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| NTRODUCTI ON

Climate patterns that disrupt ecosystem processes are comopn and often
critical conponents in the natural cycle of events. Al t hough the Col unbi a
River Basin is not known for extrene clinmate events (like hurricanes,
tornados, intense lightning, or severe drought) many climtic features that
are ordinary to the Basin (like sunmrer cold fronts fanning wildfires or rain-
on-snow fl oods) cause significant disruption of ecosystem processes. This
report summari zes several aspects of clinmate that affect disturbance patterns

in the Colunbia River Basin.

FRONTAL PASSAGE AND THE SPREAD OF W LDFI RE

During the 1988 fire season, it was observed that the frequency of dry cold
fronts passing over the northern Rockies in August and early Septenber caused
ongoing wildfires to make major runs (National Wather Service 1988). This
was the nost severe fire season in the Basin since the turn of the century.
Therefore, an understanding of the pattern and frequency of cold fronta
passage during sunmer, which could contribute to severe fire spread, nmay help

anticipate future extreme fire seasons.

Weat her fronts often are associated with strong, gusty winds. This especially
is true of cold fronts because cold air is heavier and denser than warm air
Approaching cold air displaces warm air by moving underneath, causing strong
vertical lifting that pronotes turbul ence. The frontal boundary often narks a

sharp contrast between air masses. Distinct pressure patterns between the two
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air nmasses cause a rapid change in air pressure as the front progresses. In
addition, gradients in pressure associated with stornms often are strongest
near the cold frontal boundary that coincides with a surface trough of | ow
pressure. The changes in pressure, increased gradients in pressure, and
turbul ence all conbine to cause strong, gusty wi nds around cold fronts. \Warm
fronts are nmuch | ess dramati c because approaching warm air, being nore
buoyant, can ride up over nore stable cold air causing a gradually sl oping
frontal boundary. Wnds may increase slightly and shift direction during the

passage of a warm front, but changes often are unremarkabl e.

Identifying a front with avail abl e weat her observations requires carefu

anal ysis of surface and upper-Ilevel patterns of pressure, tenperature, and
hum dity. Unfortunately, there are no precise formul as because there are an
infinite nunber of patterns in all atnospheric variables that define fronts.
To simplify the problem however, only significant changes in atnospheric
pressure neasured at the surface were considered. Because pressure changes
are well correlated to strong winds, this sinple analysis proved adequate for

interpreting a sinple pattern of cold frontal passage.

Surface pressure observations fromthe National Wather Service synoptic
observation sites were analyzed to determ ne the nunber of tinmes strong fronts
passed the area. Pressure differences greater than 4 nmb over the 12 hour
observation period were considered significant enough to cause a period of
strong, gusty winds. The value of 4 nb was sonmewhat arbitrarily chosen, based
on forecaster experience. Only data fromJune 1 to August 31, the prinmary

fire season, were anal yzed.
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Figure 1 shows the nunber of events occurring with pressure changes greater
than 4 mb during a 12 hour period at Spokane, Washington. Highlighted on the
plot are 3 years that were chosen as characteristic climtes in the Colunbia
Ri ver Basin (1982 -- cool, wet; 1988 -- warm dry; and 1989 -- typical).
During typical years (like 1989), there are five to seven significant fronta
events during the fire season. 1In cool, wet years (like 1982) only two to
four cold fronts appear to pass over the area. This nmay be because a steady
stream of Pacific stornms inhibits continental warmi ng. Because maritinme and
continental air masses are similar, fronts between the two are unremarkable.
This is npbst commopn when seasonal upper-level flow patterns have a dom nant

zonal , or westerly conponent.

In warm dry years (like the 1988 fire season) eight to 20 gusty wi nd events
can occur. During these seasons, the continental air nmass has plenty of
opportunity to heat and dry out. The cool, mpist air nmasses from Pacific
stornms, which progress eastward are dramatically different than the hot, dry
continental air masses. As the air masses neet, associated fronts can be very
strong. This effect is nost significant when the seasonal upper-Ilevel flow

pattern includes frequent meridional, or northerly flow, over the Basin.

To devel op a planning tool, it would be appropriate to group nonths and years
into low, medium and high gust event categories. Mnthly conposite maps of
upper -1l evel flow patterns can then be created to hel p distinguish the
categories. |If possible, these maps may be correlated with | ong-range nonthly

forecasts that now are avail able fromthe National Wather Service, Fire
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Weat her Forecast O fices. Unfortunately, this task was beyond the scope of

the current project.

BLOW DOWN

Al t hough the Pacific Northwest is devoid of hurricanes, strong w nds that
cause forest damage are conmon. For exanple, in the Colunbia Basin around the
outflow of the Columbia Gorge and Snake River plain, sustained wi nd speeds of
20 neters per second (about 45 nph) have 2 year return intervals and gusts
wi t h higher speeds are even nore prevalent (Wantz and Sinclair 1981). 1In
addition, many steep walled valleys and canyons can channel and accel erate

wi nds to damagi ng speeds.

Significantly strong w nds, and storm w nds that occur other than prevailing
directions, are the dom nant clinate conponents to bl ow down potential (Boose
and others, in review). Trees nost susceptible to bl owdown usually are
exposed to recently created up-wind fetches |like the edge of clear-cuts nade
whil e harvesting tinber or for agriculture and | and devel oprment. Tree health
and soil stability also can affect bl owdown potential (Lohmander and Helles
1987; MIler and others 1987; Schaetzl and others 1988). Recent work in the
Col unmbi a Ri ver gorge al so suggest that snow and ice accurul ation on trees aid

in bl ow down potential.?

! Personal conmuni cati on. 1994, 1995, and 1996. Di ana Sinton, Ph.D
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candi dat e, Departnent of Geosciences, WIkinson Hall 104, Oregon State
University, Corvallis, OR 97331.
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To eval uate bl ow-down potential in the Colunbia River Basin a brief survey of
bl ow- down events was accunul ated from forests around the region. The survey
requested i nfornmation on date of occurrence, average surface w nd speed, w nd
gust speeds, species, stand height and density, if altered root environment or
stand isolation (by fire scar, harvest, road, or water) existed, topographic
characteristics, and percent of rot, bug kill, and dead. Unfortunately, such
detailed records are not usually maintained. Scattered data on 15 events,
however, were acquired. These events occurred on 13 different days; 2 days in
winter, 3 in spring, 6 in sumer, and 2 in autum (Table 1). Because this was
not a thorough survey, few inferences about the distribution of bl ow down
events can be made. It is surprising to note, however, that the greatest
number of events appear to occur in the summer.? This is somewhat contrary to
t he Col unbi a gorge study where nobst bl owdown events occur during winter with
strong east winds.! This nmay be because gorge winds are channeled in only two
directions: strong west wi nds during nost of the grow ng season, and

periodically strong east w nds ahead of storns in w nter.

2 Although care was taken to request the date of actual bl ow down,
i nstead of the date of observation, the nunber of events on June 15th (1987,
1989, and 1993) are suspi cious.
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To identify places where strong wi nds are common and then determnine the
direction and speed at which trees becone "w nd hardened," mean surface w nds
for each nonth were nodel ed.?® The nodel output shows grow ng season wi nds
(Appendix Q7) are predonm nantly controlled by diurnal tenperature variations
that cause weak upslope wi nds during the day and relatively strong downsl ope
wi nds during the night. |In addition, onshore flows (marine pushes) are common
during the sunmmer as the |land heats causing westerly winds to prevail through
the Cascade passes. Trees at all elevations in the Cascade passes can becone
wi nd- hardened to the prevailing westerlies. Elsewhere around the Basin, trees
at high elevation are wi nd-hardened to prevailing southwesterly upper-|evel
flow patterns. Trees at |ower elevation, which are exposed to weaker

downsl ope flows, usually are | ess w nd-hardened.

During wi nter (Appendix Q5), winds are predom nantly controlled by passage of
storms fromthe Pacific. Prevailing winds are southwesterly at the higher

el evations, which are exposed to the upper-level jet stream At |ow

el evations, however, east to southeasterly wi nds prevail where prefrontal
surface pressure gradients are strongest. The offshore flow is channel ed

t hrough the Cascade passes and strong easterly winds result. Because the east
wi nds are stronger and conpletely opposite to the w nd-hardening westerly

direction, blowdown is conmon in the passes during winter. Wnds in autumm

® Ferguson, S.A ; Peterson, MR ; Hayes, P.S.; Akram T. [In
preparation]. Surface wind patterns in the Pacific Northwest.
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(Appendi x Q@ 8) and spring (Appendix @ 6) represent a shifting pattern between

wi nter and sunmer.

A gap flowsimlar to that in the Cascade passes may play an inportant role
for bl ow-down potential in northeastern Washi ngton and northern |Idaho. Here,
deep river valleys funnel and hel p accel erate pressure gradi ent wi nds through
the forests. The direction of these gap w nds depend on whet her storns pass
over north or south of the area. Because trees are w nd-hardened with

dom nati ng downsl ope flow in sumer, the strength and direction of gap w nds
in the Colville, Okanogan, and Panhandl e forests are significant enough to

cause bl ow down.

Strong winds in the upper Snake River plain result fromconverging air as the
valley turns and narrows. The conbi nati on of high nmountains and steep valleys

contribute to strong wind patterns in far western Montana.

A sinple nmodel was devel oped to help determ ne the |location of potential blow
down events by conparing stormw nds with prevailing w nds.® The nodel assunes
that bl ow-down is possible if the stormwind is greater than 5 m/ s and at

| east 45 degrees away from prevailing directions. During stormdays in which
bl ow- down was observed (Table 1), daily surface w nds were conpared agai nst
mean nonthly winds in each 5 minute latitude / longitude grid. A few of the
bl ow-down sites were correctly identified with the nodel.® Therefore, sone
promise in this type of regional nodeling nmay exist for showi ng spatial and
tenporal patterns of bl owdown potential, especially if conbined with other

environnmental information |ike soil condition, and stand structure and heal th.
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DROUGHT

Drought in the Colunbia River Basin is commopn but tenpered by an abundant
source of noisture that spills over the coast ranges and through nmountain gaps
fromthe Pacific Ccean. Because nost rainfall accumul ates during w nter and
spring in the Basin, and because nuch of the summrer water resources rely on

wi nter snowpack, the npbst severe droughts occur with abnormally | ow wi nter and
spring rainfalls (Nam as 1983). For exanple, the 1977 and 1988 wi nter
droughts were associated with an El N fio event that helped to strengthen a | ow
center near the Aleutian islands. The Al eutian Low, coupled with a deep
trough over the eastern United States, conbined to strengthen and hol d
stationary a ridge of high pressure over the western United States (Namais
1978; Weber 1990). EI Nifio patterns occur every 1 to 7 years (Rasnmusson and
Wal | ace 1983, Phil ander 1983). Therefore, it my be reasonable to expect that

drought in the Basin would have a sinmlar return interval.

To help determne the spatial pattern of drought events, Pal ner Drought
Severity Index (PDSI) data (Pal mer, 1965; Heddi nghause and Sobol, 1991) were
obtained fromthe National Clinate Data Center (NCDC). The index generally
ranges from-6 to +6, with negative val ues denoting dry spells and positive
val ues indicating wet spells. There are a few values in the magnitude of +7
or -7. PDSI values 0 to -.5 are normal; -0.5 to -1.0 = incipient drought; -
1.0to -2.0 = mld drought; -2.0 to -3.0 = noderate drought; -3.0 to -4.0 =
severe drought; and greater than -4.0 = extrenme drought. Sinilar adjectives

are attached to positive values for wet spells.
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It should be understood that there is a 6 to 12 nonth response period i nherent
in the PDSI (Alley, 1984; MKee et al., 1993; MKee et al., 1995). |In other
words, it may require up to 6 to 12 nonths for periods of lowrainfall to
beconme evident in the PDSI. Many plants have a faster response tinme to water
stress than 6 to 12 nonths. Therefore, PDSI is a very coarse approximtion to
drought. Data required to calculate other drought indices (for exanple,
Keetch and Byram 1968; MKee and others 1993 and 1995), which are capabl e of
hi gher resol uti on approxi mati ons, were not available in tinme for this study.
Drought frequency patterns for each season were created by counting the nunber
of tines PDSI was |less than -3 in each NWS climate division boundary for every
season from 1895 to 1994. During w nter (Appendix @Q9), drought is npst
common in places that typically have heavy winter precipitation, which is
dependent on positioning of the jet streamand related stormtracks. During
sonme years the winter stormtrack remains west to northwesterly and storns
penetrating inland are too weak to nmaintain strength after crossing the
coastal mountain barrier. This causes wi nter drought to be npbst frequent in
areas that do not have enough topography to enhance lifting or convergence

wi th weakened westerly wi nds: for exanple, on the east side of the Col unbia
Gorge (the coastal barrier's nost significant gap), the Blue Muntains (which
rely on abundant noisture fromthe southwest), and sone of the | ower elevation

inland areas in |Idaho, and western Montana and Woni ng.

In spring (Appendix Q 10), convective precipitation becones inportant.
Because convection is highly variable year-to-year, those places that depend

on convective precipitation have nore frequent periods of drought. This
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i ncl udes nost of the Basin, except for some of the nountain areas near the
Cascades, which benefit fromspill-over Pacific noisture, and places in
nort hern Washi ngton and | daho, which collect nmoisture froma few storns that
pass over Canada during sumrer. Wnds at the head of the Snhake River comonly

converge and this hel ps to enhance lifting and precipitation there.

During sumrer (Appendix Q 11), the reliance on convective precipitation
beconmes even nore apparent with a spatial pattern of drought sinmilar to spring
but with sonewhat higher frequencies. |In Autunm (Appendix Q 12), the wi nter
stormtracks begin to establish. This helps to relieve nuch of the

Nort hwest ern and nount ai nous parts of the Basin. The south and sout heast
portions, however, retain sone reliance on the highly variable convective
precipitation. Therefore, these regions of the Basin experience drought

whenever autumm convection is mninal.

To determ ne the spatial nature of drought during characteristic climte
years, total nmonths of drought were tallied for the years 1982, 1988, and
1989. In 1982, a wet and cool year, drought was virtually nonexistent in the
Basin (Appendix @Q13). In a warm dry year (like 1988) drought can pervade
the Basin except in areas that benefit fromintrusions of marine noisture,
such as near the outflow of the Col unbia Gorge and where spill over occurs in
the eastern Cascades (Appendix Q 14). During typical years (like 1989),
drought can occur everywhere at tines but typically is not severe except in

t he sout heast, where water resources are dependent upon highly variable spring

convection (Appendix Q 15).



Ferguson -- 13
By accunul ati ng the nunmber of nobnths with significant drought for each climte
di vi sion over tine, periods of Basin-w de drought are apparent. Figure 2
shows the Basin has experienced frequent drought during the [ast 100 years.
Most often, however, drought is limted to a snmall areas of the Basin or short
periods. Severe, multiple year, Basin-w de droughts occurred in the 1930s and

| ate 1980s.

LI GHTNI NG

Cloud-to-ground lightning strikes are the nmost conmon cause of wildfires in
the western United States. Although the nunber of lightning strikes in the
Paci fic Northwest is |ow conpared to el sewhere in the US. (Oville, 1994),

their fire ignition potential is no |less significant.

Until 1983, the best lightning occurrence data were available fromfire

| ookouts. These data remain in a hardcopy format and are difficult to obtain.
The data from 1925 to 1931, however, were sumuarized in a classic study by
Morris (1934). Morris analyzed data fromnore that 2600 storns that were
observed from 404 fire | ookouts in Washington and Oregon. He found that npst
lightning stornms occurred on the south side of the Blue Muntains in eastern
Oregon and in the Colville district of northeast Washington. Smaller areas of
hi gh frequency |ightning occurred on the east slopes of the Cascade nmountains

in the OCkanogan and Deschutes forest districts.
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Wth the advent of an automated |ightning detection system (Latham 1983; Rasch
and Mat hewson, 1984) nore detail ed and ongoi ng anal ysis of |ightning strike
frequency patterns becanme possible. Hill and others (1987) analyzed |ightning
frequency pattern in Idaho with automated |ightning data from 1985 and 1986.
The greatest nunber of strikes were found to occur in Idaho's sout heast

corner.

Li ghtning data for the Colunbia River Basin were obtained fromthe Bureau of
Land Managenent (BLM |ightning detection network (Krider and others 1980) and
i nclude the ground | ocation (latitude and | ongitude), polarity, signa
strength, nunber of flashes per stroke, and date and tinme of occurrence. It
has been estimated that the efficiency of the Iightning detectors is roughly
70 percent (Orville 1994). It is assuned the detectors randonmly Ami ss@
lightning strikes and there are no systematic errors in the data associ ated
with detection efficiency. Therefore, the relative frequency of strikes

bet ween di fferent areas should be consistent even though exact nunbers are
probably | ess than actually occurred. The years 1986 to 1990 were avail abl e

for this study.

A sunmary of lightning frequency during the period 1986 to 1990 was generated
for each 10 kmgrid in the Basin (Appendix @ 16). It can be seen that the

hi ghest 1ightning frequencies occur near the perinmeter and outside the
boundary of the Basin, in the higher elevations of Nevada, Utah, Wom ng, and
Montana. Wthin the Basin, highest frequencies are observed in western

Mont ana, the Idaho panhandl e, and eastern Oregon. Very few lightning strikes

were recorded throughout the period of record in nost of Washington and the



Ferguson -- 15
western half of Oregon, except a relatively high nunmber of strikes occurred in
the Oregon Cascades in 1989 and 1990. It is inportant to note that higher
frequenci es observed in regions where lightning is typically rare are likely
the result of one or two individual storms, rather than a higher occurrence of

i ghtning throughout the course of the year

A degree of inter-annual variability is evident when conparing all years
(Table 2). For exanple, some years have nore strikes than others. Also, sone
variation in seasonality is seen fromyear to year. Although July typically
has the nmost nunber of strikes, August showed hi gher ampunts in 1986 and June
had the nmost in 1988. Usually |ess than one percent of the annual tota

occurs in the winter.

The nunber of lightning strikes in a given area does not directly correspond
to the nunmber of wildfires in the Colunbia River Basin. Most |ightning caused
fires in the Basin occur in the Blue Muntains of northeast O egon, and

Sawm oot h-Bitterroot ranges of central |daho and far-western Mntana (Appendi x
Q 16a) whereas nmost |ightning strikes occur in southern Idaho and the Montana
Rockies. This is somewhat contrary to the 1934 work of Morris, who found that
i ghtning-caused fire locations agreed relatively well with lightning storm

| ocations reported for the same period in Washi ngton and Oregon. Morris

not ed, however, that sone storns ignited many nore fires than others w thout

further explanation.

The date that fires are reported can be several days different fromthe actua

fire ignition because | ong-period snoldering or inaccessibility can prevent
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i mredi ate observation. Therefore, direct correlation between |ightning and
fire ignition could not be nmade with the available data. To investigate a
better correlation between summari zed i nformation on |ightning strike
frequency and fire occurrence, sone effort to distinguish those types of

i ghtning discharges that ignite fires fromthose that do not was made.

It has been suggested that positive strikes (those that rel ease a positive
charge to ground) ignite forest fires (Fuquay 1980 and 1982). There could be
several reasons for this. For exanple, positive flashes may have | onger
continuing current and hi gher peak currents than negative flashes. Also,
positive flashes are nore likely to strike the ground away from precipitation
associated with the parent cloud, and are associated with greater flash
densities (Fuquay 1980 and 1982; Beasl ey 1985; Brook and others 1989;

MacGor man and Burgess 1994; Stol zenburg 1994). Maps generated with only
positive strike locations, however, showed simlar spatial patterns to tota

strike locations in the Basin and did not correlate with fire locations.*

Precipitation can put fires out and wet fuel can prevent ignition. Therefore,
lightning that occurs with little or no precipitation is nore likely to cause
wildfire than Iightning that occurs with precipitation. Wrk to distinguish
between "wet" and "dry" lightning began nany years ago (for exanple, G sborne
1931). A sinple correlation between lightning strikes and days with
precipitation was attenpted. Unfortunately, the spatial and tenpora

resolution of available precipitation data (Chapter 17A this volune) was too

4 Peterson, MR ; Ferguson, S.A ; Latham D.J. [In Preparation].
Lightning and fire ignition in the Pacific northwest.
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coarse for reasonable correlation, even when nearest nei ghbor nmethods were

used. *

Anot her way to distinguish wet lightning fromdry lightning is to categorize
it by air mass characteristics. For exanple, wet lightning is nore commn in
conditionally unstable air where the entire air nmass is relatively noist.
Conditional instability often requires an external trigger (like lifting over
t opography) for the onset of convection and resulting |lightning. Therefore,
wet lightning patterns may be nore likely to follow topographic patterns. Dry
lightning is nore comopn in unstable air masses that are relatively dry in the
| ower layers. This type of lightning often is associated with cold fronts
(Finklin, 1981) and requires little or no topographic influence to trigger
convection. Therefore, dry lightning patterns may align along frontal bands

and trough axes with little or no regard to underlying topography.

To hel p categorize days based on atnospheric stability, a variety of stability
i ndices were investigated. The Haines Index (H') appeared nost useful for
this study (Haines, 1988). It is an index of atnospheric stability and | ow

| evel mpoisture based on upper-I|evel tenperatures, dewpoint tenperatures, and
hei ghts of constant pressure surfaces. High instability, which often results
in strong, gusty surface winds, and a dry | ower atnosphere conbine to produce
a high potential for fires to spread and becone |arge (Werth and Ochoa, 1990).
Simlar conditions should allow fires to ignite nore readily. An unstable
air mass is required for convection and associated lightning. Dry |ower

| ayers are needed to nmaintain dry fuels or evaporate any precipitation forned

at the upper |evels.
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The H was conputed for Spokane and Boise, the only two |ocations within the
Basin for which upper-air data are available. An exanple of a high H day (13
August 1988) is shown in Appendix Q17. Wile lightning is seen in the
nount ai nous areas of western Montana and western Woning, a |ong band of
strikes, suggestive of frontal forcing, is seen stretching across south-
central ldaho, with no real connection between strike |ocations and terrain

el evation. Light amounts of precipitation were reported on this day (Il ess
than 1.5 cnm) but it may have been associated with a systemthat brushed the

area within the previous 24 hours (National Wather Service 1988).

An exanple of a low H day (August 1, 1989) is shown in Appendix Q 18. Mst of
the lightning strikes occurred at higher elevations in eastern Oregon, eastern
| daho, and western Montana. Few lightning strikes were seen in the Snake

Ri ver Valley of ldaho or in eastern Washington. Rainfall on this day occurred

over nuch the sane area, with daily anpbunts near 4 cm

A definite pattern enmerges on the lowH days, with |ightning corresponding to
the terrain features, while no such pattern is evident on the high-H days.
Current work is Y™ 4 devel op map classification schemes that identify dry
lightning patterns, which appear to have definite synoptic signatures.

Simlar efforts have appeared promising in Florida (Reap 1994) and |daho (Hil
and others 1987) but failed to be conclusive because wet |ightning, which my

have no preferred synoptic pattern, was included in their analyses.

COLD DAMAGE POTENTI AL
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Very col d tenperatures can damage vegetati on and cause surface and ground
water to freeze. Short-termfreeze primarily affects new growth. Long-term
freeze can affect | ake and stream systens and cause sustai ned danage to nature

veget ation.

Previously stressed trees are nore likely to sustain damage fromtenperatures
that normally cause no damage (Levitt, 1980). Mcro-scale topographic effects
also are factors in cold damage. Trees on north and west facing sl opes
recei ve nmore danmage during winter storns than south and east facing sl opes
(Porter, 1959). On cold, clear nights saplings in hollows and valleys are

much nore prone to frost damage due to pooling of frigid air (Bl ennow, 1992).

There are few cases of docunented cold danage in the Col unmbia River Basin.
Therefore, in order to gain insight into the potential for cold danage, a
nodel was designed to include many of the known causes for cold damage to
trees.® In winter, cold damage primarily occurs during a cold snap that

i medi ately foll ows an unseasonably warm period. Spring damage occurs to
trees when freeze follows bud-break. During autumm, damage occurs if freeze
precedes cold hardiness. By applying this nodel with distributed tenperature
data that was generated by Thornton and Running (1996) the spatial extent of

col d danage potential during three characteristic years becones apparent.

5 Westrick, K. J.; Ferguson, S.A ; Peterson, MR ; Jewett D.S. [In
Preparation]. Cold damage potential in northwest forests.
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During a characteristic cool, wet year (1982), low to noderate cold damge is
possi bl e for many areas around the Basin, nminly above 2500 neters (Appendi X
Q19). Sone damage to peach trees in east-central Oregon was reported during
this time, but nost other areas showi ng potential damge were above tree-line.
A noist, zonal flow pattern comonly is associated with this type of climte
in the Basin, causing noderately varying tenperatures with few extrenes.
There was one spring blizzard and two noderately cold weather systens in

autum during this time that may have caused sone col d danage.

A warm dry year (1988), spawned a few nore cold danmage events (Appendi x @
20). Weather patterns in this type of clinmate conmonly are associated with a
split upper-level flow that prevents frequent storns from crossing the Basin.
Warnmer overall tenperatures allow a greater percentage of trees to cone out
of dormancy earlier in the spring season and go into dormancy later in autumm.
This makes them nore susceptible to cold storns that can break through the

split flow and pass over the area.

A nore typical year is represented by tenperatures in 1989 (Appendix Q 21).
Typi cal northwest weather occurs when the upper-level flow pattern fluctuates
bet ween mpoi st zonal flow and cold neridional flow. Although seasona
conditions allow normal timng of dormancy and bud-break, extremes in
tenperature also are possible. During this year, significant cold damage was

reported in western Montana (Klein, 1990).

RAI N- ON- SNOW FLOODS
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When heavy rain falls on and penetrates an existing snow cover, intense and
damagi ng fl oods are possible. Harr (1981) indicated that 85 percent of
| andsl i des in western Oregon are associated with snownelt during rainfall
Simlar studies have been conducted in British Col unbia (Beaudry and Col di ng,
1985), California (Hall and Hannaford, 1983), and western Washi ngton (Harr and
Cundy, 1990), but little is known about the severity and frequency of rain-on-

snow (ROS) floods east of the coastal nountains.

There have been few, if any, studies of ROS fl oods east of coastal nmountains
because it is commonly believed that fall and winter rain in continental areas
is rare. The Colunbia River Basin, however, has a uni que topographic
configuration that allows frequent incursion of warm noist air fromthe

Paci fic Ocean. There is anecdotal evidence of significant ROS floods in the
Bl ue Mount ai ns of eastern WAashi ngton and Oregon during a Novenber 1990 event
that also affected many west-side rivers. Also, the 1995 to 1996 season
caused significant rain-on-snow flooding in northern Idaho. Paleo-climte
evi dence suggests that ROS events caused significant flooding in the Col unbia
Ri ver Basin during several periods between 18000 and 9000 yr B.P. (Chatters
and Hoover, 1992). Since 120 A D., major floods (simlar to the 1948 event)
al ong the Col unbia Ri ver system appear to occur every 140 years, except for a
peri od between 1020 and 1390 A.D. when floods occurred at rates 3 to 4 tines

nore frequently (Chatters and Hoover 1986).

To hel p understand the frequency and severity of ROS floods in the Basin, this
study began by review ng unregul ated stream gauges. All of the stations in

the Wallis-Lettenmmi er-Wod data set (1991) in the Col unbia Basin above The
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Dall es were selected. Maximumdaily flow for each station for the 40 year
period (1948 to 1987) was identified. Next, all of the floods that occurred
during the nonths of October to February were classified as ROS events and
those that occurred in other nonths as pure snownelt (that is, dom nantly

radi ation nelt) events.

Appendi x Q22 shows the percentage of floods that were classified as pure
snow nmelt at each stream gage site. Twenty-three of the stations had no

fl oods that were classified as rain-on-snow. These stations generally either
represent streans that head in the Rockies or represent relatively high

el evation catchnents. Those stations in the interior Basin that were
classified with a high percentage of ROS fl ood represent relatively | ow

el evation catchnents. This corroborates evidence that snow accunmul ati ons at
| ow el evations can significantly enhance ROS fl oods (Harr and Cundy, 1992).
Even with a | ow percentage of ROS floods, it is interesting to note that
several stations experience their heaviest floods during the infrequent ROS

events. ®

There are a nunber of snow nelt equations (for exanple, U S. Arny Corps of
Engi neers 1956; Brun and others 1989) that are used to estinate snow nelt and
ROS events. Accurate cal cul ations of these equations require a nunber of
weat her paranmeters, which include; air tenperature, air pressure,
precipitation, inconmng radiation, relative hum dity, and wi nd speed.

Unfortunately, only a few of these nmeasurenents are available historically.

5 Colburn, K. J., S.A Ferguson, D.P. Lettenmaier, MR Peterson, and
D.S. Jewett. [In Preparation]. Rain on Snow Fl ood Potenti al
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In addition, geographically distributed nodels of snow nelt usually describe
mean or average conditions and omt extreme events |ike those caused by rain

on snow.

W t hout precise nmeasurenent data or extrenme statistics, ROS flood potentia

can be estimated using threshold criteria (e.g., Brunengo, 1990). To devel op
a criterion approach that would be applicable to all regions of the Col unbia
Ri ver Basin, an enpirical nodel using available tenperature and precipitation
was designed.® The nodel was devel oped by anal yzi ng weat her observations
during incidents where river flow increased over 75 percent within a period of
2 days. It was found that if a shall ow snow cover exists, then on any given
day when air tenperatures rise above 0 °C with acconpanyi ng precipitation

rai n-on-snow fl ooding is possible.

The rain-on-snow nodel was applied over the Basin with distributed tenperature
and precipitation data (Thornton and Running, 1996) for characteristic climte
years of 1982, 1988, and 1989 (Appendix Q 23, 24, and 25, respectively). A
conpari son of nmodel output with stream gage data shows good agreenent. In
all years, the nodel indicates rain-on-snow events are possible in nmany areas
of the Basin. On closer inspection, areas npbst susceptible to ROS events are
those where topography allows incursion of relatively warm noist narine air
that flows into the Colunbia plateau and up the Snake River valley fromthe
Paci fic Ocean. These areas include the Cascade nountains; northern |daho,

nort heastern Washi ngton, and Northwestern Montana with valleys that open into
the Col unbi a pl ateau; the Blue Muntains of northeastern Oregon; and western

Wom ng and central and |daho adjacent to the Snake River.
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Cool, wet years (1982) are likely to have nore rain-on-snow events. The coo
tenperatures allow | ow el evation snow to accunul ate; whereas the frequent
precipitation brings the possibility of md-winter rain. Warm dry years
(1988) are less likely to experience rain-on-snow flood events. There is

little low el evation snow at these tinmes and only occasi onal precipitation.

SUMVARY

Al t hough the Col unbia River Basin is not noted for extrenme clinmate, there are
many climatic events that can disrupt ecol ogical processes. These include:
sumrer cold fronts, which fan and enlarge wildfire; strong w nds that bl ow
down or dammge trees; periodic drought, especially during winter and spring,
whi ch depl ete the snowpack; lightning that ignites wildfire; extreme or
untinmely cold tenperatures, which damage vegetati on and cause freezing water
probl enms; and rain falling on snow, which can significantly enhance fl ooding.
Al t hough all disturbance climte events in the Colunbia River Basin can be
relatively common, little work has been done to synthesize or nodel the event
characteristics in ways that can help | and nanagers better plan for their

destructive influence.

A few sinple nmethods were devel oped to hel p sunmari ze even structures for this
report, but much work remains. Qur understanding of climatic trends and our
ability to forecast |ong-term weather patterns are inproving rapidly. These

skills should be included in seasonal and mnultiple-year managenent pl ans.
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I ncreasi ng dial ogue between clinatol ogi sts and those who manage and study | and

resources, however, is needed to better define climate-based nanagenent tools.
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LI ST OF FlI GURES

1. Number of tinmes the surface atnospheric pressure changed by at |east 4
mllibars within 12 hours between June 1 and August 31, 1957 to 1992.
Characteristic climte years, 1982 (cool and wet), 1988 (warm and dry), and

1989 (typical) are highlighted.

2. Nunber of nobnths per year that the Pal mer Drought Severity |Index was |ess
than or equal to -3 (severe) between 1895 and 1993. Different shades on each

bar represent different climte divisions within the Basin.

LI ST OF TABLES

Table 1. Blowdown events in the Colunbia River Basin. Date and genera
| ocation are shown; also, if the stand was isolated (by road, water, fire

scar, or harvest) and whether topography included ridges and vall eys.

Table 2. Total nunber of lightning strikes by nonth, 1986-1990. (No data

avail abl e Jan-May, 1986 and Jan- Mar, 1987).
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