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I NTRODUCTI ON

The Colunbia River Basin is in a transition-type climte zone. It is
i nfluenced by three distinct air masses: 1) noist, marine air fromthe
west that noderates seasonal tenperatures; 2) continental air fromthe
east and south, which is dry and cold in winter and hot with convective
precipitation and lightning in sumer, and 3) dry, Arctic air fromthe
north that brings cold air to the Basin in winter and hel ps cool the

Basin in sunmer.

The tim ng and extent of conpeting air masses is controlled |argely by
synoptic weather patterns and local terrain features that vary across
the Basin. Prolonged periods of drought occur when Pacific storns are
defl ected around the region, preventing the intrusion of noist, marine
air. At these tines dry, continental conditions prevail. Danmagi ng
frosts and freezing conditions comonly occur when Arctic air invades
the Basin before winter hardening in autumm or after budbreak in spring.
Col d danmage al so may occur in winter if a warm marine intrusion is

foll owed by a sweep of Arctic air. In addition, the unique interplay
between air mass types result in dramati c changes during transition

The nost unique of these transitions is rain-on-snow flooding that
occurs when warm wet marine air displaces cold, Arctic conditions in
winter. Lightning and gusty wi nds al so occur during transitions between

continental and marine air masses, mainly in spring and sunmer.



Ferguson--p. 3

Section C of this chapter discusses extrene climate patterns that cause
ecol ogi cal disturbances in detail. This section concentrates nore on
averages and trends of climate in the Basin. 1In addition, somne

circunstances that control regional climte patterns are discussed.

PREVI QUS CLI MATE STUDI ES

Every decade new normals (30 year averages) from thousands of weather
observing stations throughout the U S. are conputed as part of an
international effort Ied by the World Meteorol ogi cal Organi zati on

These normal s are sunmmari zed in several docunments available fromthe
United States Departnment of Commerce, National Climatic Data Center
(NCDC) in Asheville, North Carolina. The summaries |ist normals, neans,
and extrenmes for National Wather Service first-order and Cooperative
observation stations that have | ong-term weat her records. Also, they
include a narrative describing inportant features of distinct climte
zones and summaries of climte divisions within each state. 1In addition
to these official sunmaries, others have sumuari zed vari ous aspects of
weat her and clinmate in the Col unbia River Basin and western U.S. (for
exanpl e, Rumey 1968; Pacific Northwest River Basins Conm ssion,

Met eorol ogy Committee 1968, 1969a, 1969b; Phillips 1962).

An interesting anal ysis of equival ent potential tenperature found two
maj or frontal zones in the Colunbia River Basin (Mtchell 1976). A
Pacific air mass boundary, which dom nates during sumrer, extends

di agonal ly across the Basin fromnorthwest California to northwestern
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Mont ana. Relatively nmoist, marine air exists north of the boundary and
drier, continental air is common south of the boundary. Mtchell noted
that the Pacific boundary coincides with the eastward extension of
coastal vegetation found in northern Idaho and northwestern Montana. A
westerlies-anticycl one boundary, which dom nates during the w nter, was
found to stretch east-west along the O egon-Nevada border and across
northern Uah. It marks the boundary between a region of prevailing
westerly winds in the north and southerly winds in the south, caused by
circulation around a persistent center of high pressure (anticycl one)
over southern Nevada. This frontal zone al so coincides with the

northern or southern extent of several tree species.

Bryson and Hare (1974) noted that precipitation variability in the
western United States was caused by numerous small-scale climatic
controls (primarily the result of conplex topography) enbedded within

| arge-scale climate controls. M-ck (in press) was able to deternine the
hi erarchy of climatic controls that operate at different spatial scales
by anal yzi ng nonth-to-nonth precipitation patterns. He found that while
| arge-scale climate controls (like the polar jet stream Pacific

subt ropi cal high, and subtropical ridge) play inportant roles in
precipitation variability, small-scale climate controls (like conpl ex

t opogr aphy, thermal troughs, confined m xing heights, and convective
systens) can dom nate. In particular, winter precipitation is dom nated
by orographic lifting of strong westerlies associated with the nean
position of the polar jet stream over Oregon and Washi ngton. Al so,

marine air flows through the Colunbia gorge into the Snake River valley
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and ot her valleys adjacent to and oriented toward the onconi ng Pacific
air mass. Sone wi nter precipitation in the northern Rocky nountains of
Mont ana al so may be upsl ope induced by polar anticycl ones (Boatnman and
Rei nking 1984). During spring a thermal trough mgrates north from
California. Wen conbined with a marine push, convective precipitation
and thunderstornms are possible, especially in Oegon and sout hern |daho.
I n Washi ngton, northern Idaho, and northern Montana, Pacific storns
remain influential during spring. During sumrer the polar jet stream
usually is too far north to bring many storns into the Basin. The
thermal trough and intermttent marine pushes continue to play a role.
Strong convection in southeastern |Idaho and western Montana conti nue
t hrough the summer but | ack noisture because the prevailing

northwesterly flow aloft is relatively dry.

DATA

Observation Data

Recorded weat her observations began in the western United States during
the | ate 1800s. Because popul ation was rel atively sparse at the tine,
only 8 stations within the Interior Colunbia River Basin have records
approachi ng 100 years. These are Spokane W50, Washi ngton; Dufur

Oregon; Fortine, Kalispell WO, and Haugan, Mntana; and Priest River
Experiment Station, Caldwell, and Saint Ignatius in Idaho. Daily
sunmaries of precipitation and tenperature fromthese stations have been

adj usted for station relocations, changes in instrunment heights and
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types, changes in observing tinmes, and increases in urbanization as part
of the Historical Climatol ogy Network (HCN, Karl and others 1990, Hughes

and others 1992).

Anot her source of daily precipitation and tenperature neasurenents is
mai nt ai ned by the National Wather Service, Cooperative Cbserver Network
(COOP, National Climatic Data Center 1991). Data from COOP stations
provi de the hi ghest spatial resolution of daily nmeasurenents. Because
many observers in the COOP network are vol unteers, however, consistency
and quality can be sonmewhat |acking. These data have undergone sone
quality control, but not as conpletely as HCN data. The data need

sorting in order to |ocate those sites with reliable records.

Hi gh quality neasurenents of nultiple paraneters are available fromthe
Nati onal Weat her Service first-order stations that are operated by

trai ned observers. Hourly tenperature, dew point, relative humdity,

wi nd, precipitation, and radiation data fromthese sites are avail able
t hrough the Sol ar and Meteorol ogi cal Surface Observati on Network
(SAMSON) data set devel oped by the National Renewabl e Energy Laboratory
(1992). In addition, the hourly data are summari zed each day and added

to the COOP dat abase.

The HCN and SAMSON observation sites usually are |ocated near popul ation
centers or airports away fromthe wild | and areas of forests and

mount ai ns. The COOP sites have nore diverse |ocations but npst are near
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homes or busi nesses that commonly exist in valleys or away fromwld

| and ar eas.

Significant additions to high elevation data occurred in the m d 1930s
and | ate 1970s. The U. S. Departnment of Agriculture, Soil Conservation
Service (now Natural Resources Conservation Service) added many new snow
course observations in the md 1930s (at the height of a nation w de
drought) to nmeasure snow depth and snow water equival ent near the
headwat ers of mmjor river basins (USDA, Soil Conservation Service 1988).
Snow course measurenents are acquired about every nonth during w nter
and spring. In the late 1970s an automati c system SNOTEL, was added.
SNOTEL sites transmit current tenperature, total precipitation, and
total snow water equival ent approxi mately once each day (Barton 1977).
SNOTEL sites commonly are placed near the head of drai nage basins. In
the late 1970s renpte autonated weat her systens (RAWS) al so were being
installed by the USDA Forest Service and Bureau of Land Managenent
(Rednond 1991; U.S. Departnent of the Interior, Bureau of Land
Managenent 1995). These stations are designed to support fire weather
forecasting so they operate mainly during summer and are |ocated in
forest clearings on hill slopes and ridges. RAW stations transmt
hourly information on air tenperature, precipitation, fuel tenperature,
relative humdity, and wind. There are about 200 RAWS, 200 SNOTEL, and

200 snow course sites in the Interior Colunbia River Basin.

A northwest cooperative agricultural weather network (AgriMet) is

mai nt ai ned by the Bureau of Reclamation in Boise, |Idaho as part of the
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Paci fic Northwest Hydromneteorol ogi cal Network for river and reservoir
management . Historical data since 1983 include daily soil npisture,

soil and air tenperatures, crop water use, and evapotranspiration

A consi stent network of radi osonde observati ons (RAOBs) began in the md
1930s (U.S. Departnment of Conmerce 1964) with electronic files avail able
since 1946. RAOB sensors measure w nd, tenperature, dew point, and

hei ght at mandat ory atnospheric pressure levels (surface, 850 nmb, 700
nmb, 500 nmb, etc.) and other significant |levels twice a day, at O
Greenwi ch Mean Tine (GMIN and 12 GMI. Only two stations within the
Basin regularly report upper-air data: Spokane, Wshi ngton and Boi se,

| daho.

! Monte McVay, Bureau of Reclamation, 1150 N. Curtis Road, Boise, ID
83706.
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A summary of surface and upper-air climate data, which are in accessible
el ectronic formats, is shown in Table 1. Oher |ocal and regiona

nmet eor ol ogi cal observations exist within the Colunbia Ri ver Basin but
are not as easily accessed as the above data. For exanple, the Hanford
net eor ol ogi cal station, which includes a 125 neter (410 feet) tower, has
been recordi ng observations on a plateau in southwestern Washi ngton
since 1945 (Stone and others 1983). The Col unbia Ri ver QOperationa

Hydr omet System (CHROMS) organi zes data fromthe Bureau of Reclamation,
Ceol ogi cal Survey, Natural Resources and Conservation Service, Forest
Service, and British Colunbia Hydro and Power Authority.? State

hi ghways began installing automated weat her systens in the early 1990s.
Al so, regional aval anche centers and ski areas nmaintain autonmated

weat her stations (for exanple, Ferguson and others 1990). O her

nmet eorol ogi cal data, like the forest fire | ookout observations, remain

in paper formbut are no | ess val uabl e.

Si mul at ed Dat a

2 Contact the individual agency for historical records.
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Over 600 nmountai n weat her and snowpack observations in the Interior

Col unbi a River Basin would seem|ike enough to describe nountain
climate. These many stations, however, are spaced too far apart (50 to
150 km) to represent small-scale climate caused by conpl ex topography in
the region. At least 10 km horizontal resolution is needed to resolve
many of the nmesoscale features that influence climate in the Pacific
Nort hwest (Doran and Skyllingstad 1992). 1In addition, the limted
anmopunt and quality of data from each station make anal ysis rather
cunbersone. It is no wonder then, that nodel -generated data play an
increasing role in climte anal yses of the nountai nous west. Three sets
of nodel -generated data were available for this study: 1) historica
means of nonthly and annual precipitation at 2.5 mnute (about 5 km and
5 mnute (about 10 km) |l atitude/longitude spatial resolution fromthe
PRI SM nodel (Daly and others 1994); 2) daily tenperature and
precipitation for three characteristic years (1982, 1988, and 1989) at 2
kmresolution fromthe MICLI M 3D nodel (Thornton and Running 1996); 3)
and nonthly mean winds at 5 nminute |atitude/longitude resolution from
the W NFLO nodel 3.  Mapped output from MICLIM 3D is shown in Appendi x Q
1, 2, and 3; fromPRISMin Appendix @4, and from WNFLO i n Appendi x @

5, 6, 7,and 8.

REG ONAL CLI MATE PATTERNS

Zone Sunmari es

3 Ferguson, S.A., MR Peterson, P.S. Hayes, and T. Akram [In
Preparation]. Surface wind patterns in the Pacific Northwest.
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The Interior Colunbia River Basin has been divided into three broad
regions: 1) Eastern Cascades, 2) Northern Rockies, and 3) Centra
Col unbi a and Snake River Plateaus (Figure 1). The broad regi ons have
been divided further into 13 distinct Ecol ogical Reporting Units (ERUS).
Because the ERUs do not exactly match National Wather Service climte
di vi si on boundaries for which 30 year averages are cal cul ated, new
sunmari es were cal cul ated using avail able COOP and HCN data within each
ERU (Tables 2 to 14). In order to increase representation of
variability caused by terrain in the climte, all data with records
| onger than 10 years were used. This nmeans that the ERU summari es may
not match NCDC cal cul ated normals (30 year averages) for the sane area
Whenever possible, ERU summary data were conpared with climte division
sunmary data to ensure that magnitudes and trends of ERU cal cul ati ons
were within reason. Because the spatial density of stations increase
over time, ERU summary data may be slightly biased toward the nost
recent ten years.
Despite the increased spatial density of weather observing stations,
they still do not represent the variability of climate in highly conpl ex
terrain. In order to quantify this concern, 30-second digital elevation
nmodel (DEM data were anal yzed for each ERU (Figure 2). Only ERUs with
reasonably accessible terrain (for exanple, those dom nated by rolling
hills and plateaus as in 3, 4, 5, and 10) have average weat her station
el evations in the mdrange of terrain elevations. |naccessible nmountain
terrain in all other ERUs cause npst weather stations to be sited at

el evations well below the nean terrain elevation. This can nmake it
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difficult to describe climate influences on vegetation within the Basin
because the el evati onal extent of many species (Franklin and Dyrness
1988; Vol |l and 1976; Fowells 1965; Johnson and Sinmon 1987; Daubenmire and
Daubenmi re 1968; Shantz and Zon 1924) is well above the average

el evati on of weat her observing stations.

The el evational distribution of weather observations would inprove by

i ncludi ng data from snow course, SNOTEL, and RAWS st ati ons.
Unfortunately, the different reporting formats, suspicious quality
control, and difficulty in obtaining records covering a |ong period from
t hese observing networks prevented their use in ERU sunmmary

cal culations. Data fromthese stations were used, however, to help

verify nodel results and inprove qualitative descriptions.

El evati on-regression nodels |ike PRI SM (Daly and others 1994) and
MICLI M 3D (Thornton and Runni ng 1996) inprove representation of high-
elevation climate by interpreting avail abl e observati ons using

At opographically intelligent@ techniques. Both nethods are relatively

consistent, differing only in |local detail

East ern Cascades

The Cascade Muntains bl ock nost marine air fromentering the Basin.
The eastern slopes of the nountains (ERUs 1, 2, and 3) lie in a rain
shadow of onconming Pacific storms. During wi nter, however, when

westerly winds are strongest, enough noisture spills over the crest to
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cause this region to remain wetter than other parts of the Basin (Figure
3). This region also receives quantities of snowfall. Seasonal totals
typically range from about 200 cmin the south (ERU 03) to over 300 cm
in the north (ERU 01), with greater anobunts at higher elevations (over
2000 cm of snowfall has been recorded at Crater Lake, Oregon). During
summer, when westerly wi nds are weak, the rain shadow effect of the
Cascades is nost apparent and this region becones the driest in the

Basin (Figure 3).

Chi nook wi nds can cause occasional warm dry, and wi ndy conditions that
rapidly can nelt snow or initiate blowdown. Strong wi nds also are
common within nountain gaps as air flowis channeled from both east and
west directions. The westerly gap w nds, npbst comn in sumer, are
strongest as they flow into the Eastern Cascade region. The principa
mountain gap is the Colunbia River gorge, just east of Portland, Oregon
Tornadoes and funnel clouds have been observed near the outflow of the
gorgess westerly winds. In addition, the persistence of its w nds allow
the gorge to be one of the nation=s principal wind surfing recreation
areas. Strong southerly wi nds also are common, mainly during winter, on
several east-west oriented ridges that protrude into the Basin fromthe

Cascade crest.

Al t hough this region often is under continental -type climate conditions
(with cool, dry winters and hot, dry sumers), marine air spilling over
the nmountain crests and through nountain gaps noderates both summer and

wi nter tenperatures. In addition, Arctic air often pools in the Basin
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and is pulled agai nst the Cascades, causing a persistent tenperature
i nversion to about 1200 neters, especially in winter. Sharp contrasts
in tenperature occur when Arctic air is displaced by marine air and

rai n-on-snow flooding is common at all el evations.

Nor t hern Rocki es

The Canadi an Rockies and British Col unbia Mountains bl ock nost Arctic
air fromentering the Basin. The deep Ckanogan, Col unbia, and Pend
Oreille valleys, however, can funnel the dry Arctic air into the Basin
where it often stagnates, especially during winter when it is cold and

dense.

The Rocky Mountains on the eastern border of the Basin intercept
continental air masses that rise over the inposing nountains, favoring
t hunder st orm devel opnent around the edge of the Basin, especially in
west ern Montana and southern Idaho. A thermal trough that mgrates
northward during spring and summer al so can cause thunderstorns, mainly
in central Oregon around the Blue Muntains (ERU 06). The convection
causes an increase in precipitation during spring, with 24 hour
accunul ati ons often greater than 25 mm Drier lightning is nore common
during sumer and fall. Most of the convection and |ightning occur in
t he east and southeast units of this region (ERUs 9 and 12) nearest the

Continental Divide.
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Bl ow-down in this region is common. Strong down burst w nds associ at ed
with convective cells can cause bl owdown, nobst commonly during spring.
Bl ow- down al so occurs in the north-south el ongated valleys that channe
strong southerly stormw nds, mainly during winter. The high and
contrasting topography also favors accel erated storm w nds near

ri dgetops during wi nter and persistent slope w nds during sunmer.

The northern Rockies are the col dest part of the Basin with nean w nter
t enper atures between m nus 4.2°C and m nus 10.2°C. Snowfall anounts
vary from about 200 cmto over 300 cm w th greater amounts at higher

el evations. Note that although winter precipitation in the northern
Rockies is | ess than the eastern Cascades, snowfall amounts are
conparable. There are two reasons for this: 1) cold w nter
tenperatures cause relatively |low density snowto fall in the northern
Rocki es so snowfall anpunts appear greater even though snow water
equi val ents may be |l ess than the eastern Cascades, and 2) colder spring
and fall tenperatures in the northern Rockies allow nore snowfall during
t hose seasons than in the warnmer Cascades.

Despite cold winter tenperatures in the northern Rockies, occasiona
marine intrusions can cause sudden warm ng and initiate rain-on-snow

fl oods, mainly at | ower elevations and those places exposed to flow from
the Col unbia gorge. In sumer the marine intrusions noderate summer
hi gh tenperatures and add noisture to the convective cycle, increasing

the chance that lightning is acconpani ed by precipitation

Central Col unbia and Snake Ri ver Pl ateaus
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This is the driest part of the Basin (Figure 3). The Col unbi a Pl at eau
and Snake River Valley, however, are susceptible to marine intrusions
that can relieve summer hot spells and winter cold spells. The
acconpanyi ng noi sture can put out sumer wildfires or cause wi nter rain-
on-snow fl oods. Although rain-on-snow floods are rare in this region
when they do occur they are nore destructive and of nuch greater

magni tude than spring floods. Typical seasonal snowfall totals range

from40 to 80 cm

The upper plateaus (ERUs 4, 10, and 11) experience a noderate spring
cycle of convective precipitation with lightning nost conmon in ERU 11
The convection can be caused by the northward mgration of a therma
| ow, especially in ERU 05, ERU 04, and in the western part of ERU 10.

Al so, hot unstable air fromthe Great Salt Lake region can increase

t hunderst orm and | i ghtni ng devel opnment over ERU 11 and eastern ERU 10.

Strongest winds in this region occur during the sunmer fromthe west at
the east outflow of the Colunbia gorge (ERU 05) and during the wi nter
fromthe south and west along ridgetops. Although climate in this
region is marked by few extrenmes, |ong periods of stagnation occur
during winter in the central Colunbia Basin (ERU 05), in the Snake River
Val l ey (ERU 10), and in high, isolated basins (ERUs 4, 10 and 11). The
stagnati on events cause this region to be the nost susceptible to air

pol l uti on concerns.
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TRENDS | N REG ONAL CLI MATE PATTERNS

Prior to about 1900, climatic trends in the Interior Colunbia River
Basin can only be determ ned using proxy data |ike that evident from
tree rings, glacier fluctuations, ice cores, deep sea sedinments, |ake

| evels, and fossil pollens. Several major epochs in nodern* climte
have been mani fested globally (Intergovernmental Panel on Cinate Change
1990). A thermal maxi mum occurred between about 9000 and 5000 years ago
(Hol ocene period) when tenperatures were 1° to 2°C greater than today.
Anot her warm period occurred between AD 1000 and 1250, known as the

Medi eval Climatic Optinmum wth tenperatures about 0.5°C warner than
today. A ALittle lce Agel between AD 1550 and 1850 caused | ow snow

| evel s and advanci ng nountai n gl aci ers.

Regi onal trends in ancient climte also are noteworthy. For exanple,

fossil-pollen data show vari abl e responses to alternating warm dry and
warm wet climates in the Hol ocene period (NOAA 1992 and 1993; Whitl ock
and Bartlein 1993); with the spatial heterogeneity controlled primarily

by topography (Davis and others 1986; Whitlock and Bartlein 1993). In

4 Many consider nodern climate to have begun after the last mmjor ice
age, about 10,000 years ago.
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nore recent tinmes, local tree-ring chronologies (for exanple, Briffa and
ot hers 1992) suggest periodic warm periods in 1630s, between 1640 to
1660, 1790s, and the 1920s, with tenperatures about 0.5°C greater than
the 1881 to 1982 average. Alternating cold periods also are apparent in
t he chronol ogies, with the nost significant from 1870 to 1900 (about the
time of the Little lce Age) having tenperatures 0.2 to 0.5°C | ess than

the 1881 to 1982 average.

Hi stori cal weather observations within the Colunbia River Basin began in
the ate 1800s around the time that the Little Ice Age ended. Since
then, nountain glaciers have generally retreated (Meier 1984; Ferguson
1992), a sign of general warm ng. A |arge nunber of weather stations
wer e added during the 1930s drought to hel p nonitor nountain snowpack
and agricultural water conditions. Therefore, many trends seen in
avai |l abl e data coul d show slight cooling fromthat drought period.
Drought returned in the 1950s and 1980s but cooling conmparable to the

| ate 1800s has not occurred. There appear to be decadal trends in
regional climate that could be related to the El N Ao Southern
Oscillation (ENSO) and Pacific North American (PNA) indices (Rednond and
Koch 1991; Cayan and Peterson 1989; Yarnal and Diaz 1986; Ropel ewski and
Hal pert 1986). These trends are most obvious in streanflow
fluctuations, which aggregate precipitation and tenperature signals over

| arge areas of the catchnment and drai nage basin of the stream

To analyze climatic trends in each ERU of the Interior Colunmbia River

Basin, representative stations were selected that have weather records
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| onger than 40 years and that |ie near the m drange of station

el evations for that unit. A sinple ten year noving average of nonthly
mean val ues was used to evaluate trends and to hel p snmooth out year-to-
year variability. Hi storical trends in precipitation are apparent,

while trends in tenperature are not obvious.

A notable maximumin snowfall and wi nter precipitation occurred in al
areas during the md 1970s (Figure 4). This coincides with a step-w se
change in climate observed in other environnmental variables during 1976
(Ebbesnmeyer and others 1991). Several new ski areas devel oped and

exi sting areas expanded during that period. Previous maxinunms in wnter
precipitation occurred in the md 1950s (when nost al pine ski areas in
the western U. S. began), early 1940s, and m d 1930s, but these were not

as pervasive throughout the Basin as the md 1970s maxi num

Wnter precipitation since the md 1970s decreased by 30 to 80 percent
in all areas to a level conparable to historical neans, except in ERUs
3, 8, 9, and 10 whose current winter precipitation trend is slightly

| ower than any in previous history (Figure 5).

In contrast to winter trends, all areas showed an increasing trend (30
to 80 percent) in sunmer precipitation during the |ast 30 years (Figure
6). Conparable highs in sumer precipitation occurred around 1910.
Since the md 1980s, about half the Basin (ERUs 3, 6, 10, 12, and 13)
has shown a 20 to 70 percent decrease in sunmer precipitation, but

remain 40 to 80 percent above the 1960s |evels. Periods of drought
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t hroughout the Basin since 1988 appear to be related to the overal
decrease in winter precipitation and begi nning signs of decreasing

sunmer precipitation (Chapter 17c).

Trends in annual precipitation over the |last 100 years show significant
variability around the Basin (Karl and others 1996). The central Basin
(Washi ngton, northeastern Oregon, and eastern |Idaho) showed 5 to 10
percent increases. Elsewhere, annual precipitation decreased 5 to 10
percent, with ERU 03 showi ng a 20 percent decrease. It is difficult to
conpare the 100 year trends with those cal culated fromstations within
each ERU that have records of only 50 to 70 years. Also, Mxck (in
press) illustrated the highly seasonal nature of precipitation in the
western U.S. Therefore, changes in spring and autunm nont hs that

i nfl uence annual trends are not shown in the January and July records

anal yzed for each ERU

Al t hough there has been al nbst no change in nmeasured w nter tenperatures
in the Eastern Cascades, there has been a notable increase in the
percentage of water in the winter precipitation (Figure 7). This could
i ndi cate sonmewhat hi gher snow |l evels with | ess snow accunul ati ng at

| ower elevations. 1In the sane region a 1 to 2°C decrease in the diurna
range of summrer tenperatures may suggest slightly increasing sumrer

cl oudi ness (Figure 8). Oher regions have | ess obvi ous changes but the
overall trends appear to be toward slightly cooler sunmers and slightly

war ner wi nters.
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Mean tenperature has increased 1 to 2°C throughout the Basin over the
last 100 years (Karl and others 1990). Note again that many of the
stations used to analyze ERU trends have records begin during the 1930s
drought era. Therefore, their trends are smaller than the 100 year

trends, and even slightly negative.

The persistent drought throughout the Basin in the 1930s nmay relate to
warm wi nter tenperatures and associ ated high snow | evels. Mny areas
al so experienced a decrease in sumer precipitation during the 1930s,
adding to severe drought conditions. Periods of significant drought in
a few areas of the central Basin and plateau regions during the 1950s
appear driven nore by warnmer than normal tenperatures rather than

changes in precipitation.

SUMVARY

Climate of the Interior Colunbia River Basin can be characterized by 3
distinct air mass types that interact with each other in a region of
conpl ex topography. Most precipitation accumul ates during winter (75 to
125 cmin the Eastern Cascades, 25 to 95 cmin the Northern Rockies, and
20 to 40 cmin the Central Colunbia and Snake Ri ver Pl ateaus). The
nmount ai n snowpack acts |like a natural reservoir and supplies the Basin
with nost of its useable water. Only the east and south ERUs of the
Basi n have sunmer maximum precipitation, which is associated with

signi ficant thunderstorm activity. Summer precipitation throughout the

Basin ranges from about 20 to 50 cm Trends in the last 50 to 100 years
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i ndicate a general decrease in winter precipitation and increase in

sunmer precipitation.

Tenperatures are generally mld in the Basin because of periodic

i nfl uxes of noderating Pacific noisture. Wnter nean nonthly
tenmperatures range frommnus 10 to minus 3°C while sunmmer tenperatures
range from 10 to 15°C. Trends in the last 50 to 100 years indicate a
slight increase in winter tenmperatures and slight decrease in summer

t enperatures.

More effective analysis of the Colunmbia River Basin climte would

i ncl ude high elevation data from snow course, SNOTEL, and RAWS sites.

To do so requires a significant anopunt of data processing to check and
adjust for quality. |In addition, outfitting RAWS sites with w nter
durabl e sensors would inprove their reliability as climte indicators.
Devel opi ng a unified database fromall avail able data sources also would
be a great asset. Exploring new nethods of analyzing spatial and
tenporal variability would significantly inprove our understandi ng of
climate patterns in regions of conplex topography like the Col umbia

Ri ver Basin.
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FI GURES CAPTI ONS

Figure 1. The Interior Colunbia Ri ver Basin show ng broad zones,

boundari es of Ecol ogical Reporting Units, and climte division

boundari es.
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Figure 2. Terrain distribution and weather station elevations in each
Ecol ogi cal Reporting Unit (ERU) within the Interior Colunbia River

Basin. Terrain elevations were divided into 500 neter increnents,
beginning with 0 to 500 nmeters and ending with 3500 to 4000 nmeters. The
percentage of terrain in each elevation increment is shown by the height
of bar. The terrain increnment, which includes the average station

el evation for COOP and HCN weat her observation stations, is marked with

an arrow.

Figure 3. Seasonal values of tenperature and precipitation for each
ERU. The solid line shows July average tenperatures and the dashed |ine
shows January average tenperatures. The hatched bar shows January

precipitation and the holl ow bar shows July precipitation

Figure 4. January precipitation and snowfall data from Moscow, |daho
that represent winter climate trends in ERU 05. Shaded bars show
monthly precipitation totals in mllineters. Hollow bars show nonthly
snowfall totals in centineters. The thick |Iine shows the noving ten-
year averages of nmonthly precipitation and the thin |line shows the
nmovi ng ten-year averages of snowfall

Figure 5. January precipitation and snowfall data from Lake View,
Oregon that represent winter climate trends in ERU 03. Sanme as in

Fi gure 4.
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Figure 6. July precipitation data from MCall, Idaho that represent
summer climate trends in ERU 13. Sanme as in Figure 4 except no

snowfal | .

Figure 7. January precipitation and snowfall data from Bend, Oregon

that represent winter climate trends in ERU 02. Sane as in Figure 4.

Figure 8. July tenperature data from Bend, Oregon that represent summer
climate trends in ERU 02. Shown are nonthly average tenperatures (&),
nmont hly average range between daily maxi mum and ni ni mum t enper at ures
(M), with noving ten-year averages of each (thick and thin |ines,

respectively).

TABLES CAPTI ONS

Table 1. Summary of climte data sets. See text for an expl anation of
data set nanmes. T = dry-bulb tenperature, Td = dew point tenperature,
Tf = fuel tenperature, RH = relative hum dity, ppt = precipitation, SWE
= snow water equivalent, W= wind, P = atnospheric pressure, Q = solar

radi ati on, H = snow depth.

Table 2a. Cimate summary for ERU 01 (26 weather stations). The range
of station elevations (neters) are shown. Data from avail able HCN and
COOP weat her observation stations having records of 10 years or nore
were used to cal culate nonthly nmean val ues (°C) of maxinmum daily

tenperature [T(max)], mnimumdaily tenperature, daily range in
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tenperature [del T], average daily tenperature [T(avg)], and nonthly
total values of daily precipitation [PPT] in mllinmeters and snowfall in
centineters. In addition, the ratio of snowfall to precipitation

[ percent water] is given to help show water content of snow.

Tabl e 2b. ERU 01 seasonal trends in daily tenperature range (delT),
average tenperature (Tavg) and precipitation (PPT), as approximted by
data from C e Elum Wshington (588 neters el evation and 64 years of
record). Significant trends in winter precipitation after about 1975

and sumer precipitation after about 1960 and 1985 al so are shown.

Table 3a. Cdimte summary for ERU 02 (18 weather stations). Sanme as in

Tabl e 2a except for ERU 02.

Tabl e 3b. ERU 02 seasonal trends. Sane as in Table 2b except from

Bend, Oregon (1116 neters el evation and 67 years of record).

Table 4a. Cdimate summary for ERU 03 (12 weather stations). Sanme as in

Tabl e 2a except for ERU 03.

Tabl e 4b. ERU 03 seasonal trends. Sane as in Table 2b except from Lake

View, Oregon (1457 neters elevation and 67 years of record).

Table 5a. Cdimate summary for ERU 04 (22 weather stations). Sanme as in

Tabl e 2a except for ERU 04.
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Tabl e 5b. ERU 04 seasonal trends. Sane as in Table 2b except from

Squaw, Oregon (1420 neters elevation and 58 years of record).

Table 6a. Cimate summary for ERU 05 (87 weather stations). Sanme as in

Tabl e 2a except for ERU 05.

Tabl e 6b. ERU 05 seasonal trends. Sane as in Table 2b except from

Moscow, |daho (810 neters el evation and 95 years of record).

Table 7a. Cdimte summary for ERU 06 (34 weather stations). Sanme as in

Tabl e 2a except for ERU 02.

Table 7b. ERU 06 seasonal trends. Sane as in Table 2b except from

Uni on, Oregon (844 neters elevation and 67 years of record).

Table 8a. Cdimate summary for ERU 07 (52 weather stations). Sanme as in

Tabl e 2a except for ERU 07.

Tabl e 8b. ERU 07 seasonal trends. Sane as in Table 2b except from
Fortine, Montana (914 neters el evation and 80 years of record).
Table 9a. Cdimate summary for ERU 08 (29 weather stations). Sanme as in

Tabl e 2a except for ERU 08.

Tabl e 9b. ERU 08 seasonal trends. Sane as in Table 2b except from

Haugan, Montana (944 neters elevation and 80 years of record).
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Table 10a. Cimte summary for ERU 09 (21 weather stations). Sane as

in Tabl e 2a except for ERU 09.

Tabl e 10b. ERU 09 seasonal trends. Sane as in Table 2b except from

Butte, Montana (1689 neters elevation, 95 years of record).

Table 11a. Cimte summary for ERU 10 (62 weather stations). Sane as

in Tabl e 2a except for ERU 10.

Table 11b. ERU 10 seasonal trends. Sane as in Table 2b except from

Cal dwel I, Idaho (722 nmeters el evation and 90 years of record).

Table 12a. Cimte summary for ERU 11 (22 weather stations). Sane as

in Tabl e 2a except for ERU 11

Table 12b. ERU 11 seasonal trends. Sane as in Table 2b except from

Aber deen, |daho (1344 neters elevation and 81 years of record).

Table 13a. Climte summary for ERU 12 (12 weather stations). Sane as
in Table 2a except for ERU 12.
Tabl e 13b. ERU 12 seasonal trends. Sane as in Table 2b except from

Asht on, ldaho (1603 neters elevation and 47 years of record).

Table 14a. Cimte summary for ERU 13 (51 weather stations). Sane as

in Table 2a except for ERU 13.
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Tabl e 14b. ERU 13 seasonal trends. Sane as in Table 2b except from

McCal |, Idaho (1533 neters el evation and 65 years of record).
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