNalions and budgetary constmints prohibits mcasurc-

ment of a sullicient nxmber of plots to satisi, national

prccision standards tur most iDvcnlory variablcs unlcss

rhe cstimation process is enhanced using ancillary data.

Because FLA uses a systemalic sarnpling dcsign wilh

permancni plors. stratified l.andon sampling is not an

option. Nevcthelcss. cvdr !vi1h sinple randon or

sysiemalic sampling, stratificd csLinatidr nay slill yield

incrcascs n1 precision. Thus, the second Phase I lask is

to strati& rhe land area of intcrcsl using ancillary data.

With sliatilied estimation. two tasks mlrst be accom-

plislrcd: first each plot nust bc assigncd io a sftrtum. and

sccond, the proponion of the land area of interest iD cach
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slratum must be deteflined. Although approaches to

stratification vary by rcgion 10 accommodalc unique local

lbrest features, lhe use of classified satellite nmgery N

emerging as the prefered sourcc of ancillary data tbr Lhls

purpose (McRoberts et a1. 2002, 2006). With this

apprcach. nnage pixcts arc classificd on fie basis of

prcdictions of land cover altdbutes into si'nilarity classes

that arc used as strata. Slrata weights are the proponions

oi pixels nr sirata. and plots arc assigncd to sh-ata on thc

bNis ol drc srata assigrnnents of thejr associated pixels.

Phffe 2. hr thc sccond plrase. lield crcws visit plot

locations determined in Phasc 1 to iicfudc acccssible

forcst land usc Thc licld cnws detennhe $e Location of

the geogaphic center of the ccntcr subpbl using CPS

rcccivcrs. Phasc 2 corc variables arc identiiied in the

natioml IIA field maDual and rrc nrcasurcd on cach pbt

ir cvcry staLe. Additiooal slate and regional var'iables nMy

be includcd, but no corc v riablc nray bc deleled. Field

crcws Lecofd subplot-level obsef,'Atbns of owncrship,

land covcr, land usc, hDd chngc, lbrest tlpe, stand

origjn. sland age, stand size class. sile produotivity class.

forcst dist$b ncc history, slopc. aspecl. physiogaphic

class. and gound land use conditions. For cach !rcc. ficld

crcw$ rccord obscw|tions and nemlfements that include

speci€s, liv.tdead status, lcitn. diitmclcr. lreight, crown

rarjo (pcrcenl 01 lrec lreight represented by crown), crown

class (eg., dolnhallt, co-dominanr, slpprcsscd). danugc,

and dccay stalus. Fjeld crew measurements and computer

algoriilrms are used to calculalc vahrcs 1br additional

variables includ;lg hdividxal tree voLume and pef unit

area estimales of nlunber of tccs. volunrc, and bionass

by subploL, by species gloups, and by live/dead status.

FIA field crews also idcnlili distincl condilions defined

by different classes of scvcn variables: land xse, reserve

slatus, o\r'ner groxp, regenention slatus, trcc dcnsiry,

foresl type, and trce sizc class. Ifln tiple conditions are

idcnlilied on a p1oi, field crews assign allied trccs to the

condition class in lvhich they occur and record infoF

mation necessary for estimating ftc podion of lhe plol
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area that is within each condition'
DATA ACCESS AND USES

Phase 3. The third phase of the FIA Fogram locr]ses on l The N ational Inlomation N'{anagement System

i *, o*t*. tn*" , is admimstered cooperativ€lv by the 
The National tnfomarion Managemeni s)rtem (NMS)

FrA progranr the Forcst Health ,Momtorff. 
;;; ," 

";;", 
to the success or rhe FrA program and consists

nrosmr! other Forcst seflice *""*'"Tr;; 

"t-*" 
p.r.*l funcrions, alata storage and data Fo-'asencies' 

stat€ naio'al res*"" 
"i1li:: T'l'-:l"*u *u cessins' NlMs is designed to accommotlate in a naiionallv

The FIIM program consists of four rntererarcu uu *" 
,:--. *"""- t";"" 1. Phase 2' Phase 3, and qualty

complemefiary activities: Detection Morutoffg' Frr'aluation consistent maflter Phase 1' Phas(

Monitorins, Intensive site Ecosvstem *-';;;; ass$ance daia t:":tl-'::fi;I|]i|lj:: j:[

Re$earch on Monitorbg Techniques 
'Ihe giound survey colleciion protocols documenteo

il; il;;;;".*-'"'",".*" o,'J,,*t ;** ";;'.;;Jiliilli:ll ",,iili1""l,iil
"u""ut"o "'* 

the FI{ prognm 
i 

tl"'ti 
1"r", 

"r 
rn" .,,n'ttun**ty acco.nnodates naiional requ ements for

The Phase 3 sample conjisrs of a l:16 subsel or ur( " ':--:^ 

""- ,l^,i and fiodlrrng txble" of foresL

""" 
; ;;; with one Phasc 3 plot .j 

:lT:5::'i :::::I..:il, ff;l'""Tloor -,, ,"gronut ,"po,ti''g
every 38'450 ha Because 

.each :l:."^:,0j""r"r"r"",, requiremenls N1MS rs deslSned to be user-liicodlv and

phase 2 plot, all Phase 2 *:"T:*::T,ff;;- 
accessiblc. rnput ftom uscrs tras been aclivelv solicited as

are acquircd for all Phase 3 plots ^""t"1;;;;;;, 

" 
,.-, of 

"ogoging 
tt'",n in the developmert eiTorl In

ments on phase 3 plots rclate to {orcst ecosysrein LurNlu" 
,l,.l 

",^^ 

-*rta* 
a useFfiiendly interface to

cond f t i on ,andhea l th ;a regenera i l yacqu i reddur ingadd i t i on ,N lMsprovdesa
summer months; and may o" o""o"o ,"r" 

"*";d"r, 
ii, acco,nmodate reouestsfo:.data.md dara summaries and to

cro$r condition, (2) soil erot"" *t*t'"' Oi'iii'in'i" facilitate use of a varietv of software Focessing tools

-ro. ,oO"tO, (4) licheDs' (5) ozone bioindicators' (6)
'u."e;,;;;*.*r.. 

and r?\ dowr\ woodv naLerial Esch 2 oata Jses

suiplot on a phase J plol includca 4J6.6'm (120-fr) radrus 
;oL*ce of largc area forest

ffi ri, *,"" ro-,, 0o.ro #) vegetarion plots, a FIA data 
: 

ti': 
:r:a:-i,," ,-u .unur","n ono

,rl.".iro-*r down woody mareriar tff'"ecl and a soil 
;H:[":;"J:".:l ,l]1,,r, "n",,o",".,,o"oo*

sampling eroa 'dress specific a.d non_govemmental oganizalions Nco) I ventory

Phase 3 variabies were s€lected to aooress sP€lrle 
:-. -,_^".,*.'". f.' each staie are made availabl€

criteria outlined by the MontGal ftocess working goup dala arld estjrnates f'o: 
-e-:d

ror the conservarion ard susrainabre ,*iff;-;; 
annuallv' and * 

i.]-t:"]^""** 
each state receives a

;,";.;;;;",","T-i:::"iJ""lT::fi :"i-T#1il":#lli:il"#Jffi :?:::"l":ff ::
:Hi:[:""""::":::":::iffi*: 

i.'.* 'n* and ecos'*iem conditjon' anarvsis and disoussion or pro.

carbemonitoredovert imeto*""-""" ; ' ; ; " ; ; 'b$lefactorsinf luencingthestatusandtrends'and20-

variables are used to address *t"n*' 

''"**"?i'"' 
year predictions of likely tends in kev resource athibutes'

""'**"" i**,", tue, loadjng,,"J;;. *;* lTjtj:ffi*fiT,iT::ff::il::"","Jii
gradiens, and carbon s,orase. 

*l,;;j;,f:*,,"":;::"fl:*fl[:::L'""]*-;



as recreation, hydrology, and wildlife habitat.

FIA data js used by a wide anay oi public and pdvate

organjzanons. ln response to extensive forest wildlires in

the wcsiem USA, FLA data weie tl1e prinrary souce of

intonnation fof a bionass assessment for westem siates

(Runmcr e1 al. 2003). FIA is also fie prinary source of
jnformation for forest carbon reponrng in the USA

@ndrey and Lcwis 2003, o'Ncill ct al. 2006). In addition,

FIA data were used for accuracy assessment of a mlional

sarellite image-based land cover product constructed by

the U.S. Geologic Survey and for describing nujor

vegeiation cover rypes by the U.S. lish and Wildlife

Scrvicc. FIA data are used in assessn1ents ol lhc strtus ot

ecosystems in the USA by the HeinT Center (Heinz 2002),

an NGO. At dre irtemalional leve1, FIA ovldcs data for

sustainabiliry reporting based on lhe MonGal Process

crilcria and indicators. FiDally, dre FIA pro$am suppo|is

the lorest Resource Asscssment (FRA) program of the

U ilcd Nalional Food arrd Agriculture Organizanon.

The Phasc 3 compoDcnl of drc FIA prcgrum is the

pri raly source of infonmtion fo( assessing thc stan$ of

the biodiversity of American forests. Data from the dowll

woody maledals Phase 3 componenx of 1c progranr Arc

used for estim4tjng dcadwood volumc and flrels (Woodall

2003a. b). ln additior\ FIA data have been used lor a

varicty of bDdivcrsily rcscarch projccts irchding national

and mxlti-national assessments of trce specjes flchncss

(McRoberts and Menesuzzo 2007, Magnussen er al.

2007). local and regional species and dialneier diversjry

assessmerts (McRobcf\ cL al. 2008). naturalness assess-

menls (McRoberts et al. in press), and a corufe/deciduous

diversity assessment (McRobets 2009).

The Naliona Forest lnvenlory ol th€ Unted Stales ol America . 131

estimation lec|niques are used to incrcasc the precision of
( ,r inder uir \  l :n le corrc.ponding incre".e n co.r .

(McRoberts et al. 2002,2006). Stratificd estimates for

FIA variablcs are calculated using methods described in

Cochran (1977):

ESTIMATION

The FIA prog|am nscs probability based (design-based)

infercntial techniques to calculate population estimates for

mcdium |o large geographic areas such as countics,

National Forests. and States. Uslng shata constructed

from satellite imagery in Phase l, post snatification

v r r l \ ,  l =  2 - q ; -

t  =  tY

; i= - I (v '  v,)

and Y,i is the i" obscrvalion in thc ht' strAhrm of the

v4ri4ble of interesi ;  h=1,.H denotes stratal  w, is thc

weigbt lbr tlrc h" stMtum. calculdtcd as thc prcportion of

pixcls assigned to th€ stra$.rnl nl, is the nlnfier ol pk)ls

assignc<l to the h'r'smnurrt Y, is thc sarnple mean for dre

h'" srranrm, and 6i is l]le sanple esLinalc lbr thc srr8tLnn

vaiance. For esthation pu4roscs. al lcasl llvc pbts per

snatun arc considered necessary to obtain reliable slrttiicd

estinates. lf fewc| tlun llvc plots arc assrgned to a

stratum, lhcn similar stmta are combined or the estinadon

area is increased so thar it includcs sufiicicnl numbers of

The efiectiveneqs of stratillcd esdnraLion is often lvaML{

using reLarive etliciency (RE) calculated as,

,., v" (E*)

where Var(.) is estirnated variance, \ks is the estin1are of

the mean obLaincd undcr thc simple random samplng

(SRS) assmrption, and Ys', is the estlnate ol the mean

obtained using stralified estimation. RE>1.0 indicales thal
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the stl3ta and slatified estinarion have th€ desircd elT€ct

of ."a.,"ing uotiun"" and increasing precision' while RE

-r.O tn*"ur"" the strata are having liitle benefrciaL

effect. RE mav be interpreted as the factor bv which the

sample size would have to be incleased to achieve tbe

*t"  
"*.*a" 

undcr lhe 5R5 d'sumDlion as n achre\cd

trir*,'o* *'"*'io" McRol^ens el al 12002' obrrined

RE €stimatcs for forest arca as geat as 2 65

1. Area Estimaton

Area cstimation is based on tbe known areN of the

srata used fot variance reducdon and tlrc plot obser-

n"tion" fn" ,t ott'ln estimat of total area by condiiion

class is the prcduct of the known stratum area and 1ne

mean of the proporiion aJca by condition class over ail

.'"t t *".u"n'In' Specific details' pa{ticularly lbr uni-

quc situatiolls, are documentcd in Bechtold and Patterson

(2005).

2. Volume estimatlon

Stel,lt volume of individual rees with dbh> 12 7 cm (5

i"l t 
"ui"rt"O 

tti"t u"listical models as the volume of

tlrc central stem above n 3048 cm (1 ft) stllmp and lo a

;;;."" t"n diamcter of 1016 cm (4 in) rhe models

dre conslructed regionally and ar€ based on combinations

of observations or mcasurcmcnts for species' diameter'

-a l"igtt eU ri"" notute inclldes stem volumes for ail

trees, while growing stock volune exclr'riles volume rol

the cull portions of tiecs and 311 volume lbr cr l trces'

3. Componenis ot change

FLA inventories are desi$ed to prodme data to e'stimate

ihe components of change (growth' rerrovals' monahry)

that are aggregated to estimate net change over nm€

"i*t 
a. 

"t 
rn*t componens of chanse are based on

the observed changes in condition and tree measuremen$

between inventorv cvcles ln addition' the FIA prcgratn

Droduces a non-sampl€ based estimate of timber removals

o"ioe auta oUtuinea t'orn surveys of the consumption ot

-',,ia*ooa tv dmber-using industries and impor'export

infonnation

4. Ratio estimation

Pef unit area estimates by condition class (e g ' voNnle

by forest t}!e) are calculated using a ratio e$mator or

the general form'

wlrcre yi is tbc obscrvation or measurenrent ol the vari-

aUte of inter"st on the i'r' plot and ai is thc area of thc

condition ol1 tbc same plot Tlrc gcneml form ol the

uuriu*" 
"rr'*o,o' 

is as docur'ncnicd by Serndal et al

(r992).

5. Ertor estimatlon

Sarnflrng enors are calculatcd a" lhe producl ol lOn

rnJ the raLio 'Jr'llre slandard c'ror if lhe eslimatc ano tne

estimatc itsell The FIA program Blso calculBtes precrsron

nsil1g a teclmiquc that penits comparisons rcross areas

.i o*."t t"*. with this approach' precision (PRIC)

is defined as,

^,F;MpRrc = r-i--

[ 40.469ha ror area
t=1 tt,,tu,nto-' rorvolume

f}r" prog.",,, t'* established Fecision guideli'es of

l v

t " .
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forareaestimates as a result of blind checks; rarher fito data sets are

tor volune estimales in the easten USA maintained separately as a means of assessing uncetainty

forvolunccstinatcsinthcwcstcmusA in measurcmc.nls.

OUALITY ASSURANCE

The pimary leatur€s of drc quality assxrance/quahry

control (QA/QC) conponent of the FTA prosram are

nationaLly consistcnt measurcment Fotocols and pro-

ceduts, cxterNive crew training and independefi checks.

Each new field crcw rcceives several weeks ol minmg

after whiclr Lhey are tested ard cenified ftr then abiliry to

satisfy national moa.surlmc,nt qualiiy objcctjvcs. Expcricnccd

crcw nrcmbus assist in the idtial tHining of new field

crcws ard ar€ paircd with ncw crcw nrcmbcrs Lo plovrdc

additi(nBl onlhe-iob laining during the field season.

Field crews use po'lablc datu rccordcN (PDR) th{l Arc

frogr nDred with data cbecks to pfovide aleds if datr are

illogical or oLrtsidc ol cstablishcd nonft. Plot nrcasurc-

nrcnts arc reviewed by field crcws for attributcs thAt thc

PDRj do not ohcok and Arc cditcd bclbrc bcing !a s-

nriltcd ro the oflice. Data are checked flrthef for erors

dufing oflicc proccssirg. Each vndabLc h6s an associated

tolcrancc Level and perfomance objective. Iin exanrplc,

for dbh thc tdcrancc level is +0.25 cn1 per 50 m1 and the

peLlbnnance obj€ctive is 95%i thus. 95% ol nrc.tsurc-

ments ofnccs wilh dbh=50 c1n shuld be within 0.25 cn1

lield chccks ol daia qraliiy are also conducted. llor

.re./$ are inspections conductcd as pat of $c nainiig

process by QA/QC sraftl provide immediate feedback

aboul a crew's performance. and arc conducted on both

training and licld plols. Errors discovercd dunng hot

checks are conecled. abld .tre.k arc rcneasurencnls oI

ficld plots by QA/QC staff without the original crcw

present. Thc QA/QC crcw compares its measurements to

thc measurenents ofthe original crew and conects eronJ.

-B,rd crrc&! arc rcmasurenents of fie1d plots by Q'QC
crcws without tle original crcw prcscnt and rvlthoul

access io the original crew data. No corcctions arc made

[,IODEL-BASED INFERENCE

Frcqucntly, thc tabular estimal€s of forcst jNentory

vadables are not adequate to satisfy user requnements:

for examplc, areas of intcrcst (AOI) based on ecologlcal

rathcr than pollLical boundaries, fragmented AOls, and

small AOTS for which the numbcr oJ plols is insulllcienl

to produce acccptably precise estimates. The first two

examples may genente requcsls fbr dircct acccss to in-

lcntory data so tlral users can conduc! their own analyses.

When the rcquests do not rcqLri|c cxacL plot locations,

thcrc are ltw conslrarnts on data access. However. if

exact locations are requircd, thcn scvcral issucs nrrNt bc

considcred. FiNt, levealilg exacl locations mAy entice

!se$ to visit dre pbts !o obtain additioMl irlbnration,

tlnB adlicially disturbiDg dre sarnplirrg boAtron ltnd

colrtdbuting to bir$ ir iDvcnlory csliln.trcs. Second. plors

nuy bc located on privale land. and while l,md owners

usMlly l)crnrit acccss by irvcntory llcld crews. they are

gcnerally less recepiive lo access by non-jnvcnbry pcr-

sonncl. For FIA. which nust oblain owner pemission to

access plots on private land. uscr visits to plol bcalions

nray jcopafdizc fulurc acccss by inventory field creivs. ln

addition. the progran is prohibited by public law from

rcvcaling l]le exact localions of plots on private land.

Ttus, if exact plot localions arc rcquircd lbr a user's

analysis. policy consx?ints lnay prclibit the inventory

pLogran ftom accommodating the useis dala rcqucst. An

altemativc. wlrich also addrcsses fie rcquirement lor estF

mates tur snrall AOls, is to conslruct naps of lbrcsl

iesoxrces thar are sufficiently unbiascd and precisc thnt

uses lnay oblain estinates for small areas that are as

precis€ as those obtajned using dense ficld plot dala alonc.

xnd niore prccisc than dlose obtained using spaNe fieLd

plot data. A current popular approach is 1() corlslruct such

nnps using sateLlite imagery. nrvcDtory plol dala. and any
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of several modeling techniques of $'lrich the non-pammetnq

multivariate k-Nearcst Nejghbors (k-NN) rechnique has

become ext€mely popr ar (McRobeis et aI 2007' Tomppo

er al. 2008).

The apprcach to esrimating foresr resouroes tiom plxel

predictions is tun&nentallv difibrcnt than the appfoach

based on plot observations. The plot-based approach 's

characlerized as probabililv-bascd (design-based) infermce

and is based on the assumption that each plot obscwation

is constart and fixed, apart ftonr neasuremeni cror' The

pjx€1-based approach is chamcterizcd as model-based m-

lercnce and is bas€d on the assumptidr that cach obser-

vation for a plot associated with a pixel is a mndon

realization liom a distribution of possible values The

difl'erenccs in these underlying as$umptions rcquirc fun-

damenlally dilTerent lechrriques lbr assessing bias and lbr

estinmting prccision. In addition, a cofilplex compoDent ol

modcl-bascd irfcrence is dealing wilh spatial corelalon

anrong pixel predictiols and residuals Variance estifirarcrs

Lb[ model-based infercnce rcconmodate this corrclatlon

*'ia= o'*{}') = tii[.*(r'',i',)- o"1,,.''1

whcre N is thc numbcr of pixels in th€ AOl, i is thc

prediction for the i'h pixel, and er=yi-i is the residual

effu. (\4rRobenc dnd fompfo 100-r Borl '^variirce

expr€ssions may be complex, and for i+j, it LS not

possible to assume thal Cov(ii. i)=0 or rhat Cov(3. !t=0'

Model-based tcchniques for regression model prcdictrons

havc been reponed by McRoberts (2006) and for fie

k-NN technique by McRoberts cr al. (2007)

SUMMARY

In sunnnary, the FIA program of the U S Forest Ser-

vice conducts inve ories of apptJ.inately 3 million kn'1 of

forest land using natiomlly consistent and standardiz€d

melhods. Data are made availsble a a publiclv accessible

database dnd arc used by \arieiy of govanment, non govern-

nent, universiq', and public users lnveniory &la are com-

bined Nidl data from other sources such as satellite

imagcry to accomnrodate user rcquests lor maps and smal
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