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Wildland Fire in Eastern Oregon and Washington

Abstract
Wildland llre i! a maior disturbance agent that lhapcs |he ibrest heakh, froductjrit!'. and ecoiogical diversity of castem Oregon
and Washington. Fire behaviof and $e effects of ilrc on llora.launa. soils. air. and \!alcr are ir large pafi driven by lhe availability
offuels to consune and the meteorological influcnces during a fire. Vegetation succession. disturbance proccsses, aDd manage
ment practicc! ha!e rcsulted ln an increase offucls and !ulnerabilily to extreme iirc bcha!ior and detrimental firc ciGcrs. Hazards
of fife are turlhcr increased b) encfoachmenr of d$cllings into forests and rangclands. Prescribed fire, selective loggins, and
mech:rnical iuel treanncnl arc being used to feduce urc hazard. bur there is disagreement as 10 appropriare balance and cflicacy of
these actions. New tools 1o (l) characleue fuelbeds;(2) prcdicl mesoscale meieorologt'. fire bchaYior, fire effects. smokcproduc
lion. and dispersal; and (3) dcmonnrate tradeoffs between prescribed lire aDd othef fuel treatflcnl methods are conrinuall] being
impro!ed to assist with wildland lire and pfescribed fire dccision making in easrern Oregon and Washington.

Basic Knowledge

The periodicity, intensity, and duration oflre across
a landscape dcfine the etlects on biotic commu-
nitics and resources and wil l naturally f luctuate
with shifts in climate and changes in fuel charac-
teristjcs. Many of the ecosystems associated with
thc forests and rangelands ofeastem Oregon and
Washington are known as short-inten al lre adapted
ecosystems. Many of the specics associated with
these ecosystems arc fire adapted and can sur-
vive frequent, lorv-intensity fires.

Fire can bc a precursor to other agents of dis-
turbance such as insccts (Mitchell l990) and dis-
case (Thies 1990). More oftcn it is an altereffect.
fueled bv thc cxcess detritus rcsulting from other
d i \ lu rhunce. .  F i re  has  ln  l r rcgu l . t r  t requenc) .  in -
tensity, and size that are directly dependenl upon
a sourcc of ignition. weather topography. fuel
moisture, and fuel characte.istics (i.e type, amount.
distribution, and condition) (Agee 1993, DeBano
et al. 1998. Sandberg and Oumar, 2001). This ir-
regularity contributcs to variable effects on llora
(Lotan cl al. i98l).1auna (McMahon and decalesta
1990, Smith 2000), soils (Tiedernann et al. 1979,
McNabb and Crornack 1990, Bolchers and Pery
1990, McNabb and Swanson 1990), air (Sandberg
et al. 1979, Sandberg and Dost 1990) and warer
(Wells et al. 1979. Bcschta 1990). The !a able
eflccts contributes to a very diverse, complex. and

biologically rich fbrest and range landscape of
the Interior Pacific Northwest (Franklin and
Dyrness 1973, Agee 1990, Mutch et al. 1993,
Bailey 1995. Keane ct al. 1996, Jensen et al. 1997.
Ottmar et al. 1998, Hessburg et al. 1999. Ottmar
e t  a I .2001) .

As humans intervcne with vadous managemert
po l i c ies  inc lud ing  l i re  e rc lu . ion .  h r r rc r t inp  op
erations. and gmzing, the forest and rangeland
ecosystems begin changing rapidly at several spa
tial scales (Baker 1993. McKenzie et al. 1996).
In manl cases. thcse munugement prlcli(e\ pro
vide plant comnunities little ability to maintain
the i r  o r ig in ; l  compo. i t ion  lnJ  s r ruc ture  or  e r  r ime
and space. Today, the lorests in many of thc fire-
dependent ecosystems in this region are denser
and more spatially unifonn, have many more small
tfees. with fewer large rces, and have much greater
quantities of fuels than did their pre-settlement
counterparts (Parsons and DeBencdeni 1979.
Bonnicksen and Stone 1982. Parker 1984, Mutch
etal. 1993. Chang 1996, Har:rod etal. 1998) (Figure
l). Thc floristic structure of rangelands. includ-
ing thc grasslands. shrublands, and woodlands of
the Columbia Basin. have also been affected by a
combination of fire exclusion. grazing, conver-
. ion  to  .  rop land.  and in r  a r ion  o f  e \o t i c  \n ( ( ie .
such ns cheatgrass that aftect their firc risk. haz
ard, flammability, and fire retum interval (Clark
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Figure L Ponderosa pine forest in eastern Oregon with extensive spruce budworm moftality in the dense grand fir and Douglas
llr understory. The resulting large fuel loadjng and continuous ladder fuels havc altcrcd thc iirc rcgil11c increasing the
rsk 01 a high intensit,,- crown iire.

and Starkey 1990). Many scientists, managers,
and public agree that the ecological health of eastem
Oregon and Washington is declining. less resil-
ient, and has become more suscaptible to larger
and more destructive wildfires, insect and disease
epidemics. and climatic variations (Agee 1981.
1990, 1993, 199,1: Hall 1974: Mutch et al. 1993).

Changes in Biodiversity

Changes in fire regimes tavor ceftain species and
associations over others, so management influ-
ences such as fire exclusion nrust intluence the
relative abundance of species, and may nearly
cxtirpatc ceftain plants that depend heavily on fire.
The net result of fire protection in many areas
has been to increase the median size and severity
offires without substantially changing fire return
in te r r  a l .  Fue l  load ings  and the i r  ab i l i t )  to  .us ta in
firc arc rcaching hazardous lcvels that havc and
will continue to lead to Iarge, widespread. high-
severity. crown fires in areas nonnally frequented
by lou,-irtensity ground lires (Arno 1980; Agee
I 99 | . 1993, 1994; Mutch et al. 1993: Arno et al.
1997). This potential increase in wildland fire

activity brings an increased risk of ecosystem
damage, negative economic and social impacts.
and air quality degradation (Wcatherspoon 1996.
Mclver 1998. Ottmar et al., 1998, Ottmar et al.
2001) .

Prescribed Fire Versus Wildland Fire

Prcscribcd fire is frequently substituted 1br wild
land [ i re  to  re . lo re  narurc l  d i \ ru rhancc  r rg ime.
whi)e avoiding wildland fires' disastrous conse-
quences (Walstad et al. 1990). However, because
of changes in vegetation. as well as increased
consfaints resulting ftom human developmcnt and
management objectives, the use of fire is made
increasingly difficult. For example. the Clean Air
Act defines smoke from prescribed fire as an an-
thropogenic source that could violate air quality
standards, while smoke from wildland fires is
considered a natural source (Sandberg et al. 1979.
Mutch et al. 1993, Sandberg et al. 1999. U.S.
Environmental Protection Agcncy 1999. Hardy
et al. In press). Chronic human health risk from
exposure to prescribed lire smoke is probably low
(Sandberg and Dost 1990). but complaints about
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thc nuisance eft'ects of smoke is very often the
limiting factor in public acceptance ofprescribed
fire use.

Effects of Wildland Fire

Thc amount and duration of heat produced in a
fire is the ultimate driving force that causes a wide
range of biotic effects, environnental responses,
and social/polit ical consequencas (DeBano et al.
1998). A general rule of thumb is that wildland
fires that occur in areas with large accumulations
of dry tuels will burn more severely than where
the le  i s  les .  cnd  mois rer  fue l .  F i rc  rc re r i t l  i s  a
mgasurc ofhow extensively the vegetative struc-
ture and distribution ofbiomass is aft-ected by fire;
in some cases a fire will destroy a desirable eco-
system structure and in other cases restore a badly
out of balance system to a productive condition.

Although the concepts seemrelatively simple,
the  complc r i t l  o f  c r 'o \ ) : lem (  omponen l  in te rac-
tions with the variability of fire/fuels/weather/to-
pography and the conlbunding managementprac-
tices oflogging. chemical use. other management
JCl i \  i l i e . .  i i nd  the  encrorchment  o l  in r  as i r  e  spe
cies makes prcdiction of fire el'fects vcry diffi-
cult. General trends are what a manager can ex-
pect from most fire effects models currently in
existence (Agee 1993. Reinhardt et al. 1997, Onmar
ct al. 1,? pr"i.r). The Joint Fire Science Program is
updating the syntiesis of fire effects publications
(rainbow series) to summarize the curent state
ofknowledge (Joint Fire Science Program 1999).
The Fire Elfects lnformation System (FEIS) is e
computerized knowledge management system that
storcs and retrieves current inlbrmation about l1rc
effects on plants, wildlife species, and plant com-
munities (Fischer et al. 1996).

Fire Risk and Hazard

It is impossible to relate the recent lncrease ln
wildland fire activi ly to cause. but there is l i tt le
doubt that risk and hazard is increasing. During
the past 70 yeifs, vegetation succassion, natural
disturbances (insect, disease. and blowdown), and
management activit ics including logging, cattle
grazing, and fire exclusion policies have often
modi l ied  the  l i re  and dead \egeta t i \e  compos i .
tion and structurc of forest and rangelands in the
interior Pacific Northwest (Mutch et al. 1993,
Keane et al. 1996, Hessburg et al. 1999, Hardy
andBunnell 1999. Ottmar et al. 2001). The change

has resulted in increased fuel loads that have di-
rcctly increased the vulnerability of the landscapes
to extreme fire behavior with resultant detrimen-
tal ecosystem and sociaVpolitical effects. Inva-
sive species have increased the flammability of
the rangeland grass and shrub types, and contin-
ued human settlement into the forests and range-
lands has led to an increased risk of property de-
struction from wildland fire (Bradley 19821, Seely
and Gilpin 1997. Alcock 1997). Furthermore, the
risk of fire in the near future decades can be ex
pected to increase dramatically owing to global
warming (JISAO/SMA Climate Impacts Group
1999, Dale et al. 2000, Flannigan et al. 2000).
Increased smoke generated by wildland fire can
severely affect the health of human beings, espe-
cially the young and old. In addition, firefighters
battling the blazes will be subjected to increased
hazardous conditions with prolonged exposure to
fatigue, stress, smoke, and poor nutrition poten-
tially leading to increased incidence ofupperres-
piratory and other illnesses (Sharkey 1997, 1999;
USEPA 1999; Reinhardt and Ottmar 2000a,
2000b).

Management Strategies

Management practices such as cutting, thinning,
mechanical ffeatment, or the use of prescribed
fire are being applied to reduce or breaLk up the
integrity of the fuelbed and move the iandscape
in the direction of historical sffuctures and dis-
turbance regimes (USDI and USDA l995, Rein-
hardt and Ryan 1998). Consequently, several stud-
ies and pro.iects are under way to quantily the
ecological. economic, and social consequences
of altemative restorative treatments to reduce
wildland tire threat (Joint Fire Science Program
1998, Weatherspoon 1999). Imprcved risk assess-
ment methodology to evaluate llre risk and haz-
ard is needed to improve the analysis of manage
ment options (Andrews and Williams 1998).

Effects of Fire Management

Widespread use of restorative managementprac-
tices are needed to retum ecosystems to a more
desirable state. (Amo 1996, Mutch and Cook 1996).
Prescribed fire, selective logging, and mechani-
cal fuel tleatmenl are several of the most com-
mon methods that are being implemented to re-
duce excessive fuel accumulations and break up
fuel continuity, moving tbrests and rangelands into
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structures and disturbance regimes that ere less
susceptible to large, catastrophic wildland fire.
However. the appropriate bul noe among proac-
trve managgment treatments (cuttings, mechani-
calfuel ffeatments, and prescribed tire) and wild-
land fire are sti l l  unknown (SNEP 1996. van
Wagtendonk I 996, Weatherspoon, 1996, Stephens
1 998). Treatment applicability and eft'ectiveness
vary widely, depending on vegetation type. ac-
cess. topography, and economic f'easibility. All
treatment options have potential drawbacks and
must be employed with careful professionaljudgc-
nrent and full awareness ofpossible tradeoffs with
other resources. Whcther fuel treatments will ac-
tually reduce fire frequency, severity, and occur-
rence is still unknown and turther field-oriented
research and extensive monitoring is necdcd.

Decision-Support Tools

The ftequent occurence offires d.roughout modcm
history has lead to an extensive body of knowl
cdgc and models to fbrecast and predict ( 1 ) fuel
charac le r i5 l i c .  and loads .  12)  fue l  con .umpt ion .
(3) fire efi'ects, (4) weather (5) potential risk of
wildliud fire, (6) fire behavior, and (7) sociaVpo-
litical and economic consequences. This informa-
tion is available in a variety of tools to support
manager dccisions with regards to wildland fire.

Successtul operation of tire risk, tire behav-
ior, and fire effects models require accuratc fuel
characterization to estimate the amount of biom-
ass consumed. At present, direct field measure-
ment techniques (Brown 1974, U.S. Department
of Interior 1992, Means et al. 199,+) have been
developed although they are very time consum-
ing and costly to implemcnt (Sandbcrg et al. 1988).
A compilation of single and stereo photographs
\'"'ith accompanyi ng vegetation characteristics data
have been developed that will provide a means
for quantifying and describing existing tuel prop-
erties (Mil{well and Ward I 976, Marwell and Ward
1980. Fischer 1981, Ottmar et al.1998. Ottmar et
al. 2000). These collections of photographs and
fuels data are called a photo series and have been
shown to reducc inventory time by 957o with
ninimal loss of accuracy and precisron rn man-
aged forcsts of Washington and Oregon. (Sandberg
et al. 1988). These series howevel are not com-
plete for many fuel types in this region. New re-
search ellbrts are under way to add to the sedes
currently available (Joint Fire Science Prograrn

1999). Anew national fucls characterization sys-
tem (Sandberg and Ottmar. 2001) is being devel-
oped to improve current fuel assignments across
both larye and small scales fbr land managers and
carbon modelers and will be completcd by 2003.
Finally, the Fire and Fuels Extension (FFE)
(Beukema et ad. 1999) incoryomtes models of fuel
dynamics, lire behavior, and fire effects into the
base model of lbrest stand development.

There have been several large efforts to em-
pirically and theoretically derive models to esti-
mate fuel consumption in the interior We st (Brown
andReinhardt 1991, Reinhardtetal. l997,Albini
and Reinhardt 1997), Pacific Northwest (Ottmar
et al. 1993, Ottmar et d.. In press), Southwest
(Harrington 1987, Sacken and Haase 1998), and
South (Hough 1968). These rnodels require prebum
fuel loads, fuel moisture content, fuel affange-
menl andweather information for calculating fuel
consumption. Fuel consumption equations havc
been incorporaled into a user-fiiendly program
called CONSUME for use in logging slash, piled
slash. and natural fuels (Ottmar et a1., 1'? pres,r).
The progrcm r l :o  (a lcu l i r l ( ' \  lo la l  emi \ \ iun \  p ro-
duced trom a flre. Albini and Reinhardt (l997)
have developed a simulation model called
BURNUP for the burning of large, woody, natu-
ral fuels based on theoretical design in combina-
tion with empirically derived coefficients. The
model is being incorporated into the First Order
Fire Effects Model 5.0 (Lutes h press).

Fire management decisions rely on the analy-
sis ofexpected tuture weather and stochastic events.
Several new products are online or will be online
shofily that will assist with wildland tire and pre
scribed fire decision making including (1) MM5
mesoscale meteorological modeling at several
different rcsolutions (Ferguson 2000), (2) light-
ning, wind. precipitation, temperature, rclative
humidity, and instability analysis to model event
beginning and event ending fire conditions (Rorig
and Ferguson 1999), (3) assessments ofair qual-
ity climates in the Columbia Riverbasin (Ferguson
1998), (4) the development of a high-resolution
smoke dispersion potential, and (5) the linking
of diagnostic wind models to physical models to
estimate sudace winds athigh resolutions. Finally.
the Meteorology for Fire Severity Forccasting
(MfFSF) includes monthly fire weather forecasts
that can provide tire mal]agel.S with a quick and
easy planning tool (http://www.fire.org ).

Wildland Fire 19



Potential hazard of lires acrcss the United States
has been calculated and displaycd by Hardy and
Bunnell (1999). BEHAVE (Andreu's 1986) was
developed to model fire behavior with direct user
inputs. Finncy (1998) developed FARSITE, afire
growth simulation model that uses spatial infor-
mation on topography and fuels ulong with weather
and wind fi les. Thc Firc Intbrrnation Retrieval
System (FIRES) provides methods for evalua!
ing the pertbrmance offire danger rating indices.
Finally, the National Fire Danger Rating System
(Deening et al. 1977) providcs indcxcs tbr mea-
sur-ing tlre potential in wildlands. A fanily ofup
to-da te  dec is ion-suppor t  too ls  i s  rva i lab le  on
the Joint Fire Science Program web site http://
uu u.n i l i .gor / ioint l lre sci.FireundEnvironmen
lal Research Applicalions Tcam web site http://
wvw.ti.t-ed.us/pnw/fera, or http://ww\\".fire.org.

FOFEM: a First Order Fire Effbcts Model.
predicts the direct consequences of pre scribed fire
and wildland ti re. including fuel consumption, tree
r n o r t r l i t l .  ! ' r l  h c i r t i n g -  r n d  r m o l e  e m i . s i o n s
(Reinhardt et al. 1997). Fire and Fuels Extension
(FFE) (Beukema et al. 1999) incorporates mod-
els of fuel dynamics, fire behavior. and fire ef
lects inLo a base model of forcst stand dcvelop-
ment. A computedzed simulation model called
the Fire Eflects TradeoffModcl (FETM) has been
developed to demonsffate the fire effects and eco-
nomic tradeofti between prescribed tire, mechani-
cal fuels treatment. logging, and wildland fire
(Schaaf 1996).
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