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Climatic Variability in Eastern Oregon and Washington

Abstract
Clinrat is a dri\,ing factor jn lorcsl herlth rnd producli!il! rhat limits specics survi!al and affects di\ru$xnce processes. Coln
plex topograph'_ and nnsric\ of land co!er compound ihc \ aiubilit)- of climare in caslern Oregon and \lashingron. The area is
I transltion /one bet\\ een madne. arclic. and continental inilucnces $ ith associatcd cxlrcmes in Nearher Such ertremes affcct
insect popula(ions. .rnim.rl migration. slrcxmllo$. flooding. and $ildiire potential. Addidon.rllr-. hLrman activilies such as detbr
e\taiion and atmospheric poilutio. inleract \i ith climatc. and mar cause changcs similar in mrgnitude to |he glacial-interglacial
epoch in fic nert 50 to 100 vear!. Ellecls of .rnthfoposc. ic clinale ch.rnges are ambiguous. ho$e|er, and could counter balance
each olhci forej{rmple. trec populalions ll]rv har'e nroiJ dillicult} feestablishing. but lrou1h rates could accelerate. Con!crsel}.
managcilent actrons can miiig,tlc lhe eifect of climatc on lisheries. $ater rc\ources. wildfire. and lloods. Also. managcmenl
actions can aiiect rlimate b) modil-!in: carbon exchange and $ ater and energ! cxchanle berween land and ahosphefe. N4odcts are
incfeaslngl\ able lo predict climatc rarirbility and trends in climaG related disrurbanccs such as lvildtirc.

Basic Knowledge

Climate is an important iollLrence on ccosystens
and processes. By understanding climate and its
eflects, $,e can alter site- to stand-lcvel manage
ment strategies and mitigatc the eflects of \a -
abil ity and trends in lrrger-scale climatc.

Clinrate ofeastem Orcgon and Washinglon is
highly variablc in both time and space. The ten-
I l ru l  \  r r i rb i i i t )  i .  i . ru .eL l  b )  {  I  I  bc ing  in  u  r r l rn
sit ion zone between marit ime, continental, and
arctic influenccs (Mitchell l976: Fcrguson 1995,
1998a). (2) influerces l iom oscil lations belwccn
the ocean and alnrosphere such as thc El Nii io
Southem Oscil lation (ENSO.1 (Meko and Stock-
ton 1984: Cayan and Webb 1992. 1996; Cayan
and Rednond l994) and the Pacific Dccadal
Oscil lation (PDO) (Wallacc and Gutzlel 1981.
Mantua et al. 1997, Mote et al. 1999a). and (3)
having a mid-latitude posil ion that makes the rc-
gion highly suscepdblc to changes in globai ra-
diative energy. orgreenhouse gas citccts (Ferguson
1995, Houghtor et al. 1996, Leung and Ghrn
l999). Thc spatial v?idabil ity is a result of shifr-
ing pattems in scasoniil stonn tracks and. because
the rcgion is veq near lhc confluence zonc ofthe
polar Jet streanl. $ inter climate varies consider
ably from yearrto year. Suntmer climate is icss
r  r r i ; rh le  hccau.e  o l '  . r  le r \ i \ le l t  h tgh  f r r \ .u re  in
the eastem Pacitlc. Both temporal and spatial
variability pattems are rtrost apparcnt at \{'ater
shed k) larger scales. A11 scales. horvercr. from
olganism lcvels upw;Lrd, expcrience a heterogc-

neity in climate patten]s that is due to the com-
plex topography and mosaics ofland cover found
in thc region, each of which respond ditTerently
to larger scalc chenges in climate conditions (Mock
1996). This causes thc impacts of climate vari
ability to be manifested at local to regional scales.

Thc ENSO fluctrrulion. are rdndom. \ ir) ing
fi om 2 to 7 yeals (Figure I ) between a warm phase
(El Nino) and a cold phase (La Nii ia) (Neelin et
al. 1998). Both phases impact regional tempera-
ture tnore strongly than pfecipitation and impact
rvinter and spring conditions more strongly than
other seasons (Mote etal. 1999a). Dudng the wann
phase (El Niio) thc Pacific Nonhwest usually
experiences its ddest winters with warmer win
terand spring temperatures. During strong El Niiios
(for exarnple. 1982 1983 and 1997-1998) only
the anomaly in temperaturc is amplified. The pre
cipitatiol response is more ambiguolrs (Mote et
al. 1999 ). The Pacific Northwesr response to thc
cold ENSO phase (La Nina) is less pronounced
but there is some evidence of cooler $,intcr and
spring tempcratures. The ENSO cycle has bccome
increasingly predictable and several months of
advance \\,aming are possible (Neelin et al. 1998).

The quasiperiodic changes in PDO tend to occur
cvery l0 to 30 yerrs (Figure 2). with cool. wer
cycles during 1900 to 1925 and 19,+-5 |o 1977 and
u'aLrm. dry cycJes dudng 1925 to 19,15 and since
1977 (Wallacc and Gutzler 1981, Trenbenh 1990.
Ebbesmeyer et al. 199l,Mantuaetal. Igg7.Mote
et al. 1999a). Evidence ofa rccent shift to a cool,
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Figure 2. Time series ofa PDO index liom the Joint Institute for the Study ol theAl'nosphere and Ocean. University oflhshing

ton. Seattle. Dry phases are positive indexes and \let phases arc negadve indexes. (http://jisao.washingbn.edu/pdo)
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wet PDO cycle is moulting but has not been con-
firmed (Trenberth and Hurel 1995; Hare and
Mantua, 1, p/ess). There is some evidence that
ENSO and PDO are related, as more frequent and
greatcr magnitude ENSO events occur during a
dry PDO. while less frequent and less dramatic
ENSO events occur dudng a wet PDO (Zhang et
al. l997. Gershunov and Bamett 1998, Mote et
al. 1999a).

Ohsen ed increa.e. in greenhou.e glscr rin, e
about 1t100 are thought to have caused changcs
in global radiative energy resulting in pronounced
global warming (Houghton et al. 1996). The re-
gional impacts of global warming could cause
increases in winter temperatures. increases in night-

time temperatures during all seasoos, lncteases
in precipitation during winter, spring, and fnll,
: l ight JeL rea.er in .unrmer preiipit, lt ion e\ccpl
in southeastem Orcgon, and increased atmospheric
stability. especially during winter (Giorgi et al.
199,1. Ferguson 1997. Mote et al. 1999a, Leung
and Ghan l999).

Etfects of Climate

Being in a kansition zone causes seasonal cli-
mates to be moderated as marine. arctic, and con
tinental influences interplay. Few seyere weather
events occur and relatively mild conditions pre-
vail, with mean monthly temperatures nnging fiom
-10 to -3'C in winter and frorn l0 to 20'C in
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summer (Ferguson 1998a). The change between
influencing climate regimes can, however. create
si-snificant wcathcr disturbanccs. For example,
when arctic like weather pattems, which freeze
soils and oreate low-elevation snow accumull-
t ions. are tbllowed directly by rnarit irne weather
patterns with warming temperatures and rain,
snowslidcs, landslidcs, and floods may occur
(Jcnsen et al. 1997. Ferguson 2000). T hese events
can significantly alter riparian habitats and other
site- to stand-level attributes. When the reverse
occurs, mild maritime conditions lbllowed by cold
arctic weather, freezing damage to vegetation is
possible. usually affecting stand to subwatershed
scales (Quigley andArbelbide 1991,p. 191 196).

The interplay ofclirnate regimes also impacts
sunrmer wcather. When dry. contincntal condi-
tions prcvail, cl l icicnt drfing of biomass fuels
occuls, creating significant fire potential. The influx
of marine air can either remoisten fuels or, if low-
level moisture is trapped by the coastal moun-
ta in .  and conf ined to  h igh  e le \  a t ion '  a r  i t  mo\  e {
ea \ lu r rd .  r 'ap id  ins tab i l i t l  can  occurc rus ing :  ou t
breaks of lightning and wildfire ignition (Rorig
and Ferguson 1999).

Seasonal variations in climate, which often can
bc rclatcd to ENSO, can cause changes in insect
populations. animal migrution paftems, streanrfl ow,
flooding, and wildtire potentilLl. For exlLrnple, insect
populations can cornpletely disappear during ex-
trenely cold winters (Greenbank 1970). Snow
covel and streamflows tend to be less than aver-
age during an EI Niio year (Meko and Stockton
19841 Gutzler and Rosen 1992; Cayan and Webb
1992. 1996). Heyerdahl ( 1997) deduced that sea
sonal firc activity t'luctual(]s in places where the
fire season is bounded by snowcover, l ikc the
nonhern regions of the Blue Mountains. During
El Nii io years. less low-elevation snow can cx-
tenJ  the  l i re .e rson-  p r ( ' \  i J ing  morc  o f fo f lun i l )
tbr ignition and spread among the dry fucls. Firc
activity inplaces where seasons are less contolled
by snow, such as the southem regions ofthe Blue
Mountains, respond less noticeably to variations
in seasonal climate. This is because fire potential
depends on the likely sequence of weather that
dries luels. provides sources of ignition (for ex
ample.lightning), and causes spread (such as wind
and deep atmospheric instability) (Lenihan et al.
1998). For example, although the I 988 fire sea-
son u'as drier than nomal, it would have been

unrem;Lrkable ifit were oot fbr a greater frequency
of gusty winds from numerous cold frontal pas-
sages (Jensen et al. 1997). While l ightning fte-
quency is thought to be relatively consistent from
year-to-year! new eflbrts to match lightning oc-
currence to large-scale forcing pattems (Rodg and
Ferguson 1999) may allow better understanding
of seasonal variabil ity of f ire ignition potential.

Decadal variations in climate arc relatcd to in-
sect outbreaks and large wildtires. For example,
the most recent dry PDO since 1977 is character-
izcd by a pcriod of cnhanced wildfire activity and
devastating insect outbreaks (Ottmar et al. 1998).
Also, paleoclimate records show decadal varia
tions in inscct populations;ind the f 'requency of
fi re. Outbreaks of sap-sucking insccts (tbr example,
bark beetles) conmonly occur during r'",arm, dry
periods when trees are experiencing drought stress
(Swetnam and Lynch 1993). Wet cycles. howcver,
can favor foliage feeders. such as spruce budworm
(Swctnam and Betancoun 1998). Both Heyerdahl
( 1997) and Mote et al. ( 1 999b) fbund correlations
betweel lire occuffence and interdecadal climatic
vadability. Heyerdahl speculates that this is due
to the extended period of time in which fuels are
dry, providing increased opportunity for ignition
and spread.

Growth and regeneration ofvegetation also are
susceptible to climate variability, especially near
timberlines and at the margins of habitats. Pon-
derosa pine (Plnlspollerusa) growth rates hale
been shown to decrcase during dry phases of the
PDO and increase durjng wet phases (Peterson
and Peterson, In press). Depth and duration of
snowpack also influence tree growth (Franklin ct
al. 1971, Peterson 1998).

Long-term trends in climate could alter dis-
turbance regimes, habitat, stand structule and
composition (Meli l lo et al. 1996, Bytnerowicz
1997, Mote et al. 1999a). Observed effects ofcli
nrate change on vegetation composition as deter-
mined from local pollen records indicate that major
shifts in dominant tree spccics occurred durjng
glacial-intcrglacial epochs (Craumlich and
Brubaker 1995, Bartlein and Whitlock 1997).
Potential future changes simiiar in magnitude to
the glacial-interglacial cpochs are thought to be
possible within the next 50 to 100 years due to
deforestation and human introduction of pollu
tion into the atmosphere (Meli l lo et al. 1996,
Bytnerowicz 1997. Ferguson 1997, Mote et al.
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1999a). The eft'ect of anthropogenic climate change
on vegetation is somewhat ambiguous. howevel
(Watson et al. 19913). While increascd greenhousc
gases could cause a warmer climate, \\,hich can
stress vegetation and cause dieback or decline
(Neilson and Drapek 1998), enhanccd fertiliza-
tion from increasing carbon dioxidc and nltro-
gen could counter balance the ef1'ects of warm-
ing. lf warmer temperatures re accompanied by
increasing precipitation, fbrests could expxnd into
neighboring shrub and grasslands (Franklin et al.
1971. Neilson and Drapek l99ll). ln either casc.
the amount oftbrcst area and thc conposition of
tbrests and rangelands could change (Franklin et
al. 1991, Neilson 1993, Neilson and Drapek 1998,
Neilson et al. 1998), altering thc balance between
evergreen and deciduous vegetation (Chapin 1991,
Davis and Zabinski l992,Neilson 1995,Neilson
and Drapek 1998. Neilson et al. 1998). Also. in
( rec : ing  inJu \ t r ia l  po l lu tJn l \  rnd  lhe i r  re rc lan ls .
such as ozonc and sulfur dioxide, could promote
carly aging and reduced photos)'nthesis (Allen
and Amthor 1995, Meli l lo et al. 1996, Brace et
al. 1999).

Tn addition to changing growth and distribu-
tion pattems. long-term waming of the climote
could alter disturbance regimes such as u'ildfire
(Johnson et al. 1990, Johnson and Larscn 1991,
Johnson and Wowchuk 1993, wotton and
Flannigan 1993). Because disturbance facil i tates
plant migration. changing vegetation structure and
composition could proceed rapidly in areas af
fected by disturbance (Davis and BoLkin 1985).

Risks

Traditionally, treelincs have been the most sus-
ceptible to changing climates (Mote et al. 1999a:
Peterson and Peterson, 1r prc.is). If landscapes
are fragmentcd, however, they may bc suscep-
tible through adecper extent oftheir habitat range
hecru .e  u f  po ten t iu l l l  l i uer  re lenera l ion  5r te . .
This suggests that populations, which were es-
tablished 100 to 500 years ago when the climate
was distinctively cooler than it is now, may have
ditTiculty reestablishing in the curent t!'armer
climate conditions. Fragmentation also creates
edges that are susceptible to distu$ance such as
rvind damage (Tang et al. 1997) and microc ljm atic
change such as altered snow distribution, lieez
ing potential, and solar drying. As landscape frag-
ments decrease in sizc. heterogencity decrcases

(Davis and Zabinski 1992). This lack of divcr-
' i t1  lu r ther  inc rer :e :  the  suscept ib i l i t )  o f  teg-
er  ion  lo  J i \ lu rbance ( \onon lgq2) .

A report by the Intergovemmental Panel on
Climate Change (Watson et al. 1998) summarized
the susceptibility of North American forests. For
example, as climate changes, periods conducive
to establishrncnt may becomc less frcquent. This
could prevent rcgeneration even where maturc ffees
sti l l  survive. precipitating some conversion of
nonhwest conif'ers 1o broadleaf deciduous. While
biomes are expected to shift northward and up
ward in altitude, expansionmay be limited by poor
soils or inetTicient seed and pollen dispersal.

Because of its mid-latitude position, steep
topography, and 3-p ft transient climate (mari
time. continental, and arctic) the Pacific North-
west is pal1icul rly susceptible to climate vari-
abitity and change (Mitchell 1976; Wallace and
Cutzler 1981: Ferguson 1995. l998at Meko and
Stockton 1984; Cayan and Webb 1992, 19961
Cayan and Redmond 1994; Houghton et al. 1996;
Mantuaetal. 1997: Mote et al. 1999a: Leung and
Chan lgqg r .  For  e ramplc .  smal l  chunge '  in  tem
peratue can cause significant depletion ofthe snow
cover and insect populations. Subtlc changes in
precipitation frcquency can significantly alter fire
regimes or pfescdbed fire potential.

Effects of Climate Adaptation Strategies

Lamb et al. (191li6) recognized that incorporating
climatc information into land managcment strat-
egies could lead to more cffective managcment
of forest lesources, with clear monetary advan-
tages. There is cvidence that managemeot stratc-
gies can mitigate the effcct of climate on fisher
ies and water resources (Costello et al. 1988.
Bonom 1995, Pulwaty and Redmond 1997). Also,
the tiequency and severity ofrain-on-snow floods
are ailectcd by management sfategies (Han 1986.
Han and Coftin 1992). An aggressive prescribcd
fire program (USDI and USDA 1995) has been
suggested as a way of reducing tuels in the hopes
of mitigating sevcre wildfire potential that may
be possible in a dry climate (Ottmar et al. 1998).
Cr reye t  a l .  r  lgqqr recomrnend rcnewing ormr in -
taining biodiversity in natural ecosystcms as away
of guarding against inevitable changes in climate.

Because a tree is most susceptible during its
first tew years ofgrowlh, attention to local varia-
tions in clinate pattems can help avoid areas of
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vulnerabil ity *hen establishing fbrest plantations
(e.g.. Timmis et al. 199,1). Also, predictions of
annual to decadal climate may help anticipate
changes during infancy. As the tree grows. it be
comes less susceptible to shor!tenn fluctuations
in weather and clinate, except by disturbance,
but its productivity is all'ected by long-term changes
in climate (Thomley and Cannell 1996;Joyce and
Birdsey 1995). Use of bio-geographical models
such as MAPSS (Ncilson 1993, 1995; Ncilson
and Drapek 1998:Neilson et al. 1998) may show
species that are more adapted to expected climate
chrnge and u l ' le r  a l te rna t i re  p lun l inF  ' l ru leg ie . .
Also, it may be possible to produce genotypes
that are adrlpted to expected changes in waier sfess,
temperature, i lnd nutrient availabil ity.

Litt le if any l itcrature exists on adaptations
fbr climate impacts on wildland rehabilitation
projects or shofi rotation forestry. Lessons can
be lerrned from the agricultural industry, how-
ever. where climate impacts on crop yicld (c.g.,
Coakley l979) and use of seasonal to decadal
climate predictions (e.g., Mauget and Upchurch
1999) are reported. The work implies that stlate-
gies to cnsurc survival ofseedlings (grass, shrubs.
and young trees) might consider using ENSO
predictions and knowledge of PDO pattems.

ln addition to the effect of climate on ecosys-
tems, Iand management activities may influence
climate by moditying the exchange of carbon (a
prominent greeniouse gas conponent) and altedng
thc watcr and energy exchange between the land
surface and atmosphere. For example. han'est and
plescribed fire programs relcase carbon to the
lmo\phere throu!h deca) and buming. re.pec

tively. On the other hand, post-harvest regrowth
can enhance carbon storagc (Mcllilo et al. 1996).
As forests age, their rute of carbon uptake decreases.

Simply changing the vegetation structure also
can affect climate. The flux of heat and energy
bctwccn thc biosphere and atmosphere is paftially
controlled by a roughness parameter that depends
on the height of the vegetation. This causes tall
forcsts to cxhibit much larger conductance than
short grasslands (Schutze et al. 1994).

Decision-Support Tools and Thresholds

Recently. it has become increasingly apparentthat
much of the observed climate variability (for ex-
ample, the ENSO and PDO) is predictable (Neelin
et al. 1998. Mote et al. 1999a). Also, the impact

of climate variability on disturbance such as wild-
fire is incrcasingly understood (Heyerdahl 1997,
Mote et al. 1999b). This suggests that it may be
possible to plan fire fighting resources orprescnp-
tion programs well in advance. Hilbruner et al.
(1998) used ENSO forecasts and fire history of
the Northu'est to anticipate fire resources needcd
tocombat wildfires during the 1998 season. ENSO
forecasts are available fuom thc U.S. Department
of Commerce. Climate Diagnostics Center. The
stronger the episode. the more likely that regional
impacts wil l occur.

PDO forecasts are not yet available and it still
is uncefiain whether the wann. dry PDO cycle,
which began in 1977 has changed to the cool.
wet period or not (Hare and Mantua, h press). A
change is imminent. however, and it is commonly
believed that the next 10 to 30 years could be
cool and wct. If true, the relatively tiequent and
severe fire regime observed in the 1980s (Ottmar
et al. 1998) may revert to a more benign regime
typical of the 1960s. lt is difficult to predict fire
regimes confidently. however. because of uncer-
tainty in the timing of major ignition events
(such as dry i ightning), the abundance of f ine
fuels following wet winters, and other oom-
pl icating factors.

A potential trend in climate due to anthropo-
genic influences could increase annual average
temperutures about I degree Celsius over the next
50 to 100 ycars. with the greatest increases ex
pected during winter at low elevations wherc up
to 3'C increases are possible (Ferguson 1997).
Potentially warmer temperatures could reduce the
magnitude of rain-on-snow fl oods. increase wildfire
potential, and reduce spring runoff. This could
cause a northward migration of species as well
as migration to higher elevations. In addition to
temperrlure increuse\. precipitalion can increil\c
dur ing  g lobr l  $  ming .  w i rh  \ ^  in rc rprec ip i tu t ion
increasing by as much as 20 to 507. and increases
of 5 to 357. possible in spring and autumn (Giorgi
et al. 199.1, Ferguson 1997. Leung and Ghan 1999).
These changes could increase winter runoff and
reduce oppofiunities for prescribed fire in spring
and autumn. Other regional implications of glo-
ha l  uarming inc lude ue lker '  tempera lu re  in \e r -
sions during winter that could reduce pollution
episodes. higher mixing heights during summer
that would improve smoke dispersion, and fewer
but stronger winter cyclones (Ferguson 1997,
1998b) .
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Climatc intluences all ecosystems. Each com-
ponent ofthe system. however, has different thresh-
o lds  o f  r  u lncrab i l i t y .  A  J01 increase in  .p r ing-
time precipitation could effect flooding ifit occurs
in a few large magnitude storns or it could re-
duce drying times needed fbr f ire ignition if i t
occurs in frequent small storms. Knor edge of
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