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| NTRODUCTI ON

Climate patterns in the Colunbia River Basin are dom nated by topographic
features. Surroundi ng mountain ranges prevent frequent intrusion from
progressing air masses and create an isol ated, sonetines stagnant, basin

at nosphere. Gaps through the nountains, however, allow a striking pattern of
m xing that is unique to the Basin. The follow ng describe several conponents

of climate that influence air quality.

M XI NG HElI GHT

M xi ng hei ght may be considered as a level in the atnosphere above which
vertical exchange of air is inhibited. Low m xing heights nean that the air
is generally stagnant with very little vertical nmotion and pollutants usually
are trapped near the ground surface. Hi gh m xing heights allow vertica
mxing within a deep | ayer of the atnosphere and good di spersion of

pol | ut ants.

One way to determ ne mixing height is to consider a parcel of air near the
ground, whose tenperature equals the daily maxi num surface tenperature, that
is lifted dry adiabatically until it reaches the tenperature of the anbient
air, which is neasured from a radi osonde observation (RAOB). The |evel at
which the lifted parcel:=s tenperature equals the anbient air tenperature is
defined as the mxing height. Above the m xed layer, further lifting of the

parcel would cause it to become cool er than anbient air tenperatures.
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The afternoon RAOBs were used to approximately coincide with the tinme of
maxi mum dai |l y surface tenperature. Afternoon RAOBS occur near 0 Greenw ch
Mean Tinme (GMI), which coincides with 4 to 6 pmin the Col unbia River Basin.
Dat a i ncl ude approximately 1000 RAOBs from the peri od between 1966 and 1989.
M xi ng hei ghts were cal cul ated by the Western Regional Climte Center (P.O.
Box 60220, Reno, Nevada 89506- 0220). The stations anal yzed i ncl uded:
Qui | layute, Washington (58 neters elevation), the only station on the Pacific
coast; Salem Oregon (61 neters) and Medford, Oregon (421 neters), between the
coast and Cascade nountain ranges; Spokane, Washi ngton (722 neters) and Boi se,
I daho (871 neters), inside the Basin; and Wnnemucca, Nevada (1310 neters),

just south of the Basin in northern Nevada.

During spring Wnnenucca begins to "m x out" first because the air is not
constrai ned by Basin topography (Figure 2). During sumrer (Figure 3)

W nnerucca experiences consistently high nixing heights because the sumer
sunshine efficiently warnms the inland continent. Wthin the Basin, the nmean
sumrer m xi ng height is about 1800 neters at Spokane and Boi se. The range of
m xi ng hei ghts, however, includes |evels below 900 neters, especially at Boise
where topographic constraints fromthe Snake River valley are even nore

dom nant than the overall Basin topography. The coastal stations are

i nfluenced by frequent intrusions of marine clouds that increase atnospheric

stability. This nostly is observed at Quillayute on the Washi ngton coast.

To illustrate potential areal extent of stagnant air, constant height |evels
of 1000 neters and 1400 neters were plotted over the basin topography. The

first plot (Appendix Q 26) shows where stagnant air may occur if the m xing



Ferguson -- 4
hei ght is constant at 1000 neters, near the | owest sumrer m xing heights.
Stagnant air is confined to the central plateau of the Basin and the | ower
Snake River valley. |If the nmixing height is constant around 1400 neters
(Appendi x Q27), there is relatively good dispersion in the central plateau of
the Basin. High basins and some high valleys in Oregon and western Montana

may trap air, however, and cause pockets of stagnation.

RAI'N DAYS PER MONTH

Airborne pollutants may fall out of the atnosphere by attaching to
precipitating particles. Liquid precipitation (rain) is nore efficient at
scavengi ng gas and particles than solid precipitation (snow, hail, etc.).
Therefore, a sinple analysis of rain days per nonth was conducted to help
deternmine the frequency of wet deposition onto plants and into soils and

snowcover.

To determine rain days in wild-land regions data fromall National Wather
Service (NWS) cooperative observation station sites above 900 neters el evation
were selected. Days of rain were defined as those days with nmeasured
precipitation and nean tenperatures greater than 5°C. Wen near-surface air
tenperatures are above 5°C, 100 percent of observed precipitation is rain
(Ferguson, 1994; Ferguson and Breyfogle 1994). Because nmean tenperature was
used, there nmay be sone periods during the day when tenperatures are | ower and
snowfal | may occur, but these should be rare. This definition omts days

with cold rain, mxed periods of rain and snow, and purely snow.
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Rai n days per nmonth were cal cul ated for January during three characteristic
climte years, 1982, 1988, and 1989. 1In all years, there were few days of
md-winter rain at el evations above 900 neters. Although significant
precipitation occurred during winter 1982, nost fell as snow and rain was
confined to |l ower elevations in eastern Oregon and western | daho (Appendix @
28). Only a small anount of precipitation occurred in January 1988 (Appendi x
Q29) so a simlar pattern of rain days occurred with sonme rain at higher
el evations in central Idaho and western Montana. The "normal" year of 1989
(Appendi x Q 30) again showed few m d-winter rain days, nostly at |ower

el evati ons.

The nunber of rain days per month becone greater than snow days per nonth as
seasonal tenperatures increase. Slightly fewer stations observed rain during
April in 1982 (Appendix @Q 31) than other years because snowfall continued
through spring that year. In 1988 there were a nunber of stations throughout
the Basin that experienced 50 percent to 75 percent days with spring rain
(Appendix Q32). In 1989, nost stations experienced at |east 25 percent days

with rain, which is typical of spring (Appendix Q 33).

Surmmer precipitation in the Basin is dom nated by atnospheric convection.
During wet years, like 1982 (Appendix Q 34) a |l arge nunber of stations
experience nore than 50 percent days with rain, especially in places where
sumrerti me convection donminates precipitation. [In 1988 (Appendix @ 35) no
station neasured significant precipitation as dryness pervaded the Basin.
During a normal year (Appendix Q 36) typical sumrer patterns of precipitation

prevail ed with nost rain days occurring in places where convection is commn
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| i ke eastern | daho and western Mbnt ana.

During autumm, convection remains inportant in precipitation distribution. In
addition, the significance of frontal and orographic precipitation begin to

i ncrease but snow al so may occur. |In 1982 (Appendix Q 37) nobst of the

mountai n sites show over 25 percent of the days with rain. Cool than nornal
seasonal tenperatures also may have caused days with snow. In 1988 (Appendi x
Q 38) few stations nmeasured nore than a few days with rain. Mst of those
occurred in Idaho and western Mntana where convection probably remained

i mportant. During a typical year (Appendix Q 39) npst stations observe about

25 percent of days with rain.

UPPER LEVEL W NDS

W nds in the upper atnosphere may carry buoyant pollutants |ong distances.
Land managers have shown concern about the possibility of pollutants fromthe
Basi n reaching the Grand Canyon. This may occur if upper |evel w nds over the

Basin are strong northerly.

The distribution of wind speed and direction was cal cul ated by the Wstern
Regional Climate Center (P.O. Box 60220, Reno, Nevada 89506-0220). W nds at
the 700 mllibar (nb) Ievel are shown because that |evel usually is above the
i nfluence of terrain surrounding the Basin (about 3000 neters) and nost likely

to carry pollutants out of the Basin.

At Spokane, the mean winter 700 mb wind direction is westerly with a nornmal
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variati on between SSWWNNW (Figure 5). N ne per cent of the w nds have a
northerly conmponent with speeds greater than 11 m's. Spring winds are highly
variable with nmean directions between SWand WSW  Twel ve percent of the w nds
have a northerly conponent but all are less than 9 m's and npst are | ess than
2 mMs. Asimlar wind distribution occurs during sumer (Figure 6) with a
little nore preference to SWand WsW directions. |In autumm, prevailing w nds
begin to shift back to westerly. Four per cent of autum w nds have northerly

conponents greater than 11 m's.

Upper | evel w nds at Boise have a slightly different distribution. This may
be because the Snake River valley, which is oriented northwest to sout heast
may i nfluence w nds, even those well above the surroundi ng topography. Over
Boi se, winter winds prevail fromthe WNW and 15 percent have a strong (greater
than 11 m's) northerly conponent (Figure 7). Spring winds prevail fromthe W
WNW to NWand 9 percent have strong northerly conponents. |In sumrer w nds
over Boise prevail fromthe WSWand 14 percent of the wi nds have a northerly
conmponent, but all are less than 9 m's (Figure 8). |In autum the westerly

dom nate. Seven per cent have a strong northerly conponent.

These results suggest that strong northerly wi nds are nbpst comon during

wi nter when there is very little biomass burning. The northerly wi nds could
scour away pollution trapped under the Basins frequent winter inversion,
however. Whether the scoured conponents can reach the Grand Canyon or deposit
along the way i s unknown. Strong northerly w nds are possible during spring
and autumm burni ng seasons, but are rare. Sumrer northerly wi nds usually are

too weak to transport nmaterial for |ong distances.
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SURFACE W NDS

W nds near the earth's surface are nost efficient at transporting non or
neutral |l y- buoyant pollutants. They can carry snoke from bi omass burning into
nearby towns and cities. In addition, surface winds can carry pollutants from

i ndustrial sources into wild-|and areas.

The characteristics of upper level wind can be determ ned froma few
observations because above the influence of topography, atnospheric patterns
usual |y change slowy over space and tinme. Near the ground surface, however,
wi nds are strongly influenced by small undul ations in topography. There are
not enough observations of surface wind to show the true variation in w nd.
Therefore, sinple nesoscale wind nodel was adapted to anal yze the effect of

surface wind on pollution transport.?

! Ferguson, S.A.; Peterson, MR ; Hayes, P.S. and Akram T. [In
preparation]. Surface wind patterns in the Pacific Northwest.
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Surface wind during winter primarily is controlled by pressure gradient forces
between a persistent region of high pressure over the continent and frequent
| ow centers from approaching Pacific storms (Appendix Q5). This pressure
gradi ent causes strong easterly winds to persist through the Cascade mountain
passes. It also causes much of the stagnant air, which is trapped under the
frequent winter tenperature inversion, to be pulled against the eastern
Cascades.? The passing stornms al so cause winds to accel erate over the higher
ridge tops, especially in the Rocky nountains. Converging wi nds are common,
like in the |ee of the Blue nountains and head of the Snake River. Stagnant
wi nds al so occur, usually below the persistent inversions (see the centra

Snake River valley and central Col unbia plateau).

During sumrer (Appendix Q7), surface wi nds are dom nated by downsl ope fl ows
caused by cooling air that drains into the valleys at night. An onshore flow
al so prevails, causing weak to noderate westerly w nds through the Cascade
passes. Areas of weak convergence or stagnation occur nost frequently in
val | eys and basi ns where the downsl ope wi nds are trapped by surroundi ng

t opogr aphy.

DROUGHT

Drought stress causes plants to close stomata and becone | ess susceptible to

pollution. The frequency and spatial pattern of drought is discussed in

Chapter 17C of this vol une.

2 Steenburgh, WJ; Mass, C F; Ferguson, S.A [In preparation].
Mesoscal e structure of gap flows in the Pacific Northwest.
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| MPLI CATI ONS OF GLOBAL CHANGE ON AIR QUALITY IN THE BASI N

At nospheric concentrations of greenhouse gases are increasing. Major carbon
constituents that contribute to the greenhouse effect are increasing at the
foll owing known rate: CO, - 0.4 percent or 1.5 parts per nillion (ppm per
year; CH; - 0.9 percent or 0.015 ppm per year; CFCs - 4.0 percent or 0.015 ppm
(I ntergovernmental Panel on Climate Change, |PCC, 1990 and 1992). A recent
report by the Pacific G obal Change Research Program (PacGCRP) sunmari zed the
ef fective sources and sinks of greenhouse gases and di scussed possi bl e

i mplications for nmanagenent (Bytnerowi cz and others, in press). For exanple,
maj or sources for CO, are |listed as deconposition, respiration, biomss fires,
vol cani ¢ enm ssions, fossil fuel burning, and changes in land use. It also was
recogni zed, however, that nore nitrogen can produce a cofertilization effect
in the terrestrial biomass, which would | ead to sequestration of additiona
carbon. In addition, a discrepancy in the global nitrous oxi de budget was
attributed to em ssions fromforest soils and proper nanagenent practices
could mnimze these em ssions. The PacGCRP report al so explains that sources
of atnospheric nmethane include cattle, wetlands, and termtes. Like CO and

nitrous oxi des, CH, em ssions can change by altering nmanagenent practices.

Anot her inplication of increasing greenhouse gases is their possible effect on
gl obal climate. Although uncertainty remains in the rate and nagnitude of
expected change, a general warning trend due to increasing concentrations of
greenhouse gases is alnobst certain. A climte change scenario that considered

the regi onal effect of doubling the global atnospheric concentrations of
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carbon di oxi de (2xCQO,) on regional climte is discussed in Chapter 17B of

volune. The follow ng sunmari ze possible effects on air pollution.

1) greatest warnming over high-latitude continents: |less intense Arctic

i nfluence and thus weaker tenperature inversions during w nter,

2) continents could warm nore than oceans: higher sumer nixing hei ghts,

this

3) decreased snow cover: less intense winter stagnation and earlier seasona

di scharge of pollutants held in the snowpack

4) increased convection over continents: nore wet deposition in spring and

sumrer with | ess frequent drought in southeast portions of the Basin,

5) decreased soil noisture during sumer: greater sumer drought, especially

in the central Basin,

6) fewer, but stronger, winter cyclones: |ess frequent but nore significant

di sruption of winter stagnation

SUMVARY

The Col unbia River Basin experiences simlar air pollution patterns as typica

basins. For exanple, tenperature inversions, which can trap pollution in
stagnant air near the ground, are common. The Basin=s topography and

i nfluence fromthree distinct air nass types (marine, arctic, and
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continental), however, create unique patterns of climte that can influence
the trajectories of polluting gases and particles. Wnds through the nmountain
gaps can transport pollution into and out of the Basin, or scour away stagnant
air that is trapped in the Basin. Also, rainfall is conmon enough to cause

relatively efficient scavenging of air borne pollution during all seasons.

A few, relatively sinple, analytical tools were used to show the genera
pattern of climate in the Basin that influences air pollution. Mre
conprehensi ve anal yses is possible with nmesoscal e neteorol ogi cal nodel s and
at nospheri c di spersion and deposition nodels. These tools could help to show
greater details in the timng and extent of stagnation periods, distance and
concentration of pollution gases and particles, and pollution distribution

patterns under different climte and nmanagenent scenari 0s.
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LI ST OF FlI GURES

Figure 1. Distribution of mxing heights in January for Called, Washington

(uil); Salem Oregon (sle); Medford, Oregon (nfr); Spokane, Washington (geg),

Boi se, Idaho (boi); and W nnemucca, Nevada (wrc). Height |evel categories are

in increments of 150 neters above ground level (AG). Note that m xing

hei ghts were calculated in feet AGL then converted to approxi mate values in

neters.

Figure 2. Distribution of mxing heights in April. Same as in Figure 1

Figure 3. Distribution of mxing heights in July. Same as in Figure 1

Figure 4. Distribution of mxing height in October. Same as in Figure 1
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Figure 5. Distribution of winds at the 700 nb | evel over Spokane, Washi ngton
during January. Note that speed categories were calculated in miles per hour

then converted to approxi mate values in neters per second.

Figure 6. Distribution of winds at the 700 nb | evel over Spokane, Washi ngton

during July. Sane as in Figure 5.

Figure 7. Distribution of winds at the 700 nb | evel over Boise, |daho during

January. Sane as in Figure 5.

Figure 8. Distribution of winds at the 700 nb | evel over Boise, |daho during

July. Same as in Figure 5.
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