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Forest Fire Regime of the Bull Run Watershed, Oregon

Abstract
Forcst fire hinor) ol lhc BullRun \iatcrshed in nofhresrcr. Oregon was e!aluacd singthe nalural tire rotation techniquc. The

avcrage NFR ov.r rhe lasr 500 yean is 3,tl years, but lhe recofd is heavily influenced by a 1c\\ large events. Firc sct'criry ls

gcncrall) high. $ith nrosr large iires occurring in sunmcr to fall. Fires &at appear to ha\e enlcrcd the watershed lronl ils edge

;ignitic ant li; influencc the hisroric record. Ilecause the Bull Run receives much more precipitation than watersheds directl) north

or south. irs high-se!eit\ fire regilne confans $ ith the modcrac severily fire rcgine obseNed in |hcsc adjacent afeas.

lntroduction

In 1891. the Bull Run watershed (Figure 1) in
nortbwestcrn Oregon was included as part of a
national system of lbrest reserves in the United
States and the ncxt year was established rs a wa-
ter sourcc lor the Porlland metropolitan area. The
26.000 ha watershed has almost twice the pre-
cipitation of watersheds directly nofih and south
(Figures I and 2). Quantity and quality of water

has varied over past millennia, due to long-term
climate change, shorter{em periods of wetterand
drier wcather, and natural disturbances such as
fire and wind. Water balance data from Luchin
( 1973) suggest that runotf in the Bull Run could
possibly increase by as much as 90 cm (,10%) ifa
stand rcplacement disturbance affected the entire
watelshed. Swanson (1981) summarizes the ef-
fects ol large scale disturbance by fire on geo

figurc L Location of Bul I Run \i atershcd i n nofihwesl Orcgon. The B u ll Run i s located j ust south of the Colunbia

Ri\er loxjng in this ligurc from Hood River west to Bonnelillc and Troutdale ,Arnual precipitation fbr

neighboring \\'eaiher sladons sho\\'n (Websitc hllp://$'r\t.wrcc dri edu/summar:!/climsmor'hnn1) Mount

Hood is lhe oblious pcak in the southcast cornef ofthe lianc Data for figure supplied by DiaDa Sinlon

Nofih$'est Science, Vol. 75, No. 3, 2001

i lr lrlal h\ rh. \rirhs.n S. enrillr A\o.ilnu All rilhrrc\crdl

292



D'
qD

Figure 2. Annual prccipjtation wirhin the BullRun (data from Cit) ofPonlaDd. Oregl'n. Burcau of \valcr wbrks).

morphic processes, and sediment production could
increase several-fold alter stand replacement tircs
in watersheds such as the Bull Run.

In 1983. a major windstorm entered the wa-
tershed and about 10 percent of the existing for
est area had a significant number of trees blown
down (Sinton 1996). Salvage logging was con
ducted on about 675 ha of the area aftected by
the 1983 windstorm. In 199,1, about 90 percent
of the watershed became designated as a Late
Successional Reserve (LSR) as pan ofthe Noth-
west Forest Plan (Thomas 1994). Timber harvest
and salvage operatjons are restricted under the
LSR designation of the Forest Plan such that fu-
ture water quality impacts will largely be due to
natural disturbance patterns.

The potential fbr natural evcnts to adversely
atl'ect water quality in the watershed mised i nter-
est in defining the natural distulbance regimes of
the watelshed. Forest tires in the western Cas-
cades have usually been described as infrequent,
high intensity events that kill almost all the trees
within the fire boundaries. Large-scalc cvents such
as the Yacolt bum (1902) and the Tillamook bum

(1933) served as archetypes for all forest fires in
the westem Cascadcs prior to the 1980's (Morison
and S wanson 1990). However, fire can operate at
i l variel) of scale5 and \e\ erit ie\. i lnd it cun rirnge
over a spectrum of severit ies known as high-,
moderate-, and low-severity fire regimes (Agee
1993). Small portions of the landscape in high-
severity fire regimes may bum with moderate- or
low-severity. Near Mount St. Helens. about 100
km nonh ofthe Bull Run. Yamagrchi (1993) ibund
3-,1 fires occurring in the flrst 150 years of stand
development aftcr high-severity f ire. However.
these fires were of low severity, scarring occa-
sional trees but not resulting in any Douglas-tir
cs t rb i i shment .  H igh-serer i t l  I i re  uar  in rpor t rn t
in tlle Siouxon watershed of southwestern Wash-
ington. with multiple reburns on sonre sites atter
the Yacolt fire of | 902 (Gray and Frankl in 1997).

There are locally variant tbrcsts wcst of thc
Cascades crest where a moderate severity file
regime is the dominant fire rcgime, represented
by more fuequent (retum interyals of less than
100 years) and less intense fires leaving substan-
tial residual forest: the San Juan Islands (Agee
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and Dunu,iddie l984), the Ross Lake area of rhe
North Cascades (Agee et al. 1990), and the nonh-
eastem Olympic Mountains (Wetzel and Fonda
2000). A gradient of fire severiry fiom high, in
the Olympic Mountains and nofthern Washing-
ton Cascades, to moderate in the central Oregon
Cascades is wcll-establi shed (Means 1982.
Teensma 1987, Monison and Swanson 1990, Agee
199 | . Van Norrnan l998. Olson 2000).

The objectives ofthis srudy wcre to detlne the
historical frequency, scverity. and seasonality of
fire in thc watershed using tree-dng rcconstruc-
tions and archival records. There aLre four archi
val sources that identify histodcal fires fbr the
Bull Run and I'icinity. ln 1900. a forest type map
of Oregon was produced by the U.S. Geological
Survey (Gannett 1902). It showed substantial
burned land in and arouDd the Bull Run. A larger
scale but anonynously authored map of burned
lands in the Bull Run was produccd early in the
20th century and it is lairly consistent with the
USGS map. Another age class map of the water
shed (Pincha 1979) is fairly consisrenr bur has
more recent (post-1900) age classes northwest of
the Bu11 Run River in the vicinity of two dams on
the rivcr. A compilation ol 20th century l ires
(USDA Forest Service. Mount Hood National
l , ' re .1 .  un t rh l ; .h . ,  da t l r  l i r t .  Ioc l r inn .  source .
and size ofrecent fires with map locations ofmost
of them. Some recent fires north and south ofthe
Bull Run appear to have been of moderate-sever-
ity, prompting speculation that the fire regime of
the Bull Run is also of moderate-severity.

Study Area

The forests of the Bull Run Watcrshed are simi-
lar to those elsewhere west ofthe Cascade Crest.
There are lwo major tbrest zones (Franklin and
Dymess 1973) defined on the basis of potential
vegetation that might eventually dominate that type
in the long-term absence of disturbance (we use
the phrasc "tbrcst zone" as equivalent to "forest

series"). The most widespread is the westem hem-
Jock (73aga heterophtllal zone. occupying the
lowest elevations in the watershed and covering
the nost area, parlicularly in the westem half of
the watenhed. The major species in this zone in-
clude Douglas-fir (P seudotsugu menziesii) and
western hemlock, with westem redcedar (Tftitc
plicqta) and other species rnore locally impor-
tant (Franklin and Dymess 1973). Douglas-fir in
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this area is considered shade intolerant, so it usually
becomes established only on disturbed sites where
considerable growing space has been opened. lt
tends to be a widespread dominant after forest
fires along with western hemlock (Agee 1993).
Because Douglas-fir can live over 750 ycars (War-
ing and Franklin 1979), forest age classes that
have Douglas-fir as a dominant serve as tempo-
ral markers of past forest disturbance. Western
hemlock, as a shade,tolerant species. can becorne
established afler fires. but may also establish well
in small gaps locally created by individual tree
falls.

At higher ele\ations. the Pacilic silver tir (ADles
amabilis) zonc is present. Shade tolerant species
like westem hemlock and Pacific silver f ir wilt
eventually dominate thesc sites if they are undis-
turbed fbr many centudes. Douglas-fir plays an
ecological role similar to its role al lower eleva-
tions, but is usually less dominantbecause of f'rost,
cold soils, snow breakage as saplings. and gener-
ally cooler conditions favoring other species. Noblc
ft (Abie.s procera) rnay be an early seral codomi-
nant along with Douglas-fr (Minore 1979, Stewarr
lq86r .  A la .ka  ye l lou-ced i l r  tCh, tnac t  )pdr i . ,
nootkate n sis) is occasiolally found on wctter sites

d tends to be a shade-tolerant. late-succassional
codominant along with Pacitic silvcr tir. The pa-
cific silver fir zone covers most of the higher el-
cvation area in the eastern poftion of the water
shed. with the highest elevation mountainhcmlock
(Tsuge tnertensiuno) zone almost absent in the
Bull Run.

Methods

Def  n ing  F i re  Feg imes

Age classes of Douglas-fir arc intportant in es-
tablishing fire frequency and severity. Temporal
distance between age classes helps to establish
fire retum intervals, and the dominance of the
different age classes helps to establish what pro-
pofiion of older age classes was killcd by one or
more previous fires. In high-severity fire regimes,
a single age class ofDouglas-fir wil l be found at
any single site. but it can have a wide age range
(up to 75 years IHemstrom and Franklin 19821)
on marginal sites. where brush competition ex-
ists after disturbance, where rebums have occured,
or where sced sources are abscnt (Franklin and
Hemstrom l98l). Residual Douglas-firs can be



found after high-scvcrity lires, but they are usu
ally found in protected microsites and reprcsent
only a small proportien ofthe pre-fire basal arca.

In moderate-severity fire regimcs. onc or more
significant residual agc classes wil l be present.
High-severity patches occur, but many places on
rhe lands i lpc  . r rc  on l )  rh inned b1  l i re .  opcn ing
substantial growing space forDouglas-firbetween
the residual trees. Other places underburn with
low-severity llre, and those patches may have so
t'e* large trees killcd that post-fire establishment
of Douglas-fir does not occur Instead, either no
regeneration. or a post-fire cohort of more shade
lolerant species, such as westem hemlock or Pa-
cific silver fir. creates a new understory layer. The
presence of Douglas-fir in one or more age co-
borts usually is reliable as a firc indicator, but
rcliance on establishment of Douglas fir to indi-
cate a firc may undercstimate the presence ofvery
low intensity fires that might not be severe enough
to open the canopy and result in successtul Dou-
glas fir establishment.

Other disturbance events also occur and may
be confused with the efl'ects ol fire. Wind tcnds
to bc an important episodic event in the westem
Cascades area. Unlike fire. which telds to thin
from below (e.g., kills smallest trees flrst, largest
Ia . t t .  n ind  tend.  to  th in  l ron t  abr r re .  re tnor in f '
larger, exposed trees, and leaving smallel pro-
tected ones. Otien intermediate crown class trecs
are preferentially windthrown. but as the inten
sity of the event increases. it is the understory
that is left (Edmonds et al. 2000). Usually thesc
trees are shade-toler nt (e.g., westcm hcmlock
and Pacific silver f ir locally), and wil l show a
\ub \ tan t i i r l  g ru \ \ lh  re lea \ i  uhr 'n  lhc  o \e rs lo r )  i .
renroved, so that wind can be differentiated from
fire in stand reconstructions (Sinton 1996. Sinton
et al. 2000).

F re Frequency l\,4odels

Methods to evaluate fire frequency include t$,o
gcneral types: point frequencies and area frequen-
cies (Agee 1993). Area frequencies are used in
modente- to high-severity tire regimes t!'here fire-
sca.red trees arc uncommon. but discrete tbrest
age classes likely to have regenerated alter lire
will exist. Preliminary obsenations suggested that
the Bull Run clearly tits in this latter category.
Two q'pes of area trequencies ma1' be applied when
forcst age class data lLre available. The flrst is natural

fire rotation (NFR). Fron the age class data and
assunrptions about reconstruction of past f ire
events. the area of individual past fire events is
determined as a proportion ofthe total watershed
area (Heinselman 1973). The NFR is then deter-
mined by the quotient of any tinre period and the
prupun ion  u l  . luJ )  a rer  hurncd in  tha t  t imc pc-
riod. A separate NFR can be calculated by plant
community typc, ccntury. aspect. or any othcr
temporal or gcographic subset of the wate$hed.
Thc NFR is a simple, easily understood technique.
but has the major disadvantage of requiring thc
reconstruction of all past fire events. Fire evcnts
more than 200-300 yr old, particularly ifthey were
'ma l l .  mr1  h l rc  been pan i r l l ) .  o r ' somel imc5
wholly, erased from the landscape by subsequent
fires. Therefore. the NFR technique becomes more
conservative as one noves back in time.

The sccond arca frequency technique is bascd
on statistical distributions such as the Weibull or
the negative exponential. This method assumes a
stationary population of stands that arc unlikely
to actually exist on the landscape. lnitial field
surveys showed that the Bull Run had more old
than youl'lg stands. Since no stationary popula
tion can have more old than young stands (Huggard
andArsenault 1999), the natural firc rotation tech-
nique was used in place ofthe negative exponen-
tial, similarto the way it has been applied in other
Pacific Nonhwest forests (Hemstom lurd Franklin
l982, Teensma 1987. Agee et aJ. 1990, Morrison
and Swanson 1990, Agee J99l).

Fire regimes for the Bull Run watershed were
reconstructed by detelmining stand establishment
dates lrom tree cores and stump ages and delin-
eating stand boundaries tiom aerial photographs.
A total of 208 plots were established, with size
cohorts of Douglas-fir visually identified and an
average of,1 trees (S.D. 1.89) sampled per plot
(832 tees total). In units previously hanested that
arc scattered throughout the watershed. and along
roads, large stumps could be aged in the field or
removed with chain saws and rcturned to the lab
fbr sanding and counting. Most logged units were
in the oldest age classes because they had con-
tained the highest volume. Most unlogged stands
were sampled with incrcment borcrs, and we could
obtain samples close to the pith at core heights of
30-50 cn in stands up to 250 years old u'ith in-
crement borers up to 75 cm long. These san]ples
wcre placed in straws and retumed to the lab where
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they $,ere mounted in routed grooves trnd sanded
until dng widths were clearly countable. Some
cores did not rcach thc pith due to the large size
of the trees (e.g.. in stands over 250 years old
tr(]es might be >2 m diameter) and corc age cor
rectlons wel€ necessaly.

Estinates fol correction on large standing tees
$,here incrcment borers could not reach the pith
rvere based on 25 cores selected from five sites
across the watershed. Ring widths fbr thesc trees
were measured with a zoom microscope with an
attached video monitor and a staging table accu-
rate to 0.01 mm. The cores wele measured to 140
rnm out fron the pith or 70 years, well beyond
the corrections actually nccdcd for sample cores.
Individual curves for the 25 cores werc grouped
into five curvc groups rcpresenling categodes of
annual increment gro$'th from low to high. The
fivc curvcs were graphed with distance to pith on
the abscissa and years to pith on the ordinate.
Selection of the curve to be used for a given core
was determined by defining the missing distance
to pith from core length and tield nreasured tree
diameter. matching the avenge annual incremgnt
tbr the oldest 10 years on the core to thc closest
fit cun'e. and then graphically determining the
age adjustment to bc applied to that core. This
methodology was used to substantiate the pres-
ence of an age cohort at a site but was not used
independently as cvidcnce ofa cohort because of
potential estimation error

Estimated germination dates were calculatcd
by adding several vears to pith dates calculated

or countcd fbr stump or increment core samples
basedon sampleheight and data on seedling height
by age from McArdle and Meyer ( 1930;. Becausc
ofthe necessary age adjustments, not every sample
was as reliable as the next. Age cohorts were de-
fined on the basis ofthe best samples at each site:
where thc ttwest years had to be added to obtain
an origin date and where consistent origin dates
were obtained on multiple samples (Table 1).

Stands were then assigned cohort origin dates
(one or more per site) based on reliable tree ages,
primarily of the Douglas-fir cohorts if they were
present oI1 the site, and together \\,ith the stand
boundary delineations, t'ire events were recon-
stmcted. Aerial photographs from 1957-58 and
1972 were used to delineate many stand bound-
aries. and used in conjunction with topographic
maps to evaluate etTects of slope and aspect on
color and texture variation within an age class
patch. The data allowed reconstruotions back to
roughly 750 years before present and calculations
ofnatural fire rotations. Due to the spatial extent
ofone large event trbout 500 years B.P, NFR cal-
culations were not extended back beyond that date.
Variability in natural fire rotation was expressed
in two ways. First, natural Ure rotations were cal-
culated by aspect, elevation, and by century, to
account for topographic and temporal variabil
ity. Another estimate of variability in tire retun
inten'al is to fit the number offires in each cell of
a grid placed overthe landscape to aPoisson dis-
tribution (Agee 1993). A grid reprcsenting 250
ha cells *as placed over the landscape, and the

TABLE L ExaDrple s of tree ages collected liom se \ el.el sie s \i'ith brief inlcrpreudons of idendlled cohorN (age groups)

Si te SFcie\  Tfee Age\ Interprctr t iun

10,1 Psmc

190 Psme

'1 
rhe

9 1 . 9 r . 9 r . 8 6 .  E 6

,199. '+98
212
1 0 2 ,  1 0 1 . 1 0 0 . 9 7

This js a young, single-aged cohort. Very common here ar various ages.

This i! a thrcc aged cohort. $ith the most recent ure of lorv severily. lcaving cnough
residual canopy that only western hemlock could regenefale. Unusual here.

This is a rwo aged cohort $ith Pacilic silver iil lbming the older cohorl and an
rpparent palchy.low scvcily lirc allowing a sccond cohorl ofDouglas iir lo
cstablish. unusual.

Thi\ appcar! to bc a stand wiih nrultiplc. conibunding disturbanccs most likely
invohing wind and fire. Interpfetation requires matching wiih adjacent sites. and
use ofthe nrost reliable core ages. Very uncolnmon.

Ab.Lm 219.211.13)
Psme 9,t,91. 90. 86

2,10 Psme 110
Abpr 336. l9l
Psme -108
Abgr 232. l : l l .  101
Psme 89. 88

Psrnc = Douglas fir. Tshe = $estern hemlock. Abam = Pacific silvef tu. Abgr = gfand fif Abpr = noble fir
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number ofllres over time per ccll $'ere recorded.
The fit of the data to a Poisson distribution was
tested $,ith a Kol-somorov-Smimov goodness-of-
fit test (Zar 1996).

Fire Severity

Historical fire severity was analyzed using three
independent sets ofdata. High-sevedty plots were
defined as those with one age cohort, and lor- or
moderate-severity plots rvere those with multiple
cohorts (Table l). lf more than onc Douglas-fir
age clilss. or a discrete shade tolerant age class
beneath Douglas-fir overstory was presenl (see
Table I site 190), a multiplc age cohort was as
sumed to cxist, representing a moderate-severity
fire regime. The first data set was agc class infor
mation fiom Forest SeNice "FS" ecology plots
(N. Diaz, USFS, unpublishcd data). Of the 33 plots,
23 had clearly identifiable single or multiple co-
hort age classes. Ten of the 33 plots had unusual
tree age distributions and wele field checked; a
total of 7 were added to the single cohon caG
egory and 3 were added to the multiple cohort
category. Plots were then stratitled to tbrcst se-
ries. The second data set consisted of the age class
information collected fbrthis project ("Uw"). The
age class data were evaluated similarly to the Forest
Scrvice ecology plots.

The third data set was photo-interpreted firc
severity from three large fires that burned in the
eatershed after 1850 and before 19l5: the Camp
Creek fire. the Falls Creek fire, and the Hickman
Butte fire. For the Camp Creek tire, only those
portions south of thc Bull Run River were ana-
lyzed, as reserr"oirs have filled in someofthebumed
area. For the Falls Crcek and Hickman Buttc llres.
only those sections of the fires within the Bull
Run drainage were analyzed. These fires were
outlined and the three fire severity levels (lo* =
0-20 percent young (post-fire) tbresl in older
matrix: modcrate = 20-70 percent young lbrest
in older matrixi high = > 70 percent young fbr-
est) were photo-interpreted by placing a 2.25 ha
ce l l  g r iL l  u r  e r  on  hophoto .  and u . ing  propor t ion .
of canopy coverage of younger/older forest to
determine l ' irc .cr erit l ler el. The photo-interpre-
tation of the Camp Creek firc was independently
analyzed by three interprcters to check consis-
tency of classitication, and thc maximum differ
ence between any two obseNers for the percent-
age of land area in a fire severity category was 3
percent. 7 percent. and 7 pcrcent.

Historical l lres were naturally extinguished
whcn they no longer spread. We hypothesized that
fire severity should be less in the transitional area
("edge") between unburned tbrest and the inte-
r io r  , . r l ' the  hurn .  Posr ib le  chrngcs  in  f i re  .e \  e r i l y
in the edge of historic bums were analyzed by
defining a 150 m edge (roughly 2 trec lengths)
along the boundary of each of the thrce sample
fires. The fire severity data were then re-aggre-
gated by "edge" or "interior" to evaluate whether
the proportions of flre severity levels diff'ered by
location. The interaction of edge and fire sever-
ity was testedwith aChi-square analysis. Thc 1,180
haCarnp Creek fire was intensively field-checked
around its edges for the occunence oflow-inten-
sity fire. A series of l5 transects was placed nor-
mal to the edge ofthe high-severity fire zone, and
the occurence of residual trees and/or charcoal
was measured away from the edge of the high-
severity tire zone. The area of the moderate/low
scverity fire zone was then compared to the total
fire area.

F re Seasona ty

Where firc cvents are identified from tree ages,
the seasonality offires ofprevious centuries can-
not be dctermined as it can for low severity fire
regimes (Baisan and Swetnam 1990). Two meth-
ods were employed to enable inferences about
the seasonality of fire in this study. The first was
to evaluate the 20th century record. which was
conpiled by the Forest Service (Pincha 1979, C.
Smith [USDAForest Service, Mt. Hood National
Forest, Gresham. ORI unpublished data). Fires
that could be identilied to month were recordcd.
The second method of evaluating fire seasonal
ity was to use a fire cycle model based on cli-
mate (Agee and Flewell ing 1983) applicd to a
weather set from the Bull Run vicinity. This model
was originally built for the Olympic Mountains
but has been applied on a regional basis (Agee
1991. 1993) using 20th century weather records
tbr local weather stations. Based on l0 day in-
crements from June I - September 30, the model
predicts the probability oflightning ignitions based
on long and short-term drought, thunderstorm
activity, and cast winds. The omission of fires
starting in October probably underestimates firc
activity in that month. The model does not pro-
vide a quantitative estimate of llre activity, but
does allocate ignitions between months, and has
been used effectively at a regional scale to evalu-
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te fire regimes and seasonality (Agee I 991 ). The
propoftions of fires by month that were likely to
grow >l ha in size $'ere compared to thc 20th
century record offircs by month as a way to evalu
ate the seasonality of historic fires in the Bull Run.

Results

F re Frequency

The Bull Run has burned infrequcntly, and con-
tains a large proportion of old gro\\,th forest as a
result. Major fire evcnts (Figure 3 A-F) are sum-
rnurized belou.lnd drte. l i .te,.l are approrimare
rather than precise to the year, particularly tbr
those events 200 years or more B.P Generally
they will tend to be conservative, as years may
have passed between the event and thc t'irst docu-
[1Cnl9O regeneratlon.

1243 A.D.

The t$,o remnant stands (130 ha) liom this event
(Figure 3, A) have large Douglas-fir along with
Pacillc silver fir. AIaska yellow-cedar, and west-
em hemlock. Many of the trees have candelabra
(nultiple) tops. rt:presenting minor wind damage
on the tops of very old trecs. The two stands are
separated by about 4 km, and if they represent a
srngle large event 750 years ago, most ofthe evi-
dence has bcen erased by more recent fires. This
event could have bcen large. but can only be shown
as two small inclusions within the large 1,193 event.
This event u,as notuscd in reconstuction ofnatural
fire rotlltion calculations because its extent could
not be accurately reconstructed, and events be-
tween then and the l,+93 fire were also erased.
The presence of these oldest stands on ddgetops
rather than in yalleys is unusual, in that ridgetops
tend to be less common as topographic rcfugia
than vallcy bottoms.

1193 A.D.

This reconstructed event (Figure 3.A) is the largest
singlc fire event to burn in the watershed, cover-
ing over 26.000 ha. Occurring about 500 yeius
ago, it now forms the single largest age class in
thc watershed, and is usually thc rcmnant age class
in multiple aged stands. It occurs fiom the hcad
of the watershed to the east all the u'ay across
down to the lowlands on the west. The only por
tions of the watershed that did not burn are the
remnant 750 year-old stands. Most of the more
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recent fire events a.re etohed into a matrix of this
500 year-old set of lbrest age classes.

1663 A.D.

Alter thc 1,193 A.D. cvent. there appears to have
been little severc llre activity forthe next 150 yean.
The next large fire (>2800 ha) occurred in 1663
A.D. in the eastern portion ofthe water.shed (Figure
3, B). and most of the stands bumed were con-
tiguous to the watershed boundary to the north
east or to the south.

1693 A.D.

The 1693 firc (Figure 3, C) bumed in the wcstern
poftion of the watershed, and much of this area
has rcburned between then and the presenl. It was
identified by the presence of scattered residuals
over most of this landscape.

1873 A.D.

Alnost two centuries passed befbre evidence of
the next large fire event (>2700 ha). We believe
that two dift'erent fircs occurred. txe buming the
westem lowland in the vicinity of Reservoir 2,
and the other burning the boundary area in the
vicinity of Flickman Butre and Thimble Moun-
tain (Figure 3, D). The lartcr tire is further ana-
lyzed for fire severity as the Hickman Butte fire.
The long east-west bumcd area on the west end
of the watershed and south side of the reservoir
is called the Camp Creek fire and is one of thc
sites analyzcd tbr fire severity. The USGS map
shows these areas to bc contiguously burned. as
much ofthe area south ofthe watershed wasbumed
in the same time period.

1881 A.D.

A rather patchy fire bumed in the north portion
of the watershed in 1881 (Figure 3, E). This fire
has been named the Falls Creek fire and is fur-
ther analyzed in the fire severity section of the
report.

20th Century fires

A nunrber of smaller, human-caused fire events
(primarily escnped slash fires) could be identified
in the 20th century (Figure 3. F). Together they
bumed less than 2000 ha. They tend ro be clus
tercd in the northem poftion of thc watershed.



c - 1693

E - 18E1 t916-7

Figure 3.  Reconstructed exrentoi  h isbr ic l i res in thc Bul l  Run walcrshcd.  A.  1,193 A.D. f i re.  The ca.  I213A.D.Ureissho\ \ ,nas

lwo small !lhirc polygons. B. l66S A.D. fire appears to have entefed the watershed from the east. C. l693A.D.fireis
in the lowef weslem porion of the *atershed. D. 1873 A.D. lire covers much of the same area as the 1693 fire plus a
separale area on lhe southem edge of the walershcd. E. I8El A.D. tirc is a patchy fire at the norlhem edgc of thc
walershed. F. Twenlielh cenlwy tircs (1916 A.D. through 1971 A.D.) are small and scattered.

The overall NFR fbr the Bull Run watershed
is 3.17 years (Table 2). The literal interpretation
ofthis number means that roughly every 350years,
an area equal in size to the watershed has burned.
Obviously there is considcrable variation in this
number: NFR s calculated by century show a range
tiom roughly 100 years for the century encom
passing the 1493 tire event to centuries fbr whioh

NFR's could not be calculated because of the
apparent absence oflarge fire activity (Figure 4).
The 1,193 event erasedpossible fireevidence earlicr
in that century, irnd the NFR calculation tbr that
century assumes no earlier fire activity from 1400
1492. Areas above 1000 m elevation generally
burned more frequently than areas below 1000
m elcvation. This elevation boundary is roughly
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Time
Pcnod

TABI-E: Natural firc r.darlon {NFR) for rhe Bull Run wa-
tershed. lndividual NFR s are catcutared by et,
evation. rcughly ar lhc break ben!een the wcn
cm hemlock and Pacific \ihef fir zones. and bt
!me Peflod.

Nalutul Fife Ilotalion (years)

Belol 1000 m Abo|e 1000 m All
Elevation Elc\adon Elelations

The natural fire rotation calculations arc heavily
weighred to fires of antiquity, which appear to
have been very widespread across the watershed.
The overall NFR of350 years becomes 296 years
ifthe time period only before 1900 is considerecl,
and 267 years if the period only before 1800 is
considered. The NFR's are so closely tied to in
dividual llre events of these past centuries that it
is nol possible to consider these past centuries as
cr rmple .  o l  d i f fe renr  equ i l ih r ium f i re  reg imc, .
Rather, they appear to be centuies wnere some
what aberant, unusual conditions coalesced to
produce widespread buming in a watershed that
is typically not very tlammable.

Natural tire rotations were also calculated for
topographic aspects. but NFR did not diff'er sig-
nitlcantly by aspecr. In the post-l800 era, south
and west aspects have burned slightly more fre
quently than north and east aspects (NFR of 734
vs. 827 years), probably because the areas burned
have generally been concentrated in the nofihem
portion ofthe watershed that has a generally south
aspect. This difference is small enough that as

Total (1493-1993)

l5th Centur\'

16th Cen!ur]

I7rh Ccnrury

LEfi Century

l9th Ccnlury

201h Century

Belbre 1900

Before 1800

tt
(1,

f
o
|!

E

o
c
.9
o
CL
o
o-

369

l 3 7 l

, l3l

1660

l t 2
286

289

102

2 1 9

601

805

:53

2t2

1 0 1

667

162

l128

296

261

equivalent to the boundary of the westem hem-
lock/Pacific silver fir zones, and indicates that the
Pacific silver fir zone in the Bull Run can burn
more often than the westem hemlock zone.
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Figure '1 The propofiion of the lvatershed bufned b) century by elevation zone. There is a decrcasing propoiion over time. and
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pect does not appear to be a controlling factor in
fire spread in the Bull Run watershed.

The Poisson parameter calculated for these data
was L438. This parameter divided into the time
pcriod is equivalent to the NFR. A comparison of
actual fire occurrence per cell and Poisson csti-
mations (Table 3) indicated that the Porsson over-
estimates unbumed cells, because in the Bull Run
almost the entire watershed bumed in the 500 year
old event. Results of the Kolgomorov-Smirnov
test showed that tlle field data do not fit a Poisson
distribution. In last 500 years. most of the *'ater-
shed has bumed only once, butit almost all bumed
then. and only about 10 perccnl has bumed at a
fire r€turn interval of 150 years or less (3 times
or more in the 500 yrperiod). The watershedthere-
fore contains a large proponion ofold growth tbrest.

TABLE 3. The proportion of 250 ha cells lhal havc bunred
ove| the Bull Run watershed over the lan 500

Source Nunber ofTimes Burned in 500 ]ears
o f D a u  0 l  I 3 , 1  5

TABLE'1. Numberoi plots lvi!h single or multiple age classes
inthe Foresr Scrvice Ecology Plot (FS) dalabase.
the plo! dalabase ofthis stud) (Uw), and photo
intcrpreted fire se\'erily porlion (pircls) of lhe
current study. In the photo irterprclcd study.lo\r-
and modefate-severit) cl.rsses arc combined in the
. n u l , i p l e  . g e  r 1 . . .  i - r ( . u r ) .  f i r u r c .  . n  p .  r p n -

talescs are percents.

\\'estem hemlock Pacific siher fir
Data- __--lrc
base Singlc l\'lultiple Single Nlulliple Singlc Nlultiple

FS 28 (881 1( r2 )  5  (83)
uw r01 (78) 30(22) 16 (7,r)
Photojnterprctati0n-

1 (17 )  3 l  ( 871  5  (13 )
16 (26) 117 (76) . l6L(211

l l l 0  ( 69 )  508  (31 )

F i e l d D a r a  0 . 0 1 j  0 . 6 6  0 . 2 1  0 . l l

Poisson
cst inates 0.2,1 0.34 0.21 0.11

rThere are probabl,v small refugia in ripariar zone\. among
cliffs, erc., thal did not burn but were misscd at the scale of

this analysis.

Fire Severity

Fire severity is interred to be pdmarily high, as
75-90 percent of the stands have a single early
seral cohoft ofDouglas-1ir. with remaining stands
having two or more early seral cohorts. The FS
database had only two samples tiom the moun
tain hemlock zone, because of its limited extent
in the watelshed. and neither one had multiple
age cohofis. In the Pacific silver fir zone (Table
,1), tree ages in 5 of the 6 plots indicated single
cohon stands. The single multiple'aged stand had
some 250-year-old Douglas-fir (nou, 750 years
old) survive the fire of 500 years ago. The west-
em hemlock zone, rvhich is more widespread in
the wcstem lowland portion ofthe Bull Run. had
the most plots and the most evidence of multiple
cohort stands. Of the 33 plots evaluated in the FS
database (Table,l), 85 percent were single-aged.
The UW database showed slightly lower propor-
tions of single-aged stands than the FS databasc.

\otal doe\ not sum to 208 because sevefal plots had onl] onc

rnot differentiated by ibrest ronc.

Betwcen 7,1-78 percent ofthe plots in both forest
sedes had single age cohorts, with the remainder
in two-aged cohorts. with a lew three-aged co-
hon. .  Doug lc . - l i r  ua .  rhe  res idur l  l ree  spec ie .
in both fbrest zones as it has much higher firc
resislance than western hemlock or Pacific silver
fir

Photo-interpreted tlre severity from late l9th
century fires suggests that high severity fire is the
most common pattern experienced (Table 5): 62
73 percent of the area of these fires appeared to
be a single agc-class with a canopy of unifbrm
texture. Roughly l8-3I percent of the area had a
substantial residual component, and this was most
evident on the Falls Crcek fire, particularly in its
westem pofion. Only 7-9 percent ofthe land arca
was photo identified as low-severity fire in these
three fires. Comparison with the two Bull Run
age-class databases (Table.l) indicatcs that these
photo-interpreted fires had a slightly lower high-
severity component than the age-class databases.
This may be due to the age class data collection

TABLE 5. Proportions of selected Bull Run walershed fires
in high (>70 percent). moderate (2li 70 pcrcent).
and 1o\l (<20percent) lire severit,"- classcs. based
ol rcsidual canopy measured by pholo intcrpre
tation

0 .01  0

0.0'1 0.01

0

<0.01

Dalc F'ire Severitt- Level
Fire of Fire High Mod Lo$

Camp Creek
Falls Creek
Hickman Butte

1873
1881
1871

13
6)
73

1 9
l 1
l 8

8
1
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being biased to the interiors ofwell-definedparches.
so that edge effects were undefeprescnted in the
age class databases.

All three of the approaches to evaluate tire
severity produced consistent results, although each
of the approacheshas bias. The FS, UW, and photo-
lnterpreted flres from the late 1800's indicatecl
that high-severity fire was rhe dominant type of
lire affecting the Bull Run watershed. Estimates
of high-severity fire based on these three data
sources ranged from 62-90 percent of the area
aflected. Moderate-severity fire accounted for
much ofthe remaining area (18-31 percent), with
low-severity fire accounting fbr less than 10 per-
cenl of the burned areas.

The spatial distribution oflow- and moderate-
severity fire suggests it is most conrmon at the
edges (150 m. or two trce lengths) of the fires. At
the Camp Creek fire. 86 percent of the low and
moderate-severity fire occurred within the edge
zone. At the Hickman and Falls Creek fires. the
percentages of low- and moderate-severity within
150 m of the fire edge were 58 percant and 52
percent. respectively. The proportions of low/
moderare and high fire severity differ.ed signifi_
cantly between the fire area as a whole and the
150 m edge zone (P < .005) for each ofthe three
fires, indicating that low- and moderate-severity
flre is more commoD at the edge between high-
severity fire and unbumed forest. However, while
low- to moderate-severity fire is largely an edge
phenomenon. it also is found in the intedor of
the fires in the vicinity of drainages and rocky
areas. Even within areas of high-severity f ire.
occaslonal residuals can be present, so the pres-
ence ofa high severity fire regime does not mean
residual trees are totally absent from the land-
scapc.

Ficld checks at the Camp Creek Fire suggest
that propo lons of low-severity f ire were not
mi . ident i l ' i ed  o r  un idenr i  r ied  b1  phoro- in rerpre-
tatiol. The perimeter area oflow-severity fire based
on intensive field searches for surface charcoal
$'as calculated to be 3 percent ol the area of the
high-severity fire. suggesting thar the photo-in-
lerpreted proportions are not highly biased against
the identification of low-severity burn areas. The
IrLrgest area oflow severity fire was on the south-
west edge of the firc. This may be the result of
lowered frre spread and intensity aftcr winds tion
the east or northeast moderate.
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Fire Seasonallty

From the 20th century record, there are simjlar
numbers of human-caused and lightning-caused
fires (42 human-caused.3l l ightning, and 5 un
known). The largest number of fires (55.) are in
the Class A size (0-.1 ha), with 7 Class B (0.1-,1
ha),5 Class C (4-40 ha), 5 Ciass D (40,120 ha)
and 6 Class E (120-400 ha). There are no fircs
exceeding 500 ha in the record fbr this century. A
total of 1920 ha are known to have bumed. and
most ofthe area burned in t2 escaped slash fires.
The fires are confined to summer and autumn
months (Figure 5). The big fircs (Class B E) are
skewed somewhat to the late sumner, probably
because slash bums were historically ignited in
the autunrn. Of the 16 [ghtningfires dared to month
and day, l0 occurred in July, with one in June.3
ln August. and 2 in September.. so that the lr.lode
of the distribution of ignition is in nid-sumrner
Although none of the 20th cenrury lightning ig-
nr lon \  ! rew ercepr ionu l l l  lu rge .  f i res  p rer iour
to that time may have smoldered for weeks be
lore a severe flre weather event (east winds) al-
lowed them to grow to considerable size. Based
on these data, a 4-month fire season (July, Au-
gust. September, and October) appears to occur
in the Bull Run watershed.

The fire cycle model produced results compa-
rable to earlier simulation results found by Agee
(1991) for the Wind River (Figure 5) across ihe
Colurnbia Gorge frorn Bull Run, although the Bull

40

30 **ao".,n"

2 5  - , , ,  _

lor Vdv .u .- Aua Jap O . \ a
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Figure 5. Proportional seasoDal di lribuiion L,frwenrieth cen
tury lires. Nlodern fires are lhose wirhirthe waler_
shed. and large modern lires arc &ose exceeding
0. I ha in sizc. Modelcdfires are foflhcWind River
area (jusr nonh ofBonncville in Figure rl ano arc
for fires excecding I ha in sizc.
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Run had slightly fcwcr ignitions. The model runs
on 20th ccntury wcathcr rccords. and results
roughly parallel the actual seasonal distribution
oflightning fires for the Bull Run. As this model
does not simulate weather for October, no fires
were generatcd for that month. but l ightning and
ignition could occur then. With tavorable burn-
ing conditions known to occur. given the number
ofdebris burn-caused fires in October, this month
should also be considered pat of the significant
fire season. These results apply to the 20th cen-
tury record, although it is likely that sinilar pat-
tems of mid to late summel fires occured in past
centuries, as had been documented larther south
in thc Oregon Cascadcs (Olson 2000).

Discussion

Thc Bull Run watcrshcd appcars to have a high-
sevcrity f irc rcgimc charactcrizcd by infrcquent
fircs that arc largcly stand rcplaccmcnl cvcnts.
As the cvents arc idcntified liom intcrprctation
ofage classes, several closely spaced fires could
be intelpreted as one fire. From the standpoint of
cument issues. whether each identif ied event is
one fire. or pcrhaps morc than one fire clustered
r l  n (ar l )  lhc .Jmc I ime.  i s  no t  , r l  p r ra rn , 'un t  im-
poflance.

The overall natural fire rotation lor the Bull
Run (347 ycars) is quitc long, although shortcr
than the ,165 year NFR calculated for the Mount
Rainier area (Henrstrom and Franklin 1982). The
Mount Rainier lorests are primarily in the Pacific
silvcr fir zone, in contrast to the predominantly
western hemlock zone fbrests of the Bull Run.
The periods of liirge lire everts (particularly the
ca. l,+93 event) corresponds to similar periods
identified elsewhele in the coastal wetterpofiions
of western Oregon and Washington as times of
large fires (Franktin and Hemstrom 198l,
Yamaguchi 1993, Agee 1993. Gray ard Franklin
1997). One hypothesis for these clustered dates
(Agee 1993) is that these wcrc times of sunspot
minima associated with periods of lower than
normal solar activity (Stuiver and Quay 19130).
These global cooling periods mav be l inked to
changes in the factors associated with large fire
e \  en l \  in  r  nore  reaer l  l i r  ne .  in  lhe  \ \  e l l c r  f . ,n  i ,  ' n \
of the Paciflc Nofihwest: drought, l ightning ac-
tivity, the occun'ence of east winds. or less sum
mer onshore flow of moist air. We do not under
stand these linkages well, or linkages between

fires and other episodic but potentially catasftophic
disturbances.

To date, there is no evidence that the major
fire events in the Bull Run are closely linked to
wind, earlhquake or volcanic activity. A massive
forest fire ca. 1700 AD has been identified in the
eastem Olympic Mountains ofWashington (Fonda
and Bliss 1969. Henderson et al. 1989) and was
previousll, attributed to unusual l ightning activ-
ity, east winds. or othcr such phenomena (Agee
and Flewelling 1983,Agee 1993). Rccently, amajor
historical earthquakc that occurred between the
grou'ing seasons of 1699 and 1700 has been docu
nented along the Oregon-Washington coastline
from tree-ring records (Yamaguchi et al. 1997),
and it coresponds to a major tsunami that hit the
coast of Japan on January 26, 1700. Substandal
' ' quu le th row o f  t imber  ma1 ha\e  been a \ .oc i .
ated with this estimated magnitude 9 earthquake
occurring at a time when low elevation soils wcrc
wet. Subsequent drying of the leaf and branch
dcbris might have created continuous luel over
portions of the Olympic Mountains, which sub
sequently may have ignited.

Mount St. Helens, roughly 100 km to the north
of Bull Run, had a major eruption in 1480, but
this appears to have killed forest primadly to the
no{heast of the volcano (Yamaguchi 1993). A1-
though the eruption ycar is close in age to the
singlc largcst t irc event in the Bull Run, heat or
wind efttcts tiom this eruption are unlikely to
have aflected forests so far to the south. A mas-
sive windthrow from strong east winds channeled
down thc Columbia Gorge during winter rnight
also create additional fuels that might drive a
watershed wide fire. Sinton (1996) noted a 3 yr
occurrence frequency of winter winds and tem-
peratures that are associated with windthrow in
the Bull Run, but all of the events of the last cen-
tury affected isolated patches offorest averaging
5 l0 ha in size. At least four fire study plots pro-
vided evidcncc thal historical windthror'"' was tbl-
lowed by a small, patchy burn some years later,
allowing shade-intolerant Douglas-fir to establish
amidst a canopy of Pacitic silver f ir or westem
hemlock. The true flr and hemlock showed growth
rclcascs after the windthrow and these trees were
nrissed by the subsequent patchy 1lre.

The forest ecosystems of the Bull Run appcar
to be good examples of nonecluilibrium landscapes,
u,here ecosystems in "nomal" times do notexhibit
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much fire activity. Although the "abnormal" times
may bc widely separated in time and perhaps of
short dumtion, they have major impacts on the
forests we see today. The Iegacy effects enabled
h1 the  long l r fc , ' l 'Doug la . - l i r J l lo \ \  spec ie r . .om.
position and structural effects of a disturbance to
be recognizable over much of a millennium. The
vast majority offorests in the Bull Run have been
produced by a handtul ofpast tires that range back
to 750 years before prcsent. and the curent spe-
cies conposition and structurc are still very much
influenced by the ffecs that established alter these
events of antiquity. Although some of the water-
shed in the lower elevation west end has burned
multiple times ovcrthe last500years. about two-
thirds of the watenhed has avoided fire for the
last 500 years.

Across the Pacific Northwest, the Pacific sil-
vel fir zone. as a cooler, moister forest type. has
longer fire return intervals than the western hem-
lock zone (Agee 1993). Yet in rhe Bull Run. the
Pacific silver fir zonc has a shorter natural fire
rotation. This pattern appea$ to be linked to the
spatial distribution of the higher elevation Pacific
silver fir forests around the rim ofthe watershed.
which appears to be susceptible to incursion of
fircs tiom drier low elevation areas on the sur-
rounding landscape. The fire season tends to con-
centrate in late summer. and as in other regional
areas, Iarge fires tend to be associated with east
winds of low humidity and somctimes high vc-
locity (Cramer 1957). Scptember and October are
the dry season months with the highest frequency
of east winds.

When tires occur in the Bull Run, they tend to
be high-sevedty events. The three independent
sources of data analyzed (age classes and aerial
photographs) consistently identifi ed rhe major fire
seventy class as "high"; ncvertheless. some re
sidu.rl. crn be found u ithin high-.er erirS ponion.
of past fires. Moderate- and low severity bum
ing that leave significant residual trec canopy
occurred primarily around the margins ofthe burns,
and in riparian zones within thc burn. Farlher south,
in a noderate-severity flre regimc, Morrison and
Swanson (1990) showed less rhat onc-third ofthe
landscape bumed with high-severity firc, in con

trast to the roughly two thirds or more ofthe land-
scape at the Bull Run.

The fire regime of the Bull Run diflbrs fron
those nofth and south. To the north in the Colum-
bia Corge, moderate-severity fi re regimes are more
common. The l99l Falls fire near Multnomah
Falls, several km nofih of the Bull Run water-
shed. shows a classic moderate-severity fire pat-
tenr (personal observation. J.K. Agee). The Bull
Run has a fire regime more similff to the wetter
forests at Mount Rainicr and in the Olympic
Mountains because of its precipitation regime.
Major .torm trrL L' drop rwo to three l ime. a.
much precipitation in the Bull Run as in the Co-
lumbi  Corge,J i recr l )  lo  rhe  nonh or  in  por l ion :
of the Clackamas River drainage directly to the
south of the Bull Run (Figure 1, Figure 2). This
high precipitation aflects the moisture conlent of
dead luels and live foliar moisture through the
dry season, olien enough to extinguish fires that
may enter these areas. It is not surprising that the
two oldest patches offorest are in the werrer cen-
tlal portion of the watershed that receive >300
cm of annual preoipitation. The gradient in fire
severity in the west Cascade Mountains from
nonhem W.t\hington to \outhem Oregon i\ nol a
monotonic gradient.
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