
Peter J. Weisberg,r Department ol Forest Sc ence Oregon State Univers ty, Corva is Oregon 97337

ancl

Frederick J. Swanson, USDA Forest Service, Pac f c Northwest Research Stat on Forestry Sc ences LaboraTorV,
3200 SW Jefferson Way Corva is Oregon 97331

Fire Dating from Tree Rings in Western Cascades Douglas-fir Forests:
An Error Analysis

Abstract
Cross dating. the matching oftree rjng pallcms to dctcrmine absolute d tes or rree-ing series, is a valLrable technique for dating
wildfires. However. most recent fire hjstory studics conducGd in Pacilic Northwest Douglas-fir forests have not employed cross
dating. The error asrociated with non cross datcd.llcld counred.l\re history dara was assessed atfour sites in Douglas-Ur foresls
of the weslern Cascades. Oregon- Fire scar and tree origin ycars wcrc dated in the iield by counring tree rings on minimally
prepared stump surfaces. Wood samples from these same stumps were thcn prcparcd in $e laboratory. where tree rings were re-
counted and cross dated. Fire histories from fLeld-counted. laboratory-counted, and cross dated cfforts wcre compared.

Cross daiing required 22 times the effort of thc ficld counted fire history reconstruction, and 87% of fire-scarred samples
could be cross dated. The field counted data gcncrally underestimated ages ol fire scar and tree origin yeafs, and fires recon
structed tiom field countcd dala wcrc cstimated as having occuned fiom I to 16 ye s nrore recentll'than they actuallydid. Ficld
counted scar ycars wcrc within l0 years of &ei lrue values lbr about 75 7., and within 20 years for about E7% of observcd cascs.
Errors in firc frcqucncy cslimares were snall unless an incoffect nunber of fircs was reconstr cted.Also. the error associatcd wilh
careful laboratory counls on rvcll prcparcd suriaces was minimal (mean elTor of 1.5 yedrs) even when cross dating u,as nol
conducted. we recommend that future firc history nudics in the Pacilic Noahwest emplo) cross dating.

Introduction

Tree-ring studies are used to reconstruct fire his-
tory over centuries, or for as long as the oldest
trees survive. Cross dating, the matching oftree-
ring pattems to determine absolute dates for tree-
ring series (Stokes and Smilcy 1968. Fritts 1976).
is a valuable technique lbr precisely determining
years offire injury or tree origin that can then be
used to date wildfires. Cross dating can also be
used to extend the length of tire records using
tree-ring series from snags. stumps, and other
remnant (dead) materials (e.g., Baisan and
Swetnam 1990, Kitzbergerand Veblen 1997). Since
cn ̂ . drl inF i\ lahori. )u\ und lime \'onsuming. many
fire history studies have relied on non-cross-dated
ring counts. Only 22 of 116 (l9clc) pubtished fire
history studies conducted in the western United
States prior to l995 used cross dating (Heyerdahl
et al. 1995).

some cur:rent ecosystem management and sci-
ence problems require studies offire history over

scales of landscapes to regions (Christensen et
al. 1996, Cissel et al. 1998, Cissel et al. 1999).
For some ecosystems. this necessitates extensivg
field sampling, where many samples must be
obtained and little time and resources are avail-
able for each sample. Landscapelevel studies
requ i re  a  cha l leng ing  ba lance bc tueen in lens ive
and er tens i re  .ampl ing .  where  in lens ive  s i te .
provide temporal precision through cross dating,
and extensive sites provide greater spatial cover-
age (Taylor and Skinner 1998). The majority of
fire history studies emphasizing the temporal di-
mension (e.g., effects of climate variation) may
continug to focus on study areas ofone to several
stands. The costs.labor and time required for cross
dating fire history over whole landscapes might
be prohibitive fbr all but the most well funded
research projects.

The necessity lbr crcss-dated fire history re-
consfuctions may thus ]imit the development of
broad-scale fire regime chamcterizations in some
ecosystems. Ye! the necessity for cross dating has
been little explored lbr research questions that
are general. and nrore concemed with fire regime
variation in space than over time. Little is known
about the level of accuracy lbr non-cross dated
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studies ofa given ecosystem and fire regime type.
Few studies have quantified the efior associated
with non-cross-dated tree-ring counts in a fire
history study (Madany et al. l982, Means 1989).
Furlhermore. none has quantified the error fbr t'ire
histories where tee-dng counts wele made on
minimally prepared stump surfaces in the fietd,
even though many fire history studies that have
used non-cross-dated ring counts have conducted
lhe:c counls r)n minimall) prepared cr, 'ss se,. t ions
or cores under field conditions (e.g., Hemstrom
and Franklin 1982, Teensma 1987, Masters 1990,
Morrison and Swanson 1990, Impara 1997.
Weisberg I 998). S uch quantitication of dating enor
is important for prudent interpretation offire his-
tory analyses (Swetnam et al. 1983).

In  the  Doug l rs - l i r  (Pv tdo t tuga men- ies i i
(Mirb.) Franco) forests of the Pacific Northwest
(PNW), the application of cross dating (or any
lire dating method where samples must be col-
le t teJr  i :  d i t ' f i Lu l t  due to :  la rge  t ree  \ i zes :  \ teep
topography; limited access; scarcity oftrees with
multiple scars; and low sensitivity of tree ring
widths to climatic variation (i.e., complacency).
Although there have been many fire history stud-
ies in these forests. most were not cross dated
(e.g.. Hemstrom and Franklin 1982, Teensma 1987,
Means 1989,  Agee e t  a l .  1990.  Agcc  1991,
Morrison and Swanson 1990. Garza 1995.
Krusemark et al. 1996, Impara 1997. VanNorman
1998, Weisberg l998). Researchers have justifi ed
the decision to not cross date by esserting that
the limited tempoml resolution obtained is accu-
rate enough to satisty their ecological research
ob jec t i res .  fo r  ecosys tems nhere  f i re  re tum in -
terral. ue lon! relati\e to assumed dalin[: error:
(Teensma 1987, Morison and Swanson 1990,Agee
et al. 1990. Impara 1997, Weisberg 1998). How-
ever, thsrc has been litt le discussion as to how
accurate is "accurate enough", and little published
research quantifies dating error. and the resulting
implications 1br fire history and regime charac-
rcnza on.

This study compares field counts of tree rings
from fire scared trees, as exposed on stump sur-
tices, to results obtained liom collecting and us-
ing these same stump surfaces for dendrochro-
nological analysis in the laboratory. The goal of
this study is to determine the accuracy of non-
cross-dated, t'ield-counted fire history data (i.e..
fire scar and tree origin years). Specifically. we
compared the accuracy of: (l) field counts ver-
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sus cross dating: (2) laboratory ring counts on
well-prepared oross sections (i.e., "laboratory

counts") versus cross dating;and(3) fire frequency
estimates derived from tield counts, laboratory
counts. and cross dating.

Methods

F eld lvlethods

Four sampled clearcut sites are located within the
Blue River study area (Weisberg i998), which
occupies approximately ,150 km2 in the ccntral
western Oregon Cascades (Figure l. Table 1).
Elevations range from 316 m to 1645 m, in an
area of steep and dissected tenain. Annual pre-
cipitation averages about 2300 rnm (Bierlmaier
and McKee 1989, Greenland 199,1), with peri-
ods ofextended droughtcommon during the sum-
mer months. The combination of summer drought,
adiabatic east wind events, and lightning storms
leads to [avorcble fre u eather during cenain 1eu..
Mo5t ul the \lud) urea is corered b5 tuo major
vegetation zones, or forest series: thg westen
hem)ock (Tsuga heteropl,1/la (Raf.) Sarg.) zone,
between approximately 350 m and 1000 m el-
evationt and the Pacific sllver fi (Abi.es omabilis
(Dougl.) Forbes) zone, above approximately 1000
m (Franklin and Dymess 1988). Within the westem
hemlock zone, dominant tree species include
western hemlock, Douglas-fir, and western
rcdced,ar (Thuja plicata Dotn.). Within the Pa-
cific silver fir zone, dominant spccies include
Paciflc silver fir. Douglas-fi1 noble fir (Abies
procerz Rehd.), and westem hemlock (Franklin
and Dyrness 1988).

The tbur sites were chosen from the set of 137
sampled fire history sites described in Weisberg
(1998) on the basis ofhaving experienced a rela-
tively high fire liequency, a high proportion of
Douglas-tir trees with fire scars, and a relatively
recent harvest year (1986 - 1991, Table | ), so that
stumps wgre not too decayed for accurate sarn-
pling. Sites were located in clearcuts to facilitate
collection of fire history data (Weisberg 1998).
Fire history is most efftciently sampled in clearcuts
in the central westem Cascades because the domi
nant tree species. Douglas-fir, often sun'ives fire
with small scars, healing completcly within 5 to
20 years. Sites were also chosen to represent both
high and low elcvations and Pacitic SilverFir and
Western Hemlock forest series, since fire dating
cr r , ' r  mr )  J i f le r  lo r  \ j te \  \a  i lh  d i f le renr  g rou  ing
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Figure L Map of the Blue River study area (Weisberg I 998). showing the four cross-dated fire hi story si tes.

TABLE L Enlironmental charactedstics ofthe four fire history sites, sampled in 1997. Elcvation, slope posilion. and approxi-
mate UTM coordinates $,ere derived from GlS datalaycrstthc other variables were neasured inthe iield. Forest type
refers to forest series classification detcmrinedfor standing foresl adjacenl |o the clearcutsites (Franklin and Dyrness
1 9 E E l .

Sitc UTM Coordinatcs
Elevation

(m)
Slopc Slope

Steepness
Forest
Tvp.

Flat

203

211

222

LEI

LE2

HE1

HE2

559,t65.18922,15

562225.1891265

568.105.4911085

571225.,19066,15

Low

Moderate

Low

Moderate

Westem Hcmlock

Pacific Sihcr Fir

Pacific Sil\'cr Fir

1989

1991

1992

1986

110

575

1269
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conditions (Table I ). It $as expected that trees at
h igher  e l r r  r t  ron  :  i t c \  u  ou ld  ha \  e  nar ro$  er  r ing \
and a greater incidence of tree-ring anomalies,
such as missing, partial. or double rings, because
ofsite conditions (e.g., persistent snow cover. low
temperaturcs, immaturc soils) leading to greater
stless and lower productivity.

At each clearcut site an area ofapproximately
two hectares was searched for sound stumps of
fire-scrLrred trees. Filteen Douglas lu stumps were
sampled at each site, for a total of 60 trees. Sam-
p l inp  wu.  l im i ted  to  Doug l ls - l i r .  u  spec ies  com.

monly used lbr fire history reconstluction. be-
cause it establishes after fire and can retain a dis-
tinctive fire history record. For each stump, fire
scar and pith years were estimated in the tield by
counting tree rings under 3X, 10X, or l6X mag-
nification, after stump surlice preparation with
hand tools (wire bmsh. scrapers, sudbnn planer).
The stump sudace was then collected as a complete
cross section oras a wedge cncompassing the area
immediately adjacent to the tire-scarred podion
of the bole, dependilg on tree diameter.

Fire Dating in the Pacillc Northwest 141



Laboratory l\,4ethods

Cross sections werg air-dried. mounted on wooden
boards. planed, and sanded until ccll structure was
clearly visible (to 320 - 600 grit sandpaper). Dates
of tree rings containing scars or pith years were
estimated by counting backwards fuom the ouG
emost ring, which corresponded to a known har
vest yea[. All counts were checkcd independently
by a second researcher Atier this check. labora
tory-counted fire year estinates were recordcd.
File years were then dctcrmined precisely by cross
dating all tree-ring series using standard dendro-
chronological procedures (Stokes and Smiley
1968). An existing mastcr tree-ring chronology
liom other sites within the H.J. Andrews Experi-
menlal Forcst was used as a dating contrcl '.

Skeleton plotting was used to natch ring-width
pattems against the nraster tree-ring chronology,
and against skeleton plots of already cross-dated
tree-ring series (Stokes and Sniley 1968, Dieterich
and Swetnarr 1984). Since the master tree-ring
chrclology was not useful pdor to ca. 1600 due
to insufficient sampling depth, skeleton plots for
those trees with ring series extending before 1600
were matched with each other, allowing cross-
dated tlre scar and pith year dates from as early
as l-513. Earlier scar and pith years could not be
cross dated.

Other cross dating methods, that we did not
apply, include the "l ist ' method of cross dating,
where marker rings afe listed and comparcd be-
tween samples (Yamaguchi 199I ), and statjstical
cross dating using computer aided cross conela-
tion among mcasured ring width series (e.g.,
Holmes 1983, Sheppard et al. 1988). The list
method may be taster than skeleton plotting. and
has been used to date volcanic eruptions and lava
tlows in the Mount St. Helens, Washington area
(Yamaguchi 1983, Yamaguchi and Hoblitt 1995).
Statistical cross dating provides a more objective
test of dating consistency, and fie measured ring
u idth series can be further rnall zed u.r ng l r ari-
c t1  o fdendroe lo log ica l  techn iques  fo r  in te r  ' i te
comparisons (Fritts 1976: Chap. 6).

Data Analys s

Scar and pith year estimates tiom field and ring
counts were compared with cross-datcd scar and
origin yeus. Pith yeiLrs were not conected to stump
he igh t -  rnd  \ ( )  re fe r  lo  lhe  year  o l  ucce .s ion  to
stump height (generally.60 - 90 cm). Field-counted
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and laboratory-countedestimates werecompargd
with cross-dated years using histograms show-
ing the distributions ofdif'fcrences (i.e.. "errors").

We calculated the mean, median, minimum, maxi-
mum, and standard deviation ofdating enors. For
calculating the mean. median, and standard de-
viation. the absolute value ofthe error was used,
since errors could be positive or negative. Enors
were not independent, sincc multiple scars often
o( ( urred on lhe srme lree. An error in , ruter rinEs
would propagate towards the pith. with the effect
that a single counting crror could allect multiple
scar and pith year estimatcs.

Before calculating tire frequency indices, a l'irc
history was reconstructed using field counting,
laboratory-counting, and cross-dating methods.
SceLrs were considered to be of firc origin if they
werc oriented along a common radius, aligncd
with a zone of thin bark, and had a distinctive
molphology chamcteristic offire eft'ects on thick
barked Douglas-fir (Morison and Swanson 1990).
For a fire to be detected using cross dating. at
least l0c/r of all trees, within a sitc, that were old
cnough to have been scarred during a given year
had to have recorded that scar yezLr. Further, al
least two scars on different tlees had to be present
tbr each detected fire year. The purpose of these
rarles was to reduce the possibility of including
scars from non-fire sources (e.g.. mechanical in-
jury animal damage) in the fire chronology. un-
der the assumption that fire scars were more likely
tlan scars from non-fire sources to occur in the
same year (Agee 1993). Another outcome of these
criteria was that sorne small lires were likely ex-
cluded.

The same criteria were used to reconstruct fire
history for thc field-counting ?Lnd labontory-count-
ing methoLlr. hut uere applied to scar year e.l i-
mates clustered in time (sensa Teensma 1987,
Weisberg 1998). The maximum duration of scar-
year clusters r'",as Ii years tbr 1800 1996, 10years
tbr 1700- 1799, and 12 years for 1500- 1699. Longer
intervals were used for earlicr time periods when
\car)eare5limales uerc l iu er antl .ub.iect to more
counting errols. Also. the scar-yelLr cluster was
split when two scars closc in time were counted
on the same radius ofa singlc tree, indicating that
two fues had occured. Thc average scar-year within
a scar clustcr was used to estimate the fire year.

Because Douglas-fir may cstablish over at least
40 years following high-severity tire (Hemstrom



and Franklin 1982), we identified a fire year f'rom
counted and cross dated pith years if at least two
pith years occurred within a 40-year period prior
to 1600, or three pith years within a 40-year pe-
riod following 1600. even in the absence of scar
evidence. The earliest suoh pith year was used to
er t ima le  lhe  l i re  1eur .  Cr i te r ta  were  le . .  s l r ingen l
for the pre-1600 pcriod because earlier pith years
were less likely to be sampled due to tree mortal-
ity and decay. Pith year data were essential for
t'ire history reconstruction bccause many fires in
the study area initiated cohofis ofDouglas-fir, but
leti t'ew surviving. scarred trces. Fire year esti-
mates based solely on pith year data likely un-
derestimated thc actual age of the firc because:
(1) pith yeals were not corrected for grcwth to
stump height. a correction ofatleast several yea$;
and. (2) an unknou,n numbcr olyears had elapsed
between thc fire and establishment ofthe earliest
recorded regeneration trec (Goldblum and Veblen
1992). Fire frequency was calculated forcach site
as mean. mcdian. and maximum fire interval, and
thc number of 1lres. using reconstructed fire in-
ten'al distributions ftom both cross-dated and field-
counted data sets.

Besults

Cross Dat ing Success

It was not true thal Douglas-fir tree-ring series
from thc PNW were too complacent for efficient
cross dating. Only eightofsixty trees (13%) could
not be cross dated fbr at least a portion of their
tree-ring series. Over all four sites,73 of89 (82clo)
preparcd-cross section fire scars were crcss dated.
I  hc  o ther  lb  \ ( i l r \  $c rc  loc r ted  u long t ree- r ing
series that werc complacent (i.e., series with low
inter-annual variation), that had pattems of tree-
dng variability inconsistent with ovcrall paftems
of variability lbr the study area. or, in one case.
occurred too early in the record.

We had expected Douglas-fir trces at the two
high-elevation (HE) sjtes to have been more sen-
sit ive to climatic variation, and so more suitable
for cross dating. The HE sites did have narower
tree rings than the low-elevation (LE) sites, sug
gesting that these irLre more stresstul envircnments
where growth t'actors may be more limiling. How-
evet wc were able to cross date 30 of 38 scars
(797. ) at the two HE sites and 43 of 5 I scars (lJ4% )
at the two LE sitcs.

Pattems of cross dating success tbr pith years
were similar, as expected, since fire scar and pith
years were taken from the same set of trce-ring
series. We were able to cross date 26 of35 (7.17c)
prepared-cross section, pith years over all four
sites. including 14 ol 20 l\qd at the HE sites,
and 12 of l5 (80%) at the LE sites.

Error from Fie d Counts

Errors associated with field counts werc of two
types: failure to detect fire scars on minimally
prepureJ \lump \urfaces. and intorrect e.timate.
of the fire scar or pith year. We detected I I sclLrs
(i.e., l2olo more) on prepared cross sections that
were not detected on the same surfaces in the field.
Many of these scars were difficult to detect be-
cause they were small and/or located in sectiol'rs
of narrow rings. Others were super-imposed on
scars from earlier fires, where the cambial layer
had been repeatedly injured along the same ra-
dius, comesponding with biuk tissures (Morrison
and Swanson 1990). Such scars may be difficult
to distinguish fiom pattems of healing over pre-
vious scars, even with appropriate magnification.

Lffor. in [ ire 'cJr or pith yerr estimation u ere
lur more comrnon. due to ina( \ 'urJcic\ in lree n ng
counts. Over all fbur sites. ihe mean erlor lor es-
timating scar years was 9 years. with a standard
deviation of 1,1 years. The median enor was 5
yciu\. $ hile lhe grealest negllive cnd poqiu\ e enor\
were -13 and +78 years, respectively. Thc distd-
bution ofenors was greatly skewed toward larger
values. and most errors were positive, indicating
that scar ages *ere typically underestimated in
lleld countr from lailure to detet I nrrrou trce ring.
(Figure 2a). Fieldestimates of scar years fell within
10 years of their true values for about 75 7a. and
within 20 years for about 87 7r, ofobserved cases.
Errors in scar year estimation were not closely
associated with the age of the scafiing event, al-
lhough age\  o f lhe  four  p re  1650 \c  r \  uere  e \ l i -
mated poorly (Figure 3a).

Tree agcs were also consistently undercstimated.
and were estimated less accumtely than scar years
(Figure 2b). Over all four sites, the mean and
median pith year errors were 25 and 1,1 years.
respectively, and the standard deviation was 26
years. The greatest overestimate and underesti-
mate oftree age were 89 yeius firr both, although
most large errors were underestimates (Figure 2b).
Enors in pith years wcre not strongly associated
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Figure : Distrihulions of ficld-countcd erfors for estimarcs of (a) tire scar ycars, and (b) tree pith years, and of taborarory
counted erors fbr estimates of (c) fire scar years, and (d) tree pith years. Laborator] counrco erfors are ior non cross-
dalcd but prepared \lahs. counted in the laboratory. Differences bclweer field connred. laboralory,countcd, and cross-
dated cllrmates arc pooled among the ibur sites. Positive values indicale rhat rhc non-cross dared age ofthe scar or rrec
plth vear underestimates the cross olLcu age.

with tree age, although tree ages pdor to ca. 1550
$'erc estimatcd least accurateiv (Figure 3b).

Error f rom Laboratory Counts on Weli-
Prepared Cross-Sections

The enor fiom using labomtory counts was much
less than the enor front using field counts to esti-
mate scar and pith years. Except for two 2O-year
crr('rs re\ult ing from one case o1.20 rnissing 6u,at
rings, errof associated with not cross-dating scar
years was within 4 years (Figure 2c). Including
the 2o-yerlr ellors. the mean error was 1.47 years,
with a median error of I year and a standard de-
viation of 3.25 years. Excluding the 2O-yeir er-
rors, since errors ofthis type could be avoided by
using only cross sections with evidence of the
outerbark prcscnt, the mean error was 0.96 years,
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wlth a median effor of I year and a standard de
viation of 1.02 yeius. Scars were dated without
error on 28 of 75 (37dlc) sarnpled sc;rs.

Pith year errors were also iow for laboratory
counts (Figure 2d). The mean error was 1.24 years,
with a median error of I year and a standard de-
viation of 1.2 years. Pith years were dated without
enor for 7 ot 25 (.28c/a) trees. For well-prepared
cross-sections, overestimations and underesti ma-
tions ofboth scarandpith years were aboutequally
Iikely (Figures 2c and 2d).

Errors in Fire History Reconstruction and
Fire Frequency Analysis

Fire history reconstructions differed slightly be-
tween fi eld-counted, laboratoD/-colrnted, and cross
dated fire history data sers (Table 2). Fires u,ere

Field-counred Year - Cross-dared year



a. Scar Year Errors

consistently dated as having occurred more re-
cently than they actually did based on the field-
counted data set. Spurious l'ires were recomtruoted
from tield-counted data for sites LEI and HE2,
although the l8l5 fire in the HE2 field-counted
reconstruclion may have actually occurred, but
in 1807. Scars counted to 1813 and 1817 in thc
field wele both counted to 1807 on well-prepared
crcss sections, but the 1817 field-counted sciucould
not be cross dated. and so was omitted from the
cross-dated reconstmction.

a a
t . t l I L

3 8 0

! 6 0

E -oo

;  -uu
E  - , *

.o 80
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.ii -20

T 'ru
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Cross dat€d Scai Year

b. Pith Year Errors

Cross-dated Origin Year

Figure l. Enors in field-counted estimales lbr (a) iire scar years. and (b.) tree pith

,v-.ears, shown ovcr time. Errors are pooled among lhe ibur sitcs.

Fire tiequency was similar among cross dated,
ring-counted, and field counted dates where the
number of fires detected was the same, bu1 dif-
fered considerably where a different number of
fires was detected (Table 3). For example, whcrc
the number of fires detected was different (LEl.
HE2), the error in mean fire interval, median fire
inten al, and maximum fue intervnl calculated tiom
field-counted data varied tiom 26 to 39 years. 39
to 56 years, and 2 to ,16 years, respectively.
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TABLE 2. Firc hislory |econstruction\ developed using the
rhrcc fire dating merhods. lor each of fouf fire
histor\' sircs. The symbol"X indicales a lire $as
dated to a ccnrin }ear (ro$') bv a ccruin nethod
(column). Thc synbol S indicates a spurious
tire accordiDg to the Field of Lab Counring merh-
ods. that did not occur or \\,as not detcctcd usirg
the Cross Datirg Dedrod.

TABLE 3. Estimatcsoffirefrequencylyears)fbreachoffour
fire histor\' sites. for cross dated, laborarory
counted, and lield-counied mcthods of fire his
ton reconstrucdon.

Cross
Dalcd

Lab- Field,
Counled Courled

Cross Daling Lab Counling Fi( ]d Cuunt ing
sirc LEI

Mcan Fire Interval
Median Fire lntervrl
Maximum Firc Interval
Number of Fires

Sile LE2

Mean Firc lnGrval
Median fire Inlcrval
Maimum Fire Interval
Numbcr ol Fires

Mean Fire ln&r la l  l16
Median Fire [nrcr\'al 104
Maxilnunl Fire Intcr\al 221
Number ofFires 3

Si te HEI
Mcan Fire lnterval 161
Median Fire lnterval 104
Maximum Fire Interval 29 /
Number of Fires l

Si !c  HE2

109
15

28'1
4

0
75

211

1 1 6
104
219

3

160
104
295

3

107
78

231
1

8l
1 9

286
5

l l 5
r03
221

3

1,19
102
216

3

103
11

2 3 1
1

L E l

l!s0
1557

156,1

1811

1E.16

1850

1860

1 8 8 3

r88.1
1886
r89 l

LE2

16.17

I6,19

r 6 5 1

1868  X

t42
l 1 l
211

3

Time Expenditures

More time was required to obtain laboratory
counted and cross-dated fire scar and pith year
dates than to obtain field-counted dates. Field-
counted dates for the lbur sites were obtained in
2,1 person-hours. Thc cross-dated dates required
nearly 530 person-hours to obtain. distributed as:

(l) 12 hours (one person) to locate and mark
scaffed stumps of maximun suitabilityi

(2) 57 hours (three people at l9 hours cach) to
remove and transpofi cross-sections:

(3) 3,10 hours (one person) to trim, mount and
sand the cross-sections; and,

(4) 120 hours (two people) to count, cross-date,
and check fbr accuracy.

Our record keeping was not detailed enough
to estimate precisely the length of time requifed
to obtain labofatory-counted data, which required
from 410-529 person-hours. These limes mighr
vary greatly among studies, depending upon the
skill and experience of the dendrochronologists,
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the size of the samples to be transported and sanded.
transport distances for carrying and driving
samples, and the quality of laboratory tacilities.

Discussion

The Context of F re-Dating Error n Fire
Beglme Analys s

Enor in dating fire evenls is but one of many sources
of error and uncertainty fbr fire history analysis.
Other signjticant sources include the crasurc prob-
lem. where trees carying tire evidence are killed
and decompose over time; problems of sampling
methodology, where an incomplete sample ofthe
population oftrees and sites with fire evidencc is
collected: enors associated with detemtining which
scars result from fire rathcr than other scarring
agents; and limitations of analytical methods fbr
characterizing fire regimcs (Molnar and McMinn
1960. Agee 1993. Brown and Swetnam 1994,
Johnson and Gutsell 199,1. Kipt'meuller and Baker
1998. Leftzman et al. 1998, Weisberg 1998). These
t'actors vary in impoftance and tractability among
tree spccies and fire regine types.

While field-counted scar and pith year esti-
mates may include large errors (Figures 2a and
2b) and result in incorrect estimates fbr fire fre-
quency descriptors (Table 3). these errors may
be smali compared to other crror sources. Espe-
cially important is the inability to consistently and
objectively detenr.rine which scars reprcsent tire
scars, due to the scarcity of recorder trees with
open catfaces in rnesic forests, such as those of
the westemCascades. Snrdies in the mixed-severity
fire regime of the central westem Oregon Cas-
cades do not allow unequivocal detemination of
which scars are t'ire sca$. and so must rely upon
somewhat arbitrary criteria to define fire events
fron the population ofsampled scars. Differences
in tlre history reconstruction and fire regime char-
actedzation associated with such criteda may
exceed errors associated with ticld counting rather
than cross dating. For example, l'7 of 69 (.-25Vo)

of cross-dated scar years were not used to date
fire episodes using the l07o critedon. where at
least two or three trees per site werc needed to
interpret a firc episode. lf it were known that all
sampled scars were of llre origin, the cntenon
fbr detccting a lire u,ould be a single scar, and
many more fires would be detected. Resulting
estimates for tire frequcncy descriptors (Table 3)
would differ greatly lrom those obtained using

the l0% critcrion. For exarnple, the cross dated
Mean Fire Interval would be 74, 70, ,12, and 53
years for sites LE1, LE2, HEl, and HE2. respec
t i re ly .  i l  r l l  .a rnp led  scars  $erc  u \ed .

Are F eld Counts ot Tree Fings Accurate
Enough for Fire H story Reconstruction?

The utility offield-counted fire history studies is
determined by the study objectives and the fire
regime under consideration. ln the central west-
em Cascades, tires were generally infiequent with
mean firc intervals ranging from 80 to 300 years
(Hemstom and Franklin 1982, Tecnsma 1987,
Garza 1995. Morrison and Swanson 1990,
Weisberg 1998). However, t'ires of the past,+00
to 500 ycars werc not evenly distributed overtime.
Fires were clustered from the 1400s to the carly
1600s, and from the 1800s to the early 1900s
(Weisberg 1998). Within these periods, fire in-
tervals were often short (i.e., within 50 years). If
research objectives require differentiation of fires
that occur within 20 years of each other. lleld-
counted studies may not provide sufficient accu-
racy. Although most fire scaryerLrs were estimated
to withi n 20 yca$ of their correct value, the l37o
that were not may cause fires to be undetected.
an l l  o ther  f i rcs  to  be  la l .e l )  de lec led .

Large errors in counts of individual scar and
pith years (Figures 2a and 2b) werc reduced at
the tire reconstruction stage of analysis (Table
2). However, recording an erroneous fire in one
of four sites $ould not be suitable 1br most fire
history research objectives in a flre regime where
sites expericnce just two to eight fires over the
period of record (Weisberg 1998). Reconstruc-
tion of an inconect mmber offires lcads to greater
errors fbr fire frequency descripto$ when fire
intcrvals are long relativc to the total length of
record.

A more consistent effect of tield-countcd er-
ror is the temporal offset of reconstucted tj re ycar s.
A11 fire years at all four sites were estimated to
have occurred more recently than they likely did
(Table 2). In rnostcases (e.g.. site HE2 fires 1848/
I 849, I 883/ 1884) the ofl'.set was minor. For a few
cases (e.g., site LEI tires 1834/1850. 1846/l1160)
it exceeded a decade. This source of crror is suf
ficient to make field counted studics unrcliable
for studies of interannual climate effects on fire
occunence, or for other studies \a'here accurate
estimates of fire years lue important
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More problems arise when field-counted studies
are used for evaluating fire extent and pattern.
\\ ith impreei'e fire darc:. ir is hard ro inrerprer
which sites bumed in the same fire or even in the
same decade. For example, cross-dated fire re-
constructions show that the 1883 and 1892 fires
were synchronous between LE and HE site pairs
but not within them (Table 2), even though sites
within these pairs are located within four kilo-
meters (km), while site pairs are located approxi-
mately 10 km apart (Figure 1). A non-cross-dated
field study that aggregated fire chronologies from
individual sites to a single, study-area master fire
chronology (e.g., Teensma 1987, Monison and
Swanson 1990, Impara 1997, Weisberg 1998)
might have combined the 1883 and 1892 fires into
a single "fire episode" (sensri Teensma 1987).
Results from such a study may have led to the
crroneous interpretation that a single widespread
flre burned the whole study area somehme be
tween 1883 and 1892. Altematively, failure to
aggregate  non-c ro is -da ted  l i re  lear  es t imates
between sites may lead to erroneous interpreta-
lions of small fire cxtents when fires were actu-
ally largc, sincc estimates for the same fire could
difler between sites. Cross dating is thus impor-
tant fbr valid interpretation of fire extent. Even
with cross dating, it may be impossible to con-
sistently distinguish separate fires that burned in
the same season and year.

Despite these limitations, lire history recon-
structions based on field-counted, fire-year esti
mates may be suitable for ecological objectives
over coarse spatial and temporal scales. Such stud-
ics may be useful tbr: ( 1) providing a first look at
patterns of llre regime over large areas and long
time scales, that might then be fine-tuned with
detailed dendrochronological studies over smaller
areas; (2) comparing fire frequency between ar
eas subject to different topographic and other
environmental influences: and (3) interyreting
lcmfornl \,rriJl ion in rrer bumed or er incrementr
of 30 years or longer

Are Laboralory Co-nls on We l-Prepared
Cross Sect ons Accurate Enough?

Non-cross-dated fire history data obtained from
careful laboratory counts on well-prepared cross
sections under a microscope should be suitable
for many ecological objectives, for the fire re-
gime and forest types considered in this study.
Average errors on the order of one to two years
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do not preclude flre-interval analysis (Agee et al.
l990). However, most of the labor required fbr
cross-dated fire history studies is used to prepare
cross-sectlon samples; once samples are prepared.
it is little additional work to cross date. The added
precision of cross dating allows for more power
ful. higher-resolution fire history anaJyses. Even
when fire history research objectives do not re-
quire annual precision. it is possible that a future
study might (e.g., of weather conditions and cli-
matic events leading to widespread fire, Swetnam
1993, Vil lalbaand Veblen 1998). AIso, cross-dated
fire histories are more suitable for analyses of
the spatial patteming of fire events (Heyerdahl
et al.. in press).

lmp ications for Past and Future Fire
History Research

Cross-datedfuehistory studies commonly require
great time, eflbrt. and expense, and are difficult
to conduct over landscape scales. In this study, it
required more than 22 times the number of per
son-hours to carry out the cross-dating study than
il did to obtain fire scar and pith year estimates
by fieldcounting. Despite this cost, werccommend
that future fire history studies employ cross dating.
or at least careful counts on tlnely-sarlded, cross
sectional surfaces. While many sources of error in
fire history studies cannot be resolved (Johnson
and Gutsell 1994, Lertzman et al. 1998, Weisberg
1998), it seems prudent to resolve those that can
be. Dating errors liom field-counted cross sec-
tions can be significant, but can be resolved by
cross dating. Landscape-scale questions might be
approached through a careful hierarchical selec-
tion ofsampled sites and trees within sites. Where
logistical l imitations preclude extenslve cross
section collection and cross dating, we rgcom-
mend that field-counted fire history studies be-
gin with a pilot study where a subset ofthe study
area is sampled using cross dating, and error be-
tween field-counted and cross-dated fire history
reconstructions quantified. A second phase of
extensive fire history sampling using field count-
ing might be useful fbr mapping past fire events,
if followed up with a third phase, where high
resolution dating is used to obtain accurate dates
for parlicular events, areas. orresearch questions.
Multiple studies at different scales rnight be nec-
essary to obtain a complete alrd accurate picture



ofspatial fire pattems, and the environmental fac-
tols that inlluencc them, over large landscapes or
regions.

Fire history studies based on field counting
alone provide data at too coa$e a temporal reso
lution for testing many hypotheses involving fire
ftequency or extent. Fire events may be undetec-
ted by such studies. or talsely detected. Detecled
fires, often dated using a narrow range of fire-
year estimates. are likely tobe consistently shitled
forward in time. Without such quantification of
error as provided by this study, it is difficult to
interpret results of field counted studies at an
appropriate resolution.
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